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 ABSTRACT 

 

 Distribution and abundance of Yellowstone cutthroat trout, Oncorhynchus clarkii 

bouvieri, has declined across the historic range because of anthropogenic influences.  

Habitat has been fragmented and non-native species have been introduced that compete 

with, feed upon, or interbreed with cutthroat trout.  As a result, many cutthroat trout 

populations are now isolated in headwater streams and life-history forms are lost or 

reduced.  The upper Yellowstone River basin, above Yellowstone Lake, offers a rare 

opportunity to study Yellowstone cutthroat trout in a large, intact, river system with few 

anthropogenic influences.  Understanding of life-history forms present in the upper 

Yellowstone River basin assist in proper conservation and management of the watershed.  

To determine cutthroat trout life-history forms present, their abundance, and habitat 

preferences, a combination of radio-telemetry, electrofishing, underwater census, habitat 

assessment, and age and growth were used.  Movements of 151 cutthroat trout were 

tracked by aircraft, 2003-2005.  Most relocated fish (98%) followed a lacustrine-adfluvial 

life history migration pattern, spending an average 24 days in the river.  Cutthroat began 

entering the river in April and most emigrated by August.  Fish migrated as far as 67 km 

to spawn and spawning aggregations within the system were found in only 11 locations.  

Underwater census and electrofishing surveys were used to determine fish distribution 

and abundance in the Yellowstone River and its tributaries.  Main stem cutthroat trout 

densities were low and not evenly distributed.  A mean of 8 fish/500 m reach were 

sampled with the majority in 8 reaches.  Juvenile (<150 mm, <2 years old) and large 

adult (>330 mm, >4 years old) cutthroat trout were found in the main stem, but fish from 

151–330 mm (age 3) were absent.  Within tributaries, fish densities ranged from 1.7–49.5 

fish/100 m reach.  Fish up to 305 mm were sampled and ranged 1 to 4 years in age.  Data 

from this study suggest most cutthroat trout in the upper Yellowstone River express a 

lacustrine-adfluvial life history, however, some fluvial fish are present in tributaries.  

These findings will be important in driving conservation and management decisions in 

this drainage and provide critical information in future ESA listing considerations.  
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 CHAPTER 1 

 

INTRODUCTION 

 

 

 Life-history movements are fundamental determinants of population performance 

and central to fish ecology and management (Winemiller and Rose 1992).  Salmonids in 

particular, exhibit a complex variety of life-history movements (Varley and Gresswell 

1988; Gresswell et al. 1994; Northcote 1997).  These movements typically arise from 

spatial, seasonal, and ontogenetic separation of prime habitats for growth, spawning, and 

survival (Northcote 1997).  Telemetry studies have shown that salmonid species may 

make long migrations (Schmetterling 2001; Meka et al. 2003) or remain within a small 

area if habitat is optimal (Young 1996; Mulfeld et al. 2001).  Four life-history forms have 

been described for potamodromous salmonids.  Fluvial fish move within a single stream, 

fluvial-adfluvial fish move between a river and its tributaries, lacustrine-adfluvial fish 

move between a lake and its tributaries, and allacustrine fish move between a lake and its 

outlet streams (Varley and Gresswell 1988; Gresswell et al. 1994; Northcote 1997).   

 Intraspecific variations in life-history characteristics have been documented for 

anadromous and potamodromous fishes across extensive geographic scales (L’Abee-

Lund et al. 1989; Gresswell et al. 1994) and in fishes within the same drainage basin 

(Riget et al. 1986; Varley and Gresswell 1988; Hogen and Scarnecchia 2006).  A review 

of potamodromy in salmonids showed that 16 of the 19 species examined displayed 

fluvial or fluvial-adfluvial migration patterns, 17 of the 19 also displayed lacustrine-

adfluvial movement, and 4 displayed allacustrine movement (Northcote 1997).  The 
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 occurrence of multiple migration patterns within a watershed suggests a local adaptation 

to diverse habitats over time (Gresswell et al. 1994).  One life-history type may be 

dominant for a species or a particular population, but a combination of strategies is an 

important component in fish distribution and population survival (Winemiller and Rose 

1992; Northcote 1997).   

Many factors have contributed to the decline of native salmonids across the 

western United States.  Competition and predation from nonnative species, hybridization, 

and habitat disruption and degradation have all contributed to the decline of native 

species distribution and abundance (Rieman and McIntyre 1995; Kruse et al. 2000; 

Hogen and Scarnecchia 2006).  These declines have been most severe in high-order, low-

elevation streams where human impacts are greatest (Gresswell 1988; Kruse et al. 1997).  

Because the impacts are more severe in waters lower in drainages, it is the migratory life-

history forms, most dominant in high order streams, that have been more heavily 

impacted and in some instances, lost (Nelson et al. 2002).  Thus, fluvial, headwater 

populations have become the dominant life history in many species (Nelson et al. 2002). 

The continued loss of migratory populations could have deleterious effects on species 

survival, as fluvial headwater populations are typically isolated and comprised of fewer, 

smaller, and less fecund individuals compared to fish located in lower elevation, higher 

order, and more complex interconnected streams (Wilcox and Murphy 1985; Allendorf 

and Leary 1988; Kruse et al. 2000).  In the lower 48 states, few areas remain with large 

interconnected watersheds that support fish populations with a complete array of life-
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 history strategies in place. However, the upper Yellowstone River in Yellowstone 

National Park and the Bridger-Teton Wilderness is one such area.   

 Yellowstone cutthroat trout Oncorhynchus clarkii bouvieri is an example of a 

subspecies that uses multiple spawning migration patterns across its range and within 

individual watersheds (Thurow et al. 1988; Varley and Gresswell 1988; Kaeding and 

Boltz 2001).  Yellowstone cutthroat trout evolved as the only trout species within the 

Yellowstone and Snake river drainages above Shoshone Falls (Behnke 1992).  They are 

believed to have been derived in the Columbia River basin and passed from Pacific Creek 

to Atlantic Creek (Columbia River to Missouri River drainage) on Two Ocean Plateau 

just south of Yellowstone National Park in the Bridger-Teton Wilderness (Jordan 1892).  

This is thought to have occurred when the meadow area between these two creeks (just 

0.2 km apart) was flooded.  From Atlantic Creek they descended into Yellowstone Lake 

and throughout much of  the Yellowstone River basin (Jordan 1892).   

 Historically, Yellowstone cutthroat trout covered the second largest geographic 

region of any inland cutthroat trout subspecies (Behnke 2002).  Only westslope cutthroat 

trout O. c. lewisi, occupied a larger area.  More recently however, distribution and 

abundance of Yellowstone cutthroat trout has declined greatly throughout its historic 

range (Behnke 2002; May et al. 2007).  Although cutthroat trout are sensitive to changes 

in environmental conditions, the main cause for their decline has been the introduction of 

nonnative species (Campton and Utter 1985; Kruse et al. 1997, 2000).  Cutthroat trout are 

highly susceptible to hybridization with rainbow trout O. mykiss and replacement by 

brown trout Salmo trutta, brook trout Salvelinus fontinalis, and lake trout S. namaycush 
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 (Behnke 2002).  Although a large portion of their current range is found within federally 

protected lands, Yellowstone cutthroat trout are still affected by nonnative introductions 

and habitat degradation.  The subspecies was petitioned for listing as a threatened species 

under the Endangered Species Act in 1998 and 2004 (USFWS 2001, 2006).  Decisions by 

the United States Fish and Wildlife Service in 2001 and 2006 found that listing under the 

Endangered Species Act was not warranted (USFWS 2001, 2006).   

 Yellowstone Lake was home to the largest, genetically-pure population of 

Yellowstone cutthroat trout within their native range, (Gresswell and Varley 1988).  

Cutthroat trout in Yellowstone National Park and the surrounding wilderness areas are 

not subject to most of the habitat alterations that affect many cutthroat populations and 

the Yellowstone River flows unimpeded for over 100 km from its headwaters to the 

Upper Falls at Canyon.  The cutthroat trout in this system, however, are not immune to 

the effects of nonnative species introductions.  From 1881 trough 1955 over 16 million 

nonnative fish were stocked in Yellowstone Park waters (Varley 1981).  Despite stocking 

6,800 rainbow trout, and 12,000 landlocked Atlantic salmon Salmo salar in Yellowstone 

Lake (Varley 1981), Yellowstone cutthroat trout remained the only salmonid species in 

Yellowstone Lake until brook trout were discovered in Arnica Creek, a tributary to 

Yellowstone Lake, in 1985 (Gresswell 1991).  Brook trout were eliminated with piscicide 

treatments in 1985 and 1986 (Gresswell 1991).  In 1994,  lake trout were discovered in 

Yellowstone Lake (Kaeding et al. 1996).  A study of otolith microchemistry indicates that 

initial introduction of lake trout most likely took place in mid- to late 1980s (Munro et al. 

2005).  Longnose suckers Catostomus catostomus, lake chub Couesius plumbeus, and 



 

5 

 

 
 

 

 redside shiners Richardsonius balteatus became established in the lake in the early 1900s.  

These fish do not appear to have had a negative impact on native cutthroat trout 

(Gresswell and Varley 1988).  In 1998, several cutthroat trout from the lake were found 

to be infected with Myxobolus cerebralis, the parasite that causes whirling disease (Koel 

et al. 2006).  The discovery was made in adult cutthroat trout in the lake, indicating that 

the disease had been present for several years before detection (Koel et al. 2006).  The 

discovery of both lake trout and whirling disease was of great concern for Yellowstone 

National Park managers as introduction of nonnative species to lakes and streams have 

had devastating consequences to indigenous fish fauna (Marnell 1988; Ruzycki et al. 

2003; Koel et al. 2005; Balirwa et al. 2007). 

 Cutthroat trout play a significant role in the Yellowstone Lake ecosystem by 

providing an important trophic link to the terrestrial community (Ruzycki et al. 2003).  

Cutthroat trout have a predominately shallow water distribution and spawn in tributary 

streams exposing them to predation from avian and mammalian predators.  In the 

Yellowstone Lake system, up to 42 bird and mammal species use, or are believed to use, 

cutthroat trout as a food source (Varley and Schullery 1995).  

 Fishes in Yellowstone National Park have been studied extensively since the late 

1800s.  In 1889, David Starr Jordan was commissioned to visit the Park, “for the purpose 

of procuring exact data preliminary to the work of introducing trout and other fishes” 

(Jordan 1891).  During the expedition he visited many of the waters in and around 

Yellowstone Park, including Yellowstone Lake and several lake tributary streams 

documenting trout in many waters.  Although his expedition did not visit any tributaries 



 

6 

 

 
 

 

 of the upper Yellowstone River, Jordan reported that common accounts state that streams 

in the area are all well stocked with trout (Jordan 1891).  Since then, cutthroat trout in 

Yellowstone Lake and some areas of the Yellowstone Lake basin have been studied 

extensively, but not the upper Yellowstone River.  Spawning runs of cutthroat trout have 

been documented in 68 of the 124 known tributaries of Yellowstone Lake (Jones et al. 

1986).  Some of these streams, such as Clear, Pelican, and Arnica creeks, have been 

monitored since the mid-1940's.  Cutthroat trout homing to natal streams, returning to the 

same stream in successive or later years, has been documented in Yellowstone Lake 

tributaries (Ball 1955; Cope 1957; McCleave 1967; Jones et al. 1986).   

 Yellowstone Lake cutthroat trout display all four spawning life-history migration 

patterns discussed earlier: lacustrine-adfluvial, fluvial, fluvial-adfluvial, and allacustrine.  

Within the Yellowstone Lake basin, the lacustrine-adfluvial migration pattern is most 

common (Gresswell et al. 1994), but it is relatively rare over the entire Yellowstone 

cutthroat trout distribution (YCT status review Feb. 2006).  For the most part, cutthroat 

trout spawn between April and August in the tributaries of Yellowstone Lake (Ball 1955; 

Gresswell et al. 1997).  Spawners typically spend 1-3 weeks in the stream before 

returning to Yellowstone Lake (Gresswell et al. 1997).  Upon emergence the majority of 

fry begin to migrate downstream to Yellowstone Lake, but some may over-winter and 

migrate to the lake the following summer as fingerlings (Ball and Cope 1961).  The 

exception to this appears to be Pelican Creek, the second largest tributary to Yellowstone 

Lake, where spawners have been reported to over-winter and many fry move downstream 

in their second and third years (Bulkley and Benson 1962; Gresswell et al. 1997).  
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 Because migratory populations have declined across their historic range (May et al. 

2007), effective conservation of this cutthroat trout metapopulation will require a 

comprehensive understanding of the life-history forms present throughout the 

Yellowstone Lake drainage upstream of the Upper Falls of the Yellowstone River. 

 Despite the plethora of data existing on Yellowstone cutthroat trout in 

Yellowstone Lake and smaller tributaries, the largest tributary to the lake, the upper 

Yellowstone River, has remained largely unstudied.  On account of its remoteness, over 

48 km to the nearest road in some areas, no comprehensive assessment of the cutthroat 

trout in this region had been undertaken.  Because of the lack of knowledge of cutthroat 

trout in this region, the serious threats to cutthroat trout from recent introductions of lake 

trout and whirling disease, and the recent attempts to list the Yellowstone subspecies as a 

threatened or endangered species, a complete assessment of cutthroat trout in the upper 

Yellowstone basin was initiated. 

 Study objectives were to determine 1) what life-history forms of Yellowstone 

cutthroat trout are present in the upper Yellowstone River system and 2) the relative 

distribution, spawning locations, abundance, and habitat use of these life-history forms.  

Based on insight gained through previous studies of other tributaries of Yellowstone Lake 

and potamodromous salmonids in other large lake systems, I hypothesized that cutthroat 

trout in the upper Yellowstone River basin would (1) display multiple life-history forms 

(Chapters 2, 3, and 4) and exhibit extended rearing (Chapter 3) within the main stem river 

and its tributaries, (2) migrate long distances to spawn (Chapter 2), (3) spawn over a wide 

range of locations in the main-stem and tributaries (Chapter 2 and 3), and (4) be 
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 associated with specific habitat features (Chapter 3).  This study used a combination 

radiotelemetry, electrofishing, underwater counts, age structure, and habitat use to 

examine the life history, distribution, and relative abundance of Yellowstone cutthroat 

trout in the upper Yellowstone River basin. Knowledge gained through this study will 

provide insight into the Yellowstone cutthroat trout population or populations in this 

previously unstudied region.  This knowledge will help guide conservation and 

management decisions of Yellowstone cutthroat trout in this region and throughout their 

range.  It will also provide critical baseline data to help determine if lake trout removal 

efforts are having a positive effect on the Yellowstone cutthroat trout population in the 

Yellowstone Lake basin.   
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 CHAPTER 2 

 

 

SEASONAL MOVEMENT PATTERNS OF ADULT YELLOWSTONE CUTTHROAT 

TROUT IN THE UPPER YELLOWSTONE RIVER BASIN 

 

Introduction 

 

 

 Migration is an important component in the life history of many taxonomic 

groups.  From the monarch butterfly Danaus plexippus 3,600 km migration across North 

America to central Mexico (Oren et al. 2003) to the sockeye salmon Oncorhynchus nerka 

migrating from its hatching location to the ocean and returning to breed (Quinn et al. 

2007), long distance movements are adaptations that have evolved over many 

generations.  Migratory movements often result in increased fitness of the individual by 

enhancing growth, fecundity, and survival (Northcote 1978, 1997).  Within fish taxa, 

migration patterns for diadromous species are well documented (Ricker 1981; Chapman 

1986; Bernatchez and Dodson 1987; Quinn et al. 2007); however, the movements of 

potadromous fish have received less attention.   

 Potamodromy, cyclic migrations that take place wholly within freshwater, has 

been documented in many salmonid species (Riget et al. 1986; Gresswell et al. 1994; 

Northcote 1997; Meka et al. 2003; Hogen and Scarnecchia 2006).  These movements are 

thought to occur because of spatial, seasonal, and ontogenetic separation of optimal 

habitats for growth, survival, and reproduction (Northcote 1997).  Understanding 

seasonal movement patterns of fish species is important for proper understanding and 
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 management of aquatic ecosystems.  Fish that undertake migrations to more optimal 

habitat often achieve larger body size, have greater fecundity and reproductive success, 

and live longer (Northcote 1997; Behnke 2002).  For example, Yellowstone cutthroat 

trout that reside in headwater streams typically reach a maximum total length of 229–254 

mm and live 3–5 years, whereas fish that migrate into lentic systems following hatching 

typically reach sizes of 500–610 mm and live 6–9 years (Varley and Gresswell 1988; 

Thurow et al. 1988; Behnke 2002; Meyer et al. 2003). 

 Throughout their range, salmonids display a variety of potamodromous life 

history migration patterns that can vary among or within populations (Ball 1955; Schaffer 

and Elson 1975; Hogen and Scarnecchia 2006).  These include: fluvial (movements 

within a single stream), fluvial-adfluvial (movements between a river and its tributaries), 

lacustrine-adfluvial (movements between a lake and its inlet tributaries), and allacustrine 

(movements between a lake and its outlet streams) (Varley and Gresswell 1988; 

Northcote 1997).  A review of potamodromy in salmonids showed that 16 of the 19 

species examined displayed fluvial or fluvial-adfluvial migration patterns, 17 of the 19 

also displayed lacustrine-adfluvial movement, and 4 displayed allacustrine movement 

(Northcote 1997).  Evidence suggests that migration patterns can be highly variable even 

within a single drainage system.  For example rainbow trout Oncorhynchus mykiss in the 

Alagnak River, Alaska, display three distinct migratory patterns (Meka et al. 2003) and 

bull trout Salvelinus confluentus in the East Fork South Fork Salmon River, Idaho 

displayed both fluvial and fluvial-adfluvial life history migrations (Hogen and 

Scarnecchia 2006).   
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 Cutthroat trout subspecies, which inhabit a broad range of habitats across western 

North America, display a wide range of migration patterns (Fleener 1952; Varley and 

Gresswell 1988; Schmetterling 2001; Colyer et al. 2005; Saiget et al. 2007).   In 

Yellowstone National Park, which contains the largest genetically pure Yellowstone 

cutthroat trout population (Gresswell and Varley 1988), several long term surveys of 

cutthroat trout spawning migrations in Yellowstone Lake tributaries have been conducted 

(Ball 1955; Jones et al. 1986; Gresswell et al. 1997; Kaeding and Boltz 2001).  Indeed, 

much of the initial discovery of the range of life history variation among potamodromous 

salmonids originated from studies of Yellowstone cutthroat trout in Yellowstone National 

Park.  Beginning with the Jordan expedition in 1889 (Jordan 1891) spawning runs have 

been documented in 68 of the 124 known tributaries of Yellowstone Lake (Jones et al. 

1986).  All potamodromous  life history migration patterns discussed above have been 

documented in cutthroat trout in Yellowstone Lake and its tributaries (Cope 1957; 

Bulkley 1963; Varley and Gresswell 1988; Kaeding and Boltz 2001).  The lacustrine-

adfluvial migration pattern is by far the most common pattern in Yellowstone Lake 

(Gresswell et al. 1994), but it is relatively uncommon in other parts of their range (Varley 

and Gresswell 1988; USFWS 2006; May et al. 2007; Sanderson and Hubert 2009).  

Throughout their historic distribution, lake dwelling Yellowstone cutthroat trout occupied 

just 50,470 ha in 61 lakes (May et al. 2007).  Yellowstone Lake accounted for just over 

34,500 ha of occupied lake habitat.   

  Yellowstone cutthroat trout typically spawn between April and August in the 

tributaries and outlet of Yellowstone Lake (Ball 1955; Gresswell et al. 1997) with 
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 spawners spending from 6–25 days in a stream before returning to the Lake (Gresswell et 

al. 1997).  The known exception to this is Pelican Creek, the second largest tributary to 

Yellowstone Lake, where spawners have been reported to over-winter (Bulkley and 

Benson 1962; Gresswell et al. 1997).  In most tributaries, the majority of fry begin to 

migrate downstream to Yellowstone Lake immediately after hatching, but some may 

over-winter and migrate to the lake the following summer as fingerlings (Ball and Cope 

1961).  Despite the plethora of data existing on Yellowstone cutthroat trout in the 

Yellowstone Lake basin, the largest tributary to the lake, the upper Yellowstone River, 

has been essentially unexplored because of its remoteness, and the life history patterns of 

Yellowstone cutthroat trout in this major tributary system are unstudied.  The Jordan 

expedition of 1889 did not visit the tributaries of the upper Yellowstone River, but noted 

that reports state that waters in the region are well stocked with trout (Jordan 1891).  The 

large size and diversity of habitat types of the upper river drainage suggests the potential 

for the presence of both long distance upstream spawning migrations and the occurrence 

of multiple life-history strategies.     

 Yellowstone cutthroat trout in Yellowstone Lake have undergone a sharp decline 

in abundance in recent years (Koel et al. 2005).  The likely causes of this decline are 

predation by introduced lake trout Salvelinus namaycush, presence of whirling disease, 

and prolonged drought (Ruzycki et al. 2003, Koel et al. 2006, 2007).  These continued 

threats and recent petitions to list Yellowstone cutthroat trout as a threatened or 

endangered species under the Endangered Species Act underscore the need to understand 

the extent to which the upper Yellowstone River cutthroat trout metapopulation supports 
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 the overall Yellowstone Lake population and the life-history forms present. The 

knowledge of resident or large migratory metapopulations within the upper Yellowstone 

River drainage will be critical in aiding status determination in future assessments and 

protecting existing populations. 

 To gather baseline information and to evaluate Yellowstone cutthroat trout status 

for possible listing under the Endangered Species Act, accurate data on life history 

distribution and abundance of the full range of genetic and life-history diversity of the 

subspecies is required.  This information will also help park managers assess the impacts 

of lake trout and lake trout removal in Yellowstone Lake.  This study seeks to address 

this need by determining spawning distribution, movement, and life-history patterns of 

Yellowstone cutthroat trout within the extensive upper Yellowstone River drainage.  

Because whirling disease has yet to be detected in this tributary system and lake trout 

density is thought to be concentrated in the northern and western portions of Yellowstone 

Lake (Koel et al. 2005), the relatively undisturbed upper river entering the southeastern 

end of the lake may be increasingly important for support of the overall Yellowstone 

Lake population of Yellowstone cutthroat trout.  Developing knowledge and 

understanding of the status of resident or migratory populations of Yellowstone cutthroat 

trout in the upper Yellowstone River is, therefore, critical to the conservation of the 

subspecies.  Based on previous studies of potamodromous salmonids and cutthroat trout 

in other tributaries of Yellowstone Lake, I hypothesized that cutthroat trout in the upper 

Yellowstone River basin will (1) exhibit multiple life-history characteristics, (2) migrate 
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 long distances upstream to spawn, and (3) spawn over a wide range of locations in both 

the main stem and tributaries. 

 

Study Area 

 

 

 This study was conducted in the upper Yellowstone River, its tributaries, and 

Yellowstone Lake in northwestern Wyoming (Figure 2.1).  From the confluence of the 

North and South forks (9.2 km and 11.4 km respectively) the Yellowstone River flows 73 

km through the Bridger-Teton Wilderness and Yellowstone National Park to its mouth at 

Yellowstone Lake.  This region of the Yellowstone River basin contains over 200 km of 

tributary streams and covers an area of 1,244 km
2 

(42% of the Yellowstone Lake basin).  

The upper Yellowstone River is one of 68 tributaries to Yellowstone Lake where 

spawning Yellowstone cutthroat trout have been observed (Jones et al. 1986).  

Yellowstone Lake (34,500 ha) and the Yellowstone River from the lake outlet to the 

Upper Falls (25 km) were also included in the study. 

 The headwater reaches of the main-stem upper Yellowstone River consists of 

riffle-pool complexes that flow through steep forested slopes of lodgepole pine Pinus 

contorta, whitebark pine Pinus ablicaulis, limber pine Pinus flexilis, blue spruce Picea 

pungens, and douglas fir Psuedotsuga menziesii trees.  From the headwaters to Castle 

Creek, the river gradient is 11.6 m/km and substrate is dominated by boulders and cobble.  

From Castle Creek to Yellowstone Lake, gradient flattens to 0.96 m/km and the river 

consists of long runs, glides, and a few large pools.  Substrate is dominated by gravel, 

cobble, and sand.  The over-story is similar in structure to the upper reaches, but is more 
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 heavily dominated by lodgepole pine.  The understory includes fields of willow Salix spp. 

and grasses Bromus spp. and Phleum spp.  Wildfires have occurred in recent decades and 

large burned areas are common in the watershed.  

 Native fish species in the Yellowstone River include Yellowstone cutthroat trout 

and longnose dace Rhinichthys cataractae.  Nonnative species include redside shiner 

Richardsonius balteatus, and longnose sucker Catostomus catostomus.  Although not 

documented in the Yellowstone River, lake chub Couesius plumbeus, and lake trout have 

been documented in Yellowstone Lake. 

 

Methods 

 

 

 Radiotelemetry was used to monitor the movements of 152 adult Yellowstone 

cutthroat trout in the upper Yellowstone River basin from June 2003 to August 2006.  

Sixty-three, 71, and 18 adult cutthroat trout, were surgically implanted with radio 

transmitters in 2003, 2004, and 2005, respectively (Figure 2.2).  Radio-tagged fish were 

captured primarily by angling with hook and line (n = 144), but gill-nets (n = 6) and fyke-

nets (n = 2) were also used in the Yellowstone River mouth and in Yellowstone Lake.  

Prior studies have shown that cutthroat trout enter Yellowstone Lake tributaries to spawn 

from late spring through early summer and spend two to three weeks in the stream (Ball 

and Cope 1961; Varley and Gresswell 1988; Gresswell et al. 1997).  Therefore, capture 

and implantation efforts were concentrated during this period and again later in the 

summer in order to capture both lacustrine-adfluvial trout migrating from Yellowstone 

Lake and possibly the fluvial and fluvial-adfluvial trout in the basin.  Sampling was 
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 conducted from the mouth of the main stem river to upper tributary reaches when 

possible.  In order to maximize the likelihood of implanting radio transmitters in cutthroat 

trout with different life-history strategies, specific quotas were developed for the main 

stem and tributaries during the spawning and post-spawning periods (Table 2.1).  The 

number of fish captured and implanted with transmitters during the spawning season 

(May – July, n = 146) was greater than the post spawning season (August – October, n = 

6).  Almost half of the fish (n = 70), were tagged in the main-stem Yellowstone River 

(Figure 2.2).  The remaining fish were tagged in tributaries (n = 74), or in Yellowstone 

Lake, (n = 8) (Table 2.2). 

 Transmitter were implanted in fish >650 g to ensure that transmitter weight did 

not exceed 2% of total body weight (Winter 1996).  Prior to implantation, fish were 

anaesthetized with clove oil (1:10 clove oil:ethanol) mixed with stream water (Anderson 

et al. 1997; Prince and Powell 2000), measured (total length mm), weighed (g), and 

sexed.  Scale samples were obtained from the left side of the fish just posterior of the 

dorsal fin above the lateral line for age and growth analysis (Chapter 4).   

 During transmitter implantation, fish were placed on their dorsum in a V-shaped 

operating table. Gills were irrigated with fresh water throughout surgery.  A surgical 

incision about 2 cm long was made in the abdominal cavity just anterior to the pelvic 

girdle about 1 cm from the midventral line.  A small hole was punctured approximately 3 

cm to the posterior of the incision using a horse catheter to guide the trailing whip 

antenna through the body wall.  Incisions were closed with two or three sutures (Ethilon 

black monofilament nylon).  Following surgery, fish were held in live cars until 
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 equilibrium was regained and allowed to swim out of their own volition.  All fish were 

released within 0.5 km of their capture location.   

 Fish were implanted with Advanced Telemetry Systems, Inc., Model F1835 

transmitters weighing 13 g (air weight). Tags emitted a unique code in the 166.267 - 

166.967 MHZ frequency range and were programmed with one of three duty cycles to 

allow monitoring of different aspects of cutthroat trout movement patterns.  Duty cycle 1 

(12 hours on, 12 hours off, 6 months on, 6 months off, battery life of 308-770 days) was 

used to assess frequency of repeat spawning, spawning site fidelity (McCleave 1967; 

Kaeding and Boltz 2001), and interannual spawning movements.  Duty cycle 2 (12 hours 

on, 12 hours off, battery life of 216-432 days) was used to assess spawning and post-

spawning movements and identify overwintering areas.  Duty cycle 3 (8 hours on, 16 

hours off, 90 days on, 275 days off battery life of 763-1,908 days) was used to determine 

potential for spawning events in successive years and spawning site fidelity.  Together, 

the three duty cycles allowed assessment of all possible life-history strategies used by 

cutthroat trout in the upper Yellowstone River basin.   

 Tracking of radio-tagged fish was conducted primarily from a fixed wing aircraft 

to more easily relocate fish over the large study area (Figure 2.3).  To determine fish 

movements and locations, tracking flights were conducted weekly during the peak 

spawning migration period (May to August), biweekly during April and September each 

year and monthly from November 2004 - March 2005 when the majority of duty cycle 2 

transmitters were operational.  Forty-five tracking flights were conducted from July 2003 

through July 2006.  Additional tracking events were conducted on foot and boat 2003-
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 2005.  Six trips were conducted on foot, three in August - September of 2003, and three 

in September - October of 2004 to more precisely locate tagged fish and to recover 

transmitters from dead fish.  Four tracking sessions were conducted from a boat on 

Yellowstone Lake: two in late September 2004 and two in September 2005, to more 

precisely locate fish in Yellowstone Lake and to locate additional fish.  

  Tagged fish were relocated with an Advanced Telemetry Systems R4500 radio 

transmitter receiver and data logger, which recorded tag frequency, code number, date, 

time, signal strength, and GPS location (North American Datum 83).  Multiple point 

locations for each fish were recorded during a single tracking event to increase the 

likelihood of accurately determining fish position.  Final point location for an individual 

fish was determined from the point with the highest corresponding signal strength during 

each flight.  If two point locations had equal signal strengths, the mid-point between the 

two was selected.  Each final point location was then overlaid on maps of the study area 

using GIS (ArcGIS 9, ArcMap version 9.3).  Individual fish locations were grouped by 

river km to measure migration distances and identify areas of concentrated use.   

 A review of telemetry studies has shown that aerial telemetry locations had a 

mean error of 178 m and range of 22 to 426 m (Roberts and Rahel 2005).  To determine 

the detectability of radio tags in this study, five “dummy” tags were deployed in 

Yellowstone Lake at depths ranging from 0 to 4 m.  Signal strength and location were 

recorded during aerial surveys for comparison to their known location.  A signal strength 

of 80 (scale 1–136) was set as the cutoff for reliable detection.  Pilot and data recording 

personnel were unaware of dummy tag location during tracking flights.  Transmitters in 
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 shallower water could be detected at greater distances.  Detection distance for a 

transmitter placed at the lake surface was approximately 1 km.  At a depth of one meter 

detection distance dropped to roughly 500 m and at three meters was about 200 m.  The 

test transmitter could not be detected at four meters during aircraft surveys, but could be 

detected from a boat if the vessel was within 25 m of the transmitter location.     

 Movement patterns and spawning timing were classified for 95 (62.5%) of the 

152 fish implanted with radio transmitters.  To facilitate analysis, radio-tagged fish were 

separated into three groups based on movement patterns.  Cutthroat trout that were 

relocated in Yellowstone Lake or showed a distinct downstream migration pattern 

towards the lake until their signal was lost were classified as lacustrine-adfluvial.  Fish 

that remained in the Yellowstone River or a combination of the river and its tributaries 

throughout the year were classified as fluvial or fluvial-adfluvial.  The remaining 57 fish 

were either not relocated after initial tagging or were relocated so infrequently that it was 

not possible to identify distinct movement patterns. 

  Movements and locations were classified using several parameters.  Beginning 

migration date was determined by the date an individual was first located in the 

Yellowstone River following tagging the previous year.  Spawning date and location was 

determined by the time and location of maximum upstream migration distance for each 

fish (Henderson et al. 2000).  Spawning period was defined as the date a fish was first 

located in the river system to the date a fish exited the system.  River exit date was 

determined as the mid-date between our last relocation date in the Yellowstone River and 

our next tracking event.  Migration distance was considered the distance migrated 
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 upstream from the mouth of the Yellowstone River.  Home ranges for fluvial or fluvial-

adfluvial fish were considered the area between their maximum upstream and 

downstream locations.  Spawning locations were identified by high concentrations of 

radio-tagged fish at the upstream extent of their migration or observed spawning behavior 

(digging redds, fish pairing) during implantation trips.  These parameters combined with 

movements observed during the non-spawning period were used to determine life-history 

categorization for each radio-tagged fish.  When possible, lake movements were used to 

determine if fish tended to remain within distinct sub-basins in Yellowstone Lake.   

 Annual and seasonal environmental conditions, including stream temperature, are 

known to affect the timing of cutthroat trout migration into a tributary system as well as 

timing of spawning (Thurow 1988; Varley and Gresswell 1988; Schmetterling 2001).  To 

help assess the relationship between fish movements and temperature, water temperatures 

were recorded hourly August 2003 - September 2005 using Optic Stowaway temperature 

thermographs deployed at two main stem locations and in five tributary streams (Figure 

2.4).  Because no fish were seen in Cabin Creek, its thermograph was relocated to Phlox 

Creek in September 2004.  Thermographs were downloaded annually so data could be 

analyzed and thermographs could be checked and replaced if necessary.  Because no 

significant difference was detected in the mean daily temperatures from the different 

locations, temperatures recorded by the lower main stem thermograph were used for 

analysis (ANOVA p = 0.43, F = 14.20, df = 6).  Mean daily stream temperatures were 

compared with the number of fish found in the river on a given date. 
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  Fish total length was compared between the main stem river, Yellowstone Lake, 

and Yellowstone River tributary streams using one-way ANOVA (α = 0.05) (Kutner et al. 

2005).  Spawning date and river exit dates were compared using a Kruskal-Wallis rank 

test (α = 0.05).  River entry dates for 2004 and 2005 were compared using a Welch’s two 

sample t-test (α = 0.05) (Kutner et al. 2005).   

 

Results 

 

 

 Yellowstone cutthroat trout implanted with transmitters averaged 460 mm in total 

length (range 400–544 mm, SE 1.96) (Figure 2.5).  No significant differences in the total 

length of fish captured in the main-stem Yellowstone River (456 mm), tributaries of the 

River (463 mm), or Yellowstone Lake (462 mm) were found (ANOVA, F = 1.4, P = 

0.25, df = 2).  The 95 fish used for analysis were relocated an average of 4.7 times (range, 

1-29) over the four years of tracking flights.  Of the remaining 57 fish not used for 

analysis, 39 (26% of all tagged fish) were not relocated after initial tagging, 17 (11% of 

all tagged fish) were mortalities (mortality signal received from transmitter or recovered 

transmitter) with undetermined movement patterns, and one fish tagged in Yellowstone 

Lake at the mouth of the Yellowstone River never entered the river system. 

 Based on the movement patterns of radio-tagged cutthroat trout, lacustrine-

adfluvial, fluvial, and fluvial-adfluvial life-history strategies were identified.  The 

majority of these fish (n = 91) were classified as lacustrine-adfluvial.  Within this group, 

60 fish were relocated in Yellowstone Lake and 31 showed a distinct downstream 
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 migration pattern before signal loss.  Three fish displayed movement characteristics of a 

fluvial life-history strategy and one displayed a fluvial-adfluvial migration pattern.  

 Radio-tagged cutthroat trout were concentrated in the river system from late May 

through mid-July (Figure 2.6).  In 2004 and 2005, upstream migrating fish entered the 

Yellowstone River from May 24 to July 20 with a median date of June 11.  Date of entry 

into the river system differed significantly for 2004 and 2005 (t = 3.2, P = 0.002, df = 

7.5).  In 2004, median river entry date was June 1 (mean June 3) (n = 10) and in 2005, 

median entry date was June 13 (mean June 15) (n = 21) (Table 2.3).  From 2003 through 

2005 fish reached their maximum upstream migration point between June 3 and August 

17 with a median date June 28.  There was no significant difference in median spawning 

dates from 2003 through 2005 (Kruskal Wallis F = 4.5, P = 0.10, df = 2) (Table 2.3).  

Lacustrine-adfluvial fish spent an average of 24 days in the river system before returning 

to Yellowstone Lake.  From 2003 through 2005, fish returned to Yellowstone Lake from 

June 1 to September 23 with a median date of July 10.  There was no significant 

difference between years for river emigration (Kruskal Wallis F = 0.6, P = 0.74, df = 2) 

(Table 2.3).  Extended stay (after August 1) in the river system was rare (Figure 2.7).  

Eleven fish that migrated into Yellowstone Lake were found in the river system after 

August 1 and only two were in the river after September 1.  Of these 11 fish, only one 

fish repeated this behavior in multiple years.   

 Spawning dates could not be determined for three of the four fish that showed 

fluvial or fluvial-adfluvial life-history characteristics.  The three individuals implanted 

near Castle Creek were in spawning condition by a known spawning ground; this was 
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 most likely their spawning location, but because of their extended stay in this area, 

spawning date could not be determined.  The one fish classified as fluvial-adfluvial 

migrated into Thorofare Creek in late May or early June over two seasons before 

returning to the main stem river (Figure 2.8).  Based on the timing of movements and 

final migration point, this is most likely when this fish spawned.   

 Yellowstone cutthroat trout migrated over long distances to spawn in main stem 

and tributary locations.  Trout traveled a mean distance of 42.7 km (median = 46.5 km, 

range, 3.2 km to 65.9 km, SE = 1.54) upstream during spawning migrations (Figure 2.9, 

Table 2.4).  Eleven distinct spawning areas were identified in the main-stem Yellowstone 

River and its tributaries (Figure 2.10).  All spawning locations contained gravel sized 

spawning substrate and were typically located a short distance downstream from a 

tributary stream.  Eight of 11 spawning locations were located upstream of the Cliff 

Creek confluence with the Yellowstone River, approximately 35 km upstream of 

Yellowstone Lake (Figure 2.10).  Spawning trout were identified in seven reaches in the 

main-stem Yellowstone River and an additional four reaches in tributary streams.  The 

highest concentrations of radio-tagged fish during the spawning period were found in two 

locations at rkm 52 and 60 (Figure 2.9).  These two areas contained over 30% of the 

radio-tagged fish spawning in the basin.   

 Home ranges for fluvial and fluvial-adfluvial cutthroat trout averaged 13.9 km 

(range, 5–33 km).  All fish were implanted in the Yellowstone River, between the 

Yellowstone River/Thorofare Creek confluence and Castle Creek. Three of the four fish 

remained in the main-stem Yellowstone River throughout the year and no distinct 
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 migration patterns were identified for these fish.  The fish classified as fluvial-adfluvial 

migrated into Thorofare Creek, a tributary of the Yellowstone River, to a known 

spawning area during the spawning season in both 2004 and 2005 (Figure 2.8). 

 Iteroparity was displayed by 29 (31% of fish used for analysis) radio-tagged 

cutthroat trout.  Of these 29 fish, 26 were considered for analysis.  Two were killed or 

dropped their transmitter shortly after beginning their upstream migration during their 

second year and a third  was likely tagged on its post-spawning downstream migration.  

On average, return spawners were found within 3.7 km (range 0 – 52 km) of their 

previous spawning location (Table 2.4).  Only two of 26 fish showed an alternate year 

spawning pattern.  Seven tagged fish returned to spawn in all three seasons, all of which 

were males.  Of these seven fish, four were found in the same location each season and 

six of seven were found within 3 km of their original spawning location.  One male fish 

was found in a different spawning location each year.   

Cutthroat trout spawning migrations into the upper Yellowstone River began 

when mean daily water temperature rose above freezing.  The number of fish present in 

the Yellowstone River and its tributaries peaked when water temperature rose above 8
o
C 

(Figure 2.11).  As temperature increased into August, fish returned to Yellowstone Lake.  

Trout numbers in the river system continued to decline through August and September as 

temperatures cooled.  Few lacustrine- adfluvial spawners remained in the river after early 

September.     

Following emigration from the Yellowstone River cutthroat trout moved 

throughout Yellowstone Lake.  During the spawning season (May – July) few radio-



 

30 

 

 
 

 

 tagged fish were found in Yellowstone Lake.  However, in August immediately following 

the spawning period, fish quickly spread throughout the lake (Figure 2.7).  Most fish 

traveled a minimum of 12 km leaving the Southeast Arm of the lake.  Just two of 12 fish 

located in the lake in August were located in the Southeast Arm and just three of eight 

fish located over the rest of the year were in the arm.  Several fish traveled over 28 km 

once entering the Lake (Figure 2.12).  Fish 668-16 was initially tagged in Thorofare 

Creek, relocated in the southern portion of the West Thumb basin in Yellowstone Lake, 

before returning to the Yellowstone River to spawn again.  Following spawning, fish 

519-19 gradually moved north through the Southeast Arm of the Lake and entered the 

Yellowstone River outlet for a short time (Figure 2.12).  Movement of this distance was 

not uncommon for fish relocated in the lake.  Assessment of overwinter movement and 

winter habitat use was not possible because of the low number of relocations during 

winter surveys. 

 

Discussion 

 

 

 Knowledge of life-history types of Yellowstone cutthroat trout present in the 

upper Yellowstone River basin is crucial for determining conservation strategies and 

developing a management plan for preservation of the subspecies in the Yellowstone 

Lake basin.  It will also prove helpful to determine future listing status of the subspecies 

if it is again petitioned to be listed as threatened or endangered under the Endangered 

Species Act.  This study provides insight into the life history movement patterns of 

cutthroat trout in the previously unstudied upper Yellowstone River basin.  Lacustrine-
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 adfluvial, fluvial-adfluvial, and fluvial life-history types were observed within the basin.  

The dominance of lacustrine-adfluvial life-history strategy, (96% of relocated fish), in the 

drainage corresponds with previous observations of spawning life history in other 

tributaries to Yellowstone Lake (Ball and Cope 1961; Varley and Gresswell 1988; 

Gresswell et al. 1994).  The presence of possible fluvial (3%) or fluvial-adfluvial (1%) 

cutthroat trout in the upper Yellowstone River have not been reported in other tributary 

streams of Yellowstone Lake that do not contain barriers to migration.  Fluvial fish have 

been reported in the Yellowstone River outlet of Yellowstone Lake (Schill et al. 1986; 

Kaeding and Boltz 2001).  A movement study of cutthroat trout in the Yellowstone River 

outlet showed that 11% (4 of 38) of the radio-tagged fish classified showed a fluvial life-

history strategy (Kaeding and Boltz 2001).  No fluvial-adfluvial fish were reported.   

The inability to determine movement patterns for 38% (n = 57) of tagged fish was 

troubling, but not uncommon in radio-telemetry studies (De Rito 2004; Sanderson and 

Hubert 2009).  De Rito (2004) reported the 55% of tagged trout in the Yellowstone River 

north of Yellowstone National Park either perished or expelled transmitters as a result of 

spawning.  Tags expelled or lost because of fish mortality in the upper Yellowstone River 

would have likely been washed downstream into deep water pools where detection was 

difficult.  Since Yellowstone cutthroat trout in the upper Yellowstone River spend little 

time in tributary streams after spawning it is possible that a portion of tagged fish moved 

into Yellowstone Lake and resided at depths greater than tags could be detected.  Twelve 

fish were preyed upon or scavenged by avian or terrestrial animals.  This estimate is 

based on the recovery locations of transmitters outside of the river banks.  Eight of 12 
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 transmitters were recovered close to or on the Molly Islands in Yellowstone Lake, 

location of white pelican Pelecanus erythrorhynchos and double-crested cormorant 

Phalacrocorax auritus rookery.  Three transmitters were found below trees frequented as 

perch sites by bald eagles Haliaeetus leucocephalus, and one was found in bear scat on 

the shore of the Yellowstone River by Mountain Creek. 

 Spawning timing for cutthroat trout in the upper Yellowstone River basin 

corresponds with peak spawning dates reported for other tributary streams of 

Yellowstone Lake (Gresswell 1995; Gresswell et al. 1997).  Peak spawning for cutthroat 

trout has been reported to occur from late May through early July in Clear, Pelican, 

Arnica, Chipmunk, and Bridge creeks, and the Yellowstone River outlet (Varley and 

Gresswell 1988; Gresswell et al. 1994 and 1997) and from late April through early 

August dependent on altitude, water temperature, and runoff throughout their range 

(Thurow et al. 1988; Gresswell 1995).  The duration of stream occupancy of 24 days lies 

within the reported 6–25 day range reported for other Yellowstone Lake tributaries 

(Varley and Gresswell 1988; Gresswell et al. 1997).   

 The presence of spawners inhabiting the river for an extended period, while rare, 

did occur.  Eleven fish did not leave the river system until after August 1 and several 

were found in the river as late as mid-September.  This has previously been reported for 

just one other tributary to Yellowstone Lake and the Yellowstone River outlet.  Cutthroat 

trout spawners in Pelican Creek are reported to have migrated to the lake in late summer 

and in some instances spring of the following year (Bulkley and Benson 1962; Gresswell 

1995; Gresswell et al. 1997).  In the Yellowstone River outlet, spawning cutthroat trout 
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 have been reported to spend several months in the river (Schill and Griffith 1984; 

Kaeding and Boltz 2001).   

 Long distance migrations to spawning grounds by Yellowstone cutthroat trout 

observed during this study are not uncommon for potamodromous salmonid species 

(Fraley and Shepard 1989; Dupont et al. 2007) or subspecies of cutthroat trout (Northcote 

1997; Derito 2004; Schrank and Rahel 2004; Colyer et al. 2005).  Migrations of this 

extent, however, have not been previously documented in the Yellowstone Lake 

watershed.  Nearly 60% of the fish relocated migrated over 40 km to spawning grounds.  

The longest documented migration in the river system was 65.9 km for a fish that 

spawned in upper Thorofare Creek.  Within the main-stem Yellowstone River, the 

longest migration was 63.2 km.  Only one fish migrated less than 6 km upstream to a 

spawning area near Cabin Creek. 

 Estimates of movement distance within the river system based on the 

radiotelemetry may be inflated for this study as tag weight limited the individuals we 

tagged to those that weighed 650 g or more.  Previous reports of Yellowstone Lake 

cutthroat trout stated that larger, older fish migrate farther upstream than smaller, younger 

individuals (Cope 1957b; Varley and Gresswell 1988).  This, however, does not appear to 

be the case in the upper Yellowstone River system as the majority of return spawners 

showed site fidelity.  Although few fish captured during radio transmitter implantation 

surveys were < 650 g threshold, later electrofishing surveys of this region indicated that 

while not abundant, fish of this size were present (Chapters 3).  Length at age 

determination of cutthroat trout sampled during electrofishing surveys indicated the size 
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 of possible resident cutthroat trout in tributaries of the Yellowstone River was below the 

minimum size limit necessary for transmitter implantation; therefore, it is possible that 

fluvial fish were more abundant then the tracking study indicated.  The lack of fish 

captured in headwater reaches may have further compounded the problem of 

overestimating migration distance as these were likely locations of fluvial fish.  

Electrofishing surveys of headwater reaches within the Mountain Creek drainage 

(Chapter 3) and Coyote Creek (Wyoming Game and Fish Department unpublished data) 

also produced possible fluvial populations of cutthroat trout.  Although these fish appear 

to comprise a small percentage of fish in the drainage, they most likely reside in a 

relatively small area throughout their lifetime, as has been reported for other headwater 

cutthroat trout populations (Heggenes et al. 1991; Gresswell and Hendricks 2007).   

 Spawning was concentrated in just 11 locations in the upper Yellowstone River 

drainage. The majority of these reaches (8 of 11) were located at a distance > 35 km 

upstream from the mouth of the river at Yellowstone Lake.  All identified spawning 

locations were located a short distance downstream from tributary confluences.  

However, eleven spawning locations in the drainage is a minimum estimate.  Given the 

large size (1,244 sq km) of the watershed and the presence of cutthroat trout fry in most 

tributary streams sampled during autumn electrofishing surveys (Chapter 3), cutthroat 

trout are likely spawning in locations that were not identified during radio-telemetry 

surveys.  Although all spawning areas may not have been identified during the study, the 

fact that approximately 78% of return spawners showed spawning site fidelity and 

concentrations of spawning fish were identified in just 11 locations throughout the 
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 drainage may be an indication that spawning activities are occurring in limited locations 

in the main stem river.   

 Iteroparity has been reported in varying prevalence in spawning tributaries of 

Yellowstone Lake (Ball and Cope 1961; Jones et al. 1985; Varley and Gresswell 1988; 

Gresswell et al. 1994).  This trait was displayed by approximately 31% (n = 29) of 

telemetered cutthroat trout relocated in this study.  This number is higher than that 

reported for other populations of cutthroat trout in tributaries of Yellowstone Lake and 

other systems.  Previous reports state that 23% of spawning fish in Clear Creek were 

return spawners and just 15% for fluvial populations in Idaho (Thurow et al. 1988, 

Gresswell 1995).  The majority of return spawners were consecutive year spawners.  This 

has been reported to be more common in tributaries to Yellowstone Lake (Bulkley 1961), 

and less so in other populations present at higher elevations (Varley and Gresswell 1988).  

Prevalence of iteroparity has been linked to growth, parasitic infection, and other 

physiological factors (Ball and Cope 1961; Gresswell 1995).  The high percentage of 

repeat spawners in the system, in comparison to fluvial or fluvial-adfluvial populations 

outside of the Yellowstone Lake drainage could be a result of the fitness advantages 

gained by migrating to Yellowstone Lake following spawning each season. 

 Spawning migrations began and peaked within a specific water temperature 

range.  Cutthroat trout began to enter the river when mean daily temperatures climbed 

above freezing and peaked when the Yellowstone River reached a mean daily 

temperature of 8
o
C.  This temperature range is similar to that reported for spawning 
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 cutthroat trout in other tributaries to Yellowstone Lake  and throughout their range 

(Varley and Gresswell 1988; Gresswell 1995; Meyer et al. 2003).   

 Post-spawning movements in Yellowstone Lake were greater than expected. 

Although the study was not designed to track fish after entrance Yellowstone Lake, 

cutthroat trout residing near the lake surface were found during most tracking flights.  

Transmittered cutthroat trout in the upper Yellowstone River drainage were found 

throughout the lake once leaving the river system (Figures 2.7, 2.12).  Fish traveled over 

35 km in many instances once entering the lake.  Previous studies of cutthroat trout in 

Yellowstone Lake indicated that once in the lake fish tend to reside within subbasins 

within the lake (Liebelt 1968, Gresswell et al. 1997).  This was not the case in this study 

as fish were located at different locations within the lake throughout the tracking season.  

Fish locations were typically associated with near shore areas around the lakeshore and 

islands.  This was likely a result of the flight pattern and the fact that radio transmitters 

were difficult to detect at depths greater than four meters.  More extensive movements in 

the lake probably occurred, but the use of radio telemetry is not effective in large, deep 

lakes (Winter 1996) such as Yellowstone Lake, and therefore, was likely to miss some 

fish movements once fish returned to the lake. 

 The Yellowstone cutthroat trout of the upper Yellowstone River basin are unique 

when compared to other populations of cutthroat trout in the Yellowstone Lake drainage.  

While the dominant lacustrine-adfluvial life-history type is abundant in tributaries of the 

lake, the presence fluvial and fluvial-adfluvial fish, while in low numbers, has not been 

documented in other tributaries to the lake without barriers to migration.  Fluvial fish 
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 have also been reported in the Yellowstone River outlet to Yellowstone Lake in low 

numbers (Kaeding and Boltz 2001).  It is unknown why some of the cutthroat trout in this 

system do not migrate to Yellowstone Lake following the spawning period.  The low 

number of possible stream resident fish coupled with the fact that fish with different life-

history forms appear to spawn in conjunction with one another further complicates this 

issue.  The long distance migrated by fish in the upper Yellowstone River has not been 

documented elsewhere in the basin.  However, this may be a result of the limited size of 

other tributary streams to Yellowstone Lake.  Studies of Yellowstone cutthroat trout 

spawning migrations in the Yellowstone River downstream of Yellowstone National Park 

reported that fish migrated up to 51.7 km through the year (DeRito 2004).   

 Within the Yellowstone National Park boundary, all waters in the upper 

Yellowstone River are closed to fishing until July 15th and catch-and-release thereafter.  

This opening date is later than the median date (July 7th) that tagged lacustrine-adfluvial 

cutthroat trout had returned to Yellowstone Lake.  However, fishing regulation outside of 

the park boundary allow for angling and creel of two cutthroat trout throughout the year.  

With the recent introductions of predatory lake trout and the Myxobolus cerebralis into 

Yellowstone Lake and continued drought in the region, the need for protection of 

Yellowstone cutthroat trout, particularly during the spawning season, should be a top 

priority for management agencies.   
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 Table 2.1.  Radio transmitter implantation design for cutthroat trout in the upper 

Yellowstone River basin, Wyoming.  Numbers indicate the total number of radio 

transmitters scheduled to be implanted in each stream during the spawning and post-

spawning periods 2003-2005.   

 

Stream Spawning  Post-spawning 

Yellowstone River 20 20 

Trappers Creek   6   6 

Mountain Creek   6   6 

Cliff Creek   3   3 

Escarpment Creek   3   3 

Thorofare Creek 10 10 

Open Creek   6   6 

Atlantic Creek   6   6 

Castle Creek   5   5 

Yellowstone Lake 10   0 
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 Table 2.2.  Year, location, and number of radio transmitters implanted in adult cutthroat 

trout in the upper Yellowstone River basin, Wyoming. 

 

Year Location Number 

2003 Yellowstone River 41 

Thorofare Creek 13 

Mountain Creek   6 

Tributary of Thorofare   3 

 

2004 Yellowstone River 29 

Thorofare Creek 33 

Trappers Creek   1 

Yellowstone Lake   8 

 

2005 Thorofare Creek   1 

Trappers Creek   5 

Mountain Creek   6 

Atlantic Creek   6 
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Table 2.3.  Median date and (range) of river entry, exit, spawning, and  maximum 

upstream river location (mean, range) for radio-tagged cutthroat trout, classified 

lacustrine-adfluvial, in the upper Yellowstone River basin, Wyoming, 2003 – 2005.   

 

 

 

Year 

 

 

Entry 

 

 

Spawn 

 

 

Exit 

Maximum 

upstream location 

(rkm) 

 

2003 

 

N/A 

 

 

June 28 

 (June 24 – 

August 12) 

 

July 10 

 (July 3 –  

August 17) 

 

35.5 (7.8 –57.9) 

 

2004 

 

 

June 1 

 (May 24 –  

July 5) 

 

July 6  

(June 3 – 

August 16) 

 

July 10 

 (June 8 –  

August 17) 

 

48.3 (3.2 –65.9) 

 

2005 

 

June 13 

 (May 27 –  

July 8) 

 

June 13 

 (June 3 –  

July 22) 

 

June 29 

(June 17 –  

August 27) 

 

44.9 (13.6 –63.8) 
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  Table 2.4.  Spawning year and locations (distance from Yellowstone Lake (km)) of 

cutthroat trout repeat spawners in the upper Yellowstone River basin, Wyoming, 2003 – 

2006.  (MC = Mountain Creek, THC = Thorofare Creek, TRP = Trappers Creek, YSR = 

Yellowstone River) 

 

Fish code Stream   Year 1  Year 2  Year 3 

267-20  MC 22.2 N/A 22.6 

317-22 YSR 35.2 37.1 35.2 

368-20 YSR 35.0 35.0 N/A 

418-20 YSR 35.8 35.8 N/A 

418-21 THC 60.7 60.7 N/A 

466-21 YSR 32.3 32.3 N/A 

516-21 YSR N/A 60.1 60.1 

566-17 YSR 61.1 60.6 58.3 

566-24  MC 21.4 N/A 22.6 

617-16 THC 63.8 63.8 N/A 

617-17B THC 16.5 16.5 N/A 

617-18 YSR 61.6 61.6 N/A 

617-19 YSR 65.1 13.1 19.8 

668-16 THC 52.8 61.1 N/A 

668-17 THC 61.7 52.8 N/A 

668-19 THC 52.8 48.1 N/A 

668-21 YSR 39.9 22.2 N/A 

716-16 THC 52.8 52.8 52.8 

742-19 THC 43.4 46.5 N/A 

742-21 THC 43.1 54.1 N/A 

766-18 YSR 60.7 60.7 N/A 

766-21 THC 40.3 43.1 N/A 

792-19 THC 53.4 54.2 N/A 

817-16 THC 52.8 55.6 N/A 

817-23 THC 41.1 41.1 41.1 

923-15 YSR 17.9 17.9 17.9 

967-15 THC 53.0 53.8 N/A 
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Figure 2.1. Upper Yellowstone River basin study area, Yellowstone National Park, 

Bridger-Teton Wilderness, Wyoming. 
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Figure 2.2. Release locations for cutthroat trout implanted with radio transmitters in the 

upper Yellowstone River basin, 2003–2005. 
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Figure 2.3. Tracking flights were conducted by fixed wing aircraft, 2003-2006 (solid 

line).  Dashed line area added to flight path for 2005 and 2006.   
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Figure 2.4.  Upper Yellowstone River basin temperature thermograph locations. 

Thermographs were deployed from 2003–2005.  Cabin Creek was monitored 2003-2004 

and Phlox Creek 2004-2005. 
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 Figure 2.5. Length frequency of adult cutthroat trout implanted with radio transmitters in 

the upper Yellowstone River basin, Wyoming, 2003–2005. 
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Figure 2.6.  Number of radio-tagged cutthroat trout located in the upper Yellowstone 

River basin during 2004 and 2005.  The majority of transmitters were active from May to 

November each year. 
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Figure 2.7. Location of radio-tagged cutthroat trout during the peak spawning period 

(June), immediately post-spawning period (August), and remainder of the year 

(September - December), in the upper Yellowstone River basin and Yellowstone Lake, 

2005. 
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Figure 2.8.  Example of a movement pattern classified as fluvial-adfluvial.  Shown as 

location by date of cutthroat trout 466-20.  This fish migrated from the Yellowstone 

River into Thorofare Creek each spring during the spawning period and returned to the 

Yellowstone River for the remainder of the year. 
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Figure 2.9.  Farthest upstream distance migrated from Yellowstone Lake by cutthroat 

trout implanted with radio transmitters in the upper Yellowstone River basin, Wyoming, 

2003–2006.  A higher percentage of fish found in certain locations is an indication that 

these areas are likely cutthroat trout spawning grounds.   
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Figure 2.10.  Spawning locations of radio-tagged cutthroat trout identified through radio-

tracking surveys of the upper Yellowstone River basin, Wyoming, 2004–2006. 
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Figure 2.11. Number of radio-tagged cutthroat trout located in the upper Yellowstone 

River basin, Wyoming, compared to mean daily water temperature of the Yellowstone 

River 2005.   
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Figure 2.12. Locations by date of three cutthroat trout implanted with radio transmitters 

in the upper Yellowstone River basin.  Fish migrated a minimum of 28 km once entering 

Yellowstone Lake following the spawning period.   
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 CHAPTER 3 

 

 

DISTRIBUTION, ABUNDANCE, AND HABITAT USE OF YELLOWSTONE 

CUTTHROAT TROUT LIFE-HISTORY FORMS IN THE UPPER YELLOWSTONE 

RIVER BASIN, YELLOWSTONE NATIONAL PARK 

 

Introduction 

 

 

 The natural factors influencing fish distribution and abundance occur on several 

scales.  On a continental scale, fish distribution throughout the major basins of the United 

States is a result of recolonization that occurred following the Wisconsin Glaciation 

Period about 10,000 years ago (Paul and Post 2001; Behnke 2002).  At smaller scales, 

however, fish distribution and density within individual river basins is largely dependent 

on their ability to utilize limited habitat to feed, reproduce, find cover, and compete with 

other species (Frissell et al. 1986; Bozek and Hubert 1992; Kruse et al. 1997; Paul and 

Post 2001; Bryant et al. 2004).  Physical habitat components (e.g., stream depth, width, 

and gradient) can be limiting for salmonid species and both poor quality habitat and low 

habitat diversity are often associated with low fish densities, small fish sizes, and low life 

history and species diversity when compared to stream systems with better habitat quality 

and diversity (Scarnecchia and Bergersen 1987; Schlosser 1982; Rosenfeld et al. 2000; 

Rosenfeld et al. 2002; Bryant et al. 2004). 

 Abiotic factors are generally most important in determining distribution of larval 

and early juvenile life stages, whereas biotic factors become more important once fish 
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 begin to compete for prey items (Houde 2002; Coleman and Fausch 2007).  However, 

abiotic factors continue to play a role in river drainages characterized by harsh physical 

conditions (e.g., extreme cold, erratic discharge) at all life stages (Coleman and Fausch 

2007).  Habitat factors such as gradient (Kozel and Hubert 1989; Bozek and Hubert 1992; 

Rosenfeld et al. 2000), stream size (Murphy et al. 1986; Rosenfeld et al. 2000), percent 

pool habitat (Bowlby and Roff 1986), temperature (Shuter and Post 1990), and ice 

formation (Jakober et al. 1998; Lindstrum and Hubert 2004) have all been reported as 

primary factors influencing salmonid distribution and relative abundance in western 

North America.  In some drainages, harsh physical conditions can inhibit recruitment and 

limit growth and survival of all life stages, thereby affecting fish distribution, density, and 

life-history forms displayed in an area (Stonecypher et al. 1994; Coleman and Fausch 

2007). 

 For the last two centuries, fish distribution has been impacted by human 

influences (Nelson et al. 1992; Dunham et al. 1997; Sanderson and Hubert 2009).  

Habitat fragmentation and degradation and introduction of nonnative species are the two 

leading causes for the decline in abundance and distribution of native fish species 

(Dunham et al. 1997; Kershner et al. 1997; Simberloff 2001; Sanderson and Hubert 

2009).  Almost all of the large rivers in the world have been impacted by dams 

fragmenting habitat (Jaeger et al. 2001).  Dams are detrimental to fish communities by 

creating physical barriers, changing flow regimes, and disrupting sediment transport 

(Winston et al. 1991; Catalano et al. 2007).  Agricultural practices and urbanization have 

caused degradation and destruction of fish habitat by altering stream flows, stream 
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 channels, and nutrient inputs (Burcher and Benfield 2006; Slawski et al 2008; Verro et al. 

2009).  The introduction of nonnative fish species has negatively impacted native fish 

assemblages through competition, predation, and hybridization (Young 1995; Kruse et al. 

2000).  Despite these widespread impacts, the upper Yellowstone River is an example of 

a system affected by harsh environmental conditions, but has relatively few impacts from 

anthropogenic influences.   

 Yellowstone cutthroat trout Oncorhynchus clarkii bouvieri is the only salmonid 

species native to the upper Yellowstone River system.  Historically, the Yellowstone 

cutthroat trout was one of the most widely distributed subspecies of cutthroat trout in 

North America (Varley and Gresswell 1988; Gresswell et al. 1994; Behnke 2002).  

However, the current range has been greatly reduced over the past century by habitat 

fragmentation and degradation and introduction of nonnative fish species (Varley and 

Gresswell 1988; Gresswell 1995, Kruse et al. 2000).  In many areas, local Yellowstone 

cutthroat trout populations have been extirpated or restricted to headwater environments 

(Kruse et al. 2000; Kruse et al. 2001).  The Yellowstone Lake drainage however, is a 

large intact ecosystem with little anthropogenic influences, and contains one of the 

largest genetically pure populations of Yellowstone cutthroat trout that still exists 

(Gresswell and Varley 1988).  Although historic habitat connectivity has not been 

fragmented in most locations, cutthroat trout in Yellowstone Lake are currently impacted 

by recent introductions of nonnative lake trout Salvelinus namaycush (discovered 1994) 

and whirling disease (discovered 1998) (Kaeding et al. 1996; Koel et al. 2005).   
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   Although efforts are underway to reduce the effects of lake trout on the cutthroat 

trout population in Yellowstone Lake, obtaining information on various aspects of the life 

histories of cutthroat trout throughout the lake drainage will be important to broadening 

understanding of factors that influence the distribution and abundance of cutthroat trout 

in the system and how those relationships change through time.  Specifically, information 

on the presence and relative abundance of cutthroat trout displaying fluvial and fluvial-

adfluvial life-history forms in the upper Yellowstone River basin will be important 

components of future conservation and management decisions.  This information will be 

particularly important because these life-history forms are rare in other Yellowstone Lake 

tributaries and fish displaying them will be less susceptible to predation from lake trout in 

Yellowstone Lake.  Additionally, information confirming whether juvenile cutthroat trout 

use the extensive tributary networks for extended rearing is needed because this behavior 

could lessen their exposure to predatory lake trout in Yellowstone Lake.  If extended 

rearing is found to be prevalent in the system, further protection of the area may be 

warranted.   

 The distribution and density of cutthroat trout has been studied in Yellowstone 

Lake and many of its tributaries (Bulkley and Benson 1962; Jones et al. 1986; Gresswell 

and Varley 1988; Gresswell et al. 1997).  Cutthroat trout in the system predominately 

display the lacustrine-adfluvial life history, wherein mature adults migrate to tributary 

streams to spawn and fry migrate to the lake soon after emergence (Bulkley and Benson 

1962; Varley and Gresswell 1988; Gresswell et al. 1994).  In contrast, fluvial fish have 

only been documented in three locations around Yellowstone Lake, the Yellowstone 
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 River outlet, Sedge Creek, and South Fork Yellowstone River.  The Yellowstone River 

outlet supports a small number of fluvial fish (Kaeding and Boltz 2001).  The Sedge 

Creek and South Fork Yellowstone River cutthroat trout populations are isolated above 

barriers. The Sedge Creek population has been isolated for over 8,000 years by thermal 

and chemical barriers to upstream and downstream fish movement (Varley and Gresswell 

1988; Gresswell et al. 1994) and the South Fork Yellowstone River cutthroat trout 

population is isolated from upstream migrants above a barrier waterfall (Wyoming Game 

and Fish Department, unpublished data).  Allacustrine fish have been documented in the 

Yellowstone River outlet, the only outlet stream to Yellowstone Lake (Kaeding and Boltz 

2001).   

 The upper Yellowstone River system offers a unique opportunity to study a native 

salmonid species in a large, intact riverine-lacustrine ecosystem, with no anthropogenic 

barriers to movement and few nonnative species.  Because of its size (1,244 square km), 

complexity, and intact nature, fluvial, fluvial-adfluvial, and lacustrine-adfluvial forms of 

Yellowstone cutthroat trout are likely present in the drainage.  However, despite 

extensive surveys of tributary streams of Yellowstone Lake, a comprehensive fisheries 

assessment of the upper Yellowstone River drainage has never been conducted.  To 

properly understand and manage cutthroat trout in this large interconnected riverscape, an 

understanding of distribution, abundance, and key habitat components utilized by the 

various life-history forms of cutthroat trout present in the system is crucial for their 

conservation.  The objectives of this study were to determine: (1) the distribution and 

abundance of different life-history types of Yellowstone cutthroat trout in the upper 
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 Yellowstone River and its tributary streams within Yellowstone National Park; and (2) 

identify habitat factors influencing the distribution of juvenile and adult cutthroat trout 

within the main stem river and headwater tributaries.  I hypothesized that: (1) multiple 

life history forms of cutthroat trout would be present in the main-stem Yellowstone River 

and its tributaries; and (2) fish would be associated with specific habitat features.  The 

information gained through this study will assist fisheries managers in properly managing 

and protecting Yellowstone cutthroat trout populations in the upper Yellowstone River 

drainage and throughout the Yellowstone Lake system from the recent nonnative threats 

in the system.  It will provide baseline data to help assess the progress of Yellowstone 

cutthroat trout recovery in Yellowstone Lake and will also be important in helping to 

determine  listing status of the subspecies under the Endangered Species Act if a new 

petition is filed.     

 

Study Area  

 

 

 Research was conducted in the upper Yellowstone River and its tributaries from 

the inlet at Yellowstone Lake to the southern boundary of Yellowstone National Park 

(Figure 3.1).  The upper Yellowstone River drainage is approximately 1,233 square 

kilometers and comprises 42% of the total Yellowstone Lake drainage.  The drainage is 

located at high elevation, ranging from 2,356 m at the inlet to over 3,200 m at the 

headwaters of Mountain Creek.   

 The main stem river flows 41 km within the park boundary and has 10 named 

tributary streams: Cabin, Trappers, Mountain, Cliff, Escarpment, Thorofare, Falcon, 
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 Lynx, Phlox, and Badger creeks, and one unnamed tributary.  The main stem is 

characterized by a wide floodplain formed by extensive deltaic deposits throughout the 

lower portion of the drainage (Gresswell et al. 1994; Gresswell et al. 1997).  The main 

stem river gradient is low and habitat consists of long runs and glides with few pools or 

riffles.  Tributaries are characterized by steep headwater sections that drop to 

Yellowstone River floodplain.  Barriers to upstream fish movement are located on Cliff, 

Escarpment, and Falcon creeks, and Trappers Spring (Figure 3.2).  Vegetation in the 

drainage is dominated by lodgepole pine Pinus contorta, willow Salix spp., and grasses  

Bromus spp. and Phleum spp.  Burned patches (1988, 2003, and 2005 fires) are located 

throughout the drainage. 

   Native fish species present in the upper river include Yellowstone cutthroat trout 

and longnose dace Rhinichthys cataractae.  Nonnative species include redside shiner 

Richardsonius balteatus and longnose sucker Catostomus catostomus.  Lake chub 

Couesius plumbeus, and lake trout occur in Yellowstone Lake and may be found in the 

main stem river in low numbers near the inlet. 

 

Methods 

 

 

Trout Distribution and Abundance 

 

 

 Main Stem – Two sampling methods, underwater counts and electrofishing, were 

used to sample Yellowstone cutthroat trout in the main-stem Yellowstone River.  The 

main-stem Yellowstone Rivers large size, slow, clear water, few large log jams, and few 
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 deep pools made it a good candidate for use of both sampling methods in order to 

minimize bias and maximize detecting multiple size classes of cutthroat trout.  The 

methods have been shown to provide accurate assessments of trout populations in large 

rivers (Schill and Griffith 1984; Slaney and Martin 1987; Zubik and Fraley 1988; 

Lonzarich et al. 2004).  Underwater counts are often more effective than electrofishing in 

areas of low conductivity, deep pools, or undercut banks and can provide important data 

on population size structure, distribution, and abundance (Slaney and Martin 1987; 

Dolloff et al. 1996).  Electrofishing is more effective than underwater counts in shallow 

areas, turbid waters, and areas with abundant cover and allows for more accurate 

measurements of fish length and weight and for the collection of scale and tissue samples 

(Lonzarich et al. 2004).   

 Sampling reaches in the main stem river were determined by first dividing the 

river into forty-one 1-km sections.  Each 1-km section was then subdivided into two 500-

m reaches and one of the reaches was randomly chosen for sampling (Figure 3.1).  Fish 

abundance and habitat sampling surveys were conducted during low flow periods in 

September to increase the effectiveness of both underwater counts and electrofishing.  

Also, to coincide with the time period when lacustrine-adfluvial cutthroat trout had 

returned to Yellowstone Lake (Chapter 2), and to maximize the probability of detection 

of potential fluvial and fluvial-adfluvial life-history forms.  Both sampling methods were 

conducted in a downstream direction.   

   Underwater counts were conducted by three snorkelers spaced evenly across the 

stream channel.  Prior to counts, all divers were trained in estimating fish length using 
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 models of various known sizes.  Observation lanes were randomly assigned to divers 

each day.  To avoid multiple counts of the same fish, each swimmer had a designated 

lane in which to observe fish and divers would discuss fish movement and locations after 

each count.  Underwater visibility was determined before each census by measuring the 

horizontal distance each diver could observe a 150-mm model fish.  For all surveys 

visibility was good, averaging 5.4 m (range, 4.1–6.1 m).  All cutthroat trout observed 

were counted and placed in one of four size categories based on total length (<70 mm, 

70–150 mm, 151–330 mm, and >330 mm).  These size-classes approximate lacustrine-

adfluvial cutthroat trout age classes determined from scale samples analyzed from other 

Yellowstone Lake tributary streams (National Park Service unpublished data).  Because 

previous studies have shown that 330 mm is approximately the minimum size in which 

lacustrine-adfluvial cutthroat trout from Yellowstone Lake mature (Varley and Gresswell 

1988; Gresswell et al. 1994 and 1997) and cutthroat trout in headwater streams rarely 

exceed 250 mm, fish >330 mm were considered mature fish.  

  Electrofishing surveys were performed from a 4.5-m raft outfitted with a Coffelt 

Mark XXII electrofishing unit in the same reaches as underwater fish counts.  Although 

fish exhibited a low fright response to divers, electrofishing was not initiated until a 

minimum of 30 minutes had elapsed since underwater counts were performed to allow 

fish to redistribute if displaced.  Two electrofishing surveys were conducted in September 

2006, approximately 10 days apart.  All reaches were electrofished on at least one 

occasion. Thirty-seven and 39 reaches, respectively, were sampled during the two 

surveys.  Some reaches were omitted because of lightning and unsafe boating conditions.   
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    All fish captured were identified to species, measured (total length, mm), weighed 

(g), and fin-clipped for identification purposes by removing a small portion of the adipose 

(run 1) or anal fin (run 2).  Scales were removed for age determination from a subsample 

of captured fish (up to 10 samples in 10 mm size-class increments) (Chapter 4).  Fish 

sampled during electrofishing surveys were also categorized based on total length as 

listed for underwater counts.  After sampling, fish were transported a short distance 

upstream to minimize the chance of recapture during the same run and released.  

 Because underwater counts and electrofishing surveys appeared to sample 

different size classes and no fish were recaptured during the second electrofishing pass, 

counts from the three samples were combined for analysis.  Following sampling, the 

main stem river was divided into five segments based on similarities in stream gradient 

(Figure 3.4).  Cutthroat trout relative abundance (fish/500 m) was determined for each 

reach by combining counts from underwater and electrofishing surveys.  Abundance for 

each segment was determined by summing fish numbers and dividing by the number of 

reaches in each segment.  Relative abundance estimates were determined for each size 

class and for total fish sampled.     

 Cutthroat trout relative abundance for the five stream segments were compared 

using a Kruskal-Wallis rank test (Kutner et al. 2005).  Comparisons were made for all 

fish captured and for individual size classes.  All tests were conducted at a significance 

level of α = 0.05.  All statistical analysis was conducted using R statistical software or 

SYSTAT 11 (SYSTAT Software Inc. 2004).  
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  Tributary Streams – Fish distribution, abundance, and habitat surveys were 

conducted in the Mountain Creek drainage (Mountain Creek, Howell Creek, and an 

unnamed tributary that will be referred to as Mountain Creek Tributary).  Fish 

distribution and abundance surveys were conducted on Trappers, Cliff, Escarpment, 

Badger, Phlox, Lynx, and Falcon creeks (Figure 3.1).  Because only a small section of 

Thorofare Creek was located within the park boundary it was omitted from sampling.  

Fish in tributary streams were sampled by electrofishing during low flow periods (August 

to October) from 2005 through 2007.  Sample locations were selected by dividing each 

stream into 1-km sections then subdividing each kilometer into ten 100-m reaches and 

randomly selecting one of the 10 reaches for sampling.  The upstream limit of sampling 

was determined if: 1) no fish were sampled in two consecutive reaches; 2) no fish were 

sampled for one reach above a probable fish migration barrier (barriers were defined as 

waterfalls or cascades >2 m ); or 3) the stream source was reached.     

 A total of 82 reaches were sampled in eight tributary streams (Figure 3.1).  A 

Smith-Root model LR-24 battery powered backpack electrofisher was used to conduct a 

single electrofishing pass.  Single-pass electrofishing has been shown to be an effective 

method for sampling fish to obtain abundance estimates in mountain streams with sparse 

habitat (Kruse et al. 1998; Bateman et al. 2005).  Each reach was electrofished in an 

upstream direction using two netters to increase capture efficiency.  Block nets were not 

used to isolate sample reaches.  All fish captured were identified to species, measured 

(total length, mm), weighed (g), and clipped for identification purposes in case of 

recapture.  Scale samples were collected from up to 10 cutthroat trout in 10-mm size-
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 class increments from each stream sampled for age determination (Chapter 4).  

Additional scale samples were collected from cutthroat trout in headwater or isolated 

reaches.  All cutthroat trout sampled were classified in one of the four length categories 

as described above.     

 Mean fish length and fish relative abundance were determined in each stream and 

compared among streams using one-way ANOVA (α = 0.05) and Tukey’s post-hoc 

multiple comparison procedure (Devore and Peck 2005).  One-way ANOVA was used to 

test for significant differences in the mean length of fish in the individual streams and 

Tukey’s post-hoc multiple comparison procedure was used to test for pairwise 

differences between mean fish length for each stream (Kutner et al. 2005).  Because fish 

relative abundance data was not normally distributed, a Kruskal-Wallis rank test (α = 

0.05) was used to test for significant differences in the densities of all fish and fish from 

the individual size classes within sampled streams (Kutner et al. 2005).   

 

Habitat 

 

 

 Main Stem - Habitat assessments were conducted in the same reaches as 

underwater counts and electrofishing surveys.  Reaches were placed into one of the five 

stream segments described in the fish distribution and abundance section.  Channel units 

were classified as fast water (riffle or run) or slow water (glide or pool) and the percent 

occurrence of each type was calculated for each sample reach and stream segment.  

Thalweg depth and wetted width were measured to the nearest 0.1 m at transects 

positioned every 10 m throughout each sample reach.  Dominant substrate was identified 
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 as, bedrock, boulder (>256 mm), cobble (64 – 256 mm), gravel (2 – 64 mm), and sand 

(<2-mm) at each transect and reported for each reach based on percent occurrence.  Large 

woody debris (LWD) jams were counted and area (m
2
) was determined to calculate the 

percentage of a sample reach and stream segment in which LWD jams were present.  

Length of undercut and unstable banks were measured for total length.  Undercut banks 

were defined as banks overhanging the channel for a minimum of 0.1 m for a minimum 

distance of 1 m.  Unstable banks were defined as areas a minimum of 1 m in length in 

contact with the bankfull stream bank that were actively eroding.  Stream gradient and 

tributary entry locations were determined in ArcGis (ArcMap version 9.3).   

 Regression analysis was used to evaluate if variability in cutthroat trout relative 

abundance could be explained by the habitat features listed above (Kutner et al. 2005).  

Comparisons were made between stream segments based on fish relative abundance in 

each size class.  These analyses were conducted for all fish and each of the four size 

classes.  Additionally, because of the large number of null values for slow water habitat 

and LWD jams, a Welch’s two-sample t-test was used to determine if significant 

differences in fish relative abundance existed in reaches that contained slow water habitat 

or LWD jams and those reaches that did not. 

  

 Tributary Streams - Habitat measurements were limited to the Mountain Creek 

drainage.  A total of 37 reaches were sampled in the drainage.  Within each reach, habitat 

units were identified to the pool/riffle level (Frissell et al. 1986).  Units were classified as 

fast water (cascade, high gradient riffle, low gradient riffle, step run, or run) or slow 
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 water (pool or glide) (Overton et al. 1997).  A variety of features were measured, 

including wetted width (0.1 m), mean depth (0.01 m), maximum pool depth (0.01 m), and 

length of undercut or unstable bank.  Dominant in-stream substrate was visually 

categorized as bedrock, boulder, cobble, gravel, or fines in each habitat unit using the 

same size classifications described for main-stem sampling.  Large woody debris was 

counted, measured (m), and reported as m/reach.  Stream gradient was determined for 

each stream km using ArcMap (ArcGis version 9.3).   

 Regression analysis was used to evaluate if variability in cutthroat trout relative 

abundance could be explained by measured habitat features in the Mountain Creek 

drainage.  As with the main stem river, a Welch’s two-sample t-test was used to 

determine if significant differences in fish relative abundance existed in reaches where 

slow water habitat or LWD was present and reaches where they were not.  Comparisons 

were made for all cutthroat trout sampled and again for fish in the individual size classes.  

All tests were conducted at α = 0.05. 

 

Results 

 

 

Trout Distribution and Abundance 

 

 

 Main Stem – Yellowstone cutthroat trout was the only fish observed in the upper 

Yellowstone River.  Fish relative abundance was low, with a median of 7 fish/500 m, 

with only 329 total fish sampled over the 41-km main stem river.  No marked fish were 

recaptured during the second electrofishing survey.  Cutthroat trout were present in 37 of 
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 the 41 reaches sampled (Figure 3.5), but relative abundance was significantly different 

among the five river segments (Kruskal Wallis F = 9.54, p = 0.04, df = 4).  Fish relative 

abundance were highest in Segments V and II with a median of 12 fish/500 m (range, 11-

15) and 10 fish/500 m (range, 0-21) respectively (Figure 3.6).  The lowest relative 

abundance occurred in Segment I with a median of 0 fish/500 m (range, 0-8). 

Cutthroat trout size class distribution also differed longitudinally (Figure 3.7).  

Fish <70 mm in length were the most abundant, occurring in all river segments and 

accounting for 46.5% (n = 153) of the total fish sampled.  Median relative abundance for 

this size class ranged from 0.0 fish/500 m (range, 0-7)  in Segment I to 9.5 fish/500 m 

(range, 3-12) in Segment V.  Trout in the 70–150 mm and >330 mm size classes 

comprised 24.6% (n = 81) and 28.5% (n = 94) of the total fish sampled, respectively.  

Fish 70-150 mm were relatively evenly distributed in Segments II through V (Figure 3.7) 

whereas fish >330 mm were most abundant in Segment IV median 3.7 fish/500 m (range, 

0-15).  There was only one fish in the 151–330 mm size range sampled.  This fish was 

captured in Segment III.   

  

 Tributary Streams – As in the main-stem Yellowstone River, cutthroat trout was 

the only fish captured in the eight tributary systems sampled.  Fish were located in all 

tributary systems sampled below migration barriers.  Overall, mean fish abundance for 

tributary streams was 17.5 fish/100 m (SE = 5.16) and ranged from 49.5 fish/100 m in 

Cliff Creek to 1.7 fish/100 m in Escarpment Creek (Figure 3.8).  Cutthroat trout relative 

abundance differed significantly among tributary streams (Kruskal Wallis p = 0.02, F = 
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 17.36, df = 7).  Relative abundance was highest in the four of the five tributaries flowing 

into the Yellowstone River from the west.  Cliff Creek had the highest median value at 

49.5 fish/100 m (range, 40-59) and Escarpment creek had the lowest 2 fish/100 m (range, 

0-3).   

 As in the main stem river, cutthroat trout <70 mm were most abundant, 

accounting for 50.7% (n = 391) of the overall catch.  Fish from this size class were 

sampled in all tributary streams surveyed.  Fish from 70–150 mm were nearly as 

abundant, comprising 42.5% (n = 328) of the total catch.  Fish from 151–330 mm 

accounted for the remaining 6.7% (n = 52) of the total catch.  No fish from >330 mm 

were captured in any of the tributary streams sampled. 

 Cutthroat trout mean total length differed significantly between sampled tributary 

streams (ANOVA p < 0.01, F = 13.43, df = 7).  Tukey post hoc multiple comparison 

testing showed differences existed between many of the tributary streams (Table 3.1).  

Fish up to 150 mm were captured in many locations, and fish from 150-330 mm were 

found in is several tributaries, but were most abundant in Mountain Creek.  No fish >330 

mm were captured in any tributary sample reach.  Cutthroat trout in Trappers Creek had 

the largest length, mean = 106.3 mm (n = 56) and Badger Creek had the smallest mean = 

54.8 mm (n = 75) (Table 3.2).  In tributaries, excluding Trappers Spring, 771 cutthroat 

trout were sampled and had mean total length of 82.4 mm (range 28 – 305 mm, SE = 

1.59).  Within the Mountain Creek drainage (Mountain Creek, Howell Creek, and 

Mountain Creek Tributary) cutthroat trout in Mountain Creek Tributary were 
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 significantly larger than fish in Mountain and Howell creeks (ANOVA p <0.01, F = 

54.58, df = 2) (Table 3.1 and 3.2).   

 Only one population of cutthroat trout was found above a likely barrier to 

upstream migration.  A total of 18 trout were captured in a 1 km meadow reach where 

three small springs ran together.  No fish were collected in the individual forks or in the 

1.5 km of spring creek below the meadow.  Fish ranged from 104 – 198 mm (mean = 

166.8 mm) (Table 3.2).  Tukey post hoc multiple comparison testing revealed mean total 

length of fish in Trappers Spring was significantly different from all waters, with the 

exception of Mountain Creek Tributary (ANOVA p <0.01, F = 33.34, df = 10) (Table 

3.1).    

 

Habitat 

  

   

 Main stem – Main stem habitat units were relatively homogenous with fast water 

habitat comprising 80% of the total riverine habitat (Table 3.3).  Pool habitat was rare 

throughout the drainage, accounting for just 1% of the total river habitat.  Wetted width 

during base flow averaged 40.7 m (range 21.3 m – 67.0 m; SE 0.32) and mean depth was 

0.4 m (range 0.1 m – 7.0 m).  Substrate was relatively evenly distributed among sand 

(38%), gravel (37%), and cobble (25%) (Table 3.3).  

 Comparison of key habitat components was made for the five river segments.   

Wetted width, percent of slow water habitat, percent LWD coverage, and stream gradient 

were compared for each stream segment.  Only wetted width differed significantly 

(Kruskal-Wallis p = 0.01, F = 13.19, df = 4) in main stem river segments (Table 3.4).  
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 Regression analysis revealed variability in fish relative abundance could not be explained 

by measured habitat parameters.  High r
2 

 values were associated with several analyses, 

but none proved to be statistically significant (Table 3.5).  This was also the case for 

individual fish size classes (Table 3.5).  Statistical significance testing revealed no 

significant difference in total fish relative abundance in reaches with and without LWD 

or with and without slow water habitat (Table 3.6).  Also, no significant differences were 

found for individual size classes (Table 3.6). 

  

 Tributary Streams - In the Mountain Creek drainage, habitat measurements were 

taken in 37 stream reaches in September 2006.  As with main stem sampling, slow water 

habitat was sparse, comprising just 4.7% of sampled reaches.  Gradient was fairly high in 

comparison to the main stem river at 17 m/km (1.7 m/reach) (Table 3.4).  Wetted width 

averaged 7.2 m and there was approximately 26 m of woody debris/100 m.  Regression 

analysis showed that variation in fish relative abundance could not be explained by 

measured habitat components in the Mountain Creek drainage (Table 3.7).  Also, no 

significant differences were found when comparing fish relative abundance in reaches 

with and without LWD or in reaches with and without slow water habitat.   

 

Discussion 

 

 

 Extensive sampling of the main-stem upper Yellowstone River and its tributary 

streams revealed that Yellowstone cutthroat trout was the only fish in this drainage 

despite five other fish species residing in the adjoining Yellowstone Lake.  Cutthroat 
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 trout generally occurred in low abundance, especially in the main stem, where a median 

of only 7 fish/500 m were sampled.  Sampled fish were mainly comprised of small fish 

<70 mm in length with few individuals >150 mm observed.  The small size and low 

abundance of cutthroat trout sampled during autumn surveys suggests that the lacustrine-

adfluvial life history is the dominant life-history form in the upper Yellowstone River.  

This life-history form has been reported to be the dominant life history in all other 

tributary streams of Yellowstone Lake that have been studied (Jones et al. 1986; 

Gresswell et al. 1994; Gresswell et al. 1997).   

 This research documents that extended rearing beyond the first few weeks 

following emergence is present in the upper Yellowstone River.  In fact, based on the size 

classes of fish sampled, some fish stay in the system for up to 2 years before migrating to 

Yellowstone Lake.  Extended rearing is rare in other tributary streams of Yellowstone 

Lake where newly hatched trout migrate out of natal streams during their first summer 

and larger fish are rare (Ball 1955; Benson 1960; Varley and Gresswell 1988).  Migration 

out of natal streams during the first year has also been reported in tributaries to the 

Strawberry Reservoir, Utah (Knight et al. 1999) and in the Snake River, Idaho (Thurow 

et al 1988).  In the upper Yellowstone River, however, the presence of larger juvenile fish 

(25%, 71 – 150 mm in length) suggests that a portion of the juvenile cutthroat trout do 

not migrate downstream to the lake soon after emergence, but rather rear in the river 

system beyond the first summer.  Based on age at length of Yellowstone cutthroat trout 

from this study (Chapter 4) and other tributary streams of Yellowstone Lake, fish in the 

71–150 mm range are likely one to two years old.  However, the low densities of fish 
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 <150 mm is evidence that while extended rearing is present in the system, it is not a 

prominent life-history characteristic.  Fish displaying this behavior may become more 

prominent as the population of predatory lake trout continues to grow and spread 

throughout Yellowstone Lake.  Fish displaying extended rearing habits would gain 

advantages over those fish that migrate earlier by spending less time in the presence of 

predatory lake trout and entering the lake at a larger size. 

 Because of its large size, it was anticipated that the main-stem upper Yellowstone 

River may harbor cutthroat trout displaying the fluvial or fluvial-adfluvial life history.  

Unlike other tributaries to Yellowstone Lake, 29% of cutthroat trout sampled in late 

September were >330 mm in length, suggesting a small number of year round fluvial fish 

may be present in the system.  However, the lack of fish between 151-330 mm (n = 1), 

the typical length for mature fluvial salmonids (Gresswell 1995; Behnke 2002) suggests 

that few fish remain in the main stem river throughout their entire life cycle.  

 Several possible scenarios exist which could lead to the presence of large 

cutthroat trout remaining in the main stem river.  The most likely explanation is these fish 

migrated into the river to spawn and returned to Yellowstone Lake later in the fall or 

remained in the main stem to overwinter.  These behaviors were found in a small 

percentage of cutthroat trout implanted with radio transmitters in the upper Yellowstone 

River basin where most adult fish returned to the lake shortly after spawning, but several 

remained into October and a few overwintered (Chapter 1).  Overwintering adults have 

also been reported in Pelican Creek, the second largest tributary to Yellowstone Lake 

(Varley and Gresswell 1988; Gresswell et al. 1994).  Extended stays in spawning streams 
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 have also been reported for adfluvial bull trout Salvelinus confluentus in several systems 

in western North America (Fraley and Shepard 1989; Brenkman et al. 2001).   

 Another possibility is these fish may be fluvial downstream migrants from the 

South Fork Yellowstone River population.  In the late 1970’s, cutthroat trout from Sedge 

Creek were transplanted into a previously fishless portion of the South Fork Yellowstone 

River.  This section is located above a waterfall that is a barrier to upstream fish 

movement.  There is now a naturally reproducing population of fluvial cutthroat trout in 

the previously fishless section (Wyoming Game and Fish Department, unpublished data).  

It is possible that the few adult fish found overwintering in the main-stem Yellowstone 

River drifted downstream from the South Fork population and set up residency in the 

lower stream reaches.  However, the large size of the fish sampled during this study 

(>330 mm) suggests that this is unlikely as true fluvial fish rarely reach this size.  In any 

case, the abundance of fish >150 mm is likely too low to support a viable fluvial 

population. 

 The low relative abundance of Yellowstone cutthroat trout in the upper 

Yellowstone River basin is likely attributable to a combination of several factors.  In 

Clear and Bridge creeks, tributaries on the east and north shore of Yellowstone Lake 

respectively, the spawning runs of cutthroat trout have declined over 90% since the 

introduction of lake trout into Yellowstone Lake in the mid-to late 1980's (Koel et al. 

2005).  This same trend could be occurring in the upper Yellowstone River, although it is 

difficult to determine because of the lack of historical data.  The dominance of the 

lacustrine-adfluvial life history is another possibility.  The majority of fish displaying this 
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 life history would have migrated to Yellowstone Lake prior to the September sampling 

period.  The lacustrine-adfluvial life history is dominant in other tributaries of 

Yellowstone Lake (Varley and Gresswell 1988; Gresswell et al. 1997).  The upper 

Yellowstone River also lacked high quality rearing and overwintering habitat.  Trout 

species typically prefer pool habitat and areas that contain physical structure such as large 

woody debris for rearing and overwintering (Flebbe and Dolloff 1995; Gowan and 

Fausch 1996, 2002; Harig and Fausch 2002).  These features comprised only a small 

percentage of available habitat in the main-stem Yellowstone River.  The main stem river 

was mainly composed of long runs and glides with little bank or instream cover. 

 Cutthroat trout were not evenly distributed throughout the main stem river.  Just 

10 reaches accounted for over 50% of all fish sampled.  The variability in cutthroat trout 

abundance could not be explained by measured habitat components.  This may be a result 

of the low relative abundance of fish present in the system, and the fact that most large 

fish sampled were likely migrating downstream to Yellowstone Lake.  Relative 

abundance of salmonid species has been shown to be related to available habitat.  In 

systems other than Yellowstone Lake and River, cutthroat trout density was found to 

decrease significantly with increasing stream size (Murphy et al. 1986; Latterell et al. 

2003).  Rosenfeld et al. (2000) also found increasing cutthroat trout densities in smaller 

streams.  Relative abundance of brook trout Salvelinus fontanalis, brown trout Salmo 

trutta, and rainbow trout Oncorhynchus mykiss were found to increase in areas that 

contained larger amounts of large woody debris when compared to areas that contained 

little or no large woody debris (Flebbe and Dolloff 1995).  During restoration projects 
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 where large woody debris was placed into stream channels, researchers found increases 

in coho salmon Oncorhynchus kisutch, cutthroat trout, and steelhead trout Oncorhynchus 

mykiss with increased amounts of large woody debris (Roni and Quinn 2001).   

  As in the main-stem Yellowstone River, cutthroat trout displaying the lacustrine-

adfluvial life-history strategy are dominant in the tributary streams of the upper 

Yellowstone River.  Cutthroat trout up to 150 mm in length were present in all tributary 

streams sampled below migration barriers and in one location above a barrier to upstream 

migration.  However, with the exception of the upper reaches of the Mountain Creek 

drainage and Trappers Spring, fish >150 mm in length were rarely found in tributary 

systems.  The presence of juvenile fish and lack of adult fish in the majority of tributary 

streams is strong indication that lacustrine-adfluvial fish move into the system to spawn 

and quickly return to Yellowstone Lake.   

 Within the tributary streams of the upper Yellowstone River, the presence of 

cutthroat trout up to 150 mm in length in late September suggests extended rearing is 

occurring.  Both immediate migration downstream and extended rearing behaviors have 

been documented in many tributary streams of Yellowstone Lake (Ball 1955; Bensen 

1960; Gresswell et al. 1994).  In the Yellowstone River north of Yellowstone National 

Park, Yellowstone cutthroat trout fry have been reported to migrate downstream shortly 

after emergence or remain in tributary streams for several years (Byorth 1990), and in 

Idaho streams, cutthroat trout have been reported to migrate out of tributaries soon after 

emergence or spend as long as three years in some systems (Thurow 1988).  Similar to 
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 the main-stem upper Yellowstone River, the low relative abundance of fish indicates that 

extended rearing is not the dominant strategy of fish in these tributaries.   

 Although rare, fluvial or fluvial-adfluvial populations of cutthroat trout were 

found in two locations in the upper Yellowstone River drainage.  In the Mountain Creek 

drainage fish up to 305 mm were found in the upper reaches of Mountain and Howell 

creeks and Mountain Creek tributary.  Although densities of fish >150 mm were low in 

all locations, their presence in the system late in autumn, small size at maturity, and small 

length at age (Chapter 4) are indicators that these are true fluvial or fluvial-adfluvial fish.  

Similarly, migratory bull trout Salvelinus confluentus in the Flathead River drainage 

average 628 mm in length, but resident fish rarely exceed 300 mm in length (Fraley and 

Shepard 1989; Rieman and McIntyre 1995).  Throughout their range, the typical 

maximum size of a Yellowstone cutthroat trout in small headwater streams is 229 – 254 

mm with a life span of 3–5 years, but migratory fish in larger lakes and streams reach 

sizes of 533–610 mm and live 6–9 years (Benson and Bulkley 1963; Thurow et al. 1988; 

Gresswell et al. 1997).  In isolated Trappers Spring, fish from both SC II and III were 

sampled.  The isolated nature of the spring and presence of both mature and immature 

fish indicate that this is a self-sustaining resident population.   

 In the Mountain Creek drainage, variation in relative abundance of cutthroat trout 

in separate size classes could not be explained by measured habitat features.  This is most 

likely because of the low abundance of fish in this drainage.  While not statistically 

significant, within the Mountain Creek drainage for fish up to 150 mm, as gradient 

increased fish relative abundance decreased, but relative abundance of fish from 151-330 
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 mm increased.  In other systems, trout abundance has been shown to be strongly related 

to gradient (Chisholm and Hubert 1986; Kozel and Hubert 1989; Bozek and Hubert 

1992).  Kozel et al. (1989) found that standing stocks of brook and brown trout decreased 

significantly when moving from low (<1.4%) to moderate (1.5%-4.0%) gradient habitats.  

Possible factors for the decline of fish <150 mm and increase in 151-330 mm fish in 

higher gradient reaches could be because of stream velocity, location fish were hatched, 

or lack of food resources to support small fish at higher gradients.   

 Data from this study reveal that fluvial populations of cutthroat trout are present 

in some tributaries of the upper Yellowstone River drainage.  As lake trout numbers 

continue to climb (Koel et al. 2010) and other nonnative invaders (whirling disease) 

continue to affect migratory populations of cutthroat trout around the lake, these 

headwater fluvial populations will likely become more important to the survival of 

Yellowstone cutthroat trout in the Yellowstone Lake basin.  Because of their extremely 

low numbers, small area of persistence, and rarity in the Yellowstone Lake basin, special 

regulations could be put in place to protect these headwater populations of cutthroat trout 

from human impacts.  In the future, headwater fluvial populations may become an even 

more important component for conservation of Yellowstone cutthroat trout especially if 

the abundance of the dominant lacustrine-adfluvial life-history form continues to decline 

in Yellowstone Lake.   
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 Table 3.1. Comparison of cutthroat trout mean total length in the different tributary 

streams of the upper Yellowstone River basin. "+" indicates that streams were not 

significantly different and "-" indicates that streams were significantly different.   

(Escarp. = Escarpment Creek) 

 

Stream Trappers Phlox Lynx Badger Cliff Escarp. Mountain Falcon 

Trappers  - + - - + + + 

Phlox -  + + + + - + 

Lynx + +  - + + + + 

Badger - + -  + + - + 

Cliff - + + +  + - + 

Escarp. + + + + +  + + 

Mountain + - + - - +  + 

Falcon + + + + + + +  
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 Table 3.2.  Number sampled, length range, median length, mean length, and standard 

error, of cutthroat trout sampled in streams in the upper Yellowstone River drainage, 

Yellowstone National Park, Wyoming.  

 

Stream N Range 

(mm) 

Median 

Length 

(mm) 

Mean 

Length 

(mm) 

Standard 

Error 

Badger Creek 75 29 – 195 42.0 54.8 4.00 

Cliff Creek 99 31 – 152 44.0 63.5 3.24 

Escarpment 

Creek 

5 31 – 178 44.0 77.8 27.31 

Falcon Creek 27 34 – 123 95.0 81.4 6.02 

Lynx Creek 42 44 – 171 78.0 85.9 5.01 

Mountain Creek 

Drainage 

429 31 – 305 81.0 90.0 2.32 

Mountain 

Creek
a 

210 33 – 216 64.0 86.3 2.83 

Howell Creek
a 

193 31 – 280 71.0 82.6 2.92 

Mountain Creek 

Tributary
a 

26 81 – 305 162.5 175.2 12.87 

Phlox Creek 38 28 – 110 68.5 62.5 4.06 

Trappers Creek
b 

56 58 – 182 131.0 106.3 3.98 

Trappers 

Spring
b 

18 104-198 173.0 166.8 6.52 

a
 Mountain Creek Drainage 

b 
Trappers Creek Drainage 
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Table 3.3. Habitat characteristics of the main-stem upper Yellowstone River.  Surveys 

were conducted in 41, 500-meter-reaches over 41 km located within Yellowstone 

National Park, Wyoming, August 2007. 

 

Reach variable Mean (Range) 

Elevation (m) 

boundary 

2391 

Elevation (m) 

mouth 

2356 

Gradient (m/km)  0.85 

Wetted width (m)  40.7 (20.0 – 70.0) 

Thalweg depth (m)  0.40 (0.12 – 7.00) 

Fast water (%)     80 

Slow water (%)     20 

Bedrock (%)       0 

Boulder (%)       0 

Cobble (%)     25 

Gravel (%)     37 

Sand/Silt (%)     38 
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 Table 3.4.  Habitat components for the five river segments of the main-stem upper 

Yellowstone River and the Mountain Creek drainage, Yellowstone National Park, 

Bridger-Teton Wilderness, Wyoming.  Yellowstone River segments are based on gradient 

changes through the main stem river.  

 

 

 

Habitat Component 

River Segment 

I II III IV V Mountain  

Creek 

 

Gradient (m/km) 

 

0.5 

 

0.9 

 

1.7 

 

0.2 

 

1.3 

 

17.0 

 

Wetted Width (m) 

 

51.1 

 

37.5 

 

44.7 

 

33.6 

 

34.2 

 

7.2 

 

Slow Water Habitat (%) 

 

40.0 

 

12.5 

 

13.8 

 

19.3 

 

28.5 

 

4.7 

 

LWD (% coverage) 

 

0.0 

 

5.5 

 

2.3 

 

1.9 

 

3.0 

 

26.1
a
 

a
 LWD for Mountain Creek drainage reported as m/100 m. 
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Table 3.5. Regression statistics for cutthroat trout relative abundance and habitat features 

in the five river segments in the main-stem upper Yellowstone River, Yellowstone 

National Park, Wyoming.  Surveys were conducted in 2006 and 2007.    

   

Cutthroat 

Trout Size 

Class 

Wetted Width Slow Water 

Habitat 

Large Woody 

Debris 

Gradient 

 

r
2
 p-

value 

r
2
 p-

value 

r
2
 p-

value 

r
2
 p-

value 

<70 mm 0.34 0.31 0.00 0.94 0.25 0.39 0.21 0.43 

70-150 mm 0.33 0.31 0.46 0.21 0.31 0.33 0.47 0.20 

150-330 mm _ _ _ _ _ _ _ _ 

>330 mm 0.50 0.18 0.47 0.20 0.46 0.21 0.01 0.61 

All Fish 0.73 0.07 0.20 0.36 0.61 0.12 0.11 0.58 

 

Table 3.6. Welch’s two sample t-test statistics for comparison of cutthroat trout relative 

abundance in areas where large woody debris present or absent or slow water habitat was 

present or absent.   

 

Cutthroat Trout 

Size Class 

Large Woody Debris Slow Water 

p-value t df p-value t df 

<70 mm 0.70  0.39 39 0.54 0.62 39 

70-150 mm 0.11  1.62 39 0.50 0.69 39 

150-330 mm _ _ _ _ _ _ 

>330 mm 0.97 -0.04 39 0.28 1.10 39 

All Fish 0.34  0.96 39 0.17 1.39 39 
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 Table 3.7.  Regression statistics for cutthroat trout relative abundance and habitat features 

in the Mountain Creek drainage, Yellowstone National Park and Bridger-Teton 

Wilderness, Wyoming.  Surveys were conducted in 2006 and 2007.    

 

Cutthroat Trout 

Size Class 

Wetted Width Slow Water 

Habitat 

Large Woody 

Debris 

Gradient 

 

r
2
 p-

value 

r
2
 p-

value 

r
2
 p-

value 

r
2
 p-

value 

<70 mm 0.01 0.49 0.00 0.95 0.00 0.82 0.30 0.30 

70-150 mm 0.00 0.74 0.01 0.65 0.03 0.33 0.00 0.78 

150-330 mm 0.09 0.07 0.04 0.27 0.00 0.90 0.06 0.14 

>330 mm _ _ _ _ _ _ _ _ 

All Fish 0.00 0.75 0.00 0.93 0.01 0.68 0.01 0.61 
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Figure 3.1. Upper Yellowstone River fish distribution and habitat assessment study area, 

and sampling reaches, Yellowstone National Park and Bridger Teton Wilderness, 

Wyoming.  Reaches (500 m) were sampled in each km of the main-stem Yellowstone 

River, 100 m reaches were sampled in each km of tributary streams.   
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Figure 3.2.  Locations of waterfalls on tributaries of the upper Yellowstone River.    

Cutthroat trout were identified above the falls on Trappers Spring, but not in the other 

three locations.    
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Figure 3.3. Mountain Creek drainage Yellowstone National Park and Bridger-Teton 

Wilderness, Wyoming.  Electrofishing surveys were performed in randomly chosen 100 

m reaches within each 1 km of stream in 2006.  Fish habitat assessments were conducted 

on Mountain Creek, Howell Creek, and Mountain Creek Tributary.   
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Figure 3.4. Profile of the main-stem Yellowstone River from Yellowstone Lake to the 

Yellowstone National Park south boundary, Wyoming.  River segments were defined by 

changes in stream gradient.  
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Figure 3.5. Cutthroat trout observed/sampled during underwater counts and electrofishing 

surveys of the main-stem Yellowstone River, September 2006. . 
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Figure 3.6. Box plots of cutthroat trout relative abundance (fish/500 m reach) in the five 

river segments of the main-stem upper Yellowstone River, September 2006.   
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Figure 3.7.  Cutthroat trout relative abundance by size category classification in the five 

river segments of the main-stem upper Yellowstone River, September 2006, Yellowstone 

National Park, Wyoming.   
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Figure 3.8.  Relative abundance (fish/100 m) of cutthroat trout sampled in tributary 

streams of the upper Yellowstone River during electrofishing surveys, 2005-2007, 

Yellowstone National Park, Wyoming.   
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 CHAPTER 4 

 

 

AGE STRUCTURE AND GROWTH OF VARIOUS LIFE-HISTORY FORMS OF 

YELLOWSTONE CUTTHROAT TROUT IN THE UPPER YELLOWSTONE RIVER 

BASIN, WYOMING 

 

Introduction 

 

 

 Salmonid species often display a wide variety of life-history forms both among 

and within drainages (Riget et al. 1986; L’Abee-Lund et al. 1989; Gresswell et al. 1994; 

Northcote 1997; Hogen and Scarnecchia 2006).  Life-history form is determined by a 

combination of biotic and abiotic factors acting at different periods during a fish’s 

lifetime (Meyer et al. 2003; Coleman and Fausch 2007).  Life-history form can often be 

distinguished by differences in age of maturation, body size, growth rate, and migration 

patterns (Hutchings 2002).   

 Differences in growth rate and body size are important determinants of life-

history form because of their influence on fecundity, migration potential, and survival 

(Stearns 1992; Okland et al. 1993; Hutchings 2003).  Individuals that mature quickly gain 

fitness advantages through shorter generation times and decreased likelihood of mortality 

before spawning (Morita and Morita 2002).  However, benefits of early maturation can 

be offset by costs associated with smaller body size and lower fecundity.  Small size and 

early maturation are life-history characteristics common to resident salmonids residing in 

headwater streams (Northcote 1997).  In contrast, delayed maturation provides fitness 
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 benefits associated with larger size and increased fecundity, but in turn, there are costs 

associated with longer generation times, specifically, an increased risk of mortality prior 

to spawning (Morita and Morita 2002).  Among salmonids, differences in life-history 

forms have been classified as resident (fluvial) or migratory (fluvial-adfluvial, lacustrine-

adfluvial, or allacustrine) forms (Varley and Gresswell 1988; Gresswell et al. 1997).   

 Life history differences can often be distinguished by examination of scales and 

other hard parts of fish.  Scale circuli patterns can provide valuable insight into age, 

growth, and movement of a fish throughout its lifetime (Ogle and Spangler 1996; 

Weisberg 1993).  Fish reared in different environments often develop recognizable 

patterns on their scales as they form (Bigelow and White 1996).  In some systems, 

fisheries managers have been able to use scale pattern analysis to differentiate lacustrine 

versus stream dwelling fish (Hutchings 1986; Dempson et al. 1996).   

 The pattern of spacing between circuli is directly related to the growth of a fish at 

that time (Francis 1990).  Changes in growth rates are typically brought about by changes 

in temperature and diet associated with changes in season or through migration.  Wider 

spaced circuli typically form during the summer growing season and in more productive 

environments, and narrower spaced or incomplete circuli form during the colder seasons 

and less productive environments.  This pattern often provides an accurate format for 

ageing fish and determining migration and life-history patterns (Brown and Bailey 1952; 

Laakso and Cope 1956; Pikitch and Demory 1988).      

 Ageing fish with scales presents several common problems.  Scales can be 

regenerated by a fish in areas where scale have been damaged or removed.  Newly 



 

107 

 

 
 

 

 formed scales will not yield accurate age.  Also, scales of fish found in headwater 

locations or environments with short growing seasons will often fail to produce an 

annulus mark during their first year (Laakso 1955; Regier 1962).  This is particularly true 

for Yellowstone cutthroat trout in many Yellowstone waters because of their late 

emergence and subsequent slow growth during October as temperatures and productivity 

decline (Laakso and Cope 1956).  Brown and Bailey (1952) found that cutthroat trout had 

highly variable levels of scale formation at the end of their first growing season.  Laakso 

and Cope (1956) reported that approximately 33% of cutthroat trout examined from the 

Yellowstone Lake basin did not form scales during their first summer post-emergence, 

and only 31.5% that did show signs of squamation formed a first year annulus mark.    

Cutthroat trout within the Yellowstone Lake drainage display all four life-history 

forms, but the lacustrine-adfluvial life history is by far the predominant form among 

tributaries studied (Varley and Gresswell 1988; Gresswell et al. 1994; Kaeding and Boltz 

2001).  These fish spawn in lake tributaries with juvenile outmigration typically 

occurring during their first summer, shortly after emergence (Ball and Cope 1961; Varley 

and Gresswell 1988; Gresswell et al. 1994).  In contrast, the fluvial, fluvial-adfluvial, and 

allacustrine life-history forms are rare in the tributaries to Yellowstone Lake (Varley and 

Gresswell 1988; Gresswell et al. 1994; Kaeding and Boltz 2001).  However, there has 

been no comprehensive fisheries assessment conducted in the upper Yellowstone River, 

the largest tributary to Yellowstone Lake, and its extensive network of tributary 

drainages.  This large fluvial environment may facilitate the occurrence of fluvial or 

fluvial-adfluvial life-history types.   
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 Typical of many salmonids, growth rates of Yellowstone cutthroat trout vary by 

life-history type both among and within drainages across its range (Thurow et al. 1988; 

Gresswell et al. 1994; Behnke 2002; Meyer et al. 2003).  Headwater resident cutthroat 

trout may reach lengths of 250 mm, whereas migratory, lacustrine-adfluvial cutthroat 

trout may reach lengths of up to 600 mm or greater (Behnke 2002).  Fluvial trout in 

headwater environments tend to grow at much slower rates because of the colder or less 

productive environments in which they typically reside (Behnke 2002).  It is rare for a 

fluvial cutthroat trout to live more than 3-5 years, while fish in Yellowstone Lake have 

been known to live 9 years or more (Gresswell and Varley 1988; Varley and Gresswell 

1988; Behnke 2002).  Although headwater resident cutthroat trout grow at a slower rate 

and live shorter lives on average, they have evolved to mature at a younger age then 

fluvial-adfluvial or lacustrine-adfluvial fish (Behnke 2002).  Determining if multiple life-

history types are present within the upper Yellowstone River drainage would show that 

the area contains life-history forms that rarely occur elsewhere in the lake basin.  It could 

also indicate that there are distinct spawning populations present in various parts of the 

drainage.    

The primary objective of this study was to assess if different life-history forms 

that occur in Yellowstone cutthroat trout in the upper Yellowstone River Drainage could 

be differentiated between based on scale circuli patterns.  I used age structure and growth 

patterns from scale samples to identify if fluvial, fluvial-adfluvial, and lacustrine-

adfluvial life-history forms were present in the drainage.  Identification of unique life-

history types is important as different life histories may represent different genotypes 
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 within a species (Healey and Prince 1995).  A greater understanding of unique life-

history forms that may be present in the upper Yellowstone River basin will aid 

management and regulatory decisions for this large drainage and Yellowstone Lake.  I 

hypothesized that fluvial or fluvial-adfluvial fish, if present, would display slower growth 

rates than lacustrine-adfluvial migrants and these fish could be distinguished by 

distinctive differences in scale patterns and growth.    

 

Study Area 

 

 

 The study area consisted of the upper Yellowstone River from its headwaters near 

Younts Peak to Yellowstone Lake (Figure 4.1).  The Yellowstone River flows just over 

80 kilometers from its headwaters to its mouth at Yellowstone Lake.  The drainage 

contains over 200 km of tributary streams, covers an area of 1,244 square kilometers, and 

drains about 42% of the Yellowstone Lake basin.  It is one of 68 of 124 Yellowstone 

Lake tributaries known to contain a spawning run of Yellowstone cutthroat trout (Jones et 

al. 1986; Kaeding and Boltz 2001).  Scale collection took place on the main-stem 

Yellowstone River, Trappers, Mountain, Howell, Cliff, Escarpment, Thorofare, Phlox, 

and Badger creeks.   

 The headwater reaches of the main-stem upper Yellowstone River consists of 

riffle-pool complexes that flow through steep forested slopes of lodgepole pine Pinus 

contorta, whitebark pine Pinus ablicaulis, limber pine Pinus flexilis, blue spruce Picea 

pungens, and douglas fir Psuedotsuga menziesii trees.  From the headwaters to Castle 

Creek, the river gradient is 11.6 m/km and substrate is dominated by boulders and cobble.  
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 From Castle Creek to Yellowstone Lake, gradient flattens to 0.96 m/km and the river 

consists of long runs, glides, and a few large pools.  Substrate is dominated by gravel, 

cobble, and sand.  The over-story is similar in structure to the upper reaches, but is more 

heavily dominated by lodgepole pine.  The understory includes fields of willow Salix spp. 

and grasses Bromus spp. and Phleum spp.  Wildfires have occurred in recent decades and 

large burned areas are common in the watershed.    

 Native fish species in the Yellowstone River include Yellowstone cutthroat trout 

and longnose dace Rhinichthys cataractae.  Nonnative species include redside shiner 

Richardsonius balteatus, and longnose sucker Catostomus catostomus.  Although not 

documented in the Yellowstone River, lake chub Couesius plumbeus, and lake trout have 

been documented in Yellowstone Lake. 

 

Methods 

 

 

 Scale samples were collected during two different sampling events: radio 

transmitter implantation trips for spawning adults (chapter 2) and electrofishing surveys 

(chapter 3).  During implantation trips fish were collected by angling from May through 

mid-July 2003–2005.  Additional trips were made in August and October of 2003.  These 

trips produced few fish and were not continued in following years.  Scale samples were 

taken from all fish captured during this time with the exception of males whose scales 

had become too embedded to remove, or female fish who released gametes when 

handled.  All scales were collected from the left side of the fish, above the lateral line, 

between the dorsal and adipose fins.  Scales were placed on glue-cards for later 
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 processing.  During implantation efforts, no fish <400 mm in total length were collected 

with the exception of 2 fish from a small isolated spring tributary of Trappers Creek 

(Trappers Spring).  Scales collected during implantation trips were used to develop age 

and growth standards for the lacustrine-adfluvial life-history form in this drainage to 

compare with fish collected during later electrofishing surveys of the region.   

   Electrofishing surveys took place from August through September each year 

from 2004–2007 on the main-stem Yellowstone River and several tributary streams 

(Table 4.1).  Scale samples were collected from up to 10 fish in 10 mm size class 

increments in each stream sampled.  Additional samples were taken in headwater or 

isolated reaches where the possibility of sampling fluvial or fluvial-adfluvial cutthroat 

trout was greatest.  The main-stem Yellowstone River was sampled using an 

approximately 5-m raft outfitted with electrofishing equipment.  The river was divided 

into 1-km sampling sections and a 500-m reach was sampled within each section.  Each 

reach was sampled on two occasions in September of 2006.  Tributaries were sampled 

using a Smith-Root model LR-24 backpack electrofishing unit.  Each tributary was 

divided into 1-km sections and a 100-m reach in each km was randomly selected and 

sampled.  All tributaries were sampled until two consecutive sections were sampled 

without collecting a fish.  If a possible barrier to upstream movement was identified, at 

least one section above the barrier was sampled if no fish were present.   

 Scale impressions were made on a 0.5-mm thick, clear acetate card using a Carver 

laboratory press.  Press plates were heated to 200
o
F and cards were pressed under 10,000 

pounds of pressure for 60 seconds.  Scale impressions were read using an Eberbach 
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 frontal projector.  For each scale sample readers recorded scale radius, focus radius, 

annulus radius, and circuli counts for the first and second annuli.  Measurements were 

taken along the major axis (Laakso and Cope 1956) directly from the projected image 

(Figure 4.2).   All scale images were read under the same magnification.  Annuli were 

identified by circuli spacing and completeness of circuli rings on the scale (DeVries and 

Frie 1996).  Because not all cutthroat trout form scales before their first winter, samples 

with more than 7 circuli before their first annulus were not considered to have formed an 

annulus during their first growing season (Laakso 1955; Laakso and Cope 1956; Lentsch 

and Griffith 1987) (Figure 4.3).  Such scales, along with those showing evidence of 

regeneration or lacking clearly defined annuli were removed from age and growth 

analysis.  

 Scale samples were independently aged by two trained readers.  To eliminate bias 

in interpretation, readers were unaware of fish capture location, capture date, sex, or total 

length.  Reader 1 read all scales on two different occasions and reader 2 read each scale 

once.  Multiple scales from each fish were read to ensure accuracy of age estimations and 

measurements.  If age readings did not agree, either between readers or between scales 

from an individual fish, samples were removed from further analysis.  Because of the 

“Species of Special Concern” status of Yellowstone cutthroat trout in Montana, lethal 

sampling for otoliths was not conducted.  However, previous studies have verified that 

scales of cutthroat trout yield consistent age estimates provided that those with and 

without a perceptible first annulus were accurately characterized (Brown and Bailey 

1952; Laakso 1955).  Otolith and scale comparison indicated that otoliths yielded age 
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 estimates one to two years greater than with scales (Hubert et al. 1987; Kruse et al. 1997).  

Age underestimation using scales was attributed to lack of annulus formation on scales 

during the first growing season and reader error due to obscure annuli or scale erosion.    

 For this study, age structure and growth were compared among four different 

stream categories in the upper Yellowstone drainage based on relative stream size: main 

stem, large tributaries, small tributaries, and isolated waters (Table 4.1).  Length-at-age 

was compared to determine if different life-history types were present in the basin and if 

present, if differences in growth rate and age structure occur among stream size 

categories.  Higher lengths-at-age have been reported in lacustrine-adfluvial versus 

fluvial or fluvial-adfluvial fish in several systems (Hutchings 1986, Dempson et al. 1996, 

Behnke 2002).  Therefore, fish with significantly lower length at age may be evidence of 

fluvial or fluvial-adfluvial cutthroat populations in the upper Yellowstone River system.  

Age structure and mean length at age for all categories were compared using Welch’s 

two-sample t-test (α = 0.05) or Kruskal Wallis test (α = 0.05) (Kutner et al. 2005).   

 

Results 

 

 

 Scale samples were collected from 65 of the 219 Yellowstone cutthroat trout 

sampled during radio-tagging of large spawning adults.  Of the 65 samples collected, 

only 29 provided readable scale samples.  The majority of rejected scale samples (86%) 

contained regenerated areas that distorted the area around the scale focus making them 

unreadable (Figure 4.3c).  Twenty-two samples formed an annulus during their first 

growing season based on < 7 circuli prior to the first annulus mark.  These fish ranged in 
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 age from 4 to 7 years with a mean of 5.1 years (median 5, SE 0.21) (Figure 4.4).  No fish 

were collected from isolated streams. 

Electrofishing of Yellowstone cutthroat trout of all sizes yielded readable samples 

from 309 fish.  Of these, it was determined that 252 (81.6%) fish produced an annulus 

mark during their first growing season.  This percentage was much higher than the 31.5% 

previously reported for cutthroat trout from tributaries of Yellowstone Lake (Laakso and 

Cope 1956).   

Not all age classes were collected in all stream categories.  Age 0-2 fish were 

collected throughout all waters sampled with the exception of isolated waters where no 

age 0 fish and only one age 1 fish were sampled.  Age-3 fish were collected only in a few 

locations in large tributaries and isolated waters.  Age-4 fish were collected in the main 

stem and large tributaries.  Age-5 and 6 fish were collected only in the main stem.  For all 

waters cutthroat trout age ranged from zero to six years of age with a mean age of 1.2 

(Median 1, SE 0.06) (Figure 4.5, Table 4.2).  Median age differed significantly between 

the four categories of stream (Kruskal Wallis, F = 56.4, p < 0.0001, df = 3).  Pairwise 

comparison of median age for the four categories showed that significant differences 

occurred between all categories.  Age 1 was the dominant age class in all streams except 

isolated waters where age-2 and 3 fish were most abundant (Figure 4.6).  

 Length at age was significantly different for certain age classes of fish in the 

different stream categories (Table 4.3).  Total length of age zero fish was significantly 

different between the stream categories (Kruskal Wallis, F = 11.0, P = 0.004, df = 2).  

Tukey’s post-hoc multiple comparison tests showed that length at age zero was 
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 significantly different for fish in the main stem versus small tributaries.  Mean total 

length of age 0 fish was longer in small tributaries than in large tributaries or the main 

stem river (Table 4.3).  No significant differences in total length were detected in age 

classes 1 or 2 (Kruskal Wallis F = 6.6, P = 0.084, df = 3 (age 1) and f = 3.6, P = 0.31, df 

= 3 (age 2)) for any stream categories.  Significant differences were detected in age-3 fish 

(Welch’s two sample t-test, t = -4.8. P = 0.001, df = 9).  These fish were collected only in 

two categories, large tributaries and isolated waters.  Cutthroat trout from large tributaries 

were significantly larger than those captured in isolated waters (Table 4.3).  Age-4 fish 

were collected in low numbers in the main stem and large tributaries.  Age-4 fish from 

the main stem were nearly 200-mm longer than those from large tributaries (Table 4.3).  

Age-5 and 6 fish were not tested as they were only collected in the main stem. 

 

Discussion 

 

 

 Age and growth analysis supported the hypothesis that varying life-history forms 

of Yellowstone cutthroat trout are found in the upper Yellowstone River basin.  The 

difference in total length of adult fish captured in the Mountain Creek drainage (large 

tributary) during autumn electrofishing surveys was significantly different than that of 

adult fish captured during spring spawning migrations in the drainage.  The smaller size 

of adult fish in Mountain Creek as well as those from Trappers Spring (isolated water) in 

comparison to lacustrine-adfluvial fish captured during spring surveys indicates that 

fluvial fish are present in this drainage and can be distinguished from lacustrine-adfluvial 

fish based on total length at age for age-3 and older fish.     
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  Cutthroat trout captured in the upper Yellowstone River basin during implantation 

efforts were similar in age to those captured in other tributary streams of Yellowstone 

Lake and the Yellowstone River outlet.  Mean age of 5.1 years was similar to that of fish 

aged from Clear Creek (5.3, in 1984) (Gresswell and Varley 1988), and the Yellowstone 

River outlet (5.2, in 1998) (NPS, unpublished data).  Mean total length of cutthroat trout 

sampled in the upper Yellowstone River system (460 mm) was significantly different 

(Kruskal-Wallis, p < 0.000) than that of spawning cutthroat trout in Clear Creek (523 

mm, 2007) and Arnica Creek (370 mm, 1998) (NPS, unpublished data).  The fact that the 

mean length of fish sampled in the upper Yellowstone River falls between the mean 

length of fish in other spawning tributaries of Yellowstone Lake indicates that estimates 

are most likely reflective of lacustrine-adfluvial fish from the lake.  The relatively small 

sample size of 219 fish and use of angling as a capture technique may have biased this 

result.    

 The majority of fish captured in all waters, other than Trappers Spring, during 

electrofishing surveys were age 0 or 1 (Figure 4.6).  This indicates that most cutthroat 

trout migrate downstream to Yellowstone Lake shortly after hatching or at age one and 

return later to spawn.  This pattern of movement is similar to that seen in other tributary 

streams of Yellowstone Lake (Gresswell et al. 1994) indicating that the lacustrine-

adfluvial life history is also dominant in the upper Yellowstone River drainage.  Further 

evidence of the lacustrine-adfluvial life history can be drawn from the lack of age 3 fish 

in all areas with the exception of the upper reaches of the Mountain Creek drainage and 

Trappers Spring.  The low numbers of adult fish captured during electrofishing surveys 
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 indicate that fluvial or fluvial-adfluvial life histories are extremely rare in this drainage.  

Fluvial or fluvial-adfluvial life histories have only been documented in one other 

tributary to Yellowstone Lake, Sedge Creek, where fish have been isolated from 

Yellowstone Lake by a thermal barrier for over 8,000 years (Varley and Gresswell 1988; 

Gresswell et al. 1994).    

 The presence of age 0 and 1 cutthroat trout in all waters sampled indicates that 

migratory adults may enter all streams without barriers to upstream movement during 

spring spawning migrations.  The occurrence of large (>400 mm) spawning adults, in all 

areas with the exception of Trappers Spring, supports this assertion.  The presence of 

both migratory and resident adults in the upper Mountain Creek drainage indicates that 

there is no migratory barrier in the system and visual accounts of small (<300 mm) fish 

attempting to spawn with large (>400 mm) fish indicates that there is likely temporal 

overlap in spawning periods of fish within these size groups as well (personal 

observations).  The low numbers of age 3 and older fish throughout the majority of the 

system is evidence that the lacustrine-adfluvial life-history form is predominant in the 

upper Yellowstone River system.  In contrast, only a few fluvial cutthroat trout were 

present in the system.  Though rare, the existence of the true fluvial cutthroat trout in the 

Mountain Creek drainage is the first documented case of this life history in any 

Yellowstone Lake tributary that is not isolated above a migration barrier.   

 Fluvial fish isolated above migration barriers, like those found in Trappers Spring, 

have been documented only in Sedge Creek (Gresswell et al. 1994) and the South Fork of 

the Yellowstone River (Wyoming Game and Fish Department unpublished data).  The 
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 presence of multiple age classes of fish in Trappers Spring is evidence that this is a self-

sustaining population, although in very low numbers.  To help determine population and 

genetic status of these fish, they should be studied in more detail.   

 The paucity of true resident or fluvial populations within the Yellowstone Lake 

drainage distinguishes these as unique populations and should be protected.  The current 

regulations within Yellowstone National Park call for complete closure to fishing prior to 

July 15, and catch-and-release fishing for Yellowstone cutthroat trout thereafter.  To help 

protect these populations, this regulation should be adapted in waters outside the park 

boundary where it is currently legal to keep two cutthroat trout throughout the season.  

With Yellowstone cutthroat trout numbers showing marked declines range-wide and 

particularly within the Yellowstone Lake drainage, these populations could be of great 

importance to the conservation of these unique metapopulations.     
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 Table 4.1.  Waters included under each stream category.  Tributary classifications are 

based on stream size of the tributary as it enters the Yellowstone River.  For example 

Howell Creek is classified in the Large Tributares category because it flows into 

Mountain Creek before entering the Yellowstone River. 

 

Stream Category Streams 

Main Stem Yellowstone River 

Large Tributaries Mountain Creek 

     -Howell Creek* 

     -Several 

unnamed streams* 

 

Small Tributaries  Trappers Creek 

Cliff Creek 

Escarpment Creek 

Badger Creek 

Phlox Creek 

Falcon Creek 

 

Isolated Waters  Trappers Spring 

 

* Located within the Mountain Creek drainage. 
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Table 4.2. Percent of cutthroat trout (> 60 mm in total length) in each age group sampled 

during electrofishing surveys of the upper Yellowstone River basin, Yellowstone 

National Park, Bridger-Teton Wilderness, Wyoming.  Breakdown based on age-length 

key created from fish sampled during electrofishing and tag implantations surveys. (MS = 

Yellowstone River main stem, LT = Large Tributaries, ST = Small Tributaries, and ISO = 

Isolated Waters).  

 

 

 

 

Categor

y 

 

 

n 

Age 

0 1 2 3 4 5 6 

MS 

 

  46 13.0 65.2   2.2   0.0 4.3 13.0 2.2 

LT 

 

138 10.9 68.8 16.7   2.9 0.7   0.0 0.0 

ST 

 

  55 43.6 52.7   3.6   0.0 0.0   0.0 0.0 

ISO 

 

  13   0.0   7.7 38.5 53.8 0.0   0.0 0.0 
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Table 4.3. Mean total length (mm) of cutthroat in different age groups from the main 

stem, large tributaries, and small tributaries of the Yellowstone River.  Normal scales are 

those that contained less than 8 circuli before the formation of the first annulus. Category 

names are the same as Table 4.2.  

 

Category Scale 

Type 

Age (n) 

0 1 2 3 4 5 6 

 

MS 

 

TL 

 

64.3 109.0 108.0        - 471.5 463.3 455.0 

n      6      30        1        0        2        6        1 

LT 

 

TL 79.3 119.5 154.5 237.3 280.0        -        - 

n    15      95      23        4        1        0        0 

ST 

 

TL 85.7 116.6 173.5        -        -        -        - 

n    24      29        2        0        0        0        0 

ISO TL      - 104.0 156.3 190.1        -        -        - 

n      0        1        7        7        0        0        0 
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Figure 4.1. Location of scale sample collections within the upper Yellowstone River 

study area.  Scales samples were collected from adult cutthroat trout throughout the basin 

during radio transmitter implantation trips from 2003–2005 and during electrofishing 

surveys from 2004–2007.   
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Figure 4.2.  Measurement axis, focus, and annuli 1 and 2, for scale of a 108 mm TL, 

cutthroat trout collected from Mountain Creek, Bridger-Teton Wilderness, Wyoming, 

September 27, 2006.  
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Figure 4.3.  Scale of a 460 mm cutthroat trout (A) that formed a first year annulus. Notice 

the scale contains 5 circuli before the first annulus check.  Scale of a 216 mm cutthroat 

trout (B) that did not form a first year annulus.  Notice the scale contains 11 circuli before 

the first annulus check.  Scale of a 439 mm cutthroat trout (C) that has regenerated its 

scale.  Notice the distorted area around the scale focus.   

A 

C 
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Figure 4.4.  Frequency of cutthroat trout from each of the four age classes collected 

during radio transmitter implantation trips in the upper Yellowstone River basin, 2003–

2005. 
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Figure 4.5.  Age frequency of cutthroat trout sampled in all streams during electrofishing 

surveys of the upper Yellowstone River basin, 2004–2007.
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Figure 4.6. Percent frequency of each age class of cutthroat trout sampled in the four 

stream categories of the upper Yellowstone River basin, 2004–2007.  
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 CHAPTER 5 

 

 

CONCLUSION 

 

 The purpose of this research was to determine the life-history forms, abundance, 

distribution, and habitat use of Yellowstone cutthroat trout in the upper Yellowstone 

River basin, Wyoming, a largely intact, but previously unexplored, native trout 

ecosystem.  To accomplish this, a combination of radiotelemetry, underwater counts, 

electrofishing surveys, and habitat assessments were conducted throughout the region 

over a five year period.   

 The lacustrine-adfluvial life history is the dominant form displayed by 

Yellowstone cutthroat trout in the main-stem upper Yellowstone River.  The dominance 

of this life-history type is similar to that observed previously in other tributary streams of 

Yellowstone Lake (Ball and Cope 1961; Varley and Gresswell 1988; Gresswell et al. 

1994).  Ninety-six percent of fish relocated during radiotelemetry surveys in this study 

were classified as lacustrine-adfluvial.  Total lengths and age and growth rates of fish 

sampled during radio transmitter implantation trips, underwater counts, and electrofishing 

surveys also indicate the lacustrine-adfluvial life history is dominant in the main stem 

river. 

 The presence of large fluvial or fluvial-adfluvial populations in the main stem 

river below the South Fork falls seems unlikely.  Just 4% (n = 4) of relocated fish during 

tracking surveys remained in the river after September 1, and fish >330 mm averaged just 

4.4 fish/km during underwater counts and electrofishing surveys.  The low numbers of 



 

134 

 

 
 

 

 fish >330 mm remaining in the system late in the season coupled with the fact that just 

one fish between 151-330 mm was observed during sampling events on the main stem 

river is strong evidence that fluvial or fluvial-adfluvial populations are not present.    

 There is another explanation for the presence of low numbers of fish >330 mm 

remaining in the system.  Lacustrine-adfluvial fish that migrated into the system may 

have remained for an extended period.  This behavior has been documented in Pelican 

Creek the second largest tributary to Yellowstone Lake (Varley and Gresswell 1988; 

Gresswell et al. 1994).  Cutthroat trout which migrate into Pelican Creek to spawn 

occasionally overwinter within the stream.  This behavior would explain the lack of age-2 

and age-3 fish found in the upper Yellowstone River.  It would also explain why growth 

rates of the apparent stream resident fish were similar to those of lacustrine-adfluvial 

migrants.   

 Tributary streams of the upper Yellowstone River were also dominated by 

lacustrine-adfluvial cutthroat trout.  Just one fish implanted with a radio transmitter that 

moved into a tributary of the Yellowstone River remained in the system after August 1.  

This fish migrated into Thorofare Creek during the spawning period and returned to the 

main-stem Yellowstone River to overwinter.  All other relocated fish tagged in the stream 

system returned to Yellowstone Lake before October each year. 

 However, an important finding of this study was the discovery of extant 

populations of Yellowstone cutthroat trout in the Mountain Creek drainage displaying 

fluvial and fluvial-adfluvial life history.  Although occurring in low numbers these life-

history forms have not been documented in other tributary streams of Yellowstone Lake 
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 that do not contain barriers to movement.  Known fluvial populations in Sedge Creek and 

South Fork Yellowstone River are isolated by a thermal barrier and waterfall 

respectively.  Resident fluvial fish were found in tributary streams and could be 

distinguished from lacustrine-adfluvial migrants based on length at age after age 2.  

 During electrofishing surveys of tributary streams, Yellowstone cutthroat trout 

were found in all waters sampled below barriers to upstream movement and in Trappers 

Spring above a barrier.  Fluvial populations were identified in the Mountain Creek 

drainage and in Trappers Spring.  While the majority of the Mountain Creek drainage 

was dominated by age 0 and age 1 fish that likely migrate downstream to Yellowstone 

Lake with the next season high flows, the upper reaches housed fish aged at 3 and 4.  

Mean length of an age three fish in the Mountain Creek drainage was 237 mm and in 

Trappers Spring 190 mm.  No age 3 fish were sampled in the main-stem Yellowstone 

River, but in other tributaries and Yellowstone Lake, mean length of age three fish is 368 

mm (NPS unpublished data).  Age 4 fish sampled in the Mountain Creek drainage 

averaged 280 mm, in the main stem river mean length of a four year old fish was 471.5 

mm.  No age four fish were captured in Trappers Spring. 

 Habitat was not a limiting factor in the presence or distribution of fluvial or 

fluvial-adfluvial cutthroat trout in the upper Yellowstone River basin.  Differences in the 

areas that contained fish and those that did not were minimal.  Large areas containing 

adequate flow, substrate, and cover were found to be fishless throughout the drainage.  

Factors other than those measured in this study (e.g. overwintering habitat, prey 

availability) may be the reason so few adult fish are found in the system.   
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  The findings of this study show Yellowstone cutthroat trout displaying a variety 

of life-history forms are present in the upper Yellowstone River basin.  Although year-

round residents in the stream system are rare, they may be an important source of genetic 

influx to lacustrine-adfluvial migrants.  As cutthroat trout numbers in the lake continue to 

decline, fluvial or fluvial-adfluvial cutthroat trout populations may become important 

sources to repopulate the lower reaches of the drainage and possibly Yellowstone Lake.  

 Although stream resident fluvial cutthroat trout are abundant throughout their 

distribution, they are rare in the Yellowstone Lake drainage.  Because of the presence of 

stream resident fish and the declining numbers of lacustrine-adfluvial migrants from 

Yellowstone Lake this region should be further protected from angler harvest.  Currently, 

within the Yellowstone National Park boundary, angling is closed until July 15 each year, 

and anglers must release all cutthroat trout caught.  Outside of the park, however, angling 

is legal during the spawning season and anglers are allowed to keep two cutthroat trout.  

To protect stream resident populations and lake migrants the results of this study support 

an angling closure of streams in the upper Yellowstone River drainage until after the 

spawning season (August 1), and catch and release of all cutthroat trout thereafter.   
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