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Native Trout on the Rise

The waters of Yellowstone National Park are among the most pristine on Earth. Here at the headwaters of the Missouri 
and Snake rivers, the park’s incredibly productive streams and lakes support an abundance of fish. Following the last 
glacial period 8,000-10,000 years ago, 12 species/subspecies of fish recolonized the park. These fish, including the 

iconic cutthroat trout, adapted and evolved to become specialists in the Yellowstone environment, underpinning a natural 
food web that includes magnificent animals: ospreys, bald eagles, river otters, black bears, and grizzly bears all feed upon 
cutthroat trout.

When the park was established in 1872, early naturalists noted that about half of the waters were fishless, mostly because 
of waterfalls which precluded upstream movement of recolonizing fishes. Later, during a period of increasing popularity of 
the Yellowstone sport fishery, the newly established U.S. Fish Commission began to extensively stock the park’s waters with 
non-natives, including brown, brook, rainbow, and lake trout. Done more than a century ago as an attempt to increase an-
gling opportunities, these actions had unintended consequences. Non-native fish caused serious negative impacts on native 
fish populations in some watersheds, and altered the parks natural ecology, particularly at Yellowstone Lake. It took a great 
deal of effort over many decades to alter our native fisheries. It will take a great deal more work to restore them.

As Aldo Leopold once said, “A thing is right when it tends to preserve the integrity, stability, and beauty of the biotic com-
munity. It is wrong when it tends otherwise.” 

Today, we have a strong scientific understanding of the impacts of non-native fish, and we have tools available to mitigate 
for them. Guided by scientific reviews, public input, and following an adaptive management approach, we are working to-
gether with our partners to reduce long-term extinction risk of fluvial arctic grayling, westslope cutthroat trout, and Yellow-
stone cutthroat trout. Our shared goal is as bold as it is difficult: restore the ecological role of Yellowstone’s native fish species.

In this edition of Yellowstone Science, we describe the significant progress that has already been made, along with the chal-
lenges that lie ahead as we continue our efforts to conserve native fish.  As most of what occurs with fish lies under the surface 
of the water and largely out of sight, we hope that these articles will be revealing, enlightening, and increase understanding of 
the management approaches taken as we promote the restoration and preservation of native fish.

Todd Koel
Senior Fisheries Biologist
Yellowstone Center for Resources        
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An Approach to Conservation of Native 
Fish in Yellowstone

Todd M. Koel, P.J. White, Michael E. Ruhl, Jeffery L. Arnold, Patricia E. 
Bigelow, Colleen R. Detjens, Philip D. Doepke, & Brian D. Ertel
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In the late 1800s, the waters of Yellowstone National 
Park (YNP) supported an abundance of fish. Twelve 
species (or subspecies) of native fish, including Arc-

tic grayling, mountain whitefish, and cutthroat trout, 
dispersed to this region about 8,000-10,000 years ago 
following glacier melt. These native fish species pro-
vided food for both wildlife and human inhabitants. At 
the time YNP was established in 1872, park inhabitants 
and visitors initially harvested fish for sustenance and 
survival in this wild, remote place. Soon after, popu-
lar publications describing the quality and abundance 
of fishing in Yellowstone began to appear. While most 

hunting was curtailed by early park management, har-
vest of fish was allowed. During those early years, sport 
fishing became an accepted use of resources; and the 
phenomenal sport fishing experience that the park pro-
vided rose in notoriety. Yellowstone’s recognition as an 
angling mecca was born.

Lying on a high plateau and spanning the continental 
divide, the headwaters of three major rivers are found in 
YNP: the Missouri, Snake, and Yellowstone (figure 1). 
The park is home to 150 lakes and 4,265 km (2,650 mi.) 
of flowing waters, but historically fish were not able to 
access all of them. The original distributions of native 
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fish species were constrained by natural waterfalls and 
watershed divides, which caused a natural variation of 
species distributed across the landscape and vast ar-
eas of fishless water. When American naturalist David 
Starr Jordan conducted the first survey of fish in YNP in 
1889, he found that about 40% of the park was fishless, 
including the upper reaches of the Bechler, Firehole, 
Gibbon, and Gardner rivers (Jordan 1891). Also fishless 
were Lewis and Shoshone lakes, most of the small lakes, 
and numerous tributaries isolated by waterfalls.

The huge diversity of aquatic habitats—from large riv-
ers to tiny tributaries, immense lakes to small ponds, 
fish-bearing and fishless, geothermally influenced and 
not—supports an array of native aquatic animals. In ad-

dition to fish, the park’s waters are home to amphibians, 
aquatic invertebrates, fish-eating birds, waterfowl, and 
mammals. 

Origin of the Non-native Fish Threat
Soon after the park was established, its aquatic spe-

cies composition changed. This change was driven by 
the desire to establish recreation and sustenance fisher-
ies in more park waters, and an emerging fish culture 
technology that enabled the long-distance transport of 
exotic sport fish. Park managers started planting native 
cutthroat trout in fishless waters in 1881 and were intro-
ducing non-native species into the park by 1889 (Var-
ley and Schullery 1998). A majority of the non-native 

Figure 1. Map of Yellowstone watershed showing the historic ranges and genetic status of westslope cutthroat trout 
and Yellowstone cutthroat trout within Yellowstone National Park.
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fish introductions were trout species (lake trout, brook 
trout, brown trout, and rainbow trout), but several oth-
er species were also introduced. By the 1930s, manag-
ers realized that non-native fish introductions caused a 
loss of native fish; as a result, the National Park Service 
(NPS) created a formal stocking policy to discontinue 
these efforts (Madsen 1937). 

Even though the stocking of non-natives stopped, 
stocking of Yellowstone cutthroat trout from Yellow-
stone Lake continued both within and outside the spe-
cies’ native range. More than 818 million cutthroat trout 
eggs were shipped by rail to locations across North 
America. They were also stocked extensively across the 
park, including waters that already supported native 
cutthroat trout with unique genetics (e.g., Slough, Soda 
Butte, Grayling, and Specimen creeks). 

Overall, from the early 1880s to the mid-1950s, more 
than 300 million fish were stocked throughout Yellow-
stone. As a result, non-native species became firmly es-
tablished in most lakes and in larger rivers and streams; 
exceptions were Yellowstone Lake, the upper Yellow-
stone River, the upper Lamar River, the upper Snake 
River, and tributaries to these watersheds. Constrained 
by waterfalls, watershed divides, or other landscape fea-
tures, the native fish within these stocked waters were 
forced to live together with the non-natives, be dis-
placed to downstream habitats, or die.

Non-native lake trout, brook trout, and brown trout 
consume native fish and compete for resources, there-
by reducing native abundance and, as occurred in the 
Madison, lower Gibbon, and lower Firehole rivers, 
completely eliminating natives (Arctic grayling and 
westslope cutthroat trout) from large pristine habitats 
in the park. Native fish losses also occur through inter-
breeding. Because Yellowstone cutthroat trout, west-
slope cutthroat trout, and rainbow trout are closely re-
lated, they can hybridize when living in the same areas. 
Hybrid individuals can also be capable of reproduction, 
further exacerbating the problem. In only a few gener-
ations, hybrids proliferated in many rivers and streams. 
Large areas of the park where significant hybridization 
has occurred include the Bechler, Gallatin, lower La-
mar, and lower Yellowstone rivers, and their tributaries. 

To address these threats, fisheries biologists increased 
monitoring and research on the status of Yellowstone 
fishes, which eventually led to the development of a Na-
tive Fish Conservation Plan in 2010 (Koel et al. 2010). 
This plan outlined a strategy for restoring the ecological 
role of native fishes, while continuing to provide sus-
tainable angling and fish viewing experiences. The plan 
included actions to isolate, suppress, or remove non-na-
tive fish from certain areas of the park, and then restore 
native fish in these areas. 

Rangers planting fish, 1922; photograph by Linkey (Courtesy of National Park Service, Yellowstone National Park, YELL 
34635).
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Ecologists and a majority of the angling communi-
ty and the general public strongly supported the plan. 
However, some anglers and wilderness advocates were 
uncomfortable with portions of the plan that proposed 
the enhancement or installation of barriers to prevent 
further invasion into areas with native fishes; the remov-
al of non-native fishes from several watersheds using 
fish toxins such as rotenone; and the intense netting of 
non-native lake trout from Yellowstone Lake, including 
the frequent use of motorized boats in wilderness areas. 
Currently, more than 300,000 non-native lake trout are 
captured in nets and killed each year in an attempt to 
increase the survival and recruitment of native cutthroat 
trout in Yellowstone Lake. Also, hundreds to thousands 
of other non-native fish are electrocuted or removed 
with rotenone in rivers and streams each year to facili-
tate the restoration and recovery of native fishes such as 
Arctic grayling and cutthroat trout. 

Native fish cannot fulfill their ecological role in YNP 
if their populations are extirpated or remain decimat-
ed, hybridized, and isolated. However, there is great 
potential to reconstruct native aquatic communities in 
some headwaters areas to conditions more closely re-
sembling their historic state (Franke 1997). Thus, man-
agers decided to take bold actions to restore native fish 
communities in some lakes and watersheds where it was 
feasible and success was reasonably likely. These large-

scale restoration activities necessitate encroaching on 
wildlife and wilderness principles in the short term to 
restore a more natural system in the long term (White 
2016). Indeed, some complex projects may require in-
tensive intervention and persistent maintenance actions 
for many decades. In the long term, however, these ac-
tions will contribute to the National Park Service (NPS) 
mission of preserving native species and the ecological 
processes that sustain them for the benefit and enjoy-
ment of people.

Understanding the Conservation Need
Prior to the recent implementation of large-scale res-

toration efforts, native river-dwelling Arctic grayling 
were completely absent from park waters. Westslope 
cutthroat trout, within its native range, remained in only 
a single, tiny stream known as Last Chance Creek. Yel-
lowstone cutthroat trout faced serious threats in the wa-
ters where they persisted. 

Non-native fish distribution and their influence on 
native fish are not static. While they have not been in-
tentionally stocked since the 1930s, non-native fish con-
tinue to advance, hybridize, or displace native fish that 
previously persisted for thousands of years. Hybrid-
ization of cutthroat trout resulting from rainbow trout 
range expansion continues to be the greatest threat to 
the park’s remaining native fish populations in waters 

More than a quarter million native fish have been stocked in restored watersheds in recent years, most as embryos 
within incubators placed in streams. 
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outside the Yellowstone River headwaters, Yellowstone 
Lake, and the Snake River headwaters (figure 1). As an 
example, an important cutthroat trout stronghold in 
Slough Creek in the Lamar River watershed has been 
invaded by rainbow and hybrid trout in just the last 15 
years; hybridization of the native cutthroat trout in this 
creek continues. 

Not all of the movement by non-native fish in Yellow-
stone that has occurred recently is natural. Non-native 
lake trout, intentionally introduced by managers in 
1890 to Lewis and Shoshone lakes, and unintentional-
ly introduced (possibly illegally) to Yellowstone Lake in 
the mid-1980s, first appeared in angler catches in 1994 
(Kaeding et al. 1996). The lake trout population expand-
ed and over the following decade caused a rapid decline 
in the Yellowstone cutthroat trout population in Yellow-
stone Lake. Concurrent with cutthroat trout loss were 
declines in several important avian and terrestrial spe-
cies near the lake and its tributaries that depended upon 
the cutthroat trout as a food source (see “Non-native  
Lake Trout Induce Cascading Changes in the Yellow-
stone Lake Ecosystem,” this issue). Thus, the introduc-
tion and subsequent expansion of lake trout significant-
ly altered the natural function of the lake and the larger 
ecosystem (Tronstad et al. 2010). Only through direct 
management intervention will cutthroat trout  recover, 
with the function of the ecosystem restored.

Conservation Approach
As continued losses of native fish and altered ecology 

were realized over the past two decades, Yellowstone’s 
approach to native fish conservation has greatly evolved. 
Management now focuses on the implementation of 
large-scale, innovative actions to preserve and restore 
native fish faced with non-native threats. The success 
of these activities requires a broad approach; includes a 
wide range of partners and stakeholders; and utilizes in-
dependent scientific oversight, assessment, and project 
adjustments to ensure conservation goals are being met. 
Key aspects of the approach to native fish conservation 
in Yellowstone include the following:

Vision—Every activity to conserve native fish is driven 
by a vision to achieve a desired condition. These clearly 
articulated desired conditions are typically, but not ex-
clusively, based upon conditions that existed in the past, 
before alteration by European American colonists and 
settlers. Some desired conditions do not represent a his-
toric or natural condition, but they are the best we can 
achieve given existing constraints. For example, build-
ing barriers and restoring genetically-pure populations 
of westslope cutthroat trout and Arctic grayling to head-
water refuges are primary desired conditions given the 
looming threats of non-native fish and climate change 
to these native species across their historical ranges. 
Because lake trout cannot be completely eradicated, re-

NPS fisheries staff hiking into the remote Grayling Creek backcountry to conduct a survery for fish, amphibians, and 
macroinvertebrates. 
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storing cutthroat trout to an abundance and population 
structure that existed when lake trout abundance was 
low (in the early 1990s), and allowing cutthroat trout to 
regain their ecological importance within the food web 
are primary desired conditions for Yellowstone Lake.

Partnership—Each aspect of native fish conservation 
is influenced and benefits from networking, interact-
ing, and partnering with other agencies, conservation 
organizations, and interested stakeholders with simi-
lar visions and goals. Examples of strong partnerships 
which have resulted in significant advancements in na-
tive fish conservation activities in Yellowstone include 
the Montana Arctic Grayling Recovery Program, the 
Sun Ranch Westslope Cutthroat Trout Hatchery Pro-
gram, the Rangewide Yellowstone Cutthroat Trout Con-
servation Team, and the Yellowstone Lake Workgroup. 
Formal partnerships have enabled the transfer of infor-
mation and sharing of successes and failures; increased 
understanding and use of emerging technologies; lever-
aged resources, including staff time and equipment in 
the field; and forged development and implementation 
of diverse fundraising strategies. The transfer of infor-
mation and communication has also occurred during 
public meetings held in park gateway communities each 
spring, which increases the public’s awareness about 
program activities. 

Planning—The 2010 Native Fish Conservation Plan 
includes an adaptive management framework to guide 
efforts to recover native fish and restore natural ecosys-
tem functions. Adaptive management allows for con-
tinuous learning and adjustment of actions to ensure 
desired outcomes are achieved. The overall goals of the 
20-year plan are to: 1) reduce the long-term extinction 
risk for native fish, 2) restore and maintain the important 
ecological role of native fish, and 3) ensure sustainable 
native fish angling and viewing opportunities. Annual-
ly, fish conservation needs are prioritized and planning 
for individual projects occurs prior to the forthcoming 
summer. Planning involves fisheries staff, as well as 
staff from other workgroups within the park that pro-
vide support for fisheries operations. Projects occurring 
in watersheds that cross park boundaries involve staff 
from all affected agencies with jurisdiction. 

Fundraising—Having a vision with clearly articulat-
ed desired conditions and a detailed plan for achieving 
them has provided a strong basis for fundraising. The 
budget for the native fish program in Yellowstone is 
highly diverse and is used to implement a wide range of 
conservation actions each year. The program is primari-

ly supported by the NPS, other federal agencies, private 
donations to the Yellowstone Park Foundation (now 
Yellowstone Forever), and competitive grant awards. 
Formal partnerships enhance fundraising potential even 
further. For example, significant funding to support a 
large, multi-year research initiative on Yellowstone Lake 
has been acquired by the Yellowstone Lake Workgroup. 
This funding supports critical research aimed at under-
standing lake trout movements and spawning locations. 
Without partner support and fundraising, important 
studies like this could not take place.

Actions—The activities necessary to preserve and re-
store native fish varies by species and drainages across 
the park. Because genetically pure westslope cutthroat 
trout and Arctic grayling are mostly gone from park 
waters, activities within the Gallatin and Madison river 
drainages include creating barriers and isolating head-
water refuges; removing non-native and hybrid fish 
using piscicides (fish toxins); and reintroducing native 
species as eggs, juveniles, and/or adults from genetical-
ly-unaltered or other pure sources from within and out-
side YNP. Yellowstone cutthroat trout still persist, and 
all life history forms (large-river migratory, stream-res-
ident, lake-dwelling) are represented in several river 
systems across the park. However, because they occur 
in populations mixed with non-natives or hybrids, the 
actions taken to conserve Yellowstone cutthroat trout 
focus on selective removal of rainbow trout and hybrids 
via electrofishing and angling from these waters. On Yel-
lowstone Lake, substantial conservation actions are be-
ing taken to restore cutthroat trout. During a six-month 
field season (May-October), several crews operating 
large boats set and retrieve miles of net to catch and kill 
non-native lake trout. In addition, biologists are devel-
oping new, alternative methods to suppress lake trout. 
These actions include electroshocking, suction-dredg-
ing, placement of lake trout carcasses, and/or use of ro-
tenone to kill embryos on spawning areas. 

Assessment—Long-term monitoring and statistical 
population modeling are conducted to determine if con-
servation actions are positively influencing native fish as 
desired. Independent review of native fish conservation 
actions and data assessment are provided by technical 
specialists from state and federal agencies and universi-
ties. For the lake trout suppression program specifically, 
there is a standing panel of scientists that meets annu-
ally to provide a critical review (Gresswell et al. 2015). 
Questions to be addressed through research are also 
identified. These research needs are met through col-
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laborations with several university and federal (e.g., U.S. 
Geological Survey) scientists and graduate assistants.

Following an adaptive management approach, feed-
back obtained during reviews and assessments are used 
to adjust conservation actions to progress towards de-
sired conditions. This approach is used because of the 
varied environments and stressors impacting native 
fish across the park, and the fact that some uncertainty 
exists in the possible response by native fish following 
management actions. For example, although initial sci-
ence indicates lake trout expansion in Yellowstone Lake 
could be curtailed, it is not known precisely how many 
years high levels of suppression need to be maintained 
or if the effort could eventually be reduced without re-
sulting in a lake trout resurgence. Similarly, the rate of 
native cutthroat trout recovery after the population is 
released from overriding lake trout impacts is also un-
certain. Because of these and other uncertainties, per-
formance metrics are closely monitored to track system 
responses to lake trout suppression; and the results are 
used to make adaptations and adjust management ac-
tions each year.
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Moving Forward with Measurable 
Objectives

Several recent, significant advancements have been 
made towards achieving desired conditions for native 
fish in Yellowstone. However, actions need to be sus-
tained and continued if goals of the Native Fish Conser-
vation Plan are to be met. These efforts would include 
innovative actions to remove threats and stressors (e.g., 
non-native fish such as lake trout), thereby creating ref-
uges for native fish as climate change alters aquatic hab-
itats across their respective historic ranges in the future. 

Measurable objectives are the guiding benchmarks to 
determine if the purpose and need for an action are be-
ing met. At present, the technology does not exist to ful-
ly eradicate lake trout from Yellowstone Lake or to com-
pletely remove all non-native fish from large, complex 
river systems. Given these constraints, the measurable 
objectives for the Yellowstone Lake ecosystem are to:

1. increase large-scale suppression of lake trout so 
more than half are removed annually, driving the pop-
ulation into decline;



Todd Koel (pictured on page 2) has served as leader 
of the Native Fish Conservation Program at Yellowstone 
National Park since 2001. Koelvv holds affiliate and 
graduate faculty status at Montana State University and 
University of Wyoming. A native of northern Minnesota, 
Koel received his Ph.D. in Zoology from North Dakota 
State University in 1997. After teaching at colleges in 
Minnesota and North Dakota, he served as Riverine Fish 
Ecologist and Interim Field Station Director for the Illinois 
Natural History Survey at Havana.  He later worked for 
the Minnesota Department of Natural Resources on a 
resource monitoring program for the Upper Mississippi 
River System. When not working on the conservation of 
cutthroat trout, Koel spends most of his time with his four 
young boys and two horses roaming the backcountry of 
the Greater Yellowstone Ecosystem.
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2. maintain surface water access for spawning cut-
throat trout in spawning tributaries; and 

3. recover cutthroat trout to abundances observed 
during the early stages of lake trout invasion.

Once the lake trout population has been reduced and 
spawning tributary connections have been maintained, 
it is anticipated that an additional 10 years (20 years fol-
lowing plan implementation) may be required for cut-
throat trout recovery. 

The cumulative result of multiple projects would be 
used to meet the following measureable objectives for 
streams, rivers, and other lakes:

4. preserve and/or restore Yellowstone cutthroat trout 
to maintain their current spatial extent in streams (3,300 
km [2050 mi.]);

5. restore westslope cutthroat trout until they occupy 
at least 200 km (124 mi.); and

6. restore fluvial (i.e., stream-dwelling) Arctic grayling 
until they occupy at least 200 km (124 mi.).

We intend to work within a few project areas each year, 
with the cumulative results of multiple projects meeting 
Objectives 4-6 within 20 years. 

A healthy ecosystem requires sustainable communities 
of both terrestrial and aquatic organisms. Park manag-
ers have documented the repercussions of historical, 
non-native fish introductions, including the resulting 
loss of native fish populations and cascading effects on 
the environment. In addition, over the past two decades, 
it has become apparent that these changes were not stat-
ic. In fact, real-time, present-day losses were occurring 
to premier, native cutthroat trout populations and fish-
eries recognized by anglers world-wide. The technology 
to preserve and restore native fish has greatly advanced 
in recent years, and YNP is among those actively devel-
oping and using these new methods. Park managers, 
guided by a large body of science and with support by 
a multitude of external partners, have implemented an 
aggressive native fish conservation program, which will 
ensure the persistence of native fish and the ecosystems 
they support far into the foreseeable future.
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Status & Conservation of Yellowstone 
Cutthroat Trout in the Greater Yellowstone 
Area

Robert Al-Chokhachy, Bradley B. Shepard, Jason C. Burckhardt, Scott 
Opitz, Dan Garren, Todd M. Koel, & M. Lee Nelson 

1325(1) • 2017 Yellowstone Science

Yellowstone cutthroat trout are native to the 
Greater Yellowstone Ecosystem (GYE) and 
surrounding drainages, including the Yellow-

stone River, Snake River, and Two Ocean Pass that fa-
cilitate connectivity between these drainages (Behnke 
and Tomelleri 2002; figure 1). Despite some differences 
in physical appearance between fine-spotted cutthroat 
trout, typically found in the Snake River, and “large-
spot,” found across much of the range, there has been 
no evidence of genetic distinction between these two 
groups of Yellowstone cutthroat trout (Novak et al. 
2004).

Yellowstone cutthroat trout live in a variety of habitats, 
including small headwater streams, large rivers (e.g., 
Yellowstone and South Fork of the Snake rivers), and 
lakes, each demonstrating multiple life-history forms 
(Gresswell 2011). These trout are a key component of 
native communities as a food resource for several spe-
cies (see “Birds and Mammals that Consume Yellow-
stone Cutthroat Trout,” this issue). Indeed, changes in 
Yellowstone cutthroat trout abundance can have cas-
cading effects on ecosystems (see “Non-native Lake 
Trout Induce Cascading Changes in the Yellowstone 
Lake Ecosystem,” this issue). Yellowstone cutthroat 
trout also embody an important cultural and economic 
role through angling for many communities in the area 
(Gresswell and Liss 1995). 

There have been significant declines in Yellowstone 
cutthroat trout distribution (figure 1) and abundance, 
with only 43% of their historic range currently occupied 
(Endicott et al. 2016). Losses of Yellowstone cutthroat 
trout have largely been attributed to habitat destruction 
and fragmentation, non-native species, and overharvest 
(Gresswell 2011). Only 23% of the current distribution 
of Yellowstone cutthroat trout is genetically unaltered 

(i.e., pure), with losses of genetic integrity largely due 
to hybridization with non-native rainbow trout (Camp-
bell et al. 2002). However, recent assessments indicate 
the distribution of Yellowstone cutthroat trout has re-
mained relatively stable over the past decade (Endicott 
et al. 2016). Coordinated efforts of fisheries managers 
through the Multistate Interagency Yellowstone Cut-
throat Trout Conservation Work Group (May et al. 
2007) are likely responsible for stemming declines in 
distribution observed during earlier decades. 

Threats and Conservation Actions to 
Combat Threats 

The severity of threats to populations of Yellowstone 
cutthroat trout have changed recently, and these chang-
es are likely to continue into the future. Overharvest 
has been greatly reduced through angling regulations 
and changes in angler behavior (Cooke and Schramm 
2007). As a result, current threats are primarily related 
to non-native species, habitat limitations, and climate 
change. 

Non-native species—These are one of the greatest 
threats across the current range of Yellowstone cut-
throat trout (Gresswell 2011). Species including rain-
bow trout, brook trout, and brown trout were exten-
sively introduced as sport fish. While populations of 
some non-native species are socioeconomically import-
ant resources to many communities, they can threaten 
Yellowstone cutthroat trout populations through pre-
dation, competition, and hybridization (Campbell et 
al. 2002, Peterson et al. 2004, Seiler and Keeley 2007). 
Recent studies indicate the distribution and abundance 
of non-native species are increasing through time (Mey-
er et al. 2014). Streams accessible to these non-native 
species, even in some of the most pristine locations 
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like the Lamar River in Yellowstone National Park, are 
being invaded by non-native species such as rainbow 
trout. Changes in non-native fish distributions and the 
effects of these non-native species on Yellowstone cut-
throat trout will likely be exacerbated by climate change 
(Al-Chokhachy et al. 2013). 

Fisheries managers have implemented a variety of 
conservation tools across the range of Yellowstone cut-
throat trout to combat non-native species and enhance 
the persistence of existing populations. Tools include 
using fish toxins (piscicides) and mechanical meth-
ods (e.g., electrofishing) to remove non-native spe-
cies in streams, erecting barriers to prevent invasions 
by non-natives, creating angler incentives to harvest 
non-natives, altering releases at hydropower dams to 
limit non-native spawning recruitment, and implement-
ing intensive netting programs to reduce populations of 
lake trout. For example, Idaho Fish and Game recently 
implemented an incentive program to encourage an-
glers to harvest non-native rainbow trout in order to 
reduce their abundance in the South Fork of the Snake 
River. Similarly, Yellowstone National Park recently al-

tered angling regulations to align with native fish con-
servation goals. Other approaches, such as the use of 
barriers that isolate populations from non-natives but 
also fragment cutthroat populations, represent a neces-
sary paradigm in fisheries (Peterson et al. 2008). Often 
such programs are socially challenging and costly, yet 
may be necessary due to recent invasions by non-native 
species and their effects on Yellowstone cutthroat trout 
(Kruse et al. 2000).

Habitat—Degradation and fragmentation of habitat 
continue to be factors limiting Yellowstone cutthroat 
trout populations in some areas. Degradation has oc-
curred to varying extents from land use, habitat alter-
ation, and water diversions. Over the past 20 years, a 
substantial amount of habitat has been restored by state 
and federal agencies and non-governmental organi-
zations (e.g., Friends of the Teton River, Henry’s Fork 
Foundation, Trout Unlimited; Williams et al. 2015). 
Projects that improve fish passage, limit entrainment 
into irrigation systems, prevent invasion of non-native 
species, and restore stream channels and riparian habi-
tat have been implemented across the range of Yellow-

Figure 1. The historic and current distribution of Yellowstone cutthroat trout within the Greater Yellowstone Area in 
Montana, Wyoming, Idaho, Utah, and Nevada.
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stone cutthroat trout (figure 2). Despite such efforts, 
there continue to be abundant opportunities for addi-
tional restoration projects in areas currently occupied 
by Yellowstone cutthroat trout and in historically occu-
pied areas where reintroductions may be feasible. 

Climate change—Recent and future changes in cli-
matic conditions have and are expected to substantially 
alter aquatic communities in the GYE and surrounding 
areas (Shepard et al. 2016). Cutthroat trout have rela-
tively narrow thermal tolerances (Bear et al. 2007), and 
migration timing and life-history expressions are strong-
ly tied to thermal and hydrologic regimes (DeRito et al. 
2010). Warming summer temperatures coupled with 
changes in the magnitude and timing of precipitation 

and snowmelt runoff are likely to create more stressful 
summer conditions for Yellowstone cutthroat trout in 
some areas (Uthe et al., in review). As stream tempera-
tures warm, the amount of thermally suitable habitat for 
Yellowstone cutthroat trout may be reduced consider-
ably in some populations (Al-Chokhachy et al. 2013, 
Isaak et al. 2015). Lake-dwelling populations will also 
be affected by climate change because they rely on ade-
quate connectivity to tributary streams (Kaeding 2010). 
In addition to the direct effects of changing thermal re-
gimes, Yellowstone cutthroat trout are likely to become 
increasingly exposed to diseases in streams where tem-
peratures warm dramatically (Koel et al. 2006) and suf-
fer increased mortality from catch-and-release angling 

Figure 2. An example of restoration activity conducted by Friends of the Teton River (Driggs, Idaho) to improve nearly 
2 km (1.2 mi.) of habitat for Yellowstone cutthroat trout in Teton Creek, Idaho (PHOTOS - M. LIEN, FRIENDS OF THE 
TETON RIVER).
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(Cooke and Schramm 2007). Most fish managers in the 
region restrict opportunities for angling when water 
temperatures reach critical levels, and these restrictions 
will likely become more frequent as the climate warms. 
Such restrictions may affect visitation to the Yellowstone 
area because angling is often an important component 
of tourism. 

Future Conservation of Yellowstone 
Cutthroat Trout

Significant efforts are being made to maintain and en-
hance the existing distribution of Yellowstone cutthroat 
trout and stem the tide of historic losses. Fortunately, 
large networks of Yellowstone cutthroat trout popu-
lations still exist, particularly within the Yellowstone, 
the Upper Snake, and Lower Snake rivers (Endicott et 
al. 2016). The vast expanses of public land at relatively 
high elevations, including Yellowstone and Grand Teton 
national parks, can and will likely continue to support 
cold water habitats that make up the core areas of the 
Yellowstone cutthroat trout. Populations outside these 
large lake and river networks vary in size. While pop-
ulations occupying larger, connected stream networks 
are likely more resilient (Morita et al. 2009), small pop-
ulations of Yellowstone cutthroat trout also can have 
high resiliency (e.g., Peterson et al. 2014). Furthermore, 
geographically distinct populations (e.g., Camas Creek 
drainage, lower Bighorn drainage, and the Snake River 
near the Idaho/Utah border; Haak et al. 2010) are likely 
to represent areas of key genetic diversity that facilitate 
the long-term persistence of the species. 

The extent and severity of current (e.g., non-natives) 
and future (e.g., climate change) threats to Yellowstone 
cutthroat trout populations suggest it will become in-
creasingly important to address these concerns and 
secure populations. The relatively broad distribution 
of Yellowstone cutthroat trout suggests the importance 
in developing effective and coordinated conservation 
strategies (Williams et al. 2015), particularly as resource 
constraints often predicate the need to prioritize con-
servation actions (Lynch and Taylor 2010). With respect 
to climate change, this may involve identifying habitats 
that are most resilient to climatic shifts, both within the 
current distribution and where Yellowstone cutthroat 
trout were historically located to target population re-
introductions. For example, populations with consider-
able groundwater inputs or those with access to deep, 

thermally stratified lakes (e.g., Yellowstone and Jackson 
lakes) are likely to be particularly resilient to climatic 
shifts. 

Continued threats by non-native species will require 
expanding the tools to cost-effectively reduce or elim-
inate their threat to important Yellowstone cutthroat 
trout populations. We need to increase public support 
for dealing with these threats through improved com-
munication with the public of how non-native spe-
cies and illegal introductions threaten populations of 
Yellowstone cutthroat trout. Concomitantly, it will be 
important to consider novel approaches to control 
non-native populations, particularly given the high costs 
and efforts often needed to successfully reduce and/or 
remove non-native species. 

Merging information regarding climatic resilience with 
existing non-native threats to populations can provide 
an overall framework for considering the urgency of 
conservation and management actions. For example, 
restoring habitat or removing a non-native species in an 
area with high climatic resilience may be given a higher 
priority for funding conservation actions than other ar-
eas that may be more sensitive to future climatic changes 
(Lynch and Taylor 2010). Decisions to implement par-
ticular conservation actions might be made through a 
hierarchical framework that considers potential conser-
vation opportunities at range-wide, regional, and local 
scales, in terms of financial support and the ecological 
importance of specific populations. Within this frame-
work, coordinating efforts across public and private 
entities to conserve and restore Yellowstone cutthroat 
trout populations will become increasingly important in 
the future, as both our human footprint and conserva-
tion needs grow. 

Literature Cited
Al-Chokhachy, R., J. Alder, S. Hostetler, R. Gresswell, and B. 

Shepard. 2013. Thermal controls of Yellowstone cutthroat 
trout and invasive fishes under climate change. Global Change 
Biology 19: 3069-3081.

Bear, E.A., T.E. McMahon, and A.V. Zale. 2007. Comparative 
thermal requirements of westslope cutthroat trout and rain-
bow trout: implications for species interactions and devel-
opment of thermal protection standards. Transactions of the 
American Fisheries Society 136:1113-1121.

Behnke, R.J., and J.R. Tomelleri. 2002. Trout and salmon of 
North America. Free Press, New York, New York, USA.

Campbell, M.R., J. Dillon, and M.S. Powell. 2002. Hybridization 
and introgression in a managed, native population of Yellow-
stone cutthroat trout: genetic detection and management 
implications. Transactions of the American Fisheries Society 
131:364-375.



1725(1) • 2017 Yellowstone Science

Cooke, S.J., and H.L. Schramm. 2007. Catch-and-release sci-
ence and its application to conservation and management 
of recreational fisheries. Fisheries Management and Ecology 
14:73-79.

DeRito, J.N., A.V. Zale, and B.B. Shepard. 2010. Temporal re-
productive separation of fluvial Yellowstone cutthroat trout 
from rainbow trout and hybrids in the Yellowstone River. North 
American Journal of Fisheries Management 30:866-886.

Endicott, C., L. Nelson, S. Opitz, A. Peterson, J. Burckhardt, S. 
Yekel, D. Garren, T.M. Koel, and B.B. Shepard. 2016. Range-
wide status assessment for Yellowstone cutthroat trout (Onco-
rhynchus clarkii bouvieri): 2012. Yellowstone Cutthroat Trout 
Interagency Coordination Group, Helena, Montana, USA.

Gresswell, R.E. 2011. Biology, status, and management of the 
Yellowstone cutthroat trout. North American Journal of Fisher-
ies Management 31:782-812.

Gresswell, R.E., and W.J. Liss. 1995. Values associated with 
management of Yellowstone cutthroat trout in Yellowstone 
National Park. Conservation Biology 9:159-165.

Haak, A.L., J.E. Williams, H.M. Neville, D.C. Dauwalter, and W.T. 
Colyer. 2010. Conserving peripheral trout populations: the val-
ues and risks of life on the edge. Fisheries 35:530-549.

Isaak, D.J., M.K. Young, D.E. Nagel, D.L. Horan, and M.C. Groce. 
2015. The cold-water climate shield: delineating refugia for 
preserving salmonid fishes through the 21st century. Global 
Change Biology 21:2540-2553.

Kaeding, L.R. 2010. Relative contributions of climate variation, 
lake trout predation, and other factors to the decline of Yel-
lowstone cutthroat trout during the recent three decades. Dis-
sertation. Montana State University, Bozeman, Montana, USA.

Koel, T.M., D.L. Mahony, K.L. Kinnan, C. Rasmussen, C.J. Hud-
son, S. Murcia, and B.L. Kerans. 2006. Myxobolus cerebralis 
in native cutthroat trout of the Yellowstone Lake ecosystem. 
Journal of Aquatic Animal Health 18:157-175.

Kruse, C.G., W.A. Hubert, and F.J. Rahel. 2000. Status of Yel-
lowstone cutthroat trout in Wyoming waters. North American 
Journal of Fisheries Management 20:693-705.

Lynch, A.J., and W.W. Taylor. 2010. Evaluating a science-based 
decision support tool used to prioritize brook charr conserva-
tion project proposals in the eastern United States. Hydrobio-
logia 650:233-241.

May, B.E., S.E. Albeke, and T. Horton. 2007. Range-wide status 
of Yellowstone cutthroat trout (Oncorhynchus clarkii bouvieri): 
2006. Yellowstone Cutthroat Trout Interagency Coordination 
Group, Bozeman, Montana, USA.

Meyer, K.A., E.I. Larson, C.L. Sullivan, and B. High. 2014. Trends 
in the distribution and abundance of Yellowstone cutthroat 
trout and nonnative trout in Idaho. Journal of Fish and Wildlife 
Management 5:227-242.

Morita, K., S.H. Morita, and S. Yamamoto. 2009. Effects of 
habitat fragmentation by damming on salmonid fishes: les-
sons from white-spotted charr in Japan. Ecological Research 
24:711-722.

Novak, M.A., J.L. Kershner, and K.E. Mock. 2004. Molecular 
genetic investigation of Yellowstone cutthroat trout and fine-
spotted Snake River cutthroat trout. A report in partial fulfill-
ment of Agreement # 165/04, Wyoming Game and Fish Com-
mission. Utah State University, Logan, Utah, USA.

Peterson, D.P., K.D. Fausch, and G.C. White. 2004. Population 
ecology of an invasion: effects of brook trout on native cut-
throat trout. Ecological Applications 14:754-772.

Peterson, D.P., B.E. Rieman, J.B. Dunham, K.D. Fausch, and 
M.K. Young. 2008. Analysis of trade-offs between threats of 
invasion by nonnative brook trout (Salvelinus fontinalis) and 
intentional isolation for native westslope cutthroat trout (On-
corhynchus clarkii lewisi). Canadian Journal of Fisheries and 
Aquatic Sciences 65:557-573.

Robert Al-Chokhachy is a Research Fisheries 
Biologist with the USGS Northern Rocky Mountain 
Science Center in Bozeman, MT.  Robert received a 
PhD in aquatic ecology from Utah State University in 
2006 and conducted postdoctoral research related to 
threatened and endangered salmonids before joining 
the USGS in 2010.  His current research aims to provide 
information for effective management and conservation 
of aquatic ecosystems.  Since moving to Bozeman, a large  
component of his research has focused on the ecology, 
management, and conservation of Yellowstone cutthroat  
trout, particularly in the context of climate change.

Peterson, D.P., B.E. Rieman, D.L. Horan, and M.K. Young. 2014. 
Patch size but not short-term isolation influences occurrence 
of westslope cutthroat trout above human-made barriers. 
Ecology of Freshwater Fish 23:556-571.

Seiler, S.M., and E.R. Keeley. 2007. A comparison of aggressive 
and foraging behaviour between juvenile cutthroat trout, rain-
bow trout and F1 hybrids. Animal Behaviour 74:1805-1812.

Shepard, B.B., R. Al-Chokhachy, T.M. Koel, M.A. Kulp, and N. 
Hitt. 2016. Likely responses of native and invasive fish to cli-
mate change in the Rocky and Appalachian mountains. Pages 
232-256 in A.J. Hansen, D.M. Theobald, W.B. Monahan, and 
S.T. Olliff, editors. Climate change in wildlands: pioneering ap-
proaches to science and management. Island Press, Washing-
ton, D.C., USA.

Uthe, P., R. Al-Chokhachy, B.B. Shepard, A.V. Zale, and J.L. 
Kershner. In review. Effects of climate-driven stream factors 
on summer growth patterns of Yellowstone cutthroat trout. 
Journal of Fish Biology.

Williams, J.E., H.M. Neville, A.L. Haak, W.T. Colyer, S.J. Wenger, 
and S. Bradshaw. 2015. Climate change adaptation and resto-
ration of western trout streams: opportunities and strategies. 
Fisheries 40:304-317.



Westslope Cutthroat Trout and Fluvial 
Arctic Grayling Restoration 

Jeff L. Arnold, Colleen R. Detjens, Brian D. Ertel, Michael E. Ruhl, & 
Todd M. Koel

18 Yellowstone Science 25(1) • 2017

The Madison and Gallatin rivers, two major 
headwaters of the Missouri River, originate in 
Yellowstone National Park (YNP) along the 

western boundary (figure 1). Combined, these two riv-
ers provide 1,031 km (640 mi.) of stream habitat for both 
westslope cutthroat trout and Arctic grayling in YNP. 
Indigenous westslope cutthroat trout currently occupy 
2 km (1.2 mi.) of stream within their historic range in the 
park, while resident grayling were extirpated from the 
park by 1935 (Vincent 1962). Within the Madison River 
drainage, westslope cutthroat trout and grayling occu-
pied the Madison River and lower portions of the Gib-
bon River (up to Gibbon Falls) and the Firehole River 
(up to Firehole Cascades; figure 1). The Gallatin River 
begins on the northwest side of YNP and flows for ap-
proximately 27 km (17 mi.). Westslope cutthroat trout 
were historically found throughout the Gallatin River 
and its tributaries, while grayling were confined to the 
main stem (figure 1). 

Status of Westslope Cutthroat Trout
In Montana, genetically pure westslope cutthroat 

trout occupy less than 3% of their historic range and 
are confined to isolated headwater streams. Extensive 
stocking and subsequent establishment of populations 
of non-native competing species, including brook and 
brown trout, and interbreeding with rainbow trout led 
to a serious reduction in the park’s resident westslope 
cutthroat trout, and their near extinction from most 
park streams by the 1930s (Varley and Schullery 1998). 

In 2005 park fisheries biologists discovered two pre-
viously unknown populations of westslope cutthroat 
trout. That June, a population was discovered in an 
unnamed tributary of Grayling Creek (Madison River 
drainage), which was later given the name Last Chance 
Creek (figure 1). Testing confirmed these fish were 
100% genetically pure westslope cutthroat trout. Since 
their discovery, gametes (reproductive cells) from this 

population have been used to restore trout populations 
into other areas of the upper Madison and Gallatin river 
drainages. Then, in August 2005, a second population 
was discovered in Geode Creek, a tributary of Yellow-
stone River located in northern Yellowstone. These 
fish are not native to this drainage and were most likely 
stocked in the 1920s. The discovery of this genetically 
pure population in a location with quick and easy access 
was exciting because it has enabled biologists to collect 
and move large numbers of fish or gametes for re-es-
tablishing westslope cutthroat trout to restored habitats 
elsewhere.

Status of Fluvial Arctic Grayling
Grayling are comprised of two distinct strains depend-

ing on life history: fluvial (stream dwelling) and adfluvi-
al (living in lakes and spawning in streams). Historically, 
fluvial grayling were indigenous to the park in the head-
waters of the Madison and Gallatin rivers. Grayling 
within the upper Gallatin River drainage disappeared 
around 1900, while grayling in the upper Madison River 
drainage disappeared by 1935 (Vincent 1962). Although 
grayling had disappeared in the Madison River, anglers 
continued to report catching them in the Gibbon River 
(figure 1). Intensive sampling in 2005-2006 found gray-
ling in low numbers (Steed et al. 2011). Genetic analyses 
provided conclusive evidence that the grayling observed 
were fish which had strayed downstream from Grebe 
and Wolf lakes. These grayling descended from an ad-
fluvial population introduced in the early 1900s and are 
not native to YNP. An additional introduced population 
also exists in nearby Cascade Lake in the Yellowstone 
River drainage (Kaya 2000). 

Approach to Native Fish Restoration in 
Streams and Lakes

To successfully restore native westslope cutthroat trout 
and fluvial grayling, high priority watersheds were iden-
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tified; restoration areas were protected via a waterfall or 
other in-stream barrier; non-native and/or hybridized 
fish were removed from the area above the barrier using 
an approved fish toxin (rotenone); and native fish were 
reintroduced from genetically-unaltered sources.

Prioritizing Watersheds—Watersheds must be large 
enough to support a fish population and resilient 
enough to withstand natural disturbances such as fires, 
droughts, and/or floods. Because the largest threat to 
native fish is invasion by non-natives, we also initially 
looked for the presence of barriers that would serve 
to isolate the restoration area and create a headwater 
refuge for native species. Information used in this pri-
oritization process included fish species composition, 
genetic integrity, presence of barriers, road and trail ac-
cess, and watershed complexity. This information was 

used to create a prioritization matrix designed to rank 
each stream based on its potential for successful resto-
ration. The absence of brook trout was a major decid-
ing factor in choosing which streams in the Gallatin and 
Madison river drainages would be initially restored, as 
brook trout can be incredibly challenging to extirpate 
from complex stream systems. Grayling Creek and the 
upper Gallatin River and all of its tributaries (e.g., Fan 
and Specimen creeks) do not contain brook trout and, 
therefore, were considered locations with a high proba-
bility of restoration success.

Isolating the Project Area—For native fish restoration, 
the best option for long-term persistence of species is 
to create isolated headwater refuges. Some stream sys-
tems in Yellowstone have natural waterfalls that can be 
altered, if necessary, to ensure upstream passage by fish 

Figure 1. Madison and Gallatin river watersheds in Yellowstone National Park. Completed (green) and future (yellow) 
project areas for westslope cutthroat trout and fluvial Arctic grayling. 
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map the watershed; conduct surveys to document fish, 
amphibian, and aquatic invertebrate populations; and 
determine the upper extent of water in each tributary. 
Knowing fish and amphibian distributions are import-
ant because it helps biologists make better informed 
decisions during the planning phases of the project. For 
example, if some waters in the extreme upper extent of 
the watershed are isolated above falls or steep cascades 
and do not have fish, then those waters do not need to 
be chemically treated. To achieve a complete removal of 
non-native fish, all connected surface waters having the 
potential to support fish must be treated with rotenone.

Non-native Fish Removal—Fish toxins (piscicides) 
are commonly used to control or eradicate non-native 
and undesirable fish species in both standing and flow-
ing water. Rotenone, the only piscicide currently avail-
able, is toxic to gill breathing organisms, affects fish at 
the cellular level, and is relatively nontoxic to humans 
or wildlife. All piscicide applications follow applicable 
permitting requirements and guidelines set forth by reg-
ulatory authorities.

Before applying rotenone to remove fish, we conduct 
biological assessments on the water to be treated. Bio-
assays are done on-site to evaluate how environmental 
factors such as water temperature, sunlight, and pH in-
fluence the effects of rotenone on fish. Bioassays ensure 
the lowest concentration of rotenone is used to achieve 
a complete fish kill, while minimizing impacts to other 
aquatic organisms. 

Rotenone is applied using drip stations during stream 
treatments and a boat bailer pump system during lake 
treatments. Backpack sprayers with hand-held wands 
are used to apply highly diluted rotenone in stagnant 
water areas along streams and shorelines of lakes. Drip 
stations consist of a five-gallon container that dispens-
es a dilute concentration of rotenone to flowing waters 
at a constant rate. Placement of drip stations along a 
stream is determined by conducting travel time studies 
using nontoxic dye. Because rotenone breaks down and 
loses its toxicity quickly in flowing water, multiple drip 
stations are needed to maintain concentrations lethal to 
target fish. The amount of rotenone used in each drip 
station is calculated from stream flow measurements 
taken prior to treatment and from results of bioassays. 

For lake applications, we use inflatable rafts with an 
80-gallon collapsible tank. The tank is filled with con-
centrated rotenone which is pumped directly into the 
motor wash during application. The amount of rote-
none applied to a lake is determined by estimating the 

To chemically remove fish, drip stations are used to 
dispense rotenone along measured intervals within the 
project stream.

is prevented and a headwater native refuge is secured. 
Stream systems not having waterfalls naturally allow 
unimpeded access from fish downstream. In these sys-
tems, if a suitable location exists, an artificial barrier can 
be created to isolate the drainage. Artificial barriers are 
created with logs, rocks, and mortar, and are designed to 
completely preclude all upstream fish movement while 
ensuring structural integrity and function across a wide 
range of water flows. Structures of this type are com-
monly at least 1.8 m (6 ft.) in height, with a vertical or 
near vertical drop onto a concrete splash pad prevent-
ing a plunge pool from forming at the base of the barri-
er. Ideal locations for fish barriers are in high-gradient 
stream reaches with steep banks and exposed bedrock. 
Fish barriers would be built in the most downstream lo-
cation suitable for construction, to provide the largest 
possible area upstream for native fish restoration. 

Pre-Project Assessments—Once a watershed has 
been selected for a fish restoration project, biologists 
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total water volume in the lake. Lake water volume, along 
with results from our bioassays, is used to determine 
how much rotenone is needed to achieve a complete 
fish kill. 

At the downstream reach of the project area, a neutral-
ization station is set up to detoxify rotenone. The neu-
tralization station consists of a volumetric feeder that 
applies potassium permanganate at a predetermined 
rate. Potassium permanganate neutralizes rotenone, 
eliminating its toxic effects. Potassium permanganate 
is applied until the last of the rotenone has theoretical-
ly flowed pass the neutralization station, as calculated 
from our travel time study, and stopped after sentinel 
fish placed above the station remain alive for an addi-
tional four hours. 

To ensure all fish are removed, treatments are typically 
conducted at least twice within the same year or over 
successive years. Monitoring by electrofishing is con-
ducted following rotenone treatments to ensure all fish 
have been removed and the restoration area is ready for 
reintroduction of native fish.

Reintroduction of Native Fish—Two methods are 
used for introducing native fish. One method is the intro-
duction of gametes using remote site incubators (RSIs). 
After fertilization, embryos are reared in hatchery set-
tings to enhance survival during early growth and devel-
opment. The developed embryos are then transported 
to the field and placed in RSIs positioned in streams and 
tributaries. Over a 2-3 week period, the embryos hatch 
and swim out of the incubator into the stream system. 

NPS Fisheries Biologist Jeff Arnold and Fisheries Intern Emily Mathieson place fertilized westslope cutthroat trout eggs 
into remote site incubators (RSIs) in upper Grayling Creek. 
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A second method for introducing native fish is to stock 
them as fry (young fish capable of self-feeding), juve-
niles, and/or adults directly into project waters. These 
fish are acquired from existing wild populations or from 
a hatchery facility. 

Both methods have distinct advantages and limita-
tions. The use of RSIs allows fish to hatch in the stream 
and imprint to its waters, which theoretically results in 
these fish later returning to spawn as adults. In addition, 
RSIs make it possible to stock large numbers of geneti-
cally diverse fish with relatively little transportation ef-
fort. The main limitations of RSIs are their susceptibility 
to failure from clogging, or disturbance by wildlife or 
people during the period the embryos are completing 
final development and hatching. 

Stocking live fish is accomplished by transporting them 
from a hatchery or wild population into the project area 
using tanks on trucks or suspended below a helicopter. 
This method requires little or no post-stocking main-
tenance, can quickly restore recreational fishing, and is 
not susceptible to disturbance from wildlife or humans. 
However, stocking live fish is costly in remote locations 
because of the need for a helicopter to move fish with 
large amounts of water. Additionally, because fish were 
not born within or imprinted to project area waters, it is 
suspected they experience lower survival and reproduc-
tive success than their natal counterparts.

Once native fish have been reintroduced into an area, 
we continue monitoring the population to confirm it has 
become successfully established. To evaluate fish pop-
ulations, we conduct electrofishing surveys in streams, 
and use seines, gillnets, and snorkel surveys to evaluate 
lake populations. Collecting different age classes of fish 
helps determine the health of the population and vali-
date natural reproduction, which indicates the popula-
tion can likely sustain itself. 

Westslope Cutthroat Trout and Arctic 
Grayling Successes To-Date
East Fork Specimen Creek

Specimen Creek is a tributary of the Gallatin Riv-
er located on the northwest corner of YNP. East Fork 
Specimen Creek is a large watershed that originates in 
the Gallatin Mountain Range beginning at High Lake at 
2,682 m (8,800 ft.) elevation (figure 1). High Lake en-
compasses 2.9 ha (7.1 ac) and was historically fishless 
due to a natural waterfall just downstream from the 
lake outlet. In 1937, however, the National Park Ser-
vice (NPS) stocked the lake with Yellowstone cutthroat 

trout, which are not native to the upper Missouri River 
drainage. Over time, these fish migrated downstream, 
while rainbow trout from the Gallatin River moved 
upstream into the watershed. Due to interbreeding 
among species, the genetic integrity of native westslope 
cutthroat trout was severely compromised with a hy-
bridized population less than 80% pure. Because these 
westslope cutthroat trout were not considered a “con-
servation population” (which requires more than 90% 
genetic purity), the fish were prime candidates for re-
moval and replacement with genetically pure westslope 
cutthroat trout.

Because High Lake was isolated by a waterfall, we were 
able to work on the lake independently of the waters 
downstream. During August 2006, rotenone was applied 
to High Lake and its associated waters. Two 14-foot rafts 
with outboard motors were used to apply the bulk of ro-
tenone, while backpack sprayers and drip stations were 
used to treat shallow water and inlet streams. Following 
the first treatment, daily visual surveys of the lake and 
inlet streams did not detect any live fish; however, to en-
sure a complete removal of fish, a second treatment was 
conducted two weeks later.

In July 2007, we surveyed High Lake for any remaining 
fish. No fish were collected or observed during these 
efforts, confirming the absence of fish and eliminating 
the need for an additional piscicide application. As a re-
sult, during 2007-2009 westslope cutthroat trout were 
introduced into High Lake. A total of 5,345 fertilized 
eggs and 2,963 fish from Geode Creek were moved to 
High Lake. In 2010, fry were observed within High Lake 
inlet tributaries, indicating successful reproduction. In 
2016 we sampled High Lake by placing a gillnet in the 
lake for one night. This net yielded 14 fish ranging in size 
from 174-440 mm (6.8-17.3 in.) This range of sizes again 
demonstrates successful reproduction and a healthy fish 
population.

In 2008, a log barrier was completed on lower East 
Fork Specimen Creek, allowing the restoration project 
to extend from High Lake downstream near the conflu-
ence with North Fork Specimen Creek. During chemi-
cal treatment of East Fork Specimen Creek, we divided 
the drainage into two manageable reaches by placing a 
portable barrier approximately halfway down the wa-
tershed. The upper and lower reaches were each treated 
twice within a 2-week period down to the barrier. Ro-
tenone was applied using drip stations and backpack 
sprayers. A third treatment of East Fork Specimen Creek 
was conducted in 2009. No fish were found during this 
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2012, fisheries staff completed surveys within the three 
lake system. These surveys did not yield any sign of fish, 
a good indication that complete removal of rainbow 
trout was achieved. For three consecutive years (2013-
2015), more than 10,300 westslope cutthroat trout fry 
were stocked into Goose Lake. In 2016 we placed a 
gillnet in Goose Lake to asses the fish population. This 
overnight net yielded 12 fish ranging in size from 170-
200 mm (6.7-7.8 in.). We will continue to monitor the 
success of these stocking efforts over the coming years; 
plans are to one day use this pure westslope population 
as a brood source, providing offspring for restoration 
projects elsewhere within the upper Missouri River sys-
tem.

Grayling Creek
Grayling Creek, a tributary of the Madison River, was 

historically home to westslope cutthroat trout and fluvi-
al grayling (figure 1). Two waterfalls existed on the lower 
portions of Grayling Creek, but were not complete bar-
riers because fish could move past them during certain 
times of year. By the 1950s, grayling had disappeared 
entirely from the watershed due to non-native fish intro-
duction and completion of Hebgen Dam (Kaya 2000), 
which submersed the stream’s lower reaches where 
grayling were most abundant. Westslope cutthroat trout 
fared little better, with most of the population being 
eliminated or hybridized with rainbow trout by the ear-
ly 2000s. 

treatment, and subsequent monitoring provided evi-
dence all fish were successfully removed from the sys-
tem. 

Following two years of treatments and monitoring, the 
creek was considered free of non-native fish; restocking 
efforts took place from 2010-2013. During this time, ap-
proximately 10,300 eyed-eggs, which are embryos, were 
placed in RSIs throughout East Fork Specimen Creek.

In 2015 and 2016, we conducted several surveys 
throughout East Fork Specimen Creek. These surveys 
indicated a natural reproducing population of west-
slope cutthroat trout with all fish appearing healthy. The 
long-term goal for this watershed is to integrate East 
Fork Specimen Creek into a larger westslope cutthroat 
trout restoration project that includes the North Fork 
to improve the resilience of this isolated population to 
natural threats. 

Goose Lake Chain-of-Lakes
Goose Lake and two other small, historically fishless 

lakes lie within the Firehole River drainage, but are not 
connected to the river by surface waters (figure 1). Their 
proximity to a service road makes the lakes easily ac-
cessible most of the year. Yellow perch, stocked in the 
lake early in the 20th century, were eradicated from the 
lake in 1938. The lake was then stocked with non-native 
rainbow trout which established a self-sustaining pop-
ulation.

In September 2011, the Goose Lake chain-of-lakes 
were treated with rotenone to remove rainbow trout. In 

An existing waterfall was modified on lower Grayling Creek watershed to provide a complete barrier to upstream 
fish movement. The large yellow structure temporarily diverted the stream and was removed after construction was 
completed.
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In 2007, federal and state fisheries biologists assessed 
Grayling Creek for a potential westslope cutthroat trout 
and fluvial grayling restoration project. The plan includ-
ed modification of the existing waterfall near Highway 
191 to create a complete barrier to upstream fish move-
ment. In 2012, the NPS partnered with technical blast-
ers from Gallatin National Forest, a private contractor,  
and a Montana Conservation Corps crew to create the 
barrier. The completed modification elevated the barri-
er to a height of more than 1.8 m (6 ft.) and filled deep 
pools in order to create a large concrete “splash pad” 
at the barrier base, making it a complete barrier to up-
stream fish movement. 

The upper Grayling Creek watershed is located in a 
remote section of the park with limited road and trail 
access. Access to the upper portions of the watershed 
involves hiking off trail, through downed timber and 
thick vegetation. The Grayling Creek restoration area 
includes 95 km (59 mi.) of connected stream habitat. 
Actions to remove fish from upper Grayling Creek took 
place in August 2013 and 2014 with assistance from the 
USDA Forest Service; U.S. Fish and Wildlife Service; 
Montana Fish, Wildlife & Parks; and Turner Enterpris-
es, Inc. Because of the remote nature of the watershed, 
most equipment and supplies had to be flown in via he-
licopter. More than two dozen fish biologists and tech-
nicians worked for several weeks to remove non-native 
and hybrid trout from the restoration area using rote-
none. Electrofishing surveys conducted after the rote-
none treatments in 2014 did not yield any fish, indicat-
ing fish removal was a success.

In 2015, we began introducing westslope cutthroat 
trout and fluvial grayling into the Grayling Creek proj-
ect area. In April 2015, approximately 680 westslope 
cutthroat trout of varying sizes from Geode Creek were 
captured and moved to the lower portions of Grayling 
Creek above the barrier. In May 2015, more than 100,000 
fluvial grayling eggs were placed in RSIs throughout the 
South Fork Grayling Creek watershed. In addition 4,800 
westslope cutthroat trout eggs were placed in RSIs along 
the lower portion of Grayling Creek while 5,000 west-
slope cutthroat trout eggs were placed in the North Fork 
of Grayling Creek. 

Restoration of westslope cutthroat trout and fluvial 
grayling continued in 2016. During May, 263 westslope 
cutthroat trout were captured and moved from Geode 
Creek to lower portions of Grayling Creek,  and 50,000 
fluvial grayling eggs were placed in RSIs throughout the 

South Fork Graying Creek. During June, approximately 
27,800 westslope cutthroat trout were placed through-
out the Grayling Creek drainage above the barrier. Res-
toration efforts are scheduled to continue in 2017-2018. 

Potential Future Westslope Cutthroat Trout 
and Arctic Grayling Restoration Projects
Upper Gibbon River

The upper Gibbon River (above Virginia Cascades) 
and connecting lakes in YNP will be used as a refuge 
for native fish threatened with a warming climate. The 
refuge would include 16 km (10 mi.) of stream, three 
fish bearing lakes totaling 92 ha (228 surface ac), and 
extensive tributary networks, representing the largest 
and most logistically feasible location for westslope 
cutthroat trout and fluvial grayling restoration in the 
species’ historic range (figure 1). High-elevation aquat-
ic systems, such as the upper Gibbon River, may be the 
only chance to protect sensitive, cold water species such 
as westslope cutthroat trout and fluvial grayling against 
climate change. The project will begin with the removal 
of fish from Ice Lake. The project will continue with the 
complete removal of fish from the Gibbon River above 
Virginia Cascades upstream to Grebe Lake. Westslope 
cutthroat trout and fluvial grayling will be introduced 
immediately afterwards. This project is expected to take 
three years to complete. 

Cougar Creek
Cougar Creek is a small stream that, prior to reaching 

the Madison River, flows underground (figure 1). Cou-
gar Creek is an ideal candidate for westslope cutthroat 
trout restoration because it is physically isolated from 
downstream reaches of the drainage (Kaya 2000). In 
the early 1990s, this stream was documented as having 
pure westslope cutthroat trout and mottled sculpin, two 
species native to the drainage. However, genetic testing 
of the westslope cutthroat trout in 2011 indicated these 
fish were highly hybridized with rainbow trout. Future 
plans for the Cougar Creek drainage are to chemically 
remove the hybridized trout and reintroduce pure west-
slope cutthroat trout and mottled sculpin. 

North Fork Specimen Creek 
Fisheries staff in YNP plan to continue native fisheries 

restoration work in Specimen Creek. In 2013, plans were 
developed to construct a concrete barrier on the low-
er portion of the creek near Highway 191. This barrier 
would isolate the entire drainage and prevent non-na-
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tive fish from moving upstream into Specimen Creek 
from the Gallatin River. The barrier would allow for 
native fish restoration of the entire watershed including 
the North Fork Specimen Creek, and would allow for 
the East Fork Specimen Creek to be reconnected to the 
rest of the drainage. 

Conclusions
Creating secure habitats for the conservation of na-

tive inland fish has become a common fisheries man-
agement practice in recent years. Most commonly, the 
goals of these efforts are to restore and preserve native 
fish biodiversity through the exclusion and removal of 
non-native fish and the reintroduction of genetically un-
altered native species. The need for projects of this na-
ture is largely driven by competition, predation, and/or 
hybridization by non-native fish; however, other factors 
including habitat alteration, disease, and climate change 
may also contribute to the need for action. A common 
project model that has evolved and become widely used 
follows three basic steps: 1) ensure isolation of the proj-
ect area, 2) completely remove all non-native species, 
and 3) re-introduce genetically unaltered native species. 
The body of scientific information that has accrued 
around this model, conventional wisdom, and on-the-
ground experience is used to carry out the project. 

In the park’s early history, non-native trout were readi-
ly stocked into park waters to provide additional fishing 
opportunities for visitors. Over the last century, these 
non-native trout have eroded native trout populations 
to a small fraction of their historic range. Once occu-
pying hundreds of stream kilometers, indigenous west-
slope cutthroat trout now occupy only 2 km (1.2 mi.) 
of streams in the Grayling Creek drainage, while fluvi-
al grayling disappeared entirely from the park by 1934. 
As park biologists, we have worked diligently to restore 
these native fish back into their historic ranges using 
approaches described above. Over the past decade, ge-
netically pure westslope cutthroat trout have been rein-
troduced into the headwaters of Specimen and Grayling 
creeks, with a local brood source being developed in 
the Goose Lake complex. Our restoration efforts have 
added 74 km (46 mi.) of stream that are now occupied 
by native westslope cutthroat trout and/or fluvial gray-
ling. The grayling introduced to upper Grayling Creek 
in 2015 were the first fluvial grayling to swim in park wa-
ters in more than 80 years. Future projects for westslope 
cutthroat trout and fluvial grayling include native fish 
restoration in North Fork Specimen and Cougar creeks 

as well as the upper Gibbon River. Once these projects 
are completed, an additional 61 km (38 mi.) of stream 
will be restored to native fish. As the NPS enters its next 
century, we continue to work to preserve and protect 
native fishes of Yellowstone for future generations. 
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Environmental DNA (eDNA) is genetic material 
obtained from an environmental sample such as 
soil, sediment, water, or ice without directly han-

dling the organism from which it originated (Thomsen 
and Willerslev 2015). This DNA is shed from the or-
ganism into the environment in a variety of forms, in-
cluding skin cells, mucus, feces, or tissue. Biologists are 
able to collect this DNA and analyze it to determine the 
presence of specific species. In fact, this technique is so 
sensitive that even a single copy of DNA from an animal 
may be detected in an environmental sample.   

In recent years, eDNA-based sampling methods have 
become an increasingly common tool for wildlife man-
agers. Within Yellowstone National Park (YNP), fish-
eries biologists have begun using eDNA from water 
samples to understand the distribution of various fish 
species. In collaboration with researchers at the Nation-
al Genomics Center for Wildlife and Fish Conservation, 
located at the Forest Service Rocky Mountain Research 
Station in Missoula, Montana, we hope to contribute 
to the growing body of knowledge on the effectiveness 
and limitations of eDNA sampling as a monitoring tool. 

Applications and Analysis
There are many potential benefits to collecting eDNA 

samples in conjunction with native fish restoration proj-
ects in YNP. Because eDNA sampling does not require 
fish be observed, biologists can survey waters without 
having to electrofish, handle, or stress fragile popula-
tions. The sensitivity of this tool may also allow biolo-
gists to detect invasive species while numbers are still 
low, which could prove invaluable to containing the 
spread of an invasion (Goldberg et al. 2013). The use of 
eDNA may also be helpful in determining the effective-
ness of rotenone treatments to remove non-native fish 
from watersheds where native fish are being restored. 
Finally, biologists can use the amount of DNA in a sam-
ple to understand the relative abundance of a species at 

the landscape level (Takahara et al. 2012, Pilliod et al. 
2013). In essence, eDNA samples provide a powerful 
snapshot in time for biologists to catalog information 
not on just one species, but potentially an entire biolog-
ical community.

Following water sample collection, eDNA samples are 
taken to a laboratory and analyzed using a meticulously 
designed test that can detect any DNA from the fish spe-
cies of interest, as well as DNA from other non-target 
species. Therefore, samples can be reanalyzed multiple 
times to detect DNA from any additional species that 
may have been present at the time of sample collection 
but not part of the original research study. The samples 
can be preserved in a freezer and analyzed months or 
even years later for fish or wildlife species that may not 
have been the initial target of investigation. 

Because of YNP’s immense size and rugged landscape, 
access to study sites is often gained on foot. Hiking in 
and out of remote locations and sampling via electro-
fishing or netting take a lot of time, effort, and person-
nel; this is when the eDNA method becomes a valuable 
tool. Due to its high sensitivity and the efficiency of its 
use, eDNA sampling may be the most effective way to 
determine whether or not a species is present in remote 
areas. 

Limitations
Despite the many benefits of using eDNA-based mon-

itoring methods, there are still some limitations that 
can affect the accuracy of detecting a species. DNA 
that is free-floating in the environment will eventual-
ly degrade; factors such as temperature and exposure 
to ultraviolet light will speed the degradation process 
(Strickler et al. 2015). As a result, the further you are 
from a fish in the stream, the less likely you are to col-
lect its DNA in a sample. Additionally, the rate at which 
fish shed DNA may not always be consistent and could 
be affected by conditions such as diet, temperature, and 
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spawning activities (Klymus et al. 2015). Consequent-
ly, the ability of eDNA sampling to replace traditional 
methods of estimating species presence or abundance 
is not completely understood and, therefore, warrants 
further study.

Because eDNA-based methods can detect a single 
copy of DNA, preventing cross-contamination of sam-
ples must be carefully considered. Samples must be han-
dled with caution to avoid contamination during both 
field collection and laboratory processing. For example, 
biologists must take care to avoid the transfer of DNA 
from their waders, which are exposed to DNA when 
working in bodies of water. Also, it is possible to detect 
fish DNA in a water sample after movement through, or 
defecation by, fish predators (Merkes et al. 2014). How-
ever, many of these limitations can be accounted for by 
carefully choosing sample locations, avoiding contami-
nation during the sampling process, and implementing 
rigorous lab protocols. Researchers at the National Ge-
nomics Center for Wildlife and Fish Conservation have 
been at the forefront of the efforts to understand these 
limitations and help wildlife managers, like those in 
Yellowstone, collect samples with the highest possible 
quality. 

eDNA in Yellowstone National Park
Within YNP, eDNA sampling was used to estimate 

the geographic extent of non-native brook trout within 
Soda Butte Creek, which helped direct eradication ef-
forts and allowed biologists to confidently exclude por-
tions of the drainage where the use of rotenone was not 
needed. Environmental DNA sampling has also been 
used in follow-up sampling to verify the success of rote-
none treatments, including the treatment of Elk Creek 
to remove non-native brook trout (see “Preservation of 
Native Cutthroat Trout in Northern Yellowstone,” this 
issue). The use of eDNA may also prove to be a valuable 
tool for assessing the recovery of Yellowstone cutthroat 
trout in Yellowstone Lake and may be able to confirm 
the presence of spawning fish in tributaries where other 
visual survey methods in recent years have not detect-
ed them. Cutthroat trout eDNA in Yellowstone Lake 
spawning streams may also be useful for estimating the 
relative abundance of spawning fish throughout the 
spawning period. In addition, environmental samples 
aimed at detecting terrestrial organisms, such as bears 
and river otters, could provide additional insight on the 
use of cutthroat trout as a prey source for these animals, 
especially in the remote tributaries of Yellowstone Lake. 

All of this information will be extremely valuable to 
managers as native cutthroat trout continue to recover 
within the Yellowstone Lake ecosystem. 
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Piscicides are fish toxins approved by the Environ-
mental Protection Agency and used by managers 
to eradicate non-native fishes. With the excep-

tion of sea lamprey control in the Great Lakes, all fish 
removal projects in the United States utilize piscicide 
formulations containing either rotenone or antimycin as 
the active ingredient. Both of these natural compounds 
have been used extensively in fisheries management 
since the 1930s to control invasive species, recover na-
tive species, or restore sport fish (e.g., removing suckers 
to make habitat available for a sport fish). Over the past 
decade, biologists in Yellowstone National Park (YNP) 
have used rotenone in High Lake and East Fork Speci-
men Creek (2006-2009), Goose Lake (2011), Elk Creek 
(2012-2014), Grayling Creek (2013-2014), and Soda Butte 
Creek (2015-2016) to remove non-native fish species.

 Piscicides are effective at removing fish from habitats 
where nets, electrofishing, angling, traps, or other me-
chanical methods are impractical or ineffective. How-
ever, piscicides are also non-specific, meaning they can 
impact all gill-breathing organisms, including larval am-
phibians and macroinvertebrates. Therefore, when us-
ing this powerful tool, natural resource managers need 
to consider these potential impacts and seek ways to 
lessen them. 

What is Rotenone, and How Does it Work?
Rotenone occurs in the roots, stems, and leaves of 

tropical plants in the pea family (Fabaceae), includ-
ing the jewel vine (Derris involuta), lancepod or cube 
plant (Lonchocarpus utilis), and Tephrosia genus found 
in southeast Asia, South America, and east Africa, re-
spectively. Rotenone and other related compounds are 
produced by these plants for a variety of functions, in-
cluding defense against the growth of microorganisms 
(Dixon and Passinetti 2010). Indigenous peoples discov-
ered that the roots of these plants are toxic to fish and 
developed a variety of ways to apply these roots to water 
to kill fish for consumption (Cannon et al. 2004). 

Rotenone’s toxicity results from the inhibition of a 
biochemical reaction called oxidative phosphorylation, 
which occurs in the energy-producing mitochondria 
within the cells of animals. The resulting loss of usable 
energy for cellular function results in death. To reach 
most tissues in an animal, rotenone must first be ab-
sorbed into the bloodstream. Ingestion of rotenone has 
a relatively minor effect on land animals because the en-
zymes and acids of the digestive system break it down, 
thus limiting absorption through the lining of the intes-
tinal tract. On the other hand, the absorption of rote-
none in water across the gill membrane by fish or other 
aquatic organisms (amphibians, immature insects) is a 
direct route into the blood. 
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The physical and chemical properties of rotenone 
combine with environmental conditions to determine 
its fate and toxicity in the environment. It is a large com-
pound quickly broken down in the environment by sun-
light and other factors. The degradation time in lakes 
ranges from one day in warm water to several weeks in 
cold water. Rotenone is also somewhat hydrophobic, 
meaning once applied in the environment, it will read-
ily bind to sediments or organic matter in the water. 
These factors result in a relatively quick dissipation and 
degradation of rotenone from the environment, which 
poses a challenge for biologists attempting to kill fish 
before rotenone concentrations decrease to nontoxic 
levels. This challenge is greatest in rapidly moving wa-
ters where rotenone, once applied, will either degrade 
or bind to streambed sediments within 1-5 hours of trav-
el time, thus requiring reapplication to maintain toxic 
concentrations (figure 1).

Impacts of Rotenone on Organisms Other 
than Fish

The use of rotenone to kill fish can affect non-target 
organisms. In YNP, this includes most gill-breathing, 
immature forms of aquatic macroinvertebrates, specif-
ically the insect taxa Ephemeroptera (mayflies), Plecop-

tera (stoneflies), and Tricoptera (caddisflies; Magnum 
and Madrigal 1999, Hamilton et al. 2009). Factors such 
as age and size contribute to sensitivity, as younger in-
sects have thinner cuticles and smaller animals have 
higher surface area to volume ratios, both leading to 
greater absorption of rotenone. Life history charac-
teristics are also a factor, since animals living on the 
water-sediment interface of lakes or streams are more 
likely to be exposed to rotenone than those living in the 
spaces between gravel/cobble or burrowed into mud 
(Minckley and Mihilack 1981, Whelan 2002). Addition-
ally, insects with high oxygen requirements will typically 
succumb more quickly to rotenone because it inhibits 
the oxygen-mediated production of energy molecules 
in the body (Engstrom-Heg et al. 1978). Finally, aquatic 
invertebrates with tracheal gills for respiration generally 
are more sensitive to rotenone than those that acquire 
oxygen through the skin, air, or respiratory pigments 
(Vinson et al. 2010). 

Immature gill-breathing forms of amphibians may also 
be inadvertently impacted by rotenone treatments. In 
YNP, this potentially includes the boreal toad (Anaxy-
rus boreas), a species of concern in YNP and the Rocky 
Mountain West, blotched tiger salamander (Ambystoma 
tigrinum melanostictum), boreal chorus frog (Pseudacris 
maculata), and Columbia spotted frog (Rana luteiven-
tris). Rotenone generally has a greater impact on lar-
val forms of both frogs and salamanders than on adult 
forms (Farringer 1972, Burress 1982, Fontenot et al. 1994, 
Grisak et al. 2007). However, during the larval stage, 
frogs undergo lung development as they approach 
metamorphosis and rely very little on gill respiration; 
whereas, toads remain gill-breathers during the entire 
larval period (McDiarmid and Altig 1999). Frog tad-
poles, therefore, may be less susceptible to the negative 
effects of rotenone as they grow older.

Research Conducted During East Fork 
Specimen Creek Rotenone Treatments 

Rotenone treatments were used in the East Fork of 
Specimen Creek (EFSC) drainage during 2006-2009 to 
remove non-native trout. The first treatment occurred 
in 2006 at the upper end of the drainage, which includ-
ed High Lake and its outlet stream, ending at a waterfall 
barrier (Koel et al. 2008). This was followed by treat-
ment of Specimen Creek in 2008 and 2009 from the 
waterfall to a man-made barrier near the confluence 
with the North Fork Specimen Creek (figure 2), approx-
imately 27 km (16.6 mi.) downstream. In all treatments, 

Figure 1. Concentration of rotenone (parts-per-billion, 
or PPB) in water downstream of drip stations in several 
Montana streams. Rotenone was applied, marked with 
an inert fluorescent dye, and then followed as it traveled 
downstream, with water samples taken to determine 
concentration at timed intervals within 1-6 hours. The 
y-axis is a log-normal scale.
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a liquid formulation of rotenone called CFT-Legumine 
(5% active rotenone) was applied at a concentration of 
1 part per million (ppm). For the stream treatments, the 
primary means of applying rotenone was through the 
use of “drip stations” consisting of a 5-gallon container 
filled with a CFT-Legumine/water mixture, metered out 
at a constant rate to maintain a 1 ppm concentration in 
the stream. Because the rotenone degraded and bound 
with streambed materials after it was applied, there was 
a decrease in the concentration of rotenone in the water 
with increasing distance from each drip station. There-
fore, it was necessary to utilize additional drip stations 
spaced evenly throughout the treated section. On Spec-
imen Creek, each drip station applied rotenone for 8 
hours; stations were spaced at a distance equivalent to 
2-3 hours travel time in the stream water. 

The CFT-Legumine rotenone formulation used at 
High Lake and the EFSC was a relatively new product 
whose impacts to non-target organisms had not been 
previously evaluated in the field. In spite of this informa-
tion gap, this formulation was chosen over traditional 
products because it contained oil-based solvents, which 

contain fewer and less persistent contaminants, and 
reduced odor, rather than petroleum-based solvents. 
Biologists used this opportunity to investigate how 
CFT-Legumine impacts benthic macroinvertebrates 
(EFSC) and amphibians (High Lake and outlet EFSC) 
in an effort to identify ways to mitigate effects during fu-
ture treatments. 

Benthic Macroinvertebrates – Scientists measured 
changes in the abundance and richness (number of taxa) 
of macroinvertebrates at a total of five sites: two sites on 
the EFSC downstream of rotenone drip stations, two 
sites below the detoxification station where potassium 
permanganate was applied to deactivate rotenone (see 
“Westslope Cutthroat Trout and Fluvial Arctic Grayling 
Restoration,” this issue), and one reference (non-treat-
ed) site (Skorupski 2011; figure 3). Sampling occurred at 
each site before the rotenone treatments, immediately 
after treatments, and one year after treatments. A total of 
57 insect taxa were found at the five sampling sites, dom-
inated by the true flies (family Chironomidae), mayflies, 
stoneflies, and caddisflies. The CFT-Legumine treat-
ment slightly reduced the abundance and richness of 

Figure 2. The Specimen Creek drainage in Yellowstone National Park, with sites sampled for macroinvertebrates (red 
dots) before, during, and after treatment with rotenone, 2006-2009. This figure was adapted from Skorupski (2011) 
and Billman et al. (2012).
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Figure 3. Mean abundance and richness (number of taxa) 
of mayflies, stoneflies, and caddisflies (EPT) combined at 
four treated sites on East Fork Specimen Creek (MS1, EF1, 
EF2, EF4) and one control (untreated) site on North Fork 
Specimen Creek (NF1). Sites MS1 and EF1 were below 
the potassium permanganate detoxification station. Sites 
EF2 and EF4 were only treated with rotenone. Sites were 
sampled prior to rotenone treatment in 2009 (pre-treat-
ment), immediately following rotenone treatment in 
2009 (post-treatment), and one year following rotenone 
treatment in 2010 (one-year post-treatment). Error bars 
are standard deviations (adapted from Skorupski 2011).

mayflies, stoneflies, and caddisflies immediately follow-
ing the treatment, but did not impact overall insect rich-
ness. Macroinvertebrates sampled within the detoxifi-
cation area experienced similar, but greater, effects from 
the potassium permanganate than individuals within the 
treatment area that were exposed to rotenone. Howev-
er, the abundance and richness of mayflies, stoneflies, 
and caddisflies returned to pre-treatment levels at most 
sites within a year (figure 3). 

Five taxa found during pre-treatment sampling were 
not detected after the rotenone treatments. There were 
also six taxa not detected before treatment that were 
collected after treatment. None of these taxa are en-
dangered or listed as sensitive by the Montana Natural 
Heritage Program (2010). Skorupski (2011) indicated 
these “missing” taxa were probably an artifact of low 

abundance because most were not consistently detect-
ed during all the years (2004-2010) of previous sampling 
in the drainage. Also, the amount of streambed sampled 
during treatments was small (less than one square meter 
at each site), which could contribute to rare taxa going 
undetected. 

The phenomenon of missing taxa is not uncommon in 
macroinvertebrate sampling. A study was conducted on 
the Logan River in Utah in which the river was sampled 
for macroinvertebrates once a month for 10 years. The 
monthly samples routinely counted an average of 28 dif-
ferent genera. However, the cumulative number of taxa 
continued to rise over the 10-year period to 84 genera, 
demonstrating the difficulty in developing a complete 
inventory of all taxa in a waterbody (Vinson et al. 2010). 
Overall, the best way to characterize impacts of rote-
none to macroinvertebrate communities is to use met-
rics such as total abundance, total taxa, or community 
indices. 

Critics of piscicide treatments have used missing 
taxa as an argument against the use of these chemicals, 
claiming it shows they will extirpate sensitive taxa from 
treatment areas. Treatments of the Green River in Wy-
oming and the Strawberry River in Utah are often cited 
because some taxa disappeared after rotenone was ap-
plied (Binns 1967, Magnum and Madrigal 1999). Howev-
er, those treatments were conducted using much higher 
concentrations and older, petroleum-based formula-
tions of rotenone for longer periods of time than used 
currently in YNP. 

Skorupski (2011) also evaluated downstream drift by 
benthic macroinvertebrates during rotenone treat-
ments. Drift is a behavior used by benthic macroinverte-
brates to disperse to new areas in search of food or hab-
itat, as well as a response to stressors such as fire, floods, 
and, in this case, rotenone (Waters 1972). On EFSC, 
taxa differed in their drift response to rotenone. Stone-
flies were the first to drift, showing a marked increase 
in drift after only 30-60 minutes of exposure. This was 
followed by other non-insect species, the true flies, and 
then mayflies, which showed peak drift at 180-210 min-
utes after exposure. The slowest taxa to respond were 
caddisflies and beetles, with low drift rates that were still 
increasing after 330-360 minutes. Although these results 
suggest some macroinvertebrates can avoid rotenone 
by drifting downstream and out of the treatment area, a 
better understanding of the ultimate fate of drifting in-
sects would be useful for interpreting the significance of 
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species not detected during sampling before and after 
rotenone treatments. 

Amphibian Tadpoles – Another study examined the 
effects of rotenone on the distribution and abundance 
of Columbia spotted frog tadpoles in High Lake and 
nearby wetlands before (2006) and after (2007-2009) 
the rotenone treatment (Billman et al. 2012; figure 4). 
Scientists measured impacts of the rotenone treatment 
on different life stages, as well as the impacts of Yellow-
stone cutthroat trout and westslope cutthroat trout in 
High Lake on the frogs (Billman et al. 2011, 2012). The 
Gosner (1960) staging system for amphibian develop-
ment was used to assign a number to the stages of lar-
val development through complete metamorphosis, 
with stage 1 being the fertilized egg and stage 46 being 
the full adult form. Frog tadpoles begin to develop lungs 
and rely less on gills for respiration during the late stages 
(40-45).

 Prior to the rotenone treatment, tadpoles (stages 40-
43) and adult spotted frogs were placed in mesh sentinel 
cages at different locations in the treatment area and in 

two of the nearby wetlands not being treated with rote-
none (figure 4). While the caged animals in the nearby 
wetlands survived, all tadpoles in the cages held in High 
Lake died as a result of the treatment. All adult spotted 
frogs held in High Lake survived. No live tadpoles were 
found elsewhere in the lake after the treatment, but non-
gill-breathing juveniles and adults were found at multi-
ple locations (Billman et al. 2012). 

Immediately prior to the rotenone treatment in 2006, 
tadpole abundance in High Lake was similar to that 
found in the much smaller nearby wetlands (figure 4). 
Over the next three years, tadpole abundance in the wet-
lands was essentially unchanged. In 2007, the first year 
following treatment, tadpole abundance in High Lake 
increased about sixfold, but then declined slightly in 
each of 2008 and 2009. The marked increase in tadpoles 
following the rotenone treatment was likely a result of 
the absence of trout in High Lake, as the rotenone treat-
ment removed over 800 trout from the lake, some as 
large as 400 mm in length (Koel et al. 2007). These fish 
likely preyed on the tadpoles and suppressed their num-
bers. The estimate of the tadpole population in 2007 
was made before more than 8,300 westslope cutthroat 
trout were reintroduced into the lake and inlet streams 
between 2007 and 2009 (Koel et al. 2011). Therefore, 

Figure 4. Estimated number of tadpoles (with 95% confi-
dence intervals) at High Lake (open bars), the north wet-
land (shaded bars), and the south wetland (striped bars), 
2006-2009. Sampling in 2006 occurred prior to treat-
ment with rotenone when high densities of Yellowstone 
cutthroat trout remained in the lake. Sampling in 2007 
occurred after the rotenone treatment of High Lake and 
during a period when native westslope cutthroat trout 
were being reintroduced as embryos to inlet streams, and 
as juveniles and adults to the lake (Koel et al. 2008). The 
north and south wetlands were isolated from High Lake 
and not treated with rotenone (adapted from Billman et 
al. 2012).

Boreal toad eggs. NPS PHOTO - J. FLEMING
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the slight downward trend in tadpole abundance from 
2007 to 2009 likely reflects the impact of reintroduced 
trout on the tadpoles. Observations of tadpole behavior 
support this hypothesis. In 2006 when fish were pres-
ent, tadpoles were only found in the sedge-protected 
portions of the outlet channel to the lake, while adults 
were found throughout the lake. When fish were absent 
in 2007, tadpoles were found throughout the outlet and 
in margins around the main portion of the lake. By 2009, 
tadpoles were again restricted to sedge-protected por-
tions of the outlet margins (Billman et al. 2012). 

Laboratory experiments were also conducted in 2008 
and 2009 to determine the toxicity of rotenone to dif-
ferent life stages of Columbia spotted frog and boreal 
toad tadpoles (Billman et al. 2011). After a 96-hour ex-
posure to CFT-Legumine at levels ranging from 0.1-1.0 
ppm, older Columbia spotted frog tadpoles (stages 40-
45) were found to be less susceptible to rotenone than 
younger tadpoles (stages 21-25 or 30-35). The youngest 
Columbia spotted frog tadpoles had 100% mortality at 
concentrations of 0.5 and 1.0 ppm, but only 1% mortali-
ty at 0.1 ppm. Medium-aged tadpoles (stages 30-35) had 
between 73-100% mortality at 1.0 ppm, but only 2% at 
lower concentrations. At 1 ppm, the oldest Columbia 
spotted frog tadpoles experienced 57% mortality in 
2008 but only 6% mortality in 2009. Conversely, bore-
al toad tadpoles experienced high mortality at 1 ppm 
across age groups (83%-99%; Billman et al. 2011). 

The reduced mortality of older tadpoles was likely due 
to their increased reliance on lungs for respiration rath-
er than on gills. Gill surfaces are the quickest route for 
an organism to absorb rotenone, so it is not surprising 
that the laboratory studies found gill-breathers are more 
sensitive than lung-breathers. These findings are also 
consistent with observations of frogs in High Lake fol-
lowing the treatment in 2006, where non gill-breathing 
juveniles were found alive, while no gill-breathing larvae 
survived the treatment.

Summary
This work provides strong evidence that rotenone 

treatments have not significantly impacted benthic 
macroinvertebrates or amphibians in YNP in the long-
term. Rotenone degraded quickly within streams, and 
many macroinvertebrates escaped the treatment area 
via downstream drift. Sampling of macroinvertebrates 
within stream substrates indicated a slight reduction in 
the abundance of mayflies, stoneflies, and caddisflies 
immediately following rotenone treatments. However, 

abundance increased to pre-treatment levels within one 
year. This variation was most pronounced at sites locat-
ed immediately downstream of detoxification stations, 
suggesting that the potassium permanganate, a strong 
oxidizing agent also used to purify city drinking water, 
may have a slightly greater effect on macroinvertebrates 
than the CFT-Legumine rotenone formulation itself. 

Both Skorupski (2011) and Billman et al. (2011) rec-
ommended using a minimum dosage of rotenone to 
reduce potential impacts on non-target organisms. All 
High Lake and EFSC treatments were conducted us-
ing a CFT-Legumine concentration of 1.0 ppm, and the 
drip stations on the creek applied rotenone for 8 hours. 
Skorupski (2011) noted that if the duration of stream 
treatments could be reduced from 8 to 4 hours, then the 
amount of macroinvertebrate drift would be reduced by 
roughly 50%, which would probably be less harmful to 
the macroinvertebrates. Billman et al. (2011) suggested 
treating at a lower dose, if possible, based on laboratory 
experiments which revealed that the percentage of early 
and middle stage tadpoles that died after 96 hours of ex-
posure to 0.5 ppm was less than half the percentage that 
died when exposed to 1.0 ppm. These recommendations 
are consistent with the CFT-Legumine label guidance 
to treat at a concentration of 0.5-1.0 ppm for “normal” 
types of use, for a duration of 4-8 hours in streams. Fol-
lowing the EFSC treatment, YNP biologists have gen-
erally treated streams for 4 hours. Bioassays are also 
conducted prior to any treatment (see “Westslope Cut-
throat Trout and Fluvial Arctic Grayling Restoration,” 
this issue) to determine the minimum dose necessary to 
effectively kill fish (Finlayson et al. 2010). 

Studies on EFSC also provided guidance on how to 
appropriately time, or sequence, treatments to reduce 
impacts to non-target species. Skorupski (2011) suggest-
ed partitioning the drainage into multiple treatments 
zones with intermediate barriers, and leaving time be-
tween treatments to allow for dispersal and recoloni-
zation of invertebrates from untreated areas. He also 
recommended not treating headwater areas that are 
fishless, which would then leave a source for recoloniza-
tion of downstream treated reaches. Billman et al. (2011, 
2012) noted impacts to amphibians could be reduced if 
treatments were timed to occur when tadpoles were no 
longer present or were in their older life stages. All treat-
ments in YNP have and will continue to be conducted 
during late summer or fall to avoid impacts on amphib-
ians. 



Don Skaar is Special Projects Bureau Chief for the 
Fisheries Division of Montana Fish, Wildlife & Parks 
in Helena.  His experience applying piscicides spans 
more than 30 years, and he has been an instructor of 
the American Fisheries Society course “Planning and 
Executing Successful Rotenone and Antimycin Projects” 
since 2007.
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The northern portion of Yellowstone National 
Park (YNP) is a valuable stronghold for native 
fish; it presents many opportunities to protect 

and restore them where they have been impacted by 
human activities. More than 3,700 km (2,299 mi.) of 
streams drain into the Yellowstone River and flow north 
into Montana (figure 1). The Lamar River drainage 
alone contains over 1,792 km (1,113 mi.) of streams and 
accounts for almost 20% of the stream distance in YNP 
(Jones et al. 1986). Large portions of the rivers in north-
ern Yellowstone are interconnected with no barriers to 
upstream fish movement, providing extensive habitat 

for migratory fish. The barriers (mostly waterfalls) that 
do exist are typically found in headwater streams, but a 
few are present in lower drainages (e.g., Knowles Falls, 
Ice Box Falls; figure 1). This watershed was likely colo-
nized by fish about 10,000 years ago, as glaciers reced-
ed and fish populated mainstem river systems (Camp-
bell et al. 2011). Barriers located higher in the drainage 
fostered the creation of genetically isolated headwater 
populations or naturally fishless areas. 

The variety of habitats, large expanses of connected 
waters, and isolated headwater reaches resulted in the 
formation of various life history types within the wa-
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tershed through local adaptations to diverse habitats 
(Gresswell et al. 1994, Fausch and Young 1995, Wool-
nough et al. 2009). Fluvial (living and spawning with-
in a single stream or river), fluvial-adfluvial (living in 
a stream and moving into a tributary to spawn), and 
lacustrine-adfluvial (living in a lake and spawning in a 
tributary stream) life history types have all been iden-
tified in northern Yellowstone. Movements of fish can 
range from just a few hundred meters over a lifetime for 
fluvial headwater fish to over 50 km (31 mi.) annually 
for fluvial-adfluvial and lacustrine-adfluvial fish (Faus-
ch et al. 2002, Ertel 2011). Life history diversity within 
an ecosystem helps to protect a population from being 
lost in a single extreme natural event. However, there 
are still serious threats to the persistence of native fish 
species in northern Yellowstone, the most evident being 
the presence of non-native fish. 

Historically, northern Yellowstone was home to na-
tive cutthroat trout, mountain whitefish, longnose 
dace, mottled sculpin, longnose sucker, and mountain 
sucker. The stocking of non-native fish began in YNP 
in the early 1880s to enhance sport and sustenance fish-
ing for visitors. Many early stockings were aimed at es-
tablishing fish populations in fishless waters, and over 
27 million fish were stocked in northern Yellowstone 
alone. Cutthroat trout accounted for about 89% of fish 
stocked in this region. Although most of these fish were 
Yellowstone cutthroat trout, in a few cases westslope 
cutthroat trout were stocked because a distinction was 
not made between the subspecies at the time. Non-na-
tive fish, including brook trout (4.4%), Arctic grayling 
(2.9%), rainbow trout (2.3%), and brown trout (1.9%) 
were also stocked in streams in northern Yellowstone. 

Habitat remains pristine within YNP, but non-na-
tive fish species now reside with varying frequency in 
northern Yellowstone and pose a serious threat to the 
persistence of native fish. Brown, brook, and rainbow 
trout all compete with cutthroat trout for food and hab-
itat. Rainbow trout also pose the additional threat of 
crossbreeding with cutthroat trout. Because of the lack 
of barriers in the lower reaches of the drainage, non-na-
tive fish have been dispersing upstream. In other areas, 
non-native fish have replaced, threaten to replace, or 
hybridize with cutthroat trout. Fortunately, brown trout 
are found only in the Yellowstone River and several of 
its tributaries below Knowles Falls (figure 1). Brook 
trout were located in the Yellowstone River and its trib-
utaries below the Lower Falls (at Canyon) and in Soda 
Butte Creek upstream of Ice Box Falls. Rainbow trout 

are found in most waters in northern Yellowstone, with 
the exception of the upper reaches of Slough Creek and 
the Lamar River upstream of the Flint Creek confluence 
(figure 1). The upstream dispersal of rainbow trout and 
progression of hybridization with cutthroat trout con-
tinues today (figure 2). Because non-native species con-
tinue to pose the most significant threat to native fish in 
northern Yellowstone, the National Park Service (NPS) 
is taking direct actions to protect and restore native fish 
populations.

To restore Yellowstone cutthroat trout in northern 
Yellowstone, a multifaceted approach has been imple-
mented to address immediate threats and develop long-
term solutions. A combination of angling, electrofish-
ing, headwater isolation, and piscicide treatments are 
used to reduce or eliminate non-native fish from target-
ed areas. Following reduction or removal of unwanted 
species, stocking using live fish transfer, eyed-eggs (em-
bryos) using remote site incubators, or a combination of 
the two is used to boost or restore cutthroat trout. Lib-
eralization of creel limits and mandatory kill regulations 
for anglers and electrofishing by biologists are effective 
tools for the selective removal of detrimental species. 
However, in some instances these tools have not been 
enough to completely eliminate the non-native invad-
ers; as a result, barriers and chemical treatments are 
used. In some locations, natural barriers already exist, 
such as the cascade on Elk Creek. In other places, mod-
ifications to natural structures, such as Ice Box Falls on 

Figure 1. Waters in the northern portion of Yellowstone 
National Park. Knowles and Ice Box falls are known barri-
ers to upstream fish migration. 
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Soda Butte Creek, are necessary to form complete bar-
riers to upstream migration. In a few places, such as the 
Slough Creek Canyon, barriers must be completely fab-
ricated. Once native trout are protected from invasion, 
selective removal continues or, if necessary, chemical 
treatment is used to eliminate non-native species.

Restoration and Preservation Projects
Lamar River—Because no barriers to upstream fish 

migration exist in the mainstem Lamar River, descen-
dants of rainbow trout stocked in the 1930s have spread 
to many locations across the watershed and hybridized 
with cutthroat trout. Not all has been lost, however. Ge-
netic analysis of tissue samples collected in recent years 
indicate cutthroat trout in the headwater reaches of the 
Lamar River and Slough Creek remain genetically un-
altered. 

Because identification of low levels of hybridization 
is difficult to detect in the field, molecular genetic tech-
niques have been employed to test for hybridization. 
Analysis of tissue samples collected in the Lamar River 
upstream of Soda Butte Creek in 2013 identified slightly 
hybridized fish as far upstream as the cascades by Flint 
Creek (figure 2). Samples at the Soda Butte Creek con-
fluence had a rainbow trout hybridization of 2.40%; at 
Flint Creek, hybridization dropped to just 0.01%. Sam-
ples collected upstream of Flint Creek were genetically 
pure Yellowstone cutthroat trout, indicating rainbow 

trout have not yet invaded the upper portions of the La-
mar River. However, the lack of a natural barrier in the 
Lamar River is a serious concern. 

To protect the remaining Yellowstone cutthroat trout, 
the NPS has implemented a selective removal approach. 
A mandatory kill fishing regulation on all rainbow trout 
caught upstream of the Lamar River bridge was institut-
ed in 2014 and has served to actively engage the public 
in conservation efforts. In addition, selective removal by 
electrofishing has been conducted annually through the 
Lamar Valley since 2013. During electrofishing events, 
all rainbow trout and obvious hybrid trout are removed; 
and native fish are returned. To-date, just 21 rainbow 
trout and hybrids have been removed from the system 
upstream of the Lamar River Canyon. 

Downstream of the Lamar River Canyon, hybridized 
fish and rainbow trout are encountered more frequent-
ly. In 2015, in collaboration with Montana State Univer-
sity, 136 fish were sampled  in this section of the Lamar 
River. Based on field identification, 48% were Yellow-
stone cutthroat trout, 19% were rainbow trout, and 31% 
were hybrids. The majority of these fish were tagged 
with radio transmitters or passive integrated transpon-
der (PIT) tags as part of an ongoing research project to 
identify trout spawning locations. Selective removal of 
the non-native fish occurs annually in this river reach by 
electrofishing and an unlimited harvest angling regula-
tion. 

Figure 2. Progression of non-native rainbow trout genetics through time. Work is being conducted throughout northern 
Yellowstone to slow or stop the spread of genetic introgression. Current projects are being conducted on the Lamar 
River, Soda Butte Creek, Slough Creek, Buffalo Fork Creek, and Tower Creek.

1940s 2005 2015
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Slough Creek—In Slough Creek, rainbow-cutthroat 
trout hybrids have been found with increasing fre-
quency over the past decade (figure 2). Rainbow trout 
and hybrids have been found in the lower reaches of 
Slough Creek, below Slough Creek Campground, since 
the 1930s, but were not officially recorded in the upper 
meadows until 2003. The unnamed falls and cascade 
located in the canyon below the first meadow were 
thought to be a barrier to upstream fish passage. Unfor-
tunately, during certain flow conditions, trout are able 
to navigate around the margins of the falls and move 
into upper Slough Creek. Currently, methods used to 
suppress non-native trout are similar to those used in 
the Lamar River. However, there are differences be-
tween these systems. Slough Creek is smaller, a seasonal 
barrier exists, and a site has been identified to construct 
a complete barrier to upstream fish movement. With a 
barrier in place and rainbow trout no longer allowed 

passage into the system, existing rainbow and hybrid 
trout can be effectively managed with angling and elec-
trofishing removal. 

Angling and electrofishing removal efforts appear to 
have decreased the percentage of rainbow and hybrid 
trout in Slough Creek. In 2012, the percentage of rain-
bow and hybrid trout captured in the first and third 
meadows was 14% and 4%, respectively. In 2015, those 
percentages decreased to just 0% and 1.6%, respective-
ly. The percentage of rainbow and hybrid trout in the 
second meadow, which was not electrofished prior to 
2015 because of logistical constraints, was the highest 
of the three meadows at 6.9%, down from 8% in 2015. 
These results demonstrate electrofishing and angling 
have been an effective combination in decreasing the 
percentage of rainbow and hybrid trout in this drainage. 

Soda Butte Creek—Brook trout became established 
in Soda Butte Creek outside of the park boundary in 
the 1980s and, over time, spread downstream into park 
waters. Initially, brook trout were isolated in headwater 
reaches by a chemical barrier created from the McClar-
en Mine tailings located along the river upstream of 
Cooke City, Montana. When the tailings were removed, 
brook trout passed downstream and began to negatively 
impact the cutthroat trout. It is well known brook trout 
will negatively impact native trout (Peterson et al. 2004, 
Shepard 2004). Thus the progression of brook trout 
caused great concern and compromised the security of 
the cutthroat trout throughout the entire Lamar River 
system. Mitigation of brook trout by annual interagen-
cy electrofishing surveys began in the 1990s, shortly 
after they were discovered downstream of Cooke City. 
To-date, no brook trout have been found in Soda Butte 
Creek downstream of Ice Box Falls.

A mandatory kill angling regulation for brook and 
rainbow trout and annual electrofishing removals have 
been used to control the number of non-native fish in 
Soda Butte Creek. Since the early 1990s, a cooperative 
work group consisting of the NPS; Montana Fish, Wild-
life & Parks; Forest Service; and Wyoming Game and 
Fish have conducted electrofishing removals annually. 
In addition, rotenone treatment of Lulu Creek, a head-
water tributary of Soda Butte Creek, was conducted in 
2004 to eliminate the primary spawning population of 
brook trout in the system (Montana Fish, Wildlife & 
Parks 2004). Brook trout in Lulu Creek were eliminated 
by the treatment; however, subsequent surveys indicat-
ed brook trout had already spread downstream in the 
mainstem of Soda Butte Creek and other tributaries.

NPS crews use a boat-mounted electrofisher to selectively 
remove non-native rainbow and hybrid trout from the La-
mar River watershed.
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For nearly two decades, the interagency efforts were 
enough to prevent the brook trout from expanding in 
abundance but not in range. An average of 133 (range 
48-230) brook trout were removed annually from 2006-
2014. Over time, brook trout spread downstream and 
became a threat to the Lamar River. In addition, rain-
bow trout hybridization continued to be identified in 
cutthroat trout upstream of Ice Box Falls. It was deter-
mined that to entirely eliminate the threat of non-native 
fish, the falls would need modification to be a complete 
barrier to upstream passage and a rotenone treatment 
of the entire system upstream of the falls would be nec-
essary (Montana Fish, Wildlife & Parks 2015). 

Ice Box Falls was modified to ensure it would be a 
complete barrier to upstream fish movement in 2013. 
Before rotenone treatment, approximately 3,000 cut-
throat trout were collected upstream of Ice Box Falls 
and held in waters to avoid chemical exposure during 
treatment of Soda Butte Creek and its tributaries. Nearly 
450 brook trout were removed during the treatment in 
2015. This represents a minimum number of fish killed, 
as there were some observed dead in pools too deep 
to retrieve and many likely went undetected. The 450 
brook trout killed were more than three times the catch 
by annual week-long electrofishing removals. To ensure 
that all brook trout have been removed from Soda Butte 

Creek, a second rotenone treatment was conducted in 
2016. Approximately 1,500 Yellowstone cutthroat trout 
were salvaged prior to treatment. Just two brook trout 
were removed during this salvage and treatment. Ad-
ditionally, electrofishing surveys and water sampling 
for environmental-DNA (see “Environmental DNA,” 
this issue) will be conducted for several years to ensure 
all non-native brook and rainbow trout have been re-
moved from the system. 

Elk Creek Complex—A natural cascade barrier is 
located in Elk Creek just upstream from its conflu-
ence with the Yellowstone River (figure 1). Because 
the cascade prevented fish from naturally populating 
the system, the Elk, Lost, and Yancey creeks complex 
of streams (Elk Creek Complex) was naturally fishless 
when first stocked with cutthroat trout in the early 1920s 
(Varley 1980). In 1942, the streams were stocked with 
brook trout, eventually resulting in the complete loss of 
cutthroat trout. Because of the close proximity of this 
stream system to the Lamar River/Yellowstone River 
confluence (figure 1), it was determined that brook trout 
should be removed. Because of the lack of any native 
fish in the system, the presence of a complex habitat, 
and the existing cascade barrier, it was decided a rote-
none treatment was the best way to completely remove 
brook trout. 

Selective removal of non-native and hybrid fish by electofishing and angling has reduced their abundance in northern 
Yellowstone.
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The Elk Creek Complex was treated with rotenone 
annually from 2012 to 2014. Electrofishing surveys con-
ducted following each treatment revealed low numbers 
of brook trout remained in the system until spring 2015. 
Electrofishing surveys conducted in 2015 did not detect 
any brook trout, and water samples collected in spring 
and autumn contained no fish DNA. Because of its close 
proximity, similarity of habitat, and ease of access from 
the road, Antelope Creek (figure 1) was selected to be 
the source of fish for stocking the Elk Creek Complex. 
Reintroduction of genetically pure Yellowstone cut-
throat trout began in October 2015, with the transfer of 
approximately 450 fish of varied age classes. Additional 
stocking of cutthroat trout and eyed-eggs (embryos) us-
ing remote site incubators will take place in future years. 
Cutthroat trout monitoring will occur to track recovery.

Future Yellowstone Cutthroat Trout 
Conservation

Protection of genetically unaltered cutthroat trout will 
continue to be a top priority in Yellowstone. As the global 
climate shifts, high-elevation headwater stream reaches 
may become critically important cold water refugia for 
salmonids, including Yellowstone cutthroat trout (Isaak 
et al. 2015). Furthermore, the spread of hybridization 
may be exacerbated as flow and temperature conditions 
become more favorable for rainbow trout (Muhlfeld et 
al. 2014). Currently, brook trout and rainbow trout pose 
the most immediate threat to cutthroat trout in north-
ern Yellowstone, and they must be suppressed to ensure 
the long-term persistence of the Yellowstone cutthroat 
trout subspecies in this region. 

Projects to eliminate or control brook trout and rain-
bow trout are in varying stages of development and im-
plementation in northern Yellowstone. Stream project 
priorities are determined using criteria in the Native 
Fish Conservation Plan (Koel et al. 2010). This plan calls 
for non-native fish to be removed or reduced in streams 
when they directly or indirectly impact native fish spe-
cies and where control is possible. Streams where sup-
pression or complete removal of non-native fish may 
occur in northern Yellowstone include, but are not 
limited to, the Lamar River, Slough Creek, Soda Butte 
Creek, Buffalo Fork, Blacktail Deer Creek, and Tower 
Creek.   

Prior to any management actions taking place, pre-
liminary research on a stream or stream network must 
be completed to identify the biological implications of 
management actions. Within the Lamar River water-

shed, a research project was initiated in 2015 to better 
understand the distribution, dynamics, and source of 
rainbow trout introgression. Genetic sampling is being 
used to map the current distribution of rainbow trout 
introgression. From this information, sources of rain-
bow trout and locations of genetically unaltered Yellow-
stone cutthroat trout will be identified. Radio telemetry 
and PIT tags are also being used to help identify dif-
ferences in the behavior and movements of cutthroat, 
rainbow, and hybrid trout. The information collected 
in this study will help identify when and where hybrid-
ization is occurring, and will determine locations and 
time periods when rainbow trout and hybrids may be 
more susceptible to electrofishing, angling, and other 
suppression efforts. Collectively, the results of the study 
will help guide management actions in the Lamar River 
watershed in the most effective manner, based on the 
unique biology and dynamics in the system. 

Buffalo Fork Creek, a tributary of Slough Creek (fig-
ures 1 and 2), is a large, remote watershed that was 
stocked with rainbow trout in the 1930s. Today, Buffalo 
Fork Creek is suspected of being a significant contribu-
tor of rainbow trout to lower Slough Creek and the La-
mar River. 

Similarly, Tower Creek, a tributary of the Yellowstone 
River, was historically stocked with brook, rainbow, and 
cutthroat trout. Now, brook and rainbow trout are con-
sidered a serious threat to the native cutthroat trout of 
the Yellowstone and Lamar river systems. Preliminary 
investigations are being conducted on Tower Creek 
and Buffalo Fork Creek to determine the feasibility of 
removing brook, rainbow, and hybrid trout from the 
systems. In the coming years, all waters in each water-
shed will be mapped, including mainstem creeks, trib-
utaries, springs, seeps, lakes, ponds, and wet meadows. 
Potential barriers to fish migration will be identified. 
The upper extent of fish distribution and densities of 
fish will be determined by electrofishing surveys con-
ducted throughout the watersheds. From this informa-
tion, the feasibility of mechanical or chemical removals 
of non-native fish will be determined. While this work 
is occurring, potential source populations of native cut-
throat trout for reintroductions will be identified and 
tested for genetic purity and lack of disease. 

The northern portion of YNP offers a unique oppor-
tunity to preserve and restore native fish populations. 
As native fish populations in other areas become more 
fragmented by human activity, inundated by non-native 
species, and genetically compromised, pristine headwa-
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ters and protected areas such as those found in Yellow-
stone will become increasingly important for the long-
term persistence of native species. Unless management 
actions are taken, non-native fish will continue to exert 
pressure on native fish populations through compe-
tition, predation, and hybridization. By following the 
adaptive management protocols set forth in the Native 
Fish Conservation Plan, carefully researching each po-
tential project, and carrying out projects when native 
fish are being impacted, we can preserve and expand on 
their current range. Through sound science and target-
ed actions, we can ensure the long-term persistence of 
our native fish species for generations to come.
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The mountainous region within and bordering 
southeastern Yellowstone National Park (YNP) 
is among the most remote in the contiguous 

United States. Lying completely within wilderness, the 
watershed of the upper Yellowstone River is pristine. 
Snowmelt waters feed numerous tributaries to the Yel-
lowstone River, which ultimately winds northward to 
Yellowstone Lake. The Yellowstone River contributes 
one-third of the flow to Yellowstone Lake within a wa-
tershed that encompasses >2,600 square kilometers 
(>1,004 square miles) upstream of the Great Falls at 
Canyon. A majority of Yellowstone Lake shoreline is un-
developed, and the lake is covered with ice for approx-

imately five months (January-May) each year. The lake 
is large (35,391 hectares [87,453 acres]), deep (43 meters 
[141 feet] average depth; Kaplinski 1991), and mesotro-
phic, which means it has a moderate amount of nutri-
ents and is productive with clear, cold, oxygen-saturat-
ed water. Active geothermal features influence water 
temperature and chemistry in localized areas. 

Following glacial recession from the region about 
8,000-10,000 years ago, plant and animal species recol-
onized the Yellowstone Lake basin. On Two Ocean Pass, 
waters flowing to the Pacific and Atlantic oceans co-
alesce in a single stream that then splits, sending water 
in two different directions. Apparently, cutthroat trout 

Yellowstone Lake, located at the heart of the Greater Yellowstone Ecosystem, is the largest lake above 2,100 m (7,000 
ft.) elevation in North America. NPS PHOTO - N. HERBERT
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originating in the Snake River drainage to the south 
were able to naturally cross the Continental Divide in 
this area, and colonize Yellowstone Lake and the river 
downstream (Behnke and Tomelleri 2002). Aside from 
the longnose dace, cutthroat trout were the only fish 
species evolving over several thousand years in Yellow-
stone Lake free of exposure to predatory fish. Park man-
agers later stocked non-native fish species into Yellow-
stone Lake, including the redside shiner, lake chub, and 
longnose sucker. These species remain today as viable, 
reproducing populations. 

Native Food Web of Yellowstone Lake
Cutthroat trout evolved as an important component of 

a food web within Yellowstone Lake, with several resi-
dent and migratory animal species relying on them as a 
source of energy during critical periods of the year (fig-
ure 1). Cutthroat trout of all ages are generally found in 
shallow waters of the lake (less than 20 meters [66 feet] 
below the surface) where, during open-water seasons, 
they are accessible by predatory raptors and colonial 
water birds. Each spring, when snowmelt run-off be-
gins to decline, spawning cutthroat trout move exten-
sively within the lake and river system, ascending 60 or 
more tributary streams to Yellowstone Lake, including 
the expansive upper Yellowstone River system. During 
spawning migrations, these large-bodied, mature, and 
energy-rich cutthroat trout become highly vulnerable to 
predation in shallow streams and are consumed by griz-
zly and black bears, river otters, white pelicans, and oth-
er species. Overall, 4 mammal and 16 bird species feed 
on cutthroat trout in Yellowstone Lake and its tributar-
ies (see “Birds and Mammals that Consume Yellowstone 
Cutthroat Trout,” this issue).

Within Yellowstone Lake, cutthroat trout feed on mac-
roinvertebrates (e.g., amphipods, insect larvae) and zoo-
plankton (e.g., copepods, cladocerans; Tronstad et al. 
2010). The zooplankton feed on phytoplankton, which 
are the free-floating, photosynthesizing algae within the 
lake. The larger zooplankton species are highly efficient 
feeders on phytoplankton, and cutthroat trout are able 
to filter them from the water. When cutthroat trout are 
abundant, densities of larger zooplankton are reduced, 
allowing for a relative increase in the smaller-sized spe-
cies, which are incapable of feeding on the larger size 
range of algal particles within the phytoplankton. This 
increased density of phytoplankton reduces lake water 
clarity. 

Transport of Nutrients by Cutthroat Trout
Cutthroat trout accumulate substantial nutrients and 

energy in their bodies as they grow within Yellowstone 
Lake. During their spawning migrations, cutthroat trout 
physically transport these lake-derived nutrients long 
distances into the lake’s tributaries (Tronstad et al. 2015). 
Cutthroat trout enter tributaries from May to early July 
and spend 1-3 weeks in the streams before returning to 
the lake. During spawning migrations, cutthroat trout 
transport nutrients and energy in their carcasses (if 
preyed upon), deposit gametes when they spawn, and 
excrete ammonium and other nutrients via normal 
body metabolism. Nutrients and energy transported by 
migratory, adult cutthroat trout enhance conditions for 
the growth of developing fry or juvenile fish. During the 
period cutthroat trout are abundant within spawning 
tributaries, they excrete ammonium orders of magni-
tude higher than the background levels of ammonium 
naturally exported by the watershed. These nutrients, 
delivered by spawning cutthroat trout, enhance primary 
productivity by plants and algae through photosynthe-
sis, and secondary productivity of aquatic macroinver-
tebrates such as mayflies, caddisflies, and midges. 

Introduction of Predatory Lake Trout
Nearly half of the waters in YNP were fishless when 

the park was established in 1872 because waterfalls pre-
vented recolonization following deglaciation (Everman 
1892). Early managers began seeking ways to populate 
these waters. In 1890, some of the first fish brought to 
Yellowstone were lake trout from Lake Michigan, which 
were stocked in Lewis and Shoshone lakes in the up-
per Snake River drainage (Varley 1980). Over time, the 
lake trout dispersed downstream, invading Heart and 
Jackson lakes and establishing sizable populations. 
Lake trout were present in Yellowstone for more than 
a century before they were found in Yellowstone Lake, 
where one was caught by an angler in 1994 (Kaeding 
et al. 1996). By analyzing the microchemistry of bone 
from several larger lake trout from Yellowstone Lake, 
scientists determined they had come from Lewis Lake, 
perhaps introduced illegally by someone (Munro et al. 
2005). 

The detection of lake trout in Yellowstone Lake 
prompted the National Park Service (NPS) to initiate 
gillnetting. Gillnetting effort and the biomass of lake 
trout removed increased annually, but was not sufficient 
to suppress the population (Koel et al. 2005). Estimated 
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Figure 1. Trophic cascade in the food web of the Yellowstone Lake ecosystem, emphasizing those components known 
(solid arrows) or hypothesized (dashed arrows) to be affected by the introduction of non-native lake trout. Thick arrows 
indicate consumption of that food item is high by predator or herbivore; thin arrows indicate consumption is low, before 
and after expansion of lake trout. Consumption of phytoplankton, zooplankton, amphipods, cutthroat trout, longnose 
suckers, elk calves, common loon, trumpeter swan, American white pelican, double-crested cormorant, and Caspian 
tern is shown. Yellow shading indicates a decline in population. Red arrows indicate consumption by an exotic species,  
in this case, lake trout. 
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abundance of age-2 and older lake trout increased from 
125,000 fish in 1998 (Ruzycki et al. 2003) to 790,000 fish 
in 2012, despite the removal of  over 800,000 fish during 
this period (Syslo et al. 2011, Syslo 2015). The NPS sup-
pression netting effort was then greatly increased, re-
sulting in more than 1.5 million lake trout removed from 
2012 to 2016. Lake trout abundance remained >700,000 
fish in 2015.

Impacts of Lake Trout on Cutthroat Trout 
and Longnose Suckers

During the early stages of lake trout expansion, lake 
trout consumption of cutthroat trout was high. The es-
timated 125,000 lake trout present in 1998 likely con-
sumed 3-4 million cutthroat trout that year (Ruzycki et 
al. 2003, Syslo et al. 2016). Subsequent lake trout popu-
lation growth and expansion resulted in a precipitous, 
lake-wide decline in cutthroat trout (Koel et al. 2005; 
figure 2). In 1987, about the time lake trout were intro-
duced, nearly 50 cutthroat trout were caught per unit of 
netting effort during annual monitoring on Yellowstone 
Lake (figure 2). Cutthroat trout of all lengths were well 
represented in the population, including a high propor-
tion of juvenile fish. The catch of cutthroat trout de-
clined to just 13 per effort unit in 2010. The size struc-
ture of the cutthroat trout population also changed, and 

the proportion of juvenile fish in the population was 
very low. 

Concurrent with the decline in cutthroat trout was a 
steady, long-term decline in the introduced longnose 
sucker population within Yellowstone Lake (figure 2). 
Unclear, however, is the mechanism causing this de-
cline. Longnose suckers occur, primarily, throughout 
the shallow-water, littoral zones of the lake, and spawn 
along the lake shore and in tributaries during the spring. 
Although analysis of diets conducted during the sum-
mer did not suggest significant predation upon suckers 
by lake trout in Yellowstone Lake (Ruzycki et al. 2003, 
Syslo et al. 2016), in Lake Tahoe suckers were the ma-
jor food item of large lake trout sampled throughout the 
year (Franz and Cordone 1970). It is possible consump-
tion of suckers by lake trout is higher during winter 
when water temperatures are extremely cold, allowing 
lake trout to exploit shallow water habitats where the 
suckers reside. 

Cascading Impacts on Plankton, Macroin-
vertebrates, and Nitrogen Cycling

The introduction of lake trout added a fourth preda-
tory trophic level and resulted in cascading interactions 
within the food web of Yellowstone Lake (Carpenter et 
al. 1985, Spencer et al. 1991, Ellis et al. 2010). Before the 
decline, cutthroat trout consumed mostly larger-bodied 
cladocerans (Syslo et al. 2016); and as a result, small-
er-bodied copepods were more prevalent within the 
lake (Tronstad et al. 2010; figure 1). Cladocerans repre-
sented 80% of the cutthroat trout diet in 1989, but only 
11% in 2011 (Syslo et al. 2016). After the population de-
clined, the remaining cutthroat trout consumed most-
ly amphipods, which represented 8% of the cutthroat 
trout diet in 1989, increasing to 79% in 2011 (Wilmot 
et al. 2016). The result was a concurrent shift within 
the lake’s zooplankton community from dominance by 
(smaller-bodied) copepods before lake trout introduc-
tion to dominance by (larger-bodied) cladocerans after 
lake trout introduction. Total zooplankton biomass and 
average length of zooplankton individuals increased af-
ter the invasion of lake trout (Tronstad et al. 2010). 

These changes to the zooplankton community, in turn, 
affected the phytoplankton community. Chlorophyll a, 
a concentration which is an indicator of phytoplanton 
biomass, was twice as high in 1972 (Knight 1975) prior 
to lake trout introduction than it was in 2004 and 2005 
(Tronstad et al. 2010). Also, the number of phytoplank-
ton in a given volume of water was three times higher in 

Figure 2. Long-term decline in the average number of cut-
throat trout (A) and longnose sucker (B) caught per net 
during annual fish population assessment netting on Yel-
lowstone Lake, 1980–2016. The within-lake assessment 
netting is an index of abundance of fish age 2 and older 
(approximately 100 mm [3.9 in.] and larger).
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1972 and 1996, and 6.5 times higher in 1997, compared 
with 2004. Thus, lake trout introduction, cutthroat trout 
decline, and a shift in the zooplankton community to 
larger-bodied cladocerans caused a reduction in phyto-
plankton abundance. This lowered abundance resulted 
in an increase in overall water clarity throughout this 
period. Secchi depths, an indicator of water clarity, av-
eraged 1.6 m (5.2 ft.) deeper in 2006 than in 1976, prior 
to lake trout introduction (Tronstad et al. 2010). 

There were strong interactions among trophic levels 
within Yellowstone Lake as the effects of lake trout pre-
dation were transmitted down the food web. These im-
pacts also extended into connected tributary streams. 
The lake trout-induced decline in cutthroat trout result-
ed in fewer spawning fish returning to tributary streams 
and, as a result, a significant reduction in the transport 
of nutrients (e.g., ammonium) from Yellowstone Lake 
into the tributaries (Tronstad et al. 2015). In fact, lake 
trout had a larger effect on nitrogen cycling within ad-
jacent tributaries than within the lake itself because 
the spawning behavior of cutthroat trout concentrated 
them in tributaries, thus increasing the effect (Tronstad 
et al. 2015). This reduction in nutrients and energy flow 
to tributaries may have contributed to a decline in the 
overall productivity of those waters.

Cascading Impacts on Bears and Otters
The introduction and expansion of lake trout 

caused significant, cascading effects that extended to 
land-dwelling animals, such as grizzly and black bears 
because spawning cutthroat trout are an important, 
high energy food for them within the Yellowstone Lake 
basin (Mattson and Reinhart 1995, Gunther et al. 2014; 
figure 1). The densities of cutthroat trout were high in 
the tributaries during spring, making them attractive to 
fishing by bears (Reinhart and Mattson 1990). During 
1985-1987, bear activity occurred on 93% of the lake’s 
spawning tributaries, with evidence of fish consump-
tion on 61% of the tributaries (Reinhart and Mattson 
1990). Evidence of bear activity on spawning streams 
was noted 50 times on 11 frontcountry streams in 1991 
when spawning cutthroat trout were abundant (Rein-
hart 1990, Koel et al. 2005; figure 3). However, concur-
rent with the cutthroat trout decline through the 1990s, 
evidence of bear activity also declined. No bear activity 
was found on any of these spawning streams in 2008, 
2009, or 2011 (figure 3). 

In the late-1990s and after cutthroat trout had de-
clined considerably, an estimated 14-21% of grizzly 

bears in the Greater Yellowstone Ecosystem (GYE) 
were feeding on spawning cutthroat trout in Yellow-
stone Lake tributaries (Haroldson et al. 2005). When 
compared to estimates obtained in 1997-2000, the num-
ber of grizzly bears visiting spawning streams a decade 
later (2007-2009) decreased by 63%, and the number 
of black bears decreased 64-84% (Teisberg et al. 2013). 
Fortin et al. (2013) estimated the biomass of cutthroat 
trout consumed by grizzly and black bears declined 
70% and 90%, respectively, in the years between 1997-
2000 and 2007-2009. The low densities of the remaining 
trout were no longer efficiently fed upon by grizzly or 
black bears. 

Overall, the estimated number of spawning cutthroat 
trout consumed by grizzly bears annually declined from 
20,910 in the late 1980s (Stapp and Hayward 2002) to 
2,266 in the late 1990s (Felicetti et al. 2004) to only 302 
in the late 2000s (Fortin et al. 2013). However, grizzly 
and black bears are opportunistic feeders with a flexi-
ble diet (Gunther et al. 2014); consequently, they made 
use of other foods available in the Yellowstone Lake area 
when cutthroat trout abundance was low (Fortin et al. 
2013). Recently, evidence suggests bears are beginning 
to return to spawning streams to prey upon cutthroat 

Figure 3. Mean number of  spawning adult cutthroat 
trout observed  (A) and proportion of visits where activity 
by black and grizzly bears was found (B) during weekly 
spawning visual surveys of 9-11 tributaries located along 
the western side of Yellowstone Lake between Lake and 
Grant, 1989-2016.
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trout. Visual surveys from 2012 to 2016 documented a 
slight increase in spawning cutthroat trout and bears re-
turning to feed upon them. Evidence of bears was found 
during 30% of visits to the frontcountry tributaries sur-
veyed in 2015 (figure 3). 

River otters are another common semi-aquatic pred-
ator that is heavily dependent upon cutthroat trout. 
Although otters move freely and frequently through-
out Yellowstone Lake and connected streams (Crait et 
al. 2015), they are relatively restricted in their abilities 
to travel long distances over land and across drainage 
divides. Thus, they are thought to be vulnerable to im-
pacts of the cutthroat trout decline. Otters followed the 
movements of spawning cutthroat trout and were active 
on spawning streams during 2002-2003. Cutthroat trout 
occurred in 72% of otter scat collected at 87 otter latrine 
sites during this period (Crait and Ben-David 2006). The 
otters transported lake-derived nutrients to terrestrial 
latrine sites, and the nutrients influenced the prevalence 
and growth of plants in localized areas around Yellow-
stone Lake (Crait and Ben-David 2007). 

Temporal changes in otter latrine activity occurred 
in response to declines in spawning cutthroat trout. 
By 2006-2008, otter activity at latrine sites decreased; 
and the prevalence of cutthroat trout in otter scat de-
clined to 53% (Crait et al. 2015). Otters supplemented 
their diet with alternative prey, including non-native 
longnose suckers and amphibians, which are not like-
ly comparable replacement foods. Estimates of otter 
abundance do not exist prior to the 2000s and before 
cutthroat trout began to decline; however, the estimate 
of 1 otter per 13.4 kilometers of shoreline along Yellow-
stone Lake in 2008 (Crait et al. 2015) will be used as a 
baseline to document changes following the recovery of 
cutthroat trout.

Cascading Impacts on Eagles, Ospreys, and 
Colonial Shorebirds

Yellowstone Lake supports an abundant diversity of 
bird life (Smith et al. 2015), including numerous fish-eat-
ing birds such as bald eagles and ospreys (McEneaney 
2002). During the 1960s and 1970s, a period when pes-
ticides impacted bald eagles, there were typically 4-6 ea-
gle nests on Yellowstone Lake (McEneaney 2002). The 
number of nests increased to 16 from 1987 to 2003, but 
then declined to 12 nests by 2007 (figure 4). There was a 
steady, long-term decline in eagle nest productivity over 
two decades (1987-2007), concurrent with the lake-
wide decline in cutthroat trout. In the 1980s, 60%-80% 

of eagle nests on Yellowstone Lake successfully fledged 
young (figure 4); however, nest success declined to zero 
in 2009 when cutthroat trout abundance was low. Bald 
eagles are opportunistic feeders, and they increased 
consumption of alternative prey and scavenged carcass-
es for food. As a result, the number of bald eagle nests 
increased and nesting success increased to 64%-76% 
during 2013-2015 (Smith et al. 2015; figure 4). 

Yellowstone Lake once had the highest densities of 
nesting ospreys in YNP, but the number of osprey nests 
and nest productivity has dramatically changed. The 
number of nests declined from 60 in 2001 to 3-5 during 
2008-2015 (figure 4), likely due to the decline in small 
cutthroat trout less than 280 mm (11 in.) in length, the 
preferred-size prey of ospreys (McEneaney 2002, Baril 
et al. 2013). Nesting success prior to 1994 was typical-
ly 49%-77%, but it declined to zero during 2008-2011 
when no young ospreys were fledged from Yellowstone 
Lake nests (Baril et al. 2013). Only 1-2 nests have success-
fully fledged young in recent years (figure 4). Although 
a few osprey nests remain on Yellowstone Lake, these 
ospreys are not observed foraging for cutthroat trout. In 
2010, despite more than 60 hours of active nest moni-
toring, no ospreys were observed foraging or attempting 
to forage at Yellowstone Lake (Soyland 2010). Ospreys 
are obligate fish eaters that do not switch to other alter-
native food sources in the absence of fish. The ospreys 

Figure 4. Number of nests (solid line) and nest success 
(dashed) during May-August for ospreys (A) and during 
April-June for bald eagles (B) within approximately 1 km 
(.6 mi.) of the Yellowstone Lake shoreline, connected trib-
utaries, and forested islands, 1987-2015.



48 Yellowstone Science 25(1) • 2017

have been leaving the Yellowstone Lake area to forage in 
nearby waters where prey fish are more abundant, likely 
at Heart, Lewis, and Shoshone lakes (Soyland 2010).

The number of pelicans, cormorants, gulls, and terns 
fledged from the Molly Islands’ colonies has been highly 
variable, but has declined overall since the 1990s (McE-
neaney 2002, Smith et al. 2015). Although the loss of 
cutthroat trout is thought to be a factor impacting the 
colonial birds, nesting success of these species is also 
strongly influenced by environmental factors, including 
air temperature, duration of ice cover, and lake surface 
levels (Diem and Pugesek 1994). During years with high 
lake water levels, for example, nests of colonial birds on 
the Molly Islands have flooded resulting in complete, or 
near complete, reproductive failures (Diem and Pugesek 
1994, McEneaney 2002). In 2014, a year with a relatively 
early ice melt and lower than average lake surface levels, 
307 pelican nests were observed on the Molly Islands, 
producing 276 young (Smith et al. 2015). A total of 56 
nesting cormorants were also observed, which fledged 
an estimated 25 young. In the same year, none of the ob-
served 18 gull nests produced any young. 

Long-term declining trends in colonial birds suggest 
a factor other than weather and lake levels is impact-
ing them on Yellowstone Lake. For example, although 
as many as 28 tern nesting pairs produced 28 young on 
the Molly Islands in 1990, only 3 nesting pairs produced 
3 young in 2001 (McEneaney 2002); and no terns have 
nested on the Molly Islands since 2005 (Smith et al. 
2015). 

Hypothesized Links to Elk, Loons, & Swans
The lake trout-induced decline in cutthroat trout di-

rectly affected and displaced several avian and terrestri-
al consumers, but indirect effects on alternative prey are 
less understood. Following the cutthroat trout decline 
within spawning tributaries, grizzly and black bears fed 
less upon them and shifted their diet to other foods in 
the lake area, including elk calves (Fortin et al. 2013; 
figure 1). Each spring, thousands of elk that winter on 
lands at lower elevations in the GYE migrate to the in-
terior of YNP. Elk calves born in the Yellowstone Lake 
area are vulnerable to predation, especially during the 
first few weeks after birth. From 2007 to 2009, elk ac-
counted for 84% of all ungulates consumed by bears 
(Fortin et al. 2013), suggesting lake trout had an indirect 
impact on migratory elk (Middleton et al. 2013). Even 
though there is strong evidence bears were consuming 
fewer cutthroat trout, it is unknown whether individual 

bears increased predation on elk calves specifically due 
to the cutthroat trout decline. 

As cutthroat trout declined and gradually became 
less available, bald eagles increasingly consumed alter-
native foods, including scavenging of elk, bison, and 
other carcasses when available. Bald eagles have also 
been observed more frequently in recent years preying 
on sensitive waterfowl, including common loons and 
trumpeter swans (Smith et al. 2015). The south arms of 
Yellowstone Lake and nearby Riddle Lake are among 
the highest quality and highest producing loon nesting 
habitats in Wyoming. However, common loon nesting 
pairs have declined by 50% since 1990 in YNP (Evers 
et al. 2013). Trumpeter swans are also a sensitive species 
that has experienced a decline. In recent years, only two 
breeding pairs and 6-10 non-breeding swans spend the 
summer in the park. Reasons for the declines in com-
mon loons and trumpeter swans are unclear, but may 
include the reduced availability of cutthroat trout as a 
food source for loons and increased predation on loon 
chicks and trumpeter swan cygnets due to consumption 
by bald eagles in the Yellowstone Lake area. 

Yellowstone Lake Restoration Potential
Yellowstone Lake and connecting streams and rivers 

lie within the heart of YNP and, as such, are among the 
most pristine waters remaining on Earth. The watershed 
of Yellowstone Lake remains largely unaltered by 
humans; as a result, the entire assemblage of native 
plant and animal species remains. Contributing to the 
decline of cutthroat trout in the late 1990s and 2000s 
was the introduction of the exotic parasite Myxobolus 
cerebralis, which caused whirling disease in cutthroat 
trout in localized areas of the ecosystem, including 
Pelican Creek and the Yellowstone River downstream 
of Yellowstone Lake through Hayden Valley (Koel et al. 
2006, Alexander et al. 2011, Murcia et al. 2014). Drought, 
which occurred over several years in the early 2000s, 
resulted in low lake levels and the loss of surface water 
connections with many tributary streams, potentially 
limiting the ability of cutthroat trout fry emigration 
to Yellowstone Lake prior to winter (Koel et al. 2005). 
Although M. cerebralis has been present for nearly two 
decades and fish-eating birds have the ability to move 
the parasite throughout the ecosystem (Koel et al. 2010), 
whirling disease has not spread or widely influenced 
recruitment of cutthroat trout across Yellowstone Lake 
(Koel et al. 2015). 
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The primary deleterious factor influencing the ecol-
ogy of Yellowstone Lake is the presence of lake trout. 
There are no other well-established, introduced spe-
cies or altered watersheds. Thus, it is reasonable to as-
sume that if lake trout are suppressed and predation 
pressure on cutthroat trout is reduced, thereby allow-
ing the cutthroat population to rebound, the trophic 
cascade we have described in this article can be largely 
reversed. Already, cutthroat trout have shown signs of 
recovery. Concurrent with a massive surge in lake trout 
suppression during 2012-2016, the cutthroat trout pop-
ulation has increased in abundance and is once again 
comprised of a large proportion of juvenile fish (Koel 
et al. 2015). Spawning adult cutthroat trout are slowly 
returning to several of the smaller tributaries, and bear 
use of these streams has increased as a result. The status 
of the plankton communities will be reassessed in 2017, 
as they would be additional, leading indicators of eco-
system change. Although lake trout abundance through-
out Yellowstone Lake remains high, it’s apparent that 
suppression is having a positive effect. The potential for 
restoration of Yellowstone Lake is extremely high if lake 
trout suppression is maintained.

Conclusion
Because of the migratory behavior of cutthroat trout, 

impacts of lake trout on the ecology of the Yellow-
stone Lake ecosystem extend far beyond the shoreline 
and smaller tributaries and into the extremely remote, 
largely unmonitored reaches of the upper Yellowstone 
River drainage in the Bridger-Teton Wilderness of Wy-
oming (Ertel 2011). Anecdotal evidence from anglers 
and outfitters in this region suggest large-scale declines 
in spawning cutthroat trout occurred during the 1990s 
and 2000s. However, due to remoteness and inaccessi-
bility during much of the spring and summer spawning 
period, no quantitative information exists on impacts 
to cutthroat trout consumer species throughout this 
region. Because cutthroat trout are the only fish in this 
large drainage and most of the adults return to Yellow-
stone Lake immediately after spawning (Ertel 2011), it is 
likely that bears, otters, eagles, ospreys, and other spe-
cies have been widely displaced throughout the upper 
Yellowstone River drainage.

Herein we have documented impacts to multiple 
aquatic and terrestrial trophic levels across a large, com-
plex ecosystem, free from any confounding effects of 
land use or other anthropogenic disturbance. Because 
there are no other large interconnecting lakes with-

in this ecosystem, the lake trout have and will remain 
confined to Yellowstone Lake, where suppression ac-
tivities are focused. However, because technologies do 
not exist to completely extirpate lake trout, cutthroat 
trout may not be able to fully recover within Yellow-
stone Lake and tributary spawning streams. We predict 
the operations to suppress lake trout will reduce their 
abundance, thereby allowing cutthroat trout recovery 
to a level where they regain their ecological importance, 
and again underpin and support the natural processes 
and biodiversity for which Yellowstone National Park is 
widely recognized.
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Native coldwater species, such as Yellowstone 
cutthroat trout, westslope cutthroat trout, flu-
vial Arctic grayling, and mountain whitefish, 

are especially important to the natural ecology and hu-
man enjoyment of the Greater Yellowstone Ecosystem 
(GYE). In the early 2000s, these native coldwater species 
faced multiple threats; the most significant were from 
introduced non-native aquatic species, including lake 
trout, brook trout, rainbow trout, and the exotic para-
site that causes whirling disease. Of particular concern 
was the rapid decline of Yellowstone cutthroat trout in 
Yellowstone Lake and the upper Yellowstone River sys-
tem due to introduced lake trout. Yellowstone National 
Park (YNP) managers recognized these threats and im-
plemented a plan of action to address them as described 
in the Native Fish Conservation Plan (Koel et al. 2010). 
A missing link, however, was a process to better incor-
porate anglers, conservation groups, and the general 
public with on-the-ground actions to conserve native 
fish as described in the plan. 

In late 2011 and early 2012, a consortium of conser-
vation groups met with YNP officials with the intent of 
becoming a partner in addressing the threats to the Yel-
lowstone Lake fishery and the lake ecosystem. From that 
meeting and subsequent discussions, a Memorandum 
of Understanding (MOU) was developed that formal-
ized a cooperative relationship among participants to 
ensure the GYE is protected, maintained, and managed 
to achieve established goals. The groups which were sig-
natures to the MOU are Trout Unlimited National, Wy-
oming Council, Montana Council, and Idaho Council; 
National Parks Conservation Association; Greater Yel-
lowstone Coalition; Yellowstone Park Foundation; and 
Yellowstone National Park.

Some of the goals of the MOU and its partners include:
•    Maintain a cooperative relationship focusing on 

conservation in the GYE and ensuring commu-
nication is timely and regular.

•    Secure and improve populations of native fish 
through implementation of the Native Fish Con-
servation Plan and ensure objectives of the plan 
are achieved.

•    Ensure fundraising to implement the Native Fish 
Conservation Plan is sufficient, coordinated, 
and not in competition with collaborators. Seek 
funding for research and innovative measures to 
improve management and conservation. 

•    Maintain the primary priority for the MOU as 
the declining Yellowstone cutthroat trout in Yel-
lowstone Lake and those efforts are informed 
through periodic consultation with an indepen-
dent scientific panel.

•    Use the best available science to guide manage-
ment decisions.

•    Ensure the public and policymakers are informed 
about fisheries management and native fish res-
toration.

•    Ensure the recreational and economic value of 
YNP and the GYE fisheries are preserved.

•    Seek additional cooperators and supporters to 
enhance the goals of native fish conservation.

Since the establishment of the MOU, the partners have 
taken on the title of “Yellowstone Lake Working Group” 
and have accomplished a great deal. The group typically 
meets twice a year to review past results and plan for the 
following year’s activities. The Yellowstone Lake Work-
ing Group acts as a sounding board to review lake trout 
suppression activities, population monitoring activities 
and trends, telemetry research results, new suppression 
technologies, and other fisheries-related science. They 
also initiate positive public outreach and education, and 
have authored publications directed at the general pub-
lic and potential funders, including a publication with 
answers to frequently asked questions about the science 
supporting management of Yellowstone Lake (Trout 



Dave Sweet is a trained chemist who happens to love 
fly fishing and our native trout species. Here in the west 
that means cutthroat trout. In particular, he has been 
working on the restoration of Yellowstone cutthroat trout 
in Yellowstone Lake for the past 8 years. These fish and 
the ecosystem that they support have been devastated by 
invasive lake trout, their numbers reduced to 5-10% of 
historic levels. Dave is an avid member of Trout Unlimited, 
serving currently as Wyoming Trout Unlimited Treasurer 
and Yellowstone Lake Special Project Manager.  The work 
on Yellowstone Lake has earned Dave TU’s Distinguished 
Service Award, Field and Stream magazine’s 2013 Hero 
of Conservation Award, and induction into Wyoming’s 
Outdoor Hall of Fame in 2014. He lives in Cody, Wyoming, 
with his wife Cathy and has two daughters, Cindy and 
Diana and one grandson, Spencer. He is currently retired.

Strong partnerships among agencies, universities, non-governmental organizations, private sector businesses, and the 
public have resulted in the completion of several large-scale restoration projects. Crews from the National Park Service; 
Montana Fish, Wildlife, & Parks; U.S. Fish and Wildlife Service; Turner Enterprises; and the Custer-Gallatin National For-
est are shown here in a backcountry camp at Grayling Creek in Yellowstone National Park.
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Unlimited 2014). The group responds to public con-
cerns about fish conservation actions when applicable. 

The Yellowstone Lake Working Group is actively in-
volved in fundraising and has raised over one million 
dollars to directly support Yellowstone cutthroat trout 
restoration in Yellowstone Lake. The majority of the 
funds are spent on telemetry studies on the seasonal 
movement patterns of lake trout and the location of 
lake trout spawning areas; on studies assessing the re-
productive potential, cycles, and timing of lake trout 
spawning; and on studies which identify and optimize 
alternative suppression technologies aimed at lake trout 
ova and fry. The Yellowstone Lake Working Group con-
tracts with U.S. Geological Survey scientists and fisher-
ies professionals at multiple universities to complete the 
research. In addition, partners of the Yellowstone Lake 
Working Group provide volunteer labor to support the 
work on Yellowstone Lake.

Over the past five years, the Yellowstone Lake Working 
Group has proven to be an incredibly valuable partner-
ship. Working together, the team has made significant 
advancements towards restoration and the long-term 
preservation of native cutthroat trout and the natural 
ecology of Yellowstone Lake.
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The suppression of lake trout via netting has been 
ongoing in Yellowstone Lake since 1994 when 
this non-native species was first discovered. 

Twenty-two years later, we continue to catch large num-

bers of lake trout. So, why should lake trout suppression 
be maintained, what’s the science behind it, and what’s 
the prognosis for the future? This article provides infor-
mation about why lake trout are detrimental in Yellow-

Lake trout are extremely efficient predators, even when their preferred prey are scarce.  These lake trout were caught in 
Yellowstone Lake during 2007 when cutthroat trout numbers were low. The 21 lake trout caught in this overnight set 
had remains of at least 47 cutthroat trout in their stomachs. NPS PHOTO - S. SIGLER  
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stone Lake, reviews past suppression efforts, describes 
where the program is now, and reflects on the future of 
lake trout suppression and Yellowstone cutthroat trout 
recovery.

Background
Yellowstone Lake is home to the largest population of 

Yellowstone cutthroat trout in existence. This popula-
tion plays a critical role in the ecosystem, transporting 
nutrients from lake waters to tributary streams during 
spawning and to the terrestrial (land) system when the 
fish are eaten by birds and mammals (see “Birds and 
Mammals that Consume Yellowstone Cutthroat Trout,” 
this issue; Crait and Ben-David 2006). Also, cutthroat 
trout have a predominant influence on the structure of 
the lake community, including zooplankton and phy-
toplankton (see “Non-native Lake Trout Induce Cas-
cading Changes in the Yellowstone Lake Ecosystem,” 
this issue; Tronstad et al. 2010). They have provided a 
world-renown angling opportunity for more than a cen-
tury, drawing anglers from around the globe and con-
tributing $36 million annually to local economies (Var-
ley and Schullery 1995). 

Lake trout, however, are voracious, efficient predators 
that frequently live 20-25 years and are able to reach 
large sizes—the Wyoming state record for a lake trout 
is approximately 23 kg (50 lb.; Martinez et al. 2009). 
Their large size enables them to produce thousands of 
eggs annually, which leads to rapid population growth 
and an expanding distribution. Lake trout can consume 
cutthroat trout up to one-third their own size. Although 
lake trout need energy-rich prey such as cutthroat trout 
to continue to grow, they can persist for years with min-
imal food resources due to their cold-blooded nature. 
For example, in a reservoir in Colorado, tagged lake 
trout persisted for over 10 years after the loss of kokan-
ee salmon, their preferred prey, though most of these 
fish had not grown since release (Martinez et al. 2009). 

These traits make it possible for lake trout to have dras-
tic impacts on ecosystems outside their native range. 
Given their long lives, ability to eat large prey, efficient 
predatory skills, and ability to persist on a variety of 
foods, lake trout not only deplete native species, but also 
persist at levels that keep native populations suppressed. 
Thus, when a 43 cm (17 in.) lake trout was caught in Yel-
lowstone Lake in 1994, fishery professionals and park 
managers realized they had a serious problem. Non-na-
tive lake trout could decimate the native cutthroat trout 
population and then, due to their cold-blooded nature, 

persist at high numbers on other foods preventing their 
preferred prey (cutthroat trout) from recovering. Lake 
trout readily consume foods cutthroat trout historically 
subsisted on in Yellowstone Lake. In addition to killing 
cutthroat trout, lake trout could reduce the cutthroat 
trout’s food base, thereby making cutthroat trout re-
covery impossible until the lake trout population is sup-
pressed. 

Initial Efforts to Suppress Lake Trout
After confirming lake trout were successfully repro-

ducing in Yellowstone Lake (Varley and Schullery 1995, 
Kaeding et al. 1996), the National Park Service (NPS) 
convened a panel of expert scientists to determine the 
likely extent of the problem, recommend actions, and 
identify research needs. The panel concluded the sup-
pression of lake trout was necessary to protect and re-
store native cutthroat trout, but would require a long-
term, possibly perpetual, commitment. The panel also 
indicated direct removal efforts, such as gillnetting or 
trap netting, would likely be most effective (McIntyre 
1995). As a result, research on lake trout movements, 
spawning, diet, and abundance was initiated (Ruzyc-
ki et al. 2003). Early removal efforts were expanded in 
2001 using a Great Lakes-style gillnetting boat, miles of 
gillnets, and personnel specifically hired to gillnet lake 
trout through summer (June through mid-October). 
These efforts increased the amount of gillnet fishing for 
lake trout more than 10-fold. In response, the number 
of lake trout removed from the population doubled, 
and incidental catch of native cutthroat trout was great-
ly reduced by fishing deeper waters not typically used 
by cutthroat trout (Bigelow et al. 2003).

Over time, fishery biologists learned more about the 
best ways to detect and target lake trout. In spite of 
this, increased gillnetting effort continued to result in 
increased catch, suggesting the lake trout population 
was continuing to grow (figure 1). Thus, Yellowstone 
National Park (YNP) managers decided an in-depth 
review and reevaluation of the direction of the pro-
gram was needed. In 2008, 15 experts were convened 
to evaluate the suppression program and recommend 
future actions. Although the lake trout population had 
continued to expand (Syslo et al. 2011), the panel con-
cluded netting remained the most viable option for 
suppressing the population. Yet, they also indicated a 
considerable increase in suppression effort would be 
needed over many years to collapse the lake trout pop-
ulation (Gresswell 2009). In addition to maintaining the 
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number of NPS staff dedicated to the program, the pan-
el recommended contracting commercial fishermen to 
substantially increase effort and efficiency (Gresswell 
2009). If commercial fishing could collapse lake trout 
populations in many of the Great Lakes, it could work 
in Yellowstone Lake. 

Filling the Data Gaps
Following this intensive review, YNP expanded mon-

itoring, launched a pilot program to determine if com-
mercial fisherman could increase catch of lake trout, and 
initiated more in-depth research to estimate lake trout 
abundance and predict the level of suppression needed 
to collapse the population. A goal was set to reduce the 
abundance of lake trout to mid-1990s levels, when it’s 
likely relatively few lake trout impacted the native cut-
throat trout population (Koel et al. 2010). However, a 
major uncertainty was the amount of netting pressure 
needed to induce such a substantial decrease in lake 
trout abundance. Population modeling and analyses of 
lake trout removals were used to address this question 
and to assess the suppression program’s success. Three 
important metrics were assessed for lake trout: total an-

nual mortality in the population, abundance, and popu-
lation growth rate. 

A catch-at-age analysis based on the age structure of 
the total catch of lake trout removed by the suppression 
program, and the effort used to do so each year, was con-
ducted to estimate lake trout mortality and abundance. 
Randomly selected sites dispersed throughout the lake 
were sampled via gillnetting to obtain an independent 
estimate of mortality conducted separately from sup-
pression netting efforts (see “Cutthroat Trout Response 
to Suppression of Lake Trout,” this issue). In addition, a 
model based on mortality and several other population 
descriptors (e.g., length at age, survival and fecundity of 
females at each age, probability of maturity, survival of 
young until large enough to be captured in the nets) was 
developed to estimate the change in population growth 
rate associated with changes in total netting effort (Sys-
lo et al. 2011). This model also estimates the amount of 
netting effort needed to achieve a population decrease. 
In combination, the analyses and modeling results pro-
vide rigorous estimates of how successful the program 
has been at decreasing lake trout in Yellowstone Lake. 

Figure 1. Numbers of non-native lake trout removed from Yellowstone Lake,1998-2016, along with gillnetting effort 
and catch per unit of effort. To-date, more than 2.3 million lake trout have been removed to restore the native cutthroat 
trout of Yellowstone Lake.
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Figure 2. Increased gillnet suppression has allowed better coverage throughout Yellowstone Lake, as well as increases 
in “hot spot” areas, such as South Arm and West Thumb. Each line approximates one gillnet set; the darker the color, 
the more lake trout caught per night fished. The abbreviation cpue_LKT indicates catch-per-unit-effort for lake trout. 

The Patriot is a large, tug-style fishing boat designed to 
handle large numbers of gillnets per day.

Increased Efforts to Suppress Lake Trout
Multiple scientific reviews stressed that substantial 

suppression of lake trout was necessary for the cut-
throat trout population to recover. In 2012, removal 
efforts were increased dramatically in order to drive 
the lake trout population growth rate from one that 
had been increasing for over a decade to one that is de-
creasing (Syslo et al. 2011, Gresswell et al. 2012). Hickey 
Brothers Research, LLC, a company with roots in com-
mercial fishing on Lake Michigan, was tasked with the 
bulk of the suppression work, operating three full-time 
boats designed specifically for gillnetting. Crews work 
six days per week from late May into early October, with 
each crew setting and retrieving 60 nets per day. Letting 
each net soak, or catch fish, for 3-4 nights allows each 
crew to handle 180 nets twice a week. 

Thus, the amount of gillnet in the water on a typical 
mid-season day increased from almost 23 km (14 mi.) 
in 2007 to just over 61 km (38 mi.) in 2015. Total gill-
netting effort increased from an average of 20,500 units 
(100 m of net set over one night constitutes one unit of 
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effort) from 2001 to 2011 to an average of 65,200 units 
from 2012 to 2015. In 2016, gillnet suppression effort in-
creased to 79,000 units; netting was expanded into the 
South and Southeast arms of the lake, areas that previ-
ously received relatively little effort (figure 2). Plans are 
to continue netting effort during 2017 and beyond. The 
latest population modeling suggests at least 55,000 units 
of netting effort is needed each year to suppress the lake 
trout population; we intend to expend approximately 
80,000 units. 

In 2013, we conducted a mark-recapture study to val-
idate population estimates and obtain an independent 
estimate of the annual exploitation rate (the percentage 
of the population, or given age/size class, removed) in 
a given year. A large number of lake trout (2,400) were 
captured, marked with numbered tags (monofilament 
inserted between the bones of the dorsal fin with a 
T-bar similar to clothing tags), and released. Tagged fish 
later caught in suppression nets or via angling were doc-
umented and used to estimate the number of lake trout 
present in the lake; the derived estimate was 367,650 
fish greater than 210 mm (8.3 in.) long. The mark-recap-
ture study also enabled an estimate of the probability 
of capture for four size classes. In 2013, 69% of tagged 
fish were recaptured by netting or anglers. Estimated 
exploitation rates were 72% for lake trout 210-451 mm 
(8.3-17.8 in.) in length, 56% for fish 451-541 mm (17.8-
21.3 in.) long, 48% for fish 541-610 mm (21.3-24.0 in.) 
long, and 45% for fish more than 610 mm (more than 
24.0 in.) long (Gresswell et al. 2015). These results sup-
ported previous estimates and highlight the difficultly in 
catching older, larger lake trout which eat the most  cut-
throat trout. Older, larger lake trout also have the high-
est reproductive success.

Lake Trout Response to Increased 
Suppression Efforts

In 2016, we experienced our highest lake trout sup-
pression effort, along with the highest number of lake 
trout removed, to-date (figure 1). Catch per unit effort 
remained relatively low, indicating crews had to work 
harder and smarter to catch the same number of fish. 
Increases in catch and catch per unit effort can reflect 
increased efficiency, increased abundance, or both. Im-
provements in fishing gear, increased knowledge of how 
lake trout use the ecosystem, and experienced person-
nel can lead to increases in catch and catch per effort 
despite a decreasing population. Hence, independently 
monitoring the effectiveness and results of suppression 

activities, as well as updating population models, is an 
important aspect of the program. 

Models have shown the lake trout population contin-
ued to expand through at least 2011, but increased net-
ting since then has begun to reduce lake trout numbers 
and biomass (total weight) in Yellowstone Lake. Abun-
dance estimates for lake trout age 2 and older indicate 
a cessation of population growth and a decrease in fish 
older than 2 years (figure 3). As this continues, the re-
productive and expansion potential of the population 
will be reduced, greatly aiding overall suppression. Also, 
total annual mortality rates have been steadily increas-
ing over the last several years and have exceeded 50% 
in two of the last three years, which should decrease the 
population size. In addition, the total biomass of lake 
trout removed has been well above what is considered 
a sustainable harvest (0.5 kg per ha) for the last several 
years. 

Future Outlook
The magnitude of the lake trout problem in Yellow-

stone Lake remains enormous. Lake trout have had 
several decades to expand throughout the lake and pio-
neer several spawning areas. Yellowstone Lake provides 
near-perfect spawning and rearing habitat for lake trout 
with few natural predators present. Lake trout are long-
lived, and one individual female can produce thousands 
of eggs each year. The survival of young lake trout in the 
lake is estimated to be 2.5 times higher than in its native 
range (Syslo 2015). Even without cutthroat trout, other 
foods in Yellowstone Lake would support a large lake 
trout population. Reducing the lake trout population to 
a level that will have only minor impacts to the cutthroat 
trout population is predicted to take until at least 2025, 
provided we maintain current high levels of suppression 
effort. Given the high reproductive potential of this lake 
trout population, we will regress immediately and like-
ly dramatically if we reduce the amount of suppression 
effort applied without adequate alternative techniques 
(see “Lake Trout Suppression Alternatives to Gillnet-
ting,” this issue). 

Compared to other lakes invaded by lake trout in the 
West, Yellowstone Lake has a relatively simple fish as-
semblage. Only two species, cutthroat trout and lake 
trout, occupy the vast majority of the habitat; however, 
they segregate into different depths or water tempera-
tures of the lake most of the time. Thus, the solution is 
deceptively simple: decimate the lake trout population 
while not adversely impacting Yellowstone cutthroat 
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trout. Reviews of the program over multiple years by 
multiple fishery scientists, along with in-depth popula-
tion modeling, continue to emphasize this resource is-
sue can be solved given sufficient suppression effort. In 
fact, recent monitoring suggests both the abundance of 
older lake trout and the biomass of lake trout removed 
has been decreasing since 2012. With planned increas-
es in suppression netting for 2017 coupled with emerg-
ing technology for killing lake trout eggs and embryos, 
a population crash is expected to happen sooner than 
population models suggest. However, until new meth-
ods can be verified, netting suppression of lake trout 
in Yellowstone Lake must continue and is widely sup-
ported by anglers, fishery experts, and park managers. 
Thus, suppression efforts will continue in an attempt to 
restore a robust native Yellowstone cutthroat trout pop-
ulation in Yellowstone Lake. 
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Unprecedented actions are being taken on Yel-
lowstone Lake to suppress lake trout, recover 
native cutthroat trout, and restore the natural 

character of the ecosystem. To understand the out-
comes of these actions, long-term monitoring of the fish 
populations is conducted to inform an adaptive man-
agement strategy. Multiple lines of evidence are used 
to assess status and trends. For example, progress to-
wards cutthroat trout recovery on Yellowstone Lake is 
measured annually by means of lake-wide assessments 
using gillnets, visual counts of spawning fish in tributary 
streams, and angler catch success. Each of these assess-
ments is made annually to evaluate progress towards 
desired conditions for cutthroat trout. In this article, we 
describe the status and trends of native cutthroat trout 
and non-native lake trout following two decades of sup-
pression on Yellowstone Lake.

Lake-Wide Cutthroat Trout Population 
Assessment

Within Yellowstone Lake, cutthroat trout population 
abundance and length structure are assessed by stan-
dardized gillnetting (Koel et al. 2005, Syslo et al. 2014). 
During the August distribution netting program, 24 sites 
are sampled within four regions of Yellowstone Lake, 
including the West Thumb, the main basin surrounding 
Dot and Frank islands, the northern shore and Steven-
son Island, and the east shore and two southern arms 
(figure 1). At each sampling site, nets are set in shallow 
water near shore, at mid-depth (8-20 m [26-66 ft.]), and 
at more than 40 m (131 ft.) deep. 

Over the past five years, the distribution netting pro-
gram has detected an influx of juvenile cutthroat trout 
in Yellowstone Lake. In 2010 and 2011, few cutthroat 
trout were caught; the majority of them were large fish 
between 470-570 mm (18.5-22.4 in.), suggesting an ag-
ing population with low recruitment of young fish (fig-
ure 2). However in 2012, concurrent with a substantial 
increase in lake trout suppression netting, the number 

of cutthroat trout caught by distribution netting more 
than doubled and then steadily increased. Catch then 
declined slightly in 2015 and 2016 (figure 3). The overall 
increase in catch from 2012 to 2014 was primarily due 
to an influx of young, juvenile cutthroat trout entering 
the system, a good indication the population is begin-
ning to recover. This increase was observed lake-wide 
in each of the four regions sampled (figure 4). Similarly, 
the slight decrease in cutthroat trout that occurred in 
2015 and 2016 was also observed lake-wide. Of the four 
lake regions sampled, cutthroat trout were most abun-
dant along the east shoreline and within the two south-
ern arms. The lowest numbers of cutthroat trout were 
caught in the West Thumb area, where lake trout abun-
dance has always been high (figure 4). Factors contrib-
uting to the increased number of young fish in the lake 
likely include the greatly increased effort to suppress 
lake trout, as well as improved winter snow conditions 
and stream runoff in recent years. Although the total 
number of cutthroat trout caught in 2015 and 2016 was 
not a continuation of the upward trend we had been ex-
periencing, it remains encouraging to see a large num-
ber of young cutthroat trout entering the population.

Lake-Wide Lake Trout Population 
Assessment 

The number of lake trout caught during distribution 
netting remained relatively constant from 2010 to 2016, 
ranging from 331-575 fish annually, with a mean total 
length ranging from 309-330 mm (12-13 in.; figure 5). 
Over the past five years, we have seen a gradual decrease 
in the number of large lake trout measuring over 470 
mm (18.5 in.), with most lake trout caught being 220-
420 mm (8.6-16.5 in.) in length and sexually immature 
(figure 5). Catch per unit effort for lake trout varied each 
year, but remained relatively consistent with no indi-
cation of a change in abundance (figure 3). In general, 
catches of lake trout were highest in the West Thumb 
region and along the east shoreline/southern arms por-
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tion of Yellowstone Lake, while the lake region with the 
lowest catch of lake trout was generally along the north 
shore (figure 4). 

Cutthroat Trout Tributary Spawner 
Assessment

Visual surveys for cutthroat trout have been conduct-
ed annually since 1989 on 9-11 tributaries located along 
the western side of Yellowstone Lake between Lake and 
Grant (Reinhart 1990; figure 1). Spawning reaches were 
initially delineated on each tributary, and the standard-
ized reaches are walked in an upstream direction once 
each week from May through July. These surveys indi-
cated a significant decrease in spawning-age cutthroat 
trout in Yellowstone Lake over the past two decades 

Figure 1. Location of streams visually surveyed for spawning cutthroat trout and distribution netting sample sites within 
four regions of Yellowstone Lake.

(figure 6). In the late 1980s, more than 70 cutthroat trout 
were typically observed during a single visit to one of 
the streams, compared to only 1 or 2 cutthroat trout in 
recent years (figure 6b). One exception is Little Thumb 
Creek, a tributary in the West Thumb near Grant, where 
more than 50 cutthroat trout were seen during a single 
visit in 2013, and more than 100 were seen during visits 
in 2014 and 2015. In 2016, the number of fish observed 
in Little Thumb Creek increased to 295 fish, which is 
appoximately 80% of the total fish counted. Although 
the increased number of fish observed in this stream is 
encouraging, counts remain far below the desired con-
ditions of at least 40-60 spawning cutthroat trout ob-
served per visit on average at all of the visually-assessed 
spawning tributaries. 

West 
Thumb
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Figure 2. Length-frequency of cutthroat trout collected 
during distribution netting on Yellowstone Lake with total 
number of trout (n), 2010-2016.
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Figure 3. Mean number of cutthroat trout (above) and 
lake trout (below) caught per 100 meters net per night 
during distribution netting on Yellowstone Lake, 2010-
2016. Bars delineate 95% confidence intervals. The low-
est mean catch of cutthroat trout was 11.8 in 2010. The 
mean number of cutthroat trout steadily increased to 
28.4 in 2014, then declined to 18.3 in 2016. The mean 
lake trout caught per net varied from 2.8 in 2016 to 4.9  
in 2014, but was not significantly different among years.

Cutthroat Trout and Lake Trout Caught by 
Anglers

Since 1979, angler effort and success have been as-
sessed via a report card distributed to all anglers when 
purchasing a special use permit for fishing (Jones et al. 
1980). Information on the waters fished, time spent 
fishing, and species and sizes of fish caught by anglers is 
obtained on these cards. Annually, approximately 4,000 
anglers (5% of all anglers) have voluntarily completed 
and returned cards to the park’s fisheries program. The 
angler report card data estimated more than 8,000 an-
glers (21% of all park anglers) fished Yellowstone Lake 
with a catch rate of 0.8 cutthroat trout per hour during 
the 2015 fishing season. This is below the desired goals 
of 1.5 (secondary) and 2.0 (primary) cutthroat trout per 
hour for Yellowstone Lake, and a reduction from the 
2014 catch rate of 1.2 cutthroat trout per hour. In 2016 
the catch rate increased to 0.9 cutthroat trout per hour. 
This is the third highest catch rate over the last 11 years. 
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Figure 5. Length-frequency of lake trout collected during 
distribution netting on Yellowstone Lake with total num-
ber of trout (n), 2010-2016.

Average length of cutthroat trout caught by anglers was 
462 mm (18 in.) in 2016, which is similar to other recent 
years.

An estimated 12,000 lake trout were caught by anglers 
in Yellowstone Lake in 2016 at a rate of 0.2 fish per 
hour. Many of these lake trout were large, with anglers 
reporting 42% were more than 462 mm (18 in). Because 
of the mandatory kill regulation for lake trout caught by 
anglers, angling accounted for an estimated 3% of the 
total lake trout removed from Yellowstone Lake by all 
methods (angling and suppression netting) in 2016.  

Figure 4. Mean catch of native cutthroat trout (red) and 
non-native lake trout (blue) during distribution netting 
within four Yellowstone Lake regions, 2010-2016.
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Figure 6. Metrics monitored to assess the effects of con-
servation actions on Yellowstone Lake include the average 
number of cutthroat trout caught per net during with-
in-lake netting assessments (A), observed during visual 
surveys of spawning streams (B), and caught per hour 
by lake anglers (C), 1985-2015. Primary and secondary 
desired conditions are from the Native Fish Conservation 
Plan (Koel et al. 2010).

Conclusion
The cutthroat trout population in Yellowstone Lake 

has experienced declines due to the introduction of 
lake trout, drought years that may have negatively af-
fected successful spawning, and whirling disease that 
is prevalent in some tributary streams. Monitoring to 
assess the effectiveness of large-scale suppression of 
lake trout indicates improvement in the cutthroat trout 
population, but there remains much work to be done. 
The desired condition for cutthroat trout as monitored 
by our distribution netting program is an average catch 
of 26 (secondary goal) to 40 (primary goal) fish per 100 
meters of net set over one night. Although recent years 
have detected an increasing trend in cutthroat numbers, 
the secondary goal has been met only once (in 2014; fig-
ure 6a). Information from our spawning stream visual 
surveys indicates spawning cutthroat trout numbers 
have remained very low over the past decade. Although 
there has been a slight increase in the overall number of 
fish observed in these streams, we are still below the de-
sired conditions of 40 (secondary goal) to 60 (primary 
goal) cutthroat trout observed per stream visit across all 
11 tributaries (figure 6b). Similarly, catches of cutthroat 
trout reported by anglers have increased, but are still be-
low the desired conditions of 1.5 (secondary goal) and 
2.0 (primary goal) cutthroat trout per hour (figure 6c). 

All three lines of evidence suggest cutthroat trout 
abundance, although improving, remains well below 
recovery goals (figure 6). Lake trout abundance, on the 
other hand, has essentially remained unchanged over 
the past six years (figure 3). Although statistical popu-
lation modeling suggests the lake trout population may 
be beginning to decrease, there is uncertainty associ-
ated with the models; it is anticipated that 10 or more 
additional years of suppression at the current levels of 
effort will be required to crash the population (Syslo 
2015). Long-term monitoring will continue in an effort 
to document the resulting changes to the Yellowstone 
Lake fish populations and inform the program’s adap-
tive management strategy.
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Sarah Rubenstein has been pursuing a career in fish-
eries since graduating from Cornell University in 2015 
with a degree in environmental sciences. A rewarding 
and enjoyable summer of working with Yellowstone cut-
throat trout has confirmed that she is in the right field, 
and she plans to further her education and opportunities 
with graduate school in the coming years.

Andriana Puchany grew up fishing with her father in 
rural North Dakota. She obtained her BS in fisheries man-
agement and came to Yellowstone in 2014 as an SCA 
intern. Her future plans are to become a biologist in a 
fisheries-related field. 

Taylor Preul worked as an SCA intern for the lake trout 
removal program in Yellowstone this summer. She is cur-
rently finishing a degree in Ecology from Northern Mich-
igan University and researching fish ecophysiology in the 
Northern Michigan University fish lab. She has previous 
fisheries experience in Michigan and Wisconsin.

Michelle Briggs worked as an SCA intern and a fish-
eries technician for Montana State University in Yellow-
stone this summer. She has a degree in biology from the 
University of Southern California and has done seasonal 
fisheries work in Washington and Alaska. 

Lauren McGarvey started working in fisheries as a 
summer intern with Trout Unlimited in Pennsylvania.  Lau-
ren then came to Yellowstone as a SCA native trout res-
toration intern.  She worked several seasons as a fisheries 
technician with the National Park Service and will soon 
be attending Montana State University for her MS in Fish 
and Wildlife Management.

Sarah Koeber received her BS with a major in Natu-
ral Resource Management from Grand Valley State Uni-
versity in 2016. Sarah started working with Yellowstone 
fisheries as an SCA intern in the summer of 2015. She 
has now returned as a National Park Service technician 
working in the lake trout suppression program. 

Kim Barrett completed her first season as a fisheries 
technician at Yellowstone this summer. She has degrees 
in Natural Resources Management and Environmental 
Studies with concentrations in fisheries and community 
engagement. She has worked on several fisheries projects 
with organizations such as the Forest Service, Fish and 
Wildlife Service, and Trout Unlimited in Alaska and Ver-
mont. She plans to do community-based fisheries man-
agement with under-served communities.

Jordan Critcher is originally from North Carolina, 
where she obtained her BS in Marine Biology. This past 
season she worked for Hickey Brothers Research assisting 
with lake trout suppression.  She currently resides in Ida-
ho where she works with freshwater species and volun-
teers with the community to help better the environment. 

2016 Fisheries Staff. TOP: Pat Bigelow (see page 59), Sarah 
Rubenstein, Sarah Koeber, Colleen Detjens (see page 27), 
Taylor Preul, BOTTOM: Kim Barrett, Lauren McGarvey, Michelle 
Briggs, Andriana Puchany, and Jordan Critcher. 

Yellowstone National Park presents a unique 
opportunity for young professionals pursuing 
a career in fisheries management and research.  

Every year seasonal fisheries technicians, Student Con-
servation Association (SCA) interns, and volunteers 
from all over the world are hired to join the fisheries 
team. Many who start as technicians or interns here go 
on to pursue graduate education and careers in the fish-
eries profession. This year, women represent 38% of the 
fisheries staff, a higher level than the fisheries profession 
in general. A study conducted by Oregon State Univer-
sity researchers and the U.S. Forest Service (Arismen-
di and Penaluna, 2016) found that just 26% of federal 
fisheries biologists (GS 11-15) are women. The study 
revealed that numbers for minorities are even lower. 
These disparities in race and gender in professions such 
as fisheries biology are important to highlight and dis-
cuss as we look toward diversifying the workforce in all 
branches of science.
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The National Park Service has been attempting to 
suppress non-native lake trout in Yellowstone 
Lake since 1995, primarily using gillnets (Koel 

et al. 2005). By October 2016, approximately 2.3 million 
lake trout had been removed. Increased gillnetting ef-
fort accelerated the number of lake trout removed per 
summer, from approximately 70,000 in 2007 to approx-
imately 366,000 in 2016. The efficiency of these netting 
efforts was enhanced by better understanding lake trout 
movement patterns and seasonal changes in those pat-
terns. 

There is growing concern it will not be possible to 
maintain the current levels of netting effort indefinite-
ly. As a result, more effective and cost-efficient means 
of suppressing this introduced invader will be needed, 
even as lake trout numbers continue to decline. Alter-
native suppression technologies focused on the devel-
oping embryos and larvae of lake trout may have po-
tential for supplementing a continued, but diminished 
gillnetting program (see “Lake Trout Suppression Al-
ternatives to Gillnetting,” this issue). All strategies to 
increase the efficacy of removing adult lake trout and 
destroying their embryos and larvae require knowledge 
of lake trout movement patterns, and accurate locations 
of spawning and embryo incubation areas.

Although two spawning areas were identified in the 
West Thumb of Yellowstone Lake (Ruzycki 2004), new 
spawning areas have been pioneered since that time 
(see “Lake Trout Suppression Alternatives to Gillnet-
ting,” this issue). Computer models suggest about 4% of 
the lake has sufficient habitat for supporting lake trout 
reproduction (Bigelow 2009). High gillnet catches in ar-
eas where lake trout congregate during the fall suggest 

additional spawning sites, but many of them have yet to 
be verified by locating lake trout embryos on the sites.

To this end, we initiated a collaborative project in 2011 
to identify lake-wide movement patterns and spawning 
areas of invasive lake trout in Yellowstone Lake. Fed-
eral and academic scientists, with additional funding 
support from the Yellowstone Lake Working Group 
(see “Yellowstone Lake Working Group,” this issue), 
implanted acoustic transmitters in lake trout and es-
tablished a network of stationary telemetry receivers 
in Yellowstone Lake. Specific research goals included: 
1) locating spawning sites, 2) determining periods of 
greatest movement during the netting season (ice-off 
through mid-October), 3) locating areas where lake 
trout concentrate during the netting season (time with-
in season and day versus night), and 4) determining spe-
cific travel corridors during the netting season. 

Transmitters (or tags) are surgically implanted into the 
body cavity of the lake trout by experienced biologists. 
Because we were most interested in locating spawning 
areas, and to ensure the behavior of the individual was 
unaffected by tag size, we only tagged lake trout longer 
than 460 mm (18 in.). All transmitters are coded to emit 
a unique identification signal; some also have depth and 
temperature sensors. 

Stationary receivers with an average detection radius 
of about 500 m (1,640 ft.) are attached to an anchored 
rope, with a float located at the surface visible to boat-
ers. The number of receivers (48-65) and the position 
of the receivers in the lake have fluctuated annually as 
short-term research goals change. Field work generally 
begins soon after ice-off (late May-early June) with the 
retrieval of receivers deployed overwinter. After winter 
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data retrieval, receivers are redeployed in a general posi-
tioning array that remains in the lake until the beginning 
of the spawning season in late August. Data collected 
during this period are focused on lake trout distribution 
and non-spawning movement patterns. 

As the spawning season begins, the general positioning 
array is replaced by 1-3 fine-scale positioning arrays of 
11-64 receivers each to identify specific spawning sites 
within the more general suspected spawning areas (fig-
ure 1). Receivers within these arrays are positioned in a 
grid about one km (0.6 mi.) apart. Because numerous 
receivers can detect an individual lake trout, it is pos-
sible to obtain two-dimensional locations for all indi-
viduals with coded transmitters and three-dimensional 
locations for those with depth and temperature sen-
sors. These arrays generally operate until mid-October, 
when final data retrieval occurs and some receivers are 
retrieved. Buoys for the remaining 17-55 receivers are 
suspended 1.5-3 m (6-9 ft.) below the water surface to 

avoid encasement in the ice, where they remain sub-
merged overwinter.

Although results are still preliminary, some patterns 
are emerging. For example, despite relocations lake-
wide, few lake trout have been detected in the northern 
part of the lake or along the east shore. Throughout the 
year, the greatest number of relocations has occurred 
between Frank Island and the southeast shoreline be-
tween the South Arm and Breeze Channel. Activity in 
West Thumb has been greatest near Breeze Channel 
and the Solution Creek outlet, numbers increasing sub-
stantially during spawning (late August-early October) 
near Carrington Island, a verified spawning area. 

Seasonal patterns of lake trout relocations vary. Move-
ment is generally low during the winter period (No-
vember 1-April 30) when water temperatures are low 
(less than 4˚C or 39˚F) and the lake is covered by ice. 
Most lake trout are detected deeper in the water column 
where temperature is higher (about 4˚C or 39˚F) than 
near the surface (0-1˚C or 32-34˚F). 

Figure 1. Locations of acoustic receivers to detect lake trout in Yellowstone Lake, June–late August 2015.

South Arm

Southeast Arm

West Thumb
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Figure 2. Predicted areas of spawning behavior based on 3-D positioning of lake trout with the Snipe-Plover underwater 
acoustic  array, 2013-2014. Eggs and fry have been found at the identified areas. The model indicated spawning may 
be occurring in the southeastern end of the area; however, the substrate in this area is sandy and not ideal.

As air temperatures increase in the spring and the ice 
on the lake melts, lake trout become more active. Activity 
remains high from ice-off until the lake begins to stratify 
in late June-early July; during that time individuals are 
often found in shallower portions of the water column.

As surface water temperatures increase in July, lake 
trout move to deeper, colder portions of the lake; in-
dividuals are most commonly detected at water depths 
where temperatures are between 7.8 and 10ºC (46ºF 
and 50ºF). Although lake trout still may be active, the 
number of receivers that detect the same individual de-
clines, so the distances between relocations diminishes. 
During this period, individual lake trout make brief for-
ays from deeper water into very shallow water, presum-
ably to feed on native Yellowstone cutthroat trout that 
tend to remain in shallower water.

As day length shortens toward the middle of August, 
lake trout again become more active and movements 
become localized. We assume this is pre-spawning be-
havior because the number of individuals in the vicin-
ity of known and presumed spawning areas increases. 
Lake trout frequent shallow water (less than 5 m or 15 
ft.) at this time and are often found near the surface. 

This activity increases through the middle of Septem-
ber as water temperatures decline, though the timing of 
movements around suspected spawning sites can vary 
locally. Many lake trout move away from spawning areas 
by mid-October. As water temperature continues to de-
cline, lake trout begin to move toward wintering areas, 
the largest of which appears to be south of Frank Island.

To identify specific spawning sites within more 
general spawning areas, we use statistical models 
to analyze individual lake trout tracks within the 
fine-scale receiver arrays. For example, preliminary 
results suggest spawning in the immediate vicinity of 
Carrington Island, an area where reproduction has been 
confirmed repeatedly. Deeper water to the southeast of 
the island was also identified as a probable spawning 
area; however, the substrate in this area consists of small 
gravel with no interstitial spaces and, therefore, is not 
ideal for spawning. Possibly lake trout are using this as 
a staging area prior to moving into shallower water to 
spawn. Analysis of data from the Snipe-Plover fine-scale 
array suggested several “hotspots” or sites where there 
was a higher density of predicted spawning behavior 
(figure 2); many of these coincide with verified spawning 
locations within the array.
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A project website (http://www.nrmsc.usgs.gov/yellow-
stone_lake/telemetry ) hosted by U.S. Geological Survey, 
Northern Rocky Mountain Science Center was devel-
oped to serve as a platform for sharing findings. Cur-
rently, relocation information of individual lake trout is 
available for 2011-2012. The website also has descrip-
tions and photos of receiver deployments, transmitter 
implantation, egg basket deployments, and a Frequently 
Asked Questions feature concerning the lake trout sup-
pression program at Yellowstone Lake. Acknowledge-
ment of the numerous individuals and funding support-
ing this research are included on the website.
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We are researching lake trout suppression 
tactics that involve reducing the survival of 
embryonic lake trout in Yellowstone Lake. 

Invasive lake trout spawn over rocky substrates during 
September and October in Yellowstone Lake. Their 
spawning style is such that they broadcast eggs into the 
water column, which then settle to the bottom and of-
ten fall between rocks. Within minutes of fertilization, 
the eggs expand slightly, often causing them to wedge 
in place between the rocks. Being wedged between 
rocks protects the eggs from strong currents, making it 
difficult for predators to eat the eggs. However, being 
wedged in place may also help the lake trout removal 
effort; because if we know where the lake trout deposit 
their eggs, it will be easier for us to remove or treat them 
in a way that will prevent their survival.

In 2004, a design engineering class at Montana State 
University investigated some options for killing lake 
trout eggs, including egg suctioning, resonance, egg/fry 
traps, fish toxicants, ultrasonics, microwaves, and poly-
mers (Bernhart et al. 2005). Shortly after, investigators 
at the U.S. Geologic Survey (USGS), Northern Rocky 
Mountain Science Center, also began work on suppres-
sion methods that target early life history stages of lake 
trout, including electricity, carbon dioxide, ultraviolet 
light, egg suctioning, and acoustic energy. 

The USGS investigators’ objectives were to critically 
assess the ecological effectiveness, cost effectiveness, 
and safety of alternative methods to destroy lake trout 
embryos in natural settings, and develop a practical 
methodology and associated equipment for field use 
(Gross 2010). Initial studies held some promise, but lit-
tle field work was conducted in Yellowstone; and equip-
ment for field use was not developed. Following these 
early exploratory efforts, attempts were made to create 
equipment that would be mobile and could cause the 
demise of lake trout embryos on their spawning reefs. 

Present research efforts by Yellowstone National Park 
biologists and collaborating scientists at the USGS 
Montana Cooperative Fishery Research Unit and Mon-
tana State University are to locate all lake trout spawn-
ing habitats and evaluate the effectiveness of electricity, 
suction-dredging, tarping, chemical, and lake trout car-
cass suppression techniques at killing lake trout embry-
os on spawning sites. 

Electroshocking Grids
Mobile electrical shocking devices have proven to be a 

promising tool for alternative suppression on spawning 
sites. Previous research demonstrated fish embryos are 
vulnerable to electric field intensities commonly gen-
erated by electrofishing equipment (Bohl et al. 2010). 
These devices were designed with the simple purpose 
of delivering a localized electrical shock that would 
destroy lake trout eggs (Brown 2014). The device that 
holds the most promise is a mobile 3 x 7 m (23 x 9.8 ft.) 
grid. The grid is positioned over spawning substrate on 
the bottom of the lake. Electricity is discharged into the 
lake substrate between several cables within the frame. 
Once the area within the grid has been shocked, the grid 
is lifted and moved to the next site; the process is contin-
ued until all the lake trout spawning grounds have been 
systematically electro-shocked. Water is typically an ex-
cellent conductor; therefore, electricity that escapes the 
grid is quickly reduced to a non-lethal level, preventing 
the demise of anything outside the grid. 

Initial results suggest embryos residing near the sur-
face of the substrate were almost entirely killed (figure 
1). However, embryos 20-40 cm (7.9-15.8 in.) in the sub-
strate were more likely to survive the electrical shock. 
Yellowstone Lake water is very pristine, which reduc-
es its ability to conduct an electrical charge. Because of 
this, embryos that have settled into the substrate are less 
vulnerable to electrical shock. Thus, the natural purity 
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of the water may limit the usefulness of an electrical grid 
for killing lake trout in Yellowstone Lake. However, this 
technique holds promise for other waters where lake 
trout are invasive.

Suction-Dredging
A suction dredge is also being tested on Yellowstone 

Lake, consisting of a large pump placed on the deck of a 
boat, with long hoses that scour the substrate below and 
pick up lake trout eggs. The effluent is sucked up to the 
boat, where it is run through a series of screens. Every-
thing except lake trout egg-sized particles drops back 
to the bottom of the lake. Egg-sized particles, including 
lake trout eggs, are separated in a salt water bath; eggs 
float in the salt water while rocks and pebbles remain 
on the bottom, allowing eggs to be easily skimmed from 
the surface. The suction dredge has proven effective at 
verifying lake trout spawning areas; we now know of 12 
lake trout spawning sites in Yellowstone Lake. 

Tarping
Tarping is a technique that restricts the flow of water 

over lake trout eggs so they do not get enough oxygen-
ated water for respiration. Biologists tarp the substrate 
where eggs have naturally been deposited, thus prevent-
ing oxygenated water from flowing over the eggs and ul-
timately suffocating the developing embryos. The cover 

Figure 1. Lake trout embryos experienced a range of 
mortality after being shocked by the electrical grid (i.e., 
treatment). The highest mortality rate of 93% occurred in 
eggs placed on the surface of the substrate. Eggs 20 cm 
(7.8 in.) into the substrate experienced a mortality rate 
of 56%, while eggs 40 cm (15.7 in.) into the substrate 
experienced only 7% mortality. Control areas were not 
treated with electricity.
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currently being tested is a plastic tarp, but other mate-
rials that would act similarly or better at restricting wa-
ter flow are being considered. Tarping studies are being 
conducted at the Carrington Island spawning site. 

Chemical Treatment
An embryo toxicology study is attempting to deter-

mine the effectiveness and feasibility of various chem-
ical compounds in the suppression of lake trout em-
bryos. An initial pilot study completed in January 2016 
assessed the potential of two compounds to cause em-
bryonic mortality: salt (common stock salt, 99% NaCl) 
and rotenone, an organic fish toxicant commonly used 
by biologists to remove non-native fish. Long-term ex-
posure (up to 21 days) of freshwater fish embryos to 
elevated salt concentrations has been shown to reduce 
hatching success (Koel and Peterka 1995), but what was 
not known is if short-term exposure (less than 1 day) to 
salt would affect their survival. 

The effectiveness of rotenone for removing juvenile 
and adult fish is well documented, and the chemical is 
used for this purpose annually. However, developing 
embryos are protected by a nearly impermeable outer 
chorion (shell), and it was not known if rotenone can 

pass through the chorion or increase mortality of em-
bryos in any way.

The results of the pilot study suggested short-term ex-
posure (4-12 hours) of embryos to salt concentrations 
up to 5,000 mg per liter does not increase mortality. 
However, short-term exposure of lake trout embryos 
to a rotenone concentration of 4 parts-per-million re-
sulted in an average cumulative mortality rate of 98%  
(figure 2). Thus far, all trials have been conducted in a 
laboratory environment; we now need to expose eggs in 
Yellowstone Lake to this low concentration of rotenone 
and examine its effectiveness. One of the greatest bene-
fits of a chemical treatment would be its ability to reach 
eggs that are wedged between rocks and too difficult to 
remove by vacuum (suction-dredge) or have settled too 
deep into the substrate for an electrical grid to deliver a 
lethal shock.

Lake Trout Carcasses
Lake trout spawn in late September and early October 

in Yellowstone Lake. Some lake trout spawning areas are 
in water more than 20 m (65 ft.) deep, thereby limiting 
some viable methods (e.g., electroshocking). 

Figure 2.  Lake trout embryos were exposed to Rotenone for 12 hours, eights days after fertilization. Eggs experienced 
98% mortality after 86 days of development when they were exposed to rotenone at 4 parts per million (PPM).
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One alternative suppression method fisheries crews  
could feasibly apply at all depths is the place-
ment of lake trout carcasses. During Sep-
tember and October of 2016 we dumped  
several hundred lake trout carcasses on three of the  
twelve known lake trout spawning grounds in Yellow- 
stone Lake.  Prior to dumping the carcasses, we placed 
trays with several thousand developing lake trout em-
bryos on these spawning grounds to determine if we 
could cause mortality. After just 16 days there was al-
most 100% mortality of the lake trout embryos. Car-
casses placed at 0-20 cm (0-8 in.) showed an average 
mortality of 99.4% (86-100%) as compared to the con-
trol group mortality of 46.6% (29-75%). These are very 
promising results.  Lake trout embryos would typical-
ly take over 90 days to hatch in the water temperatures 
of Yellowstone Lake.   Dumping lake trout carcasses in 
Yellowstone Lake is something that has been occurring 
since the removal project started.  The gillnetting as-
pect of the lake trout removal project has been dump-
ing more than 300,000 lake trout carcasses in the deep 
waters of Yellowstone Lake annually for the last several 
years.  If we just dump a small portion of these on the 
lake trout spawning grounds we may be able to greatly 
reduce lake trout recruitment.  We will continue to re-
search this technique to determine minimum amount 
of carcass material necessary to cause mortality and if 
there are any drawbacks to dumping fish carcasses in 
relatively shallow water (1-30 meters in depth).

Summary
Additional fisheries research in Yellowstone Lake 

is complimenting studies on alternative suppression 
methods, by locating lake trout spawning areas and de-
lineating their outer margins. Finding ways to limit the 
number of lake trout eggs has great potential because 
lake trout have specific areas where they spawn. If we 
find a method that removes or destroys developing eggs, 
we could remove numerous lake trout from Yellowstone 
Lake by treating only a small portion of the lake. 

The search for suppression alternatives will continue 
as long as there is a need to remove lake trout. As gill-
netting removes more lake trout from Yellowstone Lake, 
the cutthroat trout population will increase, making by-
catch (the accidental catch of cutthroat trout) more of 
a concern. This bycatch issue emphasizes the need to 
find alternatives to gillnetting for future fisheries man-

Phil Doepke is a fisheries biologist working in 
Yellowstone National Park since 2003. Phil is a Yooper, 
born and raised in the Upper Peninsula of Michigan.  He 
studied Fisheries and Resource Management practices at 
Northern Michigan, Michigan State, Michigan Tech, and 
Utah State universities.  Previous employment locations 
have been the Ottawa National Forest, Bighorn National 
Forest, U.S. Fish and Wildlife Service in Marquette, MI, 
and the Great Lakes Indian Fish and Wildlife Commission.  
Most of his current work deals with the lake trout removal 
project in Yellowstone Lake.

agement. It is possible that the use of several methods to 
attack multiple developmental stages of lake trout will 
be the best strategy to allow the native cutthroat trout 
population in Yellowstone Lake to recover. 
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Perhaps no greater threat exists to public recre-
ation, infrastructure, and aquatic resources in the 
Greater Yellowstone Ecosystem (GYE) than that 

from aquatic invasive species (AIS). AIS are aquatic an-
imals, plants, and pathogens that can negatively impact 
ecosystems, industry, tourism, and even human health 
when they become established in waters outside of their 
historic range. Invasive species owe their success to tol-
erance for a wide variety of habitat conditions, rapid 
growth and reproduction, and the ability to compete ag-
gressively for resources. Given these characteristics, as 
well as a lack of natural predators and diseases in their 
new environments, AIS can rapidly overpopulate. When 
this occurs, they may drastically alter habitat, rendering 
it inhospitable for native aquatic species. The resulting 
ecological and economic impacts can be devastating. 

AIS may be spread unintentionally to new waters by 
hitchhiking on any type of gear or equipment that comes 
in contact with AIS-contaminated water or sediment. 
Of greatest concern are the motorized and non-motor-
ized watercraft transported to the Intermountain West 
annually from potentially infested waters all across 
North America (figure 1). Additionally, fishing gear 
and fire suppression equipment are some of the many 
vectors that inadvertently spread AIS. Aquatic invaders 
may also be introduced intentionally through illegal fish 
introductions and bait bucket releases known as “buck-
et biology,” and releases of household and classroom 
pets. Once AIS are established, there are few effective 
or inexpensive control measures—eradication is usually 
impossible. Therefore, preventing the spread of AIS is 
essential for conserving our aquatic resources, and the 
recreating public must assume an active role in these ef-
forts. 

Greater Yellowstone Ecosystem at Risk
The GYE is a nationally important hydrologic re-

source with over 27,000 mi. (43,500 km) of streams 

and numerous lakes totaling over 278,000 surface ac 
(112,500 ha). World-famous headwater tributaries, in-
cluding the Madison, Jefferson, Gallatin, Yellowstone, 
Bighorn, Wind, and Teton, give rise to the mighty Mis-
souri, Snake, and Green rivers, which ultimately flow 
into the Gulf of Mexico, Pacific Ocean, and the Gulf 
of California, respectively. Because AIS can disburse 
downstream in flowing waters, the GYE is of national 
strategic importance in the fight against aquatic invad-
ers. For example, AIS introduced into Yellowstone Lake 
could spread downstream into the Yellowstone River, 
its connected tributaries, and, ultimately, the Missouri 
River, threatening ecosystems, industry, and recreation 
along the way. 

The multitude of clear, cold, high elevation lakes and 
streams in the GYE support unique native aquatic spe-
cies assemblages. Some endemic species, like the Yel-
lowstone cutthroat trout, occur naturally nowhere else 
on earth. Historically, these native trout occupied about 
61 lakes regionally, with Yellowstone Lake (96,000 sur-
face ac [39,000 ha]) accounting for 78% of the overall 
area (Endicott et al. 2016). Within their historic range, 
80% of all currently occupied streams (8,000 mi.; 13,000 
km) occur within the GYE. Keeping AIS from invading 
these waters is essential for the long-term persistence of 
native species like cutthroat trout. 

Tourism is the main source of economic support for 
many communities in the Yellowstone area (Marcus et 
al. 2012). Visitors travel from around the world to ex-
perience blue-ribbon trout fishing, diverse wildlife, and 
pristine waters and shorelines found in wilderness ar-
eas. About 40,000 visitors fish in Yellowstone National 
Park each year. In 2002, these anglers valued fishing in 
and near the park at $172-$977 a day, which translates 
into a total value of $67.5-$385 million (Kerkvliet et al. 
2002). By physically altering habitat complexity, food 
webs, and reducing the amount and quality of food 
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available, an AIS outbreak could have an immense im-
pact on visitor use and enjoyment of waters and local 
economies. 

High Priority AIS Species
Species considered by managers to pose the greatest 

risk to ecologic, recreational, and economic values in 
the GYE include zebra and quagga mussels, Asian clams, 
Asian carp species, Eurasian watermilfoil, hydrilla, flow-
ering rush, whirling disease, and viral hemorrhagic sep-
ticemia. Zebra and quagga mussels, collectively called 
dreissenids, are of particular concern given their ability 
to attach to watercraft, survive many days out of water, 
and cause irreparable harm. Once established, these ef-
ficient filter feeders can significantly reduce the biomass 
of phytoplankton, the foundation of aquatic food webs 
(Nichols and Hopkins 1993, Caraco et al. 1997). Dreis-

senid mussels have the ability to rapidly colonize hard 
surfaces (U.S. Geological Survey 2016), thus blocking 
water supply pipes of power and water treatment plants, 
irrigation systems, and industrial facilities. In addition, 
mussels can impact recreation activities and associated 
economies by covering docks, boats, and beaches (fig-
ure 2). The Idaho Aquatic Nuisance Species Task Force 
(2009) estimated the potential economic impacts to 
infrastructure and recreation from a dreissenid intro-
duction would be in excess of $94 million. Fortunately, 
dreissenid mussels are not yet present in the GYE due 
to proactive watercraft inspection and decontamination 
programs. 

 While opinions differ regarding which AIS are a pri-
ority, every AIS is capable of spreading and causing ir-
reparable harm. The Greater Yellowstone Coordinating 
Committee AIS database lists 5 sites in the GYE with 

Figure 1. Origins of watercraft surveyed in Montana during 2015 (by zip code; Montana Fish, Wildlife & Parks 2015). 
Because aquatic invasive species exist in many of these locations, inspections are required to prevent their introduction 
into Greater Yellowstone Ecosystem waters.
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American bullfrogs, 46 sites with curly-leaf pondweed, 
16 sites with Eurasian watermilfoil, and 37 sites with New 
Zealand mudsnails. These AIS are continuing to spread; 
as a result, their full impact on aquatic ecosystems has 
yet to be realized. Moreover, several pathogens, includ-
ing chytrid fungus and ranavirus, also threaten native 
amphibians in the ecosystem. Therefore, it is imperative 
the public and local, state, and federal agencies be vig-
ilant for any suspicious plant, animal, or pathogen and 
take a broad, multispecies prevention approach. 

Protecting the Greater Yellowstone 
Ecosystem’s Waters 

Simply draining, cleaning, and drying all equipment 
that comes in contact with any waterbody provides a 
high degree of certainty AIS will not spread. As simple 
as these three steps seem, their broad cultural accep-
tance and strict adherence is yet to be realized. Re-
sponsibility for leading AIS prevention and manage-
ment efforts falls to the states of Idaho, Montana, and 
Wyoming; numerous counties; Yellowstone and Grand 
Teton national parks; five national forests; three national 
wildlife refuges; and the Bureau of Land Management. 
Together, these entities with assistance from nonprofit 
organizations coordinate, prioritize, fund, and imple-
ment projects within the GYE through participation in 
the Greater Yellowstone Coordinating Committee AIS 

Cooperative (http://www.fedgycc.org/subcommittees/
aquatic-invasive-species-cooperative). Public outreach, 
watercraft inspections, and early detection survey and 
monitoring are the cornerstones of cooperators’ AIS 
programs. 

Watercraft Inspection Programs
Watercraft inspections are the most widely used tool 

for preventing the movement of AIS (Elwell 2015). Most 
western states as well as some national park units, local 
governmental entities, and others are operating stations 
where boat owners are required to stop for inspection. 
Although there are variations in program authorities 
and implementation, all watercraft inspection programs 
include a careful examination to determine if a water-
craft and trailer are transporting suspected AIS. 

The two most common approaches to conducting in-
spections are at geographic borders (or roadside) and at 
waterbodies. Border (roadside) inspection stations are 
typically used to prevent AIS from entering a defined 
geographic area. These programs use a series of inspec-
tion stations placed at entries to an area, and all water-
craft are required to stop for an inspection. In addition, 
these boat inspections provide an opportunity for pub-
lic outreach about AIS.

Inspections at a waterbody typically address one of 
two management scenarios: containing existing AIS 
within a waterbody or preventing AIS from entering a 
waterbody. Within the western region, a concerted ef-
fort has been made to standardize watercraft inspection 
programs to allow for greater protection of aquatic re-
sources, improve boater-inspection experience, and 
improve the management of watercraft inspection pro-
grams. For watercraft that do not pass inspection, es-
tablished decontamination procedures are used that in-
clude lowering boat motors and pulling drain plugs (to 
remove all water), using a hot pressure washer to clean 
all surfaces, followed by a period that ensures the water-
craft is allowed to dry.

GYE Inspection Program Results
Presently, there are 12 permanent watercraft inspec-

tion stations within the GYE (figure 3). With a few ex-
ceptions, these stations are located along roadways and 
operated seasonally. In addition, there are 37 inspection 
sites intermittently staffed with roving crews, typical-
ly located at high-use boat launch sites. During 2015, 
19,821 inspections were conducted among all perma-

Figure 2. Quagga mussels can completely cover any ob-
ject below the water’s surface including this compact disc.  
PHOTO © L. ELWELL

http://www.fedgycc.org/subcommittees/aquatic-invasive-species-cooperative
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nent and roving check stations. Inspected watercraft 
originated from all 50 states, southern provinces of 
Canada, and even Mexico, Costa Rica, and France. Less 
than 1% of inspected watercraft had standing water or 
attached vegetation or organisms that required decon-
tamination. The majority (69%) of watercraft in Wyo-
ming that required decontamination had standing water 
in the motor that could potentially be harboring AIS 
(Wyoming Game and Fish Department 2015). 

Inspectors at the Highway 87 station in Idaho inter-
cepted a mussel-fouled boat in 2015 that required de-
contamination. The majority of boats coming from 
mussel-infested waters originated in Lake Powell, locat-
ed in Arizona and Utah. The effectiveness and efficiency 
of watercraft inspection stations across the west is rising 
with increased coordination. As an example, over 60% 
of mussel-fouled boats intercepted by the state of Idaho 
in 2015 were due to notification from state and regional 
partners (Idaho State Department of Agriculture 2015). 
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Protect Your Waters – Drain, Clean, Dry!
The potential ecological, social, and economic impacts 

from AIS invasions are devastating and irreversible. 
Thus, neither the public nor their agency servants can 
afford to sit back and consider defeat inevitable, espe-
cially in the GYE. Everyone needs to acknowledge the 
potential for water-based activities to spread AIS and 
accept responsibility for draining, cleaning, and drying 
waders, nets, motorboats, jet skis, canoes, kayaks, float 
tubes, and other equipment before moving to new wa-
ters. These simple actions will protect our aquatic eco-
systems, water-based economies, and activities for our-
selves and future generations. 
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providing public education focused on aquatic ecosystem 
function and management.   Clint is currently the chair 
of the Greater Yellowstone Coordinating Committee 
AIS Cooperative.  He has BS and MS degrees in Fish and 
Wildlife Management from Montana State University in 
Bozeman, Montana. 
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KINGDOM:  Animalia

PHYLUM:  Chordata

CLASS:  Actinopterygii

ORDER:  Salmoniformes

FAMILY: Salmonidae

GENERA: Oncorhynchus, Salmo, 
Salvelinus

SPECIES: Oncorhynchus clarki, 
Oncorhynchus mykiss, Salmo 
trutta, Salvelinus fontinalis, 
Salvelinus namaycush

COMMON NAMES: Cutthroat 
(native), rainbow, brown, 
brook, lake, char

CUTTHROAT TROUT: Named 
for the red slash along their jaw

AVERAGE LIFE SPAN :  
Cutthroat/rainbow/brown/
brook trout: 6-12 years

OLDEST DOCUMENTED FISH 
IN YNP: Cutthroat trout: 16 
years. Lake Trout: 26 years

OLDEST DOCUMENTED LAKE 
TROUT: 62 years (Canada)

CAUSES OF MORTALITY: 
predation, disease, 
environmental factors

SEX RATIO: Typically 1:1 but 
can vary greatly.

COLORATION: Fish can change 
colors (darken or lighten) to 
blend in with the environment. 
Spawning fish are typically more 
brightly colored. Cutthroat 
trout turn deep orange and red 
on the belly, while brown and 
brook trout develop colorful 
spotting patterns along their 
sides. Males are often more 
brightly colored than females. 

HIGHEST POTENTIAL JUMP: 
Rainbow trout can jump up to 5 
times their body length. 

ADULT LENGTH: Cutthroat 
trout 8-24”, brook trout 5-18”, 
lake trout 16-40”

BODY TEMPERATURE: Trout 
are cold-blooded; their body 
temperature is the same as 
the environment. Trout are 
most successful in water 
temperatures ranging from 0-20 
degrees C.  They can survive in 
warmer temperatures but do 
not thrive.

RESPIRATION: Trout are gill 
breathers. Gills are filled with 
blood vessels which exchange 
oxygen and carbon dioxide as 
water passes over them.

VISION:  Outstanding. Trout can 
focus their eyes in two different 
directions at the same time, and 
they see in color.  Trout cannot 
blink.

HEARING: Hearing occurs 
in the inner ear; there is no 
external or middle ear.

OTOLITHS: Composed of 
calcium carbonate, these small 
ear bones are used in sound 
detection but, similar to human 
ear bones, also provide balance, 
movement, and directional 
indicators. Otoliths can be read 
like tree rings to determine age.

SCALES: As with otoliths, 
growth patterns on scales can 
be used to determine age.

LATERAL LINE: Fish have an 
extension of their hearing 
system built into their “lateral 
line,” a series of organs 
dispersed down the length 
of their bodies that sense 
vibrations, allowing them to 
detect movements in the water 
near them.

FISH “SLIME”: Reduces friction, 
protects fish from fungus, 
bacteria, and some parasites, 

DORSAL SIDE

VENTRAL SIDE

Yellowstone
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aids in regulation of internal 
fluid, salt levels, and gas 
exchange.

OTHER SENSES: Olfaction 
(smell) is accomplished by 
passing water through the 
nares (nostrils) over nasal sacs. 
This is important for feeding, 
spawning, predator avoidance, 
and natal homing. 

AIR BLADDERS: Trout are 
physostomes, meaning they 
can rapidly fill or empty their 
bladder by gulping or expelling 
air. As a result trout bladders 
will not burst when ascending 
through water quickly. 

GROWTH: Indeterminate 
growth capabilities (fish 
continue to grow throughout 
their lives).

FEEDING HABITS: Trout 
spend 80% of the day foraging 
for food. However, foraging 
activities are reduced when 

water temperatures are too 
warm or too cold. 

PRIMARILY FEED ON: Aquatic 
invertebrates, zooplankton, and, 
at times, other fish     

GENETICS: Some species are 
genetically similar enough to 
hybridize (interbreed) with one 
another, while others do not 
naturally hybridize.

SPAWNING LOCATIONS: 
Cutthroat, rainbow, brook, and 
brown trout spawn in gravel/
sand with moderate stream 
flow; lake trout spawn in lakes 
in cobble-sized substrate.

SPAWN TIMING: Cutthroat 
trout and most rainbow trout 
spawn in spring as water 
temperatures rise, starting at 
about 5 degrees Celsius (C). 
Brown, brook, and lake trout 
all spawn in the fall as water 
temperatures drop. Some trout 
in the Firehole River spawn in 
winter months, a shift caused by 
the thermally influenced waters. 

INCUBATION TIME: Varies 
greatly depending on water 
temperature. Cutthroat trout 
average 4-5 weeks at 11 degrees 
C.

NUMBER OF EGGS PER 
FEMALE: Can vary greatly, but 
general rule of thumb is 1,000 
eggs per kg of body weight.

FISHABLE WATERS: At one 
time, 48% of park waters were 
fishless. There are currently 45 
lakes and over 200 streams in 
the park that are now fishable. 

FISHING PERMITS: About 
40,000 fishing permits are 
issued annually in Yellowstone 
National Park.

LIFE HISTORY: Resident 
fish live their entire life in 
tributaries. Fluvial fish spawn 
in small tributaries but migrate 
to larger rivers to grow and 
mature. Adfluvial fish spawn in 
streams but migrate to lakes to 
grow and mature. 

Trout Facts



Fly Fishing Volunteers Support Native Fish 
Conservation in Yellowstone 
Colleen R. Detjens, William Voigt, Joann Voigt, & Todd M. Koel
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The Yellowstone Fly Fishing Volunteer Program 
was conceived in 2002 as a way Yellowstone’s 
biologists could acquire information about fish 

populations without having to travel to distant loca-
tions throughout the park and sample the populations 
themselves using electrofishing or other sophisticated 
gear. Yellowstone National Park contains an estimat-
ed 4,265 km (2,650 mi.) of streams and more than 150 
lakes, many of which support native fish populations 
that could be monitored; however, emerging resource 
concerns such as the invasion of non-native lake trout 
and whirling disease occupy progressively more time 
and financial resources of the park’s fisheries program. 
As a way to sample fish populations and address fisher-

ies issues park biologists would otherwise not be able to 
do, the fly fishing volunteers use angling to gather and 
archive information and biological samples.  

Each year, a list of projects is developed by park biol-
ogists, so volunteers can focus their efforts. In its early 
years, the program was led by Timothy Bywater, an avid 
fly fisher and supporter of Yellowstone’s native fish con-
servation program. William Voigt, also an avid fly fisher, 
joined the program in 2004 and eventually took over the 
job of program coordinator. Over the years, hundreds 
of fly fishers have volunteered with the program. These 
volunteers are important to the conservation of Yellow-
stone’s native fish in a myriad of ways. They provide 
data and collect samples in important project areas, as 

Flyfishing volunteer anglers (left to right) Ryan Kane, Matt Laliberte, Rob LaRocque, and Bob Liepsner.  
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well as in areas we may not know much about. They also 
play an important role in communicating with the pub-
lic. They interact with tourists and other fly fishers on a 
regular basis and are able to discuss important topics, 
such as park fishing regulations, the reasoning behind 
some of the more controversial restoration projects, 
and why native fish are an important resource in Yel-
lowstone.  

How They Contribute
The volunteer fly fishing program attracts anglers from 

all across the United States, many of whom choose to 
come back year after year. Since the start of the program, 
914 volunteers have contributed almost 23,000 hours to 
support native fish conservation in Yellowstone (figure 
1). Of the 914 volunteers, 309 have returned for more 
than one season. These volunteers perform a wide range 
of duties in assisting the Yellowstone fisheries program, 
providing everything from logistical support to exten-
sive sample collection.  Collectively, program volunteers 
have sampled 7,000 fish since 2002 via angling. Data 
collected from each fish is recorded on datasheets and 
archived in computer databases. Along with fish lengths, 
weights, condition, and other basic data, volunteers also 
collect biological samples to be later processed in a lab-
oratory. For example, volunteers have been integral in 
collecting genetic samples from various locations. Most 
notably, the samples they collected from the Lamar Riv-
er and Slough and Soda Butte creeks aided park man-
agers in understanding the extent of cutthroat trout 
hybridization in these drainages, thus contributing to 
subsequent management decisions. Other genetic sam-
pling efforts across the park have been used to confirm 
or dismiss the presence of hybridization in a population, 
again aiding park biologists in management decisions. 

Between 2007 and 2014, volunteers collected 263 ge-
netic samples from the Slough Creek drainage alone. 

The volunteer fly fishers also provide invaluable sup-
port for fish tagging projects, such as those conducted 
on the Gibbon and Lamar rivers. These projects pro-
vide information on the life history and movement of 
species, such as Arctic grayling (Gibbon River) and rain-
bow trout and cutthroat rainbow trout hybrids (Lamar 
River and Slough and Soda Butte creeks). The collection 
of fish large enough to tag and for insertion of the tag 
itself can be an arduous process. During 2015, the vol-
unteer fly fishing program caught and tagged approxi-
mately 220 fish in the Lamar River system. With the help 
of the volunteer program, biologists and collaborating 
graduate students were able to work more efficiently 
and effectively, ultimately providing managers with the 
best data possible.

Since the start of the program, volunteers have also 
assisted with several other projects, including removal 
of non-native species, evaluation of fish barrier efficacy 
and success, a study to determine injury and mortality 
rates when using barbed versus barbless hooks, surveys 
to determine species composition, and logistical sup-
port for large multi-agency projects. 

Their Role with the Public
In addition to providing valuable data, samples, and 

assistance to the fisheries program, volunteer fly fish-
ers play an important role with the public. The program 
itself gives dedicated anglers a chance to contribute 
to fish conservation efforts in a positive way. Through 
their role as volunteers, they are able to positively in-
teract with the public and demonstrate their passion 
for native fish and the importance of protecting these 
species. Volunteer fly fishers promote an understanding 
of the park’s fishing policies and regulations, and gener-
ate awareness of the current issues facing Yellowstone’s 
native fish. Passionate and informed supporters such as 
these are an important contribution to the success of 
native fish conservation in Yellowstone. 

Shared Experiences
Over the years the Yellowstone Fly Fishing Volunteer 

Program has been in existence, there have been many 
experiences shared among the coordinators and par-
ticipating volunteers. Notes are taken by the volunteer 
coordinator during field outings with volunteers; below 
are three examples of those notes. 

Figure 1. Number of Fly Fishing Volunteers with hours 
contributed and fish caught in Yellowstone National Park, 
2002-2016.
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Cache Creek
 “Today, August 11, 2005, we hiked 3 miles up the Lamar 

River Trail to collect genetic samples from the Cutthroat 
Trout in Cache Creek. It started bright and sunny but as 
the afternoon progressed many thunderstorms passed 
around us. We fished a half mile of the stream and took 
fin clips and scale samples from 20 fish. There wasn’t any 
hatch but fish rose to our hopper and caddis patterns. 
With more storms threatening, we headed back down the 
trail to the parking lot. It was obvious that it had rained 
hard along the Soda Butte Creek because the trail and the 
creek were muddy.

As we loaded our gear into our van, two park ranger cars 
blocked us in and the rangers demanded to see our licens-
es and fish. They had a report of six people catching fish 
and keeping them in yellow buckets up on Cache Creek. 
After some explanation of the program, one of the rangers 
remembered fishing with Tim Bywater the previous year.

One of our volunteers was quite a large lad with a vora-
cious appetite and had brought half of a pork roast in his 
pack for lunch. We teased him that one of the rangers was 
eyeing him up to decide how to take him down if he was to 
run. We all chuckled.

The Lamar valley is becoming one of our favorite places 
in the park. The broad vistas of the valley are quite spec-
tacular! We saw bison, pronghorns, and a coyote as well 
as a kestrel hunting in the meadows. It was great day!”

High Lake
“High Lake was the first body of water recently reclaimed 

for West Slope [sic] Cutthroat Trout. Now, two years later 

Colleen Detjens (see page 27) 

in August 2009, we were going to High Lake for two days 
of fishing for West Slope [sic] Cutthroat Trout. This was 
our first horse-packing trip in the park and we all were 
excited. Our volunteers were so eager that they willingly 
rented their own horses and brought their own supplies 
and equipment. We were to weigh and measure every fish 
we caught.  We were also to record whether the adipose fin 
had been clipped. That would indicate that they had been 
stocked as fingerlings. If the adipose fin was intact, they 
had hatched from egg boxes put in the spring feeding the 
lake or from natural reproduction.

It was a ten mile ride up to the lake on top of the moun-
tain very close to the northwest border of the park. We set 
up camp and then started fishing. We caught many fish in 
the 11 to 11 ¾ inch range with their adipose fin clipped; 
so many so that a competition was occurring to see who 
would catch the first 12 inch fish. However, several small-
er fish were caught with their fins intact. The lake and its 
fish seemed to be doing well; we caught 67 fish over the 
course of two days.

The days were pleasant, but the nights were very cold. 
Hot chocolate was welcome in the morning. And no one 
caught that 12 inch fish.”

Pelican Creek
“Our destination in July 2011, was Pelican Creek. We 

hiked 1.5 miles up the trail to the creek with 2 volunteers. 
The creek had been closed for seven years because of the 
discovery of whirling disease and had just been reopened. 
We were to sample the Yellowstone Cutthroat trout popu-
lation to see how their recovery was progressing. During 
the course of the sunny day, we saw a few elk, a grizzly 
bear, a small herd of bison, a Trumpeter swan, and a 
Swainson’s hawk. Fishing was slow, but we caught two 
19” cutthroat trout obviously up from the lake to spawn. 
On our way out, one of our volunteers turned to us, and 
even though he didn’t catch any fish, he said, ‘Thank you. 
You took me to a beautiful place I would never have seen 
on my own.’ 

Several days later we went back up Pelican Creek 
with writer Nate Schweber and caught several 5-6 inch 
healthy-looking Yellowstone Cutthroat trout. Schweber 
dedicated the final chapter of his book, Fly Fishing Yel-
lowstone National Park, to the recovery of Pelican Creek.”

William Voigt joined the volunteer fly fishing program in 
2004 and jointly coordinated the program with Timothy 
Bywater until 2008. Bill Voigt and his wife Joann contin-
ued to recruit and lead volunteer anglers each summer 
from 2008-2016. 



Where People Can Catch Trout, & 
Trout Can Catch People 
Nate Schweber
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There were more than 4 million visits to Yellow-
stone National Park in 2016, all drawn by the 
same want—to better know the wonders of our 

natural world. And what better place to meet nature’s 
best ambassadors? Yellowstone is well-known for its 
animals, such as grizzly bears, bison, wolves, elk, and ea-
gles. Yet among these ambassadors, one species stands 
out as the best: trout. Hear me out, non-anglers. Of all 
the game animals in Yellowstone, the only ones people 
are welcome to make a physical connection with are 
trout (I’m including in my thesis brook trout and lake 
trout, technically char, and also their cousins, Arctic 
grayling and mountain whitefish). 

Think of the reciprocation in that ceremony. A person 
wrangles, touches, lifts, and studies a wild animal, from 
the mercurial colors of its speckled sides to the obsidian 
triangles in its eyes. If the trout is non-native, under the 
right circumstances the angler can eat it—a communion 
with Yellowstone. Native trout, however, always must be 
let go. Then each release becomes a human lesson in the 
magnanimity of restraint, a concept with wide-reaching 
implications for our changing earth. 

But for this ceremony to happen, for the lessons to be 
learned, trout must first be preserved. Native trout are 
the most imperiled. For their sake, Yellowstone officials 
have taken some of the bravest and most proactive steps 
in conservation history.

When Yellowstone cutthroat trout in Yellowstone 
Lake dropped to dangerously low levels in the mid-20th 
century, the park set strict angler limits. When these 
native cutthroats were killed in even more devastating 
numbers by illegally-introduced lake trout in the early 
21st century, officials began using boats to net lake trout. 
To-date, this ambitious netting campaign has removed 
more than two million of the non-natives. Slowly, native 
cutthroats are returning.

On the sunset side of the Continental Divide, Yellow-
stone biologists led by Todd Koel recently restored pop-
ulations of another native trout gone for nearly a cen-
tury—westslope cutthroat. Ambitious hikers can climb 
to High Lake and find westslope cutthroats cruising teal 

waters deep in the Gallatin Range. Cyclists can pedal to 
Goose Lake, a short ride from steaming Midway Geyser 
Basin, to find westslope cutthroat. Soon, people will be 
able to once again catch westslope cutthroat and sail-
finned Arctic grayling in Grayling Creek. That’s wel-
come news for anglers, for the rare grayling, and for the 
veracity of maps.

Recently, Yellowstone set rules requiring anglers to 
automatically kill non-native trout in certain imperiled 
waters. While controversial, the decision sent a power-
ful message throughout the National Park Service about 
the urgency of protecting native trout and, by extension, 
all animals that coexist with them. By setting this prec-
edent, Yellowstone saved steelhead in Washington’s 
Olympic National Park, bull trout in Montana’s Glacier 
National Park, Bonneville cutthroat trout in Nevada’s 
Great Basin National Park, and brook trout in North 
Carolina and Tennessee’s Great Smoky Mountains Na-
tional Park.

One million years of mankind’s exploratory and 
intellectual effort led to the creation of Yellowstone 
National Park—the world’s first national park, the 
best idea from the best country in history. The next 
million years will be shaped for the better if Yellowstone 
remains a place where people can catch trout, and trout 
can catch people. 

Nate Schweber is the 
author of “Fly Fishing in 
Yellowstone National Park: 
An Insider’s Guide to the 
50 Best Places.” A freelance 
journalist, his work has 
appeared in the New York 
Times, Al Jazeera America, 
and Montana Quarterly. 
Born and raised in Missoula, 
Montana, he now lives in 
Brooklyn, New York. Nate 
spent the summers of 
1997 and 2011 working in 
Yellowstone. 



Birds & Mammals that Consume 
Yellowstone Cutthroat Trout in Yellowstone 
Lake and Its Tributaries 

Daniel J. Bergum, Kerry A. Gunther, & Lisa M. Baril
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Yellowstone Lake in Yellowstone National Park 
(YNP) contains the largest inland population 
of Yellowstone cutthroat trout (Oncorhynchus 

clarkii bouvieri) in North America (Behnke and Tomell-
eri 2002). Historically, these native trout provided food 
for a variety of wildlife. In 1994, however, park man-
agers discovered non-native lake trout (Salvelinus na-
maycush) had been surreptitiously introduced into the 
lake. Their numbers increased rapidly and, in turn, their 
piscivorous (i.e., fish eating) food habits became a sig-
nificant threat to the Yellowstone cutthroat trout popu-
lation (Koel et al. 2005). In addition, the non-native par-
asite (Myxobolus cerebralis) that causes whirling disease, 
a significant cause of juvenile mortality, was discovered 
in tributaries to Yellowstone Lake during 1998 (Koel 
et al. 2006). Plus, a recent period of drought reduced 

the survival and recruitment of juvenile cutthroat trout 
(Koel et al. 2005). These combined effects caused a 90% 
decline in the cutthroat trout population in Yellowstone 
Lake (Koel et al. 2005). 

Lake trout are not a suitable ecological substitute for 
cutthroat trout in the Yellowstone Lake system. Lake 
trout inhabit deeper waters and, unlike cutthroat trout, 
do not move into tributary streams to spawn; therefore, 
lake trout are inaccessible to many avian and terrestri-
al predators (Koel et al. 2005). Although lake trout do 
move into shallow waters of the lake to spawn, they 
often spawn at night which makes them unavailable 
to shallow water avian predators with diurnal habits. 
Spawning cutthroat trout migrate throughout the day 
and night (Gresswell 2011), which makes them vulnera-
ble to nocturnal, crepuscular, and diurnal shallow water 
predators.

NPS PHOTO - D. BERGUM
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The decline in cutthroat trout could have negative 
consequences on the reproduction and survival of birds 
and mammals that consume them in the Yellowstone 
Lake watershed. We reviewed available literature 
to determine which predator and scavenger species 
are known to prey on or scavenge cutthroat trout in 
Yellowstone Lake or its tributaries and, as a result, 
might be adversely affected by the decline in cutthroat 
trout. Our literature review included all 221 bird and 67 
mammal species known to inhabit YNP (see www.nps.
gov/yell/learn/nature/ to view species checklists for the 
park).

We identified 20 species, including 16 birds and 4 
mammals, which prey on or scavenge cutthroat trout 
in Yellowstone Lake or its tributaries (table 1). The bird 
species known to prey on cutthroat trout include osprey, 
American white pelican, Caspian tern, double-crest-
ed cormorant, belted kingfisher, common merganser, 
eared grebe, great blue heron, California gull, bald ea-

Table 1. Mammals and birds known to consume Yellowstone cutthroat trout in Yellowstone Lake and its tributaries, 
Yellowstone National Park.

Animal Genus/Species Source

Mammals

American black bear Ursus americanus Reinhart and Mattson 1990, Haroldson et al. 2005, Fortin et al. 2013

Grizzly bear Ursus arctos Reinhart and Mattson 1990, Haroldson et al. 2005, Fortin et al. 2013

Mink Mustela vison
P. Bigelow, Yellowstone Fisheries and Aquatics Program, personal communication 
2014

River otter Lutra canadensis Crait and Ben-David 2006

Birds

American dippera Cinclus mexicans Varley and Schullery 1983, McEneaney 2002

American white pelican Pelecanus erythrorhynchos Davenport 1974, McEneaney 2002

Bald eagle Haliaeetus leucocephalus Davenport 1974, Swenson et al. 1986, McEneaney 2002

Barrow’s goldeneye Bucephala islandica Davenport 1974

Belted kingfisher Megaceryle alcyon Davenport 1974

Bufflehead Bucephala albeola Davenport 1974

California gull Larus californicus Davenport 1974, McEneaney 2002

Caspian tern Hydroprogne caspia Davenport 1974, McEneaney 2002

Common loon Gavia immer Davenport 1974, McEneaney 2002

Common merganser Mergus merganser Davenport 1974

Common ravenb Corvus corax Heinrich 1999, McEneaney 2002

Double-crested 
cormorant

Phalacrocorax auritus McEneaney 2002 

Eared grebe Podiceps nigricollis Davenport 1974

Great blue heron Ardea herodias Davenport 1974

Great horned owlc Bubo virginianus McEneaney 2002

Osprey Pandion haliaetus Davenport 1974, Swenson 1978, McEneaney 2002

a American dippers forage on Yellowstone cutthroat trout fry and eggs.
b Common ravens scavenge Yellowstone cutthroat trout and other fish carcasses, but do not generally forage for fish. 
c This is based on one observation of a great horned owl catching and consuming a trout in Yellowstone, but is not likely a common occurrence. 
Fish are not part of its typical diet. 

gle, common loon, American dipper, Barrow’s golden-
eye, bufflehead, common raven, and great horned owl. 
In addition, four species of mammals—American black 
bear, grizzly bear, mink, and river otter—have been 
documented preying on cutthroat trout in Yellowstone 
Lake or its tributaries. The cutthroat trout decline has 
likely affected each of these species differently, due to 
their varied feeding habits and lifestyles.

Although the decline in cutthroat trout in Yellowstone 
Lake probably has caused some disruption in the food 
supply for all 20 of these species, the greatest impacts 
have been incurred by five species: osprey, American 
white pelican, Caspian tern, double-crested cormo-
rant, and river otter. Nesting success for ospreys, cor-
morants, American white pelicans, and Caspian terns 
has decreased over the last 20 years, coinciding with 
the period of cutthroat trout decline (Smith et al. 2012, 
2013, Baril et al. 2013). The only known nesting area 
for Caspian terns, American white pelicans, and dou-

http://www.nps.gov/yell/learn/nature/
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ble-crested cormorants in YNP is on the Molly Islands 
in the Southeast Arm of Yellowstone Lake. The reduced 
availability of cutthroat trout and lack of an alternative 
prey source means these species have to travel farther to 
find food, which in turn likely reduces nesting success 
and increases the energetic costs of foraging with possi-
ble consequences to survival.

The river otter has also incurred significant impacts. 
Crait and Ben-David (2006) found little evidence otters 
could switch to feeding on introduced lake trout as an 
alternative prey to cutthroat trout. Lake trout are abun-
dant and lipid rich, but are generally found in deep water 
beyond the foraging depth range of otters (Ben-David 
et al. 2000). Although longnose suckers (Catostomus ca-
tostomus) are a slow moving species, grow to a large size, 
and are obligate stream spawners (Brown and Graham 
1954), they are less abundant (Stapp and Hayward 2002) 
and of lower energetic value (Ruzycki et al. 2003) than 
cutthroat trout. Therefore, longnose suckers are not an 
equivalent alternative prey for otters (Crait and Ben-Da-
vid 2006). The decline in the cutthroat trout population 
in combination with the inaccessibility of lake trout and 
lower abundance and energetic return of alternative 
prey is expected to reduce the population density of ot-
ters in Yellowstone Lake (Crait and Ben-David 2006). 

Grizzly bears, black bears, and bald eagles with home 
ranges around Yellowstone Lake have exhibited dietary 
flexibility and switched to other foods, limiting the po-
tential nutritional stress caused by the loss of cutthroat 
trout as a food item. Bears are opportunistic omnivore 
generalists that feed on many species of plants, fungi, 
mammals, insects, birds, and fish. Fortin et al. (2013) 

found evidence that bears with home ranges adjacent 
to Yellowstone Lake may now be preying more on elk 
calves during the time period when they used to fish for 
cutthroat trout. Bald eagles appear to have compensated 
for the decrease in cutthroat trout by preying more on 
waterfowl (Baril et al. 2013). Like bears, the California 
gull and common raven are also opportunistic omnivore 
generalists (Davenport 1974, McEneaney 2002) capable 
of eating many different foods, thereby minimizing the 
impacts of the cutthroat trout decline.

In the past, cutthroat trout comprised a large portion 
of the diets of common loons, common mergansers, 
eared grebes, great blue herons, and belted kingfishers 
around Yellowstone Lake (Davenport 1974). However, 
except for the common loon, the reproduction and nest-
ing success of these species has not been monitored. As 
a result, the impacts of cutthroat trout decline on these 
species are not known. The number of adult common 
loons observed in YNP appears stable, although nesting 
pairs and fledglings have decreased since 1987 (Smith et 
al. 2012). As of 2014, one-third of the park’s 29 loons 
nested and foraged on Yellowstone Lake. Loons in YNP 
are of special concern since they represent nearly 64% 
of all loons in Wyoming and are isolated from other 
populations by more than 200 miles (Evers et al. 2013).

Cutthroat trout comprise a minor component of the 
diets of mink (Lariviere 2003, Melquist et al. 1981), 
American dippers, Barrow’s goldeneyes, buffleheads 
(Davenport 1974), common ravens, and great horned 
owls (McEneaney 2002). Therefore, the impact of the 
cutthroat trout decline on the reproduction and survival 
of these species is likely minimal.

The cutthroat trout is an iconic and important species 
due to its place in the food web in Yellowstone and the 
Greater Yellowstone Ecosystem. Park managers are at-
tempting to restore cutthroat trout in Yellowstone Lake 
and its tributaries through an aggressive lake trout re-
moval program. If this program results in a significant 
long-term reduction in predatory lake trout, native cut-
throat trout may reestablish at higher numbers in Yel-
lowstone Lake and its tributary streams, and once again 
become an important dietary item for the birds and 
mammals that feed on this resource in the Yellowstone 
Lake watershed.

For an expanded version of table 1 which includes 
all known, suspected, and possible species that con-
sume Yellowstone cutthroat trout, please visit go.nps.
gov/who_eats_YCT

NPS PHOTO - J. PEACO
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go.nps.gov/bearspray

A bear doesn't care 
if you're stocking  

fish eggs. 

Carry bear spray. 
Know how to use it.

Be alert Make noise. Hike in groups. Do not run.

http://www.go.nps.gov/bearspray


A DAY IN THE FIELD
Of Mice and Hantavirus

Sarah Haas
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Yellowstone’s northern range, undoubtedly one of 
the prime wildlife viewing spots in North Amer-
ica, harbors impressive bison herds, wolf packs, 

and meandering bears. Visitors are likely to depart from 
the park’s northern lands with at least one, if not more, 
checks on their wildlife card.

Beneath the awe of the large herds and charismat-
ic megafauna lives a quiet, hidden life. The world of the 
bottom of the food chain is not as glamorous or appre-
ciated as some of Yellowstone’s other attractions, but is 
no less as important. The small mammal communities 
of the northern range include species such as the deer 
mouse, bushy-tailed woodrat, and several kinds of voles 
and shrews. For every bison or wolf, there are probably 
thousands of these small animals, running over the land-
scape and providing a whole slew of ecological services: 

soil enrichment, predator nutrition, enhancing vegetative 
diversity, etc.

Some of my days in the field have been devoted to the 
large, captivating wildlife species that attract millions of 
visitors each year. In August 2015, I devoted a couple of 
days to learning about the wildlife that don’t receive much 
press, unless it is bad press. Accompanied by Jessica Rich-
ards of the park’s Wildlife Health Program, we spent one 
afternoon setting up live traps around the historic Lamar 
Buffalo Ranch to gather information on the prevalence of 
hantavirus in small mammal communities in that part of 
the park. 

Rodents are natural reservoirs of hantaviruses, which 
can cause hantavirus pulmonary syndrome in humans, 
a rare but potentially deadly respiratory disease. Deer 
mice (Peromyscus maniculatus) are common in the park 

NPS PHOTO - N. HERBERT
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and a primary host for transmitting hantavirus, if they 
are infected. Many rodents, but especially deer mice and 
woodrats, take advantage of human structures such as 
barns and old cabins to gain protection from predators 
and improved shelter opportunities. The Lamar Buffalo 
Ranch was an ideal location to trap and assess the rodents 
living in the area.

Using peanut butter and oats, along with some cotton to 
keep the rodents warm once inside the traps, we laid out 
a grid of 120 traps surrounding the main barn and cor-
rals. The next morning we carefully gathered up the traps, 
noting which traps were empty and which held a resident. 
Over 75% of the traps caught a rodent…sometimes two 
in one trap! Processing that many individuals was a mar-
athon, and once started we did not stop until all the traps 
were empty and every capture was released back into the 
wild.

Jess Richards was the conductor of the processing oper-
ation, running the program with the skill and speed that 
only comes with handling thousands of small mammals. 
Pat Strong, another volunteer, and I provided back-up 
logistics: data recording, equipment preparation, trap 
stacking and rearranging, and finally releasing the rodents 
in the surrounding sagebrush. 

From start to finish, nearly 3 hours passed between the 
first capture and mouse #92. All were deer mice, with the 
exception of one montane vole. Each rodent was checked 
for age, sex, reproductive status, and weight. Ear tags 
were placed on each individual, unless already present 
from a previous capture operation; a small blood sample 
was collected; and the animal was released. 

Why the need for all this data? Hantavirus is a zoonot-
ic disease, meaning it can pass from animals to humans. 
Rodents carry and can transmit the virus without detri-
mental impacts to themselves. For a human, however, 
infection can be fatal. The primary way a human can be 
infected is through inhaling airborne dust particles con-
taminated with saliva, urine, and/or feces from infected 
rodents. Early signs of infection include flu-like symp-
toms (fatigue, fever, aches, abdominal pain, nausea, etc.). 
The first symptoms usually develop within 5 weeks of ex-
posure, with additional symptoms such as coughing and 
shortness of breath appearing shortly after. 

Hantavirus is an important disease to understand due 
to the high prevalence of the virus in rodents such as deer 
mice (approximately 10-15%, with some areas far exceed-
ing that rate), a species that is often found near human 
habitation. Understanding the relationship between zoo-
notic diseases and human-wildlife interactions is a key 
component of the National Park Service Wildlife Health 
Program. Although hantavirus is a disease to be taken se-
riously, the answer is not to eliminate all rodents from the 
planet, but rather to learn to live with them wisely. This 
can be especially critical in national parks, where the mis-
sion is to preserve ecosystems, including components 
that could cause human harm. Wise cohabitation with ro-
dents leads to putting up a healthy distance between our 
living spaces and theirs, including keeping households 
and buildings safe, clean, and well maintained to exclude 
rodent entry. 

There has fortunately never been a documented case 
of humans contracting hantavirus at Yellowstone; how-

Sherman live traps are set against travel corridors of rodents around the barn at Lamar Buffalo Ranch (a). Jessica Richards 
(b) weighs and (c) checks the reproductive status of a deer mouse to assess the health and condition of each individual 
captured. 

a. c.b.



Learn How to Protect Yourself
Hantaviruses can cause a rare but deadly respiratory disease in people called hantavirus pulmonary syn-
drome (HPS). Certain rodent species carry hantaviruses, including white-footed and deer mice. Inhaling 
viral particles of infected urine, feces, and saliva is the primary mode of contracting HPS.  The best way to 
prevent HPS is to exclude rodents from your home, office, or other structure to avoid contact with rodents 
and their waste. Proper clean up of rodent droppings or urine, including first spraying the area with a 1:10 
bleach solution and letting it soak for at least 10 minutes, is also important to kill hantaviruses and prevent 
contraction of HPS.  To learn more about hantavirus and managing rodents in your living space, visit: 

www.cdc.gov/hantavirus

Source: NPS Integrated Pest Management Fact Sheet “Managing Rodents to Prevent Hantavirus Infection”
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ever, an outbreak in Yosemite National Park in 2012 that 
resulted in the deaths of three visitors was a reminder of 
the presence and power of this virus in our environment. 
Most visitors who come to Yellowstone may never en-
counter a rodent such as a deer mouse, or even their diur-
nal and more respected cousins the squirrels, and proba-
bly leave the park with no sense of missing out. Perhaps 
the human-wildlife dangers in Yellowstone most people 
envision (bear attacks, bison goring, elk charging, etc.) 
keep the mind focused on the megafauna that dominate 
the landscape. When visitors return home, they keep the 
images and memories of their experiences in play, retell-
ing stories of the large herds and sharp-clawed creatures 
they observed. Meanwhile, the mice that make up the 
food chain dance around our houses and whisper stories 
of their own—how they stole our scraps and made cush-
ions out of our leftovers. Learn about these creatures and 
what they bring to our environment, both desirable and 
unwanted characteristics alike.

To learn more about the National Park Service Wildlife 
Health Program visit:

www.nature.nps.gov/biology/wildlifehealth/

Sarah Haas is the Science Program Coordinator at the 
Yellowstone Center for Resources. Her favorite rodent is 
the Utah prairie dog, a species she grew to know and 
admire while working at Bryce Canyon National Park.Jessica Richards before processing over 90 rodents at 

Lamar Buffalo Ranch.

http://www.nature.nps.gov/biology/wildlifehealth/
http://www.cdc.gov/hantavirus
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Member of University of Montana Faculty 
Wins Prestigious Award

Dr. Fred Allendorf, professor emeritus at the Universi-
ty of Montana and member of the University’s Fish and 
Wildlife Genomics Group, has won the 2015 Molecular 
Ecology prize. This international award, bestowed an-
nually by the journal Molecular Ecology, recognizes sci-
entists for their significant contributions in this interdis-
ciplinary field of research. Dr. Allendorf is considered 
one of the world’s founders of conservation genetics, 
and his research has dramatically advanced and direct-
ed the conservation approaches of numerous taxa and 
ecosystems. Conservation genetics continues to be an 
emerging field that contributes significantly to our un-
derstanding of wildlife population health, by increasing 
our knowledge of genetic diversity, inbreeding, hybrid-
ization, and species fitness. Dr. Allendorf has worked 
shoulder-to-shoulder with other prominent University 
of Montana researchers (e.g., Gordon Luikart, Stephen 
Amish, Robb Leary, and Clint Muhlfeld) on conserva-
tion genetics research demonstrated to be vital to the 
Northern Rockies ecosystem. From Glacier to Yellow-
stone national parks, the University of Montana Fish 
and Wildlife Genomics Group has shed significant 
light on population genetics and the recovery of key 
species, such as westslope cutthroat trout, Yellowstone 
cutthroat trout, bison, and bighorn sheep. Specifically, 
their work has helped us better understand the effects 
of hybridization on native cutthroat trout populations 
across much of the western United States. Their contin-
ued research on the use of different genetics methods 
to improve and direct applied conservation remains a 
formidable partner in species management and conser-
vation both regionally and worldwide.

Jennifer Carpenter Named Chief of 
Yellowstone Center for Resources

Jennifer Carpenter has been selected as the park’s new 
chief of the Yellowstone Center for Resources (YCR), 
selected in July 2016 after serving as the acting chief for 
18 months. 

As YCR Chief, Carpenter is responsible for oversee-
ing more than 100 permanent and seasonal employees. 
YCR was created in 1993 and is responsible for manag-

ing all park science and resource management opera-
tions—wildlife management, aquatic resources, vegeta-
tion, cultural resources, geology and physical resources, 
social science, environmental compliance, science com-
munications, and research programs. YCR works to 
promote scientific research within the park and inte-
grate that research into management decisions.

Jennifer has worked in Yellowstone since 2012, where 
she served as the Branch Chief for Compliance and Sci-
ence Communications until 2014. Prior to arriving in 
Yellowstone, Jennifer worked at Grand Teton Nation-
al Park, Lassen Volcanic National Park, and Bandelier 
National Monument. Before joining the National Park 
Service in 2004, Jennifer worked as a biologist for sev-
eral environmental consulting firms and for the Arizona 
Game & Fish Department. Jennifer obtained a Bachelor 
of Arts in Ecology and Evolutionary Biology from the 
University of Arizona and a Master of Science in Ap-
plied Ecology and Environmental Resources from Ar-
izona State University.

Jennifer is a native of Colorado, although she grew up 
in Arizona. Jennifer lives in Mammoth, Wyoming, with 
her husband, Dan Kowalski, a park law enforcement 
ranger, and their three-year-old daughter, Estelle. 



9525(1) • 2017 Yellowstone Science

13th Biennial Scientific Conference Held in 
Grand Teton National Park

On October 4-6, 2016, the Biennial Scientific Con-
ference of the Greater Yellowstone Ecosystem (GYE) 
gathered 345 researchers, land managers, conserva-
tions groups, and students at the Jackson Lake Lodge in 
Grand Teton National Park. 

This year’s conference focused on deriving manage-
ment lessons and applications from previous practices, 
recognizing trends, and anticipating future conserva-
tion needs within the GYE.

Over 100 talks and posters were presented on a range 
of topics, including:

• connecting current protected areas to promote 
landscape-level protection

• building public-private partnerships critical to 
work across political and administrative boundar-
ies to achieve conservation goals

• inspiring the next generation of scientists through 
research and citizen science opportunities   

• identifying and preserving culturally relevant sites 
and stories as a core part of our conservation ap-
proach

Distinguished keynote speakers and award winners 
joined the conference. They included Opening Keynote 
speaker, David Quammen; Aubrey L. Haines Award 
winner, Dr. Bill Wyckoff; Starker Leopold Award win-
ner, Dr. Robert Gresswell; and Superintendent’s Inter-
national Lecture, Dr. Gary M. Tabor.

The Conference featured field trips for the first time. 
Natural History participants learned about resource 
management issues related to warm spring illegal aquar-
ium dumping, native restoration efforts to revegetate 
4,500 acres by Kelly Hayfield, century scale vegetation 
change fire effects, and pronghorn migration. 

Cultural history attendees toured the National Histor-
ic Landmark Jackson Lake Lodge, Colter Bay Museum, 

the historic AMK Ranch, and concluded with a short 
skills session on creating and fostering a culture of re-
source stewardship in parks.  

Over 50 students, many of whom were granted schol-
arships, added their perspectives to the future. 

“Attending the conference gave me hope for the future 
of our planet when I saw so many scientists contribut-
ing to our knowledge of ecosystem dynamics, and cli-
mate change. It was good to see so many people work-
ing together to solve problems and to come up with real 
life solutions.” –Danielle Beazer, Great Basin College.
This important event will continue to rotate through-

out the GYE for future conferences and continue to 
bring together those who work to conserve the GYE in 
the coming century.

 @ KIRA CASSIDY



Wild, pristine, untrammeled. When think-
ing about Yellowstone, a vast and amazing 
back-country, large carnivores, ungulates,  

iconic geysers, and geothermal features fill the imagi-
nation.  However, 11,000 years of Yellowstone’s human 
history is for most people a hidden text. As we approach 
sixty years of archeological research in the park, we 
know a great deal more about how ancestors of today’s 
Native American tribes lived in Yellowstone. Decades 
of careful scientific research on thousands of archeo-
logical sites, such as Osprey Beach and Fishing Bridge 
Village, provide a window into what it was like to live in 

this area before it was “discovered” by Europeans. Ob-
sidian Cliff, a designated National Historic Landmark, 
was one of the most important stone quarries in North 
America, its stunning black glass traded over thousands 
of miles for millennia.  On a more somber note, one 
recently documented site in the park is a high-altitude 
bivouac where a band of Nez Perce camped in 1877 as 
they fled the United States Army in one of the last great 
acts of resistance during the Indian Wars of the west. 
Yes – that’s right: that terrible event is captured in an ar-
cheological site dating to five years after the creation of 
the worlds’ first national park. Not long after the park 
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SNEAK PEEK
Coming Up in Yellowstone Science
60 Years of Archeology in Yellowstone 
Tobin Roop

Archeologists walk in grid formation while doing a boundary survey in the northern part of Yellowstone National Park. 
PHOTO © D. MACDONALD 



was established, burgeoning commercial ventures, and 
administration by the U.S. Army  and the National Park 
Service are represented by archeological sites, including  
trash dumps, abandoned buildings, and privies.  

Philetus Norris, serving from 1877 to 1882 as the 
park’s second superintendent, collected prehistoric 
artifacts, often documenting and sketching them.  He 
shipped many of those artifacts to the Smithsonian in 
Washington, D.C., where they remain today.  He did this 
even as the park actively pushed Native Americans out 
of Yellowstone and discouraged acknowledgment of 
native occupation.  Artifacts were seen as novelties to be 
collected, and not as resources worth protecting.  For 
many late-19th century Americans, glimpses of Native 
American tools and campsites were simply reminders of 
a recently pacified west where the vast majority of Na-
tive Americans had been forcefully moved to reserva-
tions.  Yellowstone was no different.

In 1948, Smithsonian surveyors initiated the long his-
tory of formal archeological work in Yellowstone.  The 
contemporary advent of radiocarbon dating allowed 
researchers to construct fine scaled cultural histories 
across the continent, including the Northern Rock-
ies.  This was followed by the passage of the National 
Historic Preservation Act in 1966.  This seminal leg-
islation required consideration of cultural resources, 
including archeological resources, into government 
planning efforts and park management.  In Yellowstone, 
archeological surveys and excavations are undertaken 
in preparation for park development projects.  Over 
the following decades, a body of thousands of arche-
ological sites has been documented and protected in 
Yellowstone, though to-date, roughly 86 square miles, 
or just 2.5% of the park, has been surveyed. Alongside 
this work are traditional stories and place names from 
many tribes whose ancestors had for millennia visited 
and lived in Yellowstone. Collectively, this information 
helps us more accurately understand the human histo-
ry of one of the most treasured landscapes in the world 
and challenge the myth of a “wild” place discovered by 
Euro-American explorers.

Prehistoric and historic archeological resources in 
Yellowstone inform and challenge how we think about 
this ecosystem.  Yellowstone, more than any place in the 
lower 48, has come to symbolize “wildness.” Yet, how 
do we reconcile a narrative that this place is “wild” with 
the clear implication that wild means without human 
presence – when the evidence clearly refutes this? What 
is “wild” about a place that was the center of a conti-

nental wide obsidian trade for thousands of years. How 
has recent research by park staff and university partners 
helped us better understand the long and complex hu-
man history of Yellowstone?  How do the stories of na-
tive peoples about Yellowstone challenge our assump-
tions? That is the story for our next issue of Yellowstone 
Science.
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S P E C I A L  T H A N K S
to the talented artists and photographers who 
donated their work for this issue.  Thanks to James 
Prosek, Mimi Matsuda, Derek DeYoung, Josh 
Udesen, Brad Orsted, Doug MacDonald, L. Elwell, 
M. Lein and Kira Cassidy. If you are interested in 
donating work to upcoming issues, please contact 
us at Yell_Science@nps.gov. 

PHOTO © D. MACDONALD
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Back row (left to right): Sarah Rubenstein, Ben Brogie, Chris Pullano, Brandon Piper, Nichole Diedrich, Paul Van Winkle, Andrew 
Stimetz, Brian Ertel, Ben Holt, Drew MacDonald. Middle row (left to right): Kurt Heim, Jesse Gordon, Taylor Preul, Lauren McGarvey, 
Phil Doepke, Pat Bigelow, Michelle Briggs, Colleen Detjens, Jeff Arnold, Andriana Puchany, Todd Koel. Front row (left to right): Kim 
Barrett, Bryan Giordana, Logan Yurga-Bell.
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Y E L L O W S T O N E

FOREVER
EXPERIENCE IT TODAY PRESERVE !T FOR ALWAYS

Yellowstone Forever—formerly the Yellowstone Association 
and Yellowstone Park Foundation—is Yellowstone National 
Park's educational and fundraising partner. We connect people 
to Yellowstone today and work to protect it for tomorrow.

PRESERVE Yellowstone National Park for future generations. Join more than 
50,000 supporters around the world who have made a commitment to fund visitor 
education and park preservation.

GAIN a deeper connection to the park. Through the Yellowstone Forever Institute, 
we offers programs that help foster lifelong connections to Yellowstone and the 
natural world.

SUPPORT Yellowstone through our educational Park Stores. Visit any of our 11 Park 
Store locations in and around Yellowstone, or shop our online Park Store. Proceeds 
directly benefit Yellowstone National Park.

JOIN our online community of more than 300,000 worldwide.

Yellowstone Forever is proud to support priority park projects like the 
Native Fish Conservation Program, helping to restore Yellowstone cutthroat 
and Arctic Grayling,
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