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Life-history organization of the cutthroat trout (Oncorhvnchus clarki) may be viewed at 

various levels, including species, subspecies, metapopulation, population, or individual. 

Each level varies in spatial scale and temporal persistence, and components at each level 

continually change with changes in environment. Cutthroat trout are widely distributed 

throughout the western USA, and during its evolution the species has organized into 

fourteen subspecies with many different life-history characteristics and habitat 

requirements. Within subspecies, organization is equally complex. For example, life-history 

traits, such as average size and age, migration strategy, and migration timing, vary among 

individual spawning populations of Yellowstone cutthroat trout (Oncorhvnchus clarki 

bouvieri) in tributary streams of Yellowstone Lake. In this study specific life-history traits of 

adfluvial cutthroat trout spawners from Yellowstone Lake were examined in relation to 

habitat of tributary drainages and subbasins of the lake. Results suggest that stream 
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drainages vary along gradients that can be described by mean aspect, mean elevation, and 

drainage size. Approximately two-thirds of the variation in the timing of annual cutthroat 

trout spawning migrations and average size of spawners can be described by third-degree 

polynomial regressions with mean aspect and elevation as predictor variables. Differences 

in average size and growth of cutthroat trout suggested metapopulation substructure 

related spatial heterogeneity of environmental characteristics of individual lake subbasins. 

Evidence that polytypic species can adapt to heterogenous environments, even within a 

single lake, has implications for the conservation, restoration, and management of many 

freshwater fishes. Understanding the consequences of human perturbations on life-history 

organization is critical for management of the cutthroat trout and other polytypic salmonid 

species. Loss of diversity at the any hierarchical level jeopardizes long-term ability of the 

species to adapt to changing environments, and it may also lead to increased fluctuations in 

abundance and yield and increase risk of extinction. Recent emphasis on a holistic view of 

natural systems and their management is associated with a growing appreciation of the role 

of human values in these systems. The recreational fishery for Yellowstone cutthroat trout 

in Yellowstone National Park is an example of the effects of management on a natural-

cultural system. Although angler harvest has been drastically reduced or prohibited, the 

recreational value of Yellowstone cutthroat trout estimated by angling factors (e.g., landing 

rate or size) ranks above all other sport species in Yellowstone National Park. To maintain 

an indigenous fishery resource of this quality with hatchery propagation is not economically 

or technically feasible. Nonconsumptive uses of the Yellowstone cutthroat trout including 

fish-watching and intangible values, such as existence demand, provide additional support 

for protection of wild Yellowstone cutthroat trout populations. A management strategy that 

reduces resource extraction has provided a means to sustain a quality recreational fishery 

while enhancing values associated with the protection of natural systems. 
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Fishes exhibit substantial phenotypic variability that has evolved in concordance with, 

and as an adaptation to, heterogeneous environmental conditions. Spatial and temporal 

variability in fish populations has been recognized for decades in commercial fisheries. 

Pioneering work on Pacific salmon led to a growing appreciation of intraspecific variability 

and its importance in species persistence and evolution. In contrast, inland fisheries 

management has been dominated by put-and-take stocking of hatchery fish, mostly non-

native species, subspecies, or strains. Principles such as the stock concept have rarely 

been applied to nonanadromous species. 

In recent years, however, we have become increasing aware of the inherent variation 

within and among freshwater fish species. Much of the work has focused on the salmonids 

in the western United States. One such attempt led to the documentation of the status and 

management of nonanadromous cutthroat trout. There are 14 recognized subspecies of 

cutthroat trout (Oncorhvnchus clarki), and although many have been locally extirpated and 

some are thought to be extinct, the cutthroat trout provide an excellent example of 

intraspecific variation across a broad range of environmental conditions. 

The Yellowstone cutthroat trout (Oncorhvnchus clarki bouvieri) is probably the most 

abundant and widespread of the nonanadromous cutthroat trout, but it has been extirpated 

from approximately 85% of its historic range in fluvial systems. It is apparent that much of 

the variability of the subspecies, in terms of locally adapted populations, has been lost. On 

the other hand, much of the current range of the Yellowstone cutthroat trout lies within the 

Greater Yellowstone Ecosystem, and therefore, many of the factors that threaten the 

persistence of viable populations elsewhere are reduced in this area as a result of the 

protection afforded by Yellowstone National Park. 

Within the Park, there is a long research history on the Yellowstone cutthroat trout, 

especially those in Yellowstone Lake. Numerous studies, some dating back to the late 

1940s, have been conducted on the Yellowstone Lake fishery, and a substantial amount of 
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life-history variation has been documented within this single body of water. A large, 

lacustrine ecosystem, such as Yellowstone Lake provides an excellent opportunity to study 

the life-history organization of a polytypic species in a diverse assortment of habitats. 

Geomorphic, topographic, and hydrologic factors vary among streams within the 

Yellowstone Lake basin, and dissimilarities among tributary streams within the lake basin 

are reflected in differences among life-history strategies of the cutthroat trout. 

Over four decades of field investigations and the presence of historical narratives form 

a substantial data base for Yellowstone Lake and the indigenous cutthroat trout. Data 

concerning all aspects of the life history of the cutthroat trout in the lake and tributary 

streams provide a solid base for the investigation of variation in life-history within the 

subspecies. They also help describe the response of the fishery to changes in human 

activities that have occurred in the drainage during the last century. 

In this thesis, I have synthesized data that describe the life-history variation of 

cutthroat trout and the physical environment of the Yellowstone Lake drainage in an 

attempt to better understand life-history organization within the lake drainage. The second 

chapter provides an overview of the life-history characteristics of the Yellowstone cutthroat 

trout across its range and discusses the current status and persistence potential. This 

chapter will be published in 1994 as part of a conservation assessment by the USDA Forest 

Service of nonanadromous stocks of cutthroat trout. The third chapter describes a 

conceptual framework for life-history organization of the Yellowstone cutthroat trout in 

Yellowstone Lake. This has been accepted for publication in the Canadian Journal of 

Fisheries and Aauatic Sciences. Using this conceptual framework, I attempted to 

investigate specific life-history traits of adfluvial cutthroat trout spawners from the lake in 

relation to habitat of tributary drainages and subbasins of the lake. The fourth chapter 

provides an analytical examination of this portion of the project. Life-history data for 

cutthroat trout spawners from 27 tributaries to the lake were used to investigate habitat 
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variables that may influence timing of the annual migrations and size of the spawners. 

Differences in cutthroat trout size and growth characteristics in conjunction with some 

aspects of environmental variation among lake subbasins provide tentative evidence of 

structure in the Yellowstone Lake metapopulation. In the fifth chapter, I attempted to 

describe some of the human values associated with this natural-cultural system, how they 

have changed through time, and the importance of coherence in natural-cultural systems. 

This chapter has been accepted for publication in Conservation Biology. The final chapter 

provides an summary of the major conclusions of this work. 
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Chapter 2:  
Yellowstone Cutthroat Trout:  

Ecology, Status, and Conservation Assessment  
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Abstract 

Although the Yellowstone cutthroat trout Oncorhvnchus clarki bouvieri is more 

abundant and inhabits a greater geographical range than any other nonanadromous 

subspecies of cutthroat trout, anthropogenic activities have resulted in a substantial 

reduction in the historical distribution of this subspecies. Individual populations of the 

Yellowstone subspecies evolved a variety of life-history characteristics in response to the 

diverse environments in which they have been isolated since the last glacial retreat; 

however, many unique local populations have been extirpated in recent decades. 

Genetically unaltered Yellowstone cutthroat trout currently occur in approximately 85% of 

their historical lacustrine habitat and only about 10% of the original fluvial range. 

Hybridization with non-indigenous salmonids, habitat degradation, and angler harvest 

continue to pose a substantial threat to remaining populations; however, the subspecies has 

been given special status throughout its present range, and current management is focused 

on protecting this valuable resource. Information concerning the relationship between life-

history diversity and habitat suitability is critical to these efforts. Long-term monitoring is 

integral to understanding interannual variation of Yellowstone cutthroat trout populations 

and the relationship between habitat and anthropogenic activities. 
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Introduction 

The Yellowstone cutthroat trout Oncorhvnchus clarki bouvieri is more abundant and 

inhabits a greater geographical range than any other nonanadromous subspecies of 

cutthroat trout (Varley and Gresswell 1988). Individual populations of the Yellowstone 

subspecies have evolved numerous life-history characteristics in response to the diverse 

environments in which they have been isolated since the last glacial retreat; however, 

anthropogenic activities have resulted in a substantial reduction in the historical distribution 

of this subspecies. Many unique local populations have been extirpated. This assessment 

is intended to describe current understanding of the distribution, life history, and 

management of the Yellowstone cutthroat trout with emphasis on anthropogenic influences 

and conservation requirements. 

Population Size and Distribution 

The Yellowstone cutthroat trout was indigenous to the Snake River upstream from 

Shoshone Falls, Idaho and the Yellowstone River above the Tongue River, Montana (Behnke 

1992). Although there are some disagreements concerning the evolutionary history of 

cutthroat trout and various cutthroat trout subspecies (Behnke 1992; Stearley 1992; 

Stearley and Smith 1993), the most recent incursion of Yellowstone cutthroat trout into the 

Yellowstone River drainage is related to the retreat of glacial ice that occurred 

approximately 12,000 years ago (Richmond and Pierce 1972). Anthropogenic introductions 

have established this subspecies outside its native range in Montana, Wyoming, Idaho, 

Nevada, Washington, Utah, Oregon, Colorado, and possibly other western states (Sigler and 

Miller 1963; Carlander 1969; Baxter and Simon 1970; Brown 1971; Simpson and Wallace 

1978; Gresswell 1988). Outside the USA, populations have been established in British 

Columbia, Alberta, and perhaps Quebec (Scott and Crossman 1973). Genetic purity of 
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many established populations is questionable, however, because of hybridization with 

rainbow trout Oncorhvnchus mvkiss, golden trout Oncorhvnchus aauabonita, and other 

subspecies of cutthroat trout (Varley and Gresswell 1988). 

The Yellowstone cutthroat trout is assumed to be a "headwater" subspecies, but 

historically they were distributed in large rivers such as the Yellowstone River near Miles 

City, Montana and the Snake River above Shoshone Falls (Evermann 1892; Varley and 

Gresswell 1988). According to Varley and Gresswell (1988), historical range in elevation 

was between 275 m (Waha Lake, Idaho) and 2,590 m (Lake Eleanor, Yellowstone National 

Park). Currently populations of indigenous Yellowstone cutthroat trout occur at elevations 

between 1,300 m (Yellowstone River near Big Timber, Montana; Clancy 1988) and over 

3,313 m (Marker Lake, Montana; McMullan and Dotson 1988). Introduced populations may 

be found at lower elevations (Varley and Gresswell 1988). 

In 1981 Schill and Griffith (1984) estimated densities of Yellowstone cutthroat trout 

(>250 mm total length, TL) ranging from 31 to 1,090 fish/hectare in the Yellowstone River 

between Yellowstone Lake and Sulfur Cauldron (Yellowstone National Park). Discharge 

varied from 28 to 94 m3/second during the study period (July, August, and October), and 

Yellowstone cutthroat trout densities varied among sample dates. In most cases, main-

channel density estimates were greater than those from shoreline zones. Exceptions during 

July and August were attributed to post-spawners that used the low-velocity shoreline 

areas. 

Weight of individual fish was not measured by Schill and Griffith (1984); however, 

standing-crop estimates (18-647 kg/hectare) can be obtained using the average weight of 

Yellowstone cutthroat trout (mean = 594 g; n = 100) captured by electrofishing in this 

section of river during October 1981 (Jones et al. 1982). Although maximum standing crop 

estimates appear extreme, they are probably representative of the period when Yellowstone 

cutthroat trout congregate in this area to spawn. Mean length of cutthroat trout captured 
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by anglers in this section of river (391 mm TL) during the study period is similar to the 

mean length of fish in the electrofishing sample (397 mm TL; Jones et al. 1982). 

Clancy (1988) suggested that the abundance of age-2 and age-3 Yellowstone 

cutthroat trout in the mainstem of the Yellowstone River between Corwin Springs and 

Springdale, Montana was related to location of "high-quality" spawning tributaries. For the 

years 1982, 1986, and 1987, the mean number of age-2 fish per kilometer of river ranged 

from 40 to 97 in four study sections. Abundance of age-3 Yellowstone cutthroat trout 

varied from 27 to 106 fish/km among the study sections. 

In Idaho, Thurow (1982) reported abundance estimates between 163 and 3,000 

Yellowstone cutthroat trout/km in the Blackfoot River mainstem and tributaries, 

respectively. Yellowstone cutthroat trout densities were from 0 to 38 fish/100 m2 in 

tributaries to Willow Creek and from less than 1 to 8 fish/100 m2 in the mainstem (Corsi 

1988). Age-1 and age-2 Yellowstone cutthroat trout dominated tributary populations in 

both studies. Mainstem samples revealed older and larger fish, with individuals up to 8 

years old. 

From a sample of 23 small streams in Wyoming and Yellowstone National Park (Binns 

and Eiserman 1979; USFWS unpublished data), Varley and Gresswell (1988) reported a 

mean standing crop of 48 kg/hectare (range: 7-145 kg/hectare) for indigenous populations 

of Yellowstone cutthroat trout. Less information concerning abundance and standing crop 

of Yellowstone cutthroat trout in lakes is available. Jones et al. (1979) estimated standing 

crops of 23 and 54 kg/hectare for Yellowstone cutthroat trout (>200 mm TL) in two small 

mountain lakes in Yellowstone National Park. Population estimates of 1-4 million cutthroat 

trout (>350 mm TL) were reported for Yellowstone Lake in 1979, but precision of these 

estimates was poor (Jones et al. 1980). Resulting standing crop estimates were 12-43 

kg/hectare (Varley and Gresswell 1988) 
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Life-history Characteristics 

Life-history characteristics of Yellowstone cutthroat trout have been documented 

throughout their current range. In this report, emphasis will be placed on life-history traits 

of indigenous populations of this subspecies, but reference to introduced populations will be 

included where relevant. 

Spawning behavior 

Yellowstone cutthroat trout spawn exclusively in fluvial environments, and Varley and 

Gresswell (1988) described four migratory-spawning patterns for Yellowstone cutthroat 

trout: 

(1) Fluvial populations generally spawn within their home range in lotic systems. 

Migration may occur, but fluvial spawners do not enter tributary streams. Kelly (1993) 

recorded movement of Yellowstone mature cutthroat trout in the Yellowstone River 

between Yellowstone Lake and the Upper Falls of the river (28 km). Approximately 52% of 

recaptured fish were collected in the segment where they were initially marked; 41 % 

moved upstream, and 7% moved downstream. After emergence fry may move either 

upstream or downstream or remain near the redd (Varley and Gresswell 1988). 

(2) Fluvial-adfluvial populations migrate from streams into tributaries to spawn. This 

pattern has been documented in the Yellowstone River in Montana (Clancy 1988), several 

drainages in the Snake River in Idaho (Thurow et al. 1988), and in the Yellowstone River 

(below the Lower Falls) and Lamar River in Yellowstone National Park (Varley and Gresswell 

1988). Juveniles may emigrate as fry or spend 1-3 years in natal tributaries before 

returning to the mainstem (Thurow et al. 1988; Varley and Gresswell 1988) 

(3) Lacustrine-adfluvial populations live in lakes and ascend tributaries to spawn. 

Although juveniles from most tributaries to Yellowstone Lake migrate to the lake shortly 
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after emergence, some may remain in their natal stream for one or more years if the habitat 

is suitable (Varley and Gresswell 1988). Returns of marked fish suggested long-term (more 

than 2 years) lotic residency for some Yellowstone cutthroat trout that were spawned in 

Pelican Creek, a tributary of Yellowstone Lake (Gresswell et al. In press). 

(4) Allacustrine populations migrate from lakes downstream into the outlet stream 

during spawning. This spawning pattern is less common, but it has been documented in 

Yellowstone Lake (Ball and Cope 1961), Heart Lake (Varley and Gresswell 1988), and 

Pocket Lake (USFWS, unpublished data) in Yellowstone National Park. Fry are believed to 

move upstream to the lake after emergence, and this behavior appears to be heritable 

(Raleigh and Chapman 1971; Bowler 1975). 

Homing 

Homing by Yellowstone cutthroat trout spawners is believed to influence life-history 

diversity through reproductive isolation (Gresswell et al. In press). Ball (1955) documented 

natal homing (return of adult spawners to the area of their birth) in Arnica Creek, a tributary 

of Yellowstone Lake. Repeat homing behavior (individual spawners returning to the same 

tributary in successive years; Mc Cleave 1967) has been observed for lacustrine-adfluvial 

spawners from Yellowstone Lake (Cope 1957a; Jones et al. 1984) and fluvial-adfluvial 

spawners from the Yellowstone River in Montana (Clancy 1988) and the Blackfoot and 

South Fork Snake rivers in Idaho (Thurow et al. 1988). In-season homing was 

experimentally investigated when individual adults returned to a spawning area after 

dislocation (Mc Cleave 1967; Jahn 1969; Labar 1971). 

Straying during the spawning migration is low. Between 1949 and 1955, 18,836 

cutthroat trout from Yellowstone Lake were tagged as they entered Arnica, Chipmunk, 

Clear, Grouse, and Pelican creeks to spawn (Cope 1957a). Of 244 adults that returned to 

spawn in subsequent years, 97% were collected in the stream where they were originally 



12 

tagged. In separate study, Ball (1955) marked three groups of immature cutthroat trout in 

1950 and 1951 as they emigrated from Arnica Creek to Yellowstone Lake. Between 16 

and 25% of these fish eventually returned to spawn in Arnica Creek, but none were 

recovered in the five other tributaries being monitored during that period. More recently, 

about 23% of 42,229 cutthroat trout marked at Clear Creek in 1979 returned to spawn 

again, and only 1% of the marked fish were annually collected in Pelican and Cub creeks 

(Jones et al. 1985). Only 10 of 333 Yellowstone cutthroat trout (3.3%) tagged in 

tributaries to the Blackfoot River failed to return to the stream in which they were marked; 

nine of these fish strayed between two streams that entered the Blackfoot River 

approximately 400 m apart (Thurow 1982). 

Migration timing 

Yellowstone cutthroat trout generally spawn between March and August, and 

migrations begin when temperatures approach 5°C (Varley and Gresswell 1988; Byorth 

1990; Thurow and King 1994). Although Yellowstone cutthroat trout spawners will enter 

tributaries prior to major increases in discharge, most fish migrate after flow drops from the 

spring peak (Ball and Cope 1961; Jones et al. 1990; Thurow and King 1994). Daily 

upstream migrations increase to a peak in concordance with water temperature, usually 

between 1300-1700 hours (Jones et al. 1990; Byorth 1990). Stream discharge decreases 

diurnally as temperature increases (Jones et al. 1990). 

Substantial differences in migration timing have been documented for tributaries the 

Yellowstone Lake basin (Gresswell et al. In press). Migration timing is affected by latitude, 

altitude, water temperature, and hydrographic relationships (Clancy 1988; Thurow et al. 

1988; Varley and Gresswell 1988; Kelly 1993). Spawning usually occurs earlier at lower 

elevation sites. Approximately 64% of the variation in mean date of the peak spawning 

migration in 27 tributaries to Yellowstone Lake between 1985 and 1987 can be explained 
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by a third-degree polynomial regression with tributary basin size and aspect as predictor 

variables (Gresswell unpublished data). Physical characteristics of a drainage directly 

influence the hydrologic cycle in a basin (Morisawa 1968), and a strong relationship 

between timing of spawning migrations of Yellowstone cutthroat trout and hydrographic 

stage and water temperature has been observed in tributaries to the lake (e.g., Ball and 

Cope 1961; Jones et al. 1990). Throughout the range of Yellowstone cutthroat trout, 

spawner abundance generally increases as water temperature rises and discharge decreases 

from spring runoff peak (Varley and Gresswell 1988; Byorth 1990; Thurow and King 1994). 

In tributaries to Yellowstone Lake, older and larger Yellowstone cutthroat trout migrate 

first (Ball and Cope 1961: Jones et al. 1990). Data suggest that older and larger individuals 

also migrate farther upstream (Cope 1957b; Dean and Varley 1974); this behavior has been 

noted with other fishes (Briggs 1955). Age, length, weight, and condition factors decline 

as the spawning migration progresses (Jones et al. 1990). 

Cope (1956) reported that upstream migration of Yellowstone cutthroat trout 

spawners into Arnica Creek was predominantly nocturnal, but angler harvest and spawn-

taking operations occurring in the 1950s may have influenced these results. Recent 

observations suggest that most migration occurs during daylight hours (Varley and 

Gresswell 1988; USFWS unpublished data). Cutthroat trout have been observed entering 

tributaries to the Blackfoot River (Idaho) throughout the day and night; however, as water 

temperature increase and discharge decrease, most movement occurs during the day 

(Thurow 1982). In Cedar Creek (Montana) 79% of adfluvial Yellowstone cutthroat 

spawners from the Yellowstone River were trapped between 1400 and 1700 hours when 

water temperatures ranged from 12 to 14°C (Byorth 1990). Nocturnal migration of adult 

spawners is uncommon in other salmonid species (Carlander 1969). 

In most tributaries to Yellowstone Lake, Yellowstone cutthroat trout spawners remain 

in streams from 6 to 25 days (Varley and Gresswell 1988); however, there is evidence that 
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in some larger tributaries, such as Pelican Creek, Iacustrine- adfluvial spawners may not 

return to the lake for many months (Jones et al. 1982). Males generally migrate into 

spawning tributaries earlier than females and remain in spawning areas longer (Ball and 

Cope 1961). During the early portion of the spawning migration in Clear Creek, some fish 

have been observed moving into and out of tributaries repeatedly without spawning 

(USFWS, unpublished data). Emigration of postspawners is generally nocturnal while 

discharge is high during the early portions of the annual spawning migration, but most 

movement occurs during daylight hours as the run progresses (Varley and Gresswell 1988). 

Age and size of spawners 

Mean age of spawners varies across the range of the Yellowstone subspecies. 

Thurow et al. (1988) reported that most fluvial populations in the upper Snake River in 

Idaho mature at age 4 or 5, but variation does occur. Most Yellowstone cutthroat trout in 

Henrys Lake mature at age 3 (Thurow et al. 1988). Clancy (1988) designated age-3 and 

older Yellowstone cutthroat trout in the Yellowstone River between Corwin Springs and 

Springdale, Montana as adults. Between 1987 and 1992, mean age for spawners at Clear 

Creek, a tributary to Yellowstone Lake, was 5.8 years (Gresswell et al. In press). 

Average size of Yellowstone cutthroat trout spawners is also variable. Thurow et al. 

(1988) summarized information for populations of the subspecies in Idaho. They concluded 

that few fish less than 200 mm (TL) were mature, and most fluvial-adfluvial spawners 

exceeded 275 mm. Mean length varied between 300 and 500 mm. In the Yellowstone 

River in Montana, Clancy (1988) grouped fish over 300 mm as adults, and spawners from 

two tributaries to the river varied from 322 to 368 mm (TL) in 1988 and 1989 (Byorth 

1990). Benson and Bulk ley (1963) found that in Yellowstone Lake fish above 300 mm (TL) 

were mature, and most fish less than 250 mm were immature. Data collected since 1985 

suggests that mean length of Yellowstone cutthroat trout spawners from individual 
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tributaries to Yellowstone Lake ranges from 305 to 405 mm (USFWS, unpublished data). In 

small subalpine lakes and streams Yellowstone cutthroat trout may mature between 100 

and 130 mm. 

Angler harvest can affect the mean age and length of Yellowstone cutthroat trout 

spawners (Gresswell and Varley 1988). At Clear Creek, mean age of Yellowstone cutthroat 

trout declined to 3.9 years in the mid-1960s during a time when angler success (measured 

by landing rates: number of fish captured/hour) and mean length of captured fish was 

declining. Since restrictive regulations were implemented in the early 1970s, the average 

age in the spawning run has increased. Age-9 Yellowstone cutthroat trout have been 

collected annually in Clear Creek since the late 1970s; maximum age of spawners has 

increased to 11 years old. At Le Hardy Rapids (Yellowstone River, approximately 6 km 

below Yellowstone Lake), annual monitoring suggests an increase in mean age from 3.7 

years immediately following the implementation of catch-and-release (no harvest) 

regulations in 1973 to 6.1 years in 1986 and 1989 (Jones et al. 1992). 

Mean length of Yellowstone cutthroat trout spawners in Clear Creek was 

approximately 369 mm in the early 1950s (Gresswell et al. In press). Reductions in the 

creel limit in Yellowstone Lake and elimination of spawn-taking activities in lake tributaries 

were associated with an increase in mean length to approximately 389 mm during the late 

1950s, but as harvest increased in the 1960s, mean length declined to 365 mm in 1966 

and 1967. Since the implementation of restrictive angling regulations, mean length of 

spawners at Clear Creek has risen to approximately 399 mm (1988-1992). Mean length of 

spawners captured in dip nets at Le Hardy Rapids has increased from 362 mm in 1974 (1 

year following the implementation of catch-and-release regulations) to 402 mm in 1991 

(Jones et al. 1992). In Montana, catch-and-release regulations in the Yellowstone River 

have been associated with a greater proportion of Yellowstone cutthroat trout > 330 mm 

(Shepard 1992). 
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Fecundity 

Fecundity of Yellowstone cutthroat trout from Henrys Lake (Idaho) averaged 1,577 

and 2,930 eggs/female for females with mean length of 319 mm and 518 mm, respectively 

(Thurow et al. 1988). Moore and Schill (1984) reported a mean fecundity of 1,413 eggs 

for females collected from the South Fork Snake River (mean length = 377 mm). At Clear 

Creek (Yellowstone Lake), the estimated mean fecundity for Yellowstone cutthroat trout in 

1992 was 1,393 eggs/female (mean length = 394 mm; USFWS unpublished data). 

Fecundity is related to length, weight, or age of fish (Bagenal 1978), and changes in 

mean length and age can affect population fecundity (total number of eggs deposited by 

females; Bagenal 1978). Although relative fecundity (number of eggs/kg of female body 

weight; Bagenal 1978) has remained unchanged (2,633 eggs/kg; Jones et al. 1985), 

population fecundity at Clear Creek has risen from 6.2 million eggs in the 1950s to an 

average of almost 32 million eggs between 1975 and 1992 (USFWS unpublished data). 

Average fecundity of female Yellowstone cutthroat trout has risen in association with 

increases in mean length, and population fecundity remains high despite a decline in 

spawner abundance observed at Clear Creek in recent years (USFWS unpublished data). 

Male:female ratio 

Thurow et al. (1988) reported that except for the Henrys Lake Hatchery migration, 

females were more abundant than males in fluvial-adfluvial spawning populations sampled in 

Idaho. Male:female ratios varied from 0.37:1 to 0.17:1 in the Blackfoot River (Thurow 

1982), and Moore and Schill (1984) reported a male:female ratio of 0.83:1 in the South 

Fork Snake River. Females are also more abundant in lacustrine-adfluvial spawning 

migrations in tributaries to Yellowstone Lake. Males often dominate the early portion of 

spawning migrations, but the proportion of males decreases as the spawning migration 
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progresses (USFWS unpublished data). Between 1945 and 1953, mean male:female ratios 

for six tributaries ranged from 0.61:1 to 0.74:1 (Ball and Cope 1961). Estimates for 13 

sample years between 1973 and 1992 at Clear Creek range from 0.52:1 to 0.75:1 (USFWS 

unpublished data). 

An anomalous situation occurs in the Yellowstone River below Yellowstone Lake. 

Since 1976, males have been more numerous than females in most annual dip-net samples 

from Le Hardy Rapids (approximately 6 km below the lake). Angling regulations in this 

section of the Yellowstone River were changed to catch-and-release (no harvest) in 1973. 

Male:female ratios were 0.73:1 and 0.79:1 in 1974 and 1975, respectively, but since 

1976, the male:female ratio has dropped below 1.06:1 only three times (1982, 1986, and 

1989). The mean male:female ratio between 1976 and 1991 was 1.35:1. Because these 

estimates are based on weekly synoptic samples, they may not be directly comparable to 

male:female ratios obtained from fish traps; however, samples at Le Hardy Rapids are 

collected throughout the spawning migration, sample sizes are large, and methods have 

remained unchanged since 1974 (Jones et al. 1992). Results suggest a preponderance of 

males in the fluvial population of Yellowstone cutthroat trout from this section of the 

Yellowstone River when angler harvest low. 

Byorth (1990) reported that males dominated the early portions of the spawning 

migration in Cedar Creek (Montana), but as the migration peaked the male:female ratio 

approached 1:1. Berg (1975) reported similar trends in Cedar Creek. Males were also more 

abundant in another Yellowstone River tributary, Tom Miner Creek, in 1988 and 1989. 

Male:female ratios in these fluvial-adfluvial spawning migrations may vary from other 

reported values because of differences in habitat and life-history development, but the low 

number of spawners in the samples may influence results. 



18 

Iteroparity 

Iteroparity is common for Yellowstone cutthroat trout (Clancy 1988; Thurow at al. 

1988; Varley and Gresswell 1988), but the proportion of repeat spawners can be affected 

by angler harvest (Varley and Gresswell 1988). Ball and Cope (1961) reported that first-

time spawners comprised up to 99% of spawning migrations in Yellowstone Lake during a 

period when angler harvest was greater than the estimated maximum sustained yield 

(325,000 trout; Benson and Bulk ley 1963). Angler harvest has been reduced since the 

early 1970s, and at least 23% of 42,229 Yellowstone cutthroat trout marked at Clear 

Creek in 1979 spawned again between 1980 and 1984 (Jones at al. 1985). Repeat 

spawners represented up to 15% of some fluvial and fluvial-adfluvial migrations in Idaho 

(Thurow et al. 1988). Thurow (1982) found that 93% of repeat spawners were females. 

Iteroparity may occur in either consecutive or alternate years (Thurow et al. 1988; 

Varley and Gresswell 1988). Using putative spawning erosion on scales, Bulk ley (1961) 

concluded that consecutive-year spawners were more common in tributaries to Yellowstone 

Lake. At Clear Creek, however, spawners marked in 1979 returned most frequently in 

alternate years (1980-1984; Jones at al. 1985). Varley and Gresswell (1988) reported that 

alternate-year spawning was more common in populations at higher elevations. Pattern of 

repeat spawning is probably related to growth, parasitic infection, and other physiological 

factors (Ball and Cope 1961). In the Yellowstone River between Corwin Springs and 

Springdale (Montana), Yellowstone cutthroat trout that spawned during consecutive years 

consistently exhibited slowest growth (Clancy 1987). 

Mortality 

Based on recaptures of tagged fish, Ball and Cope (1961) reported that average 

instream mortality of Yellowstone cutthroat trout spawners was 48% in five tributaries of 
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Yellowstone Lake between 1949 and 1953. Welsh (1952) reported that in 1951 and 

1952, 28% of Yellowstone cutthroat trout spawners in Arnica Creek died near spawning 

sites and another 1% died before postspawning emigration was complete. At Clear Creek, 

estimates of instream mortality based on total counts of upstream and downstream 

migrants averaged 13% for 5 sample years (1977-1979, 1983, and 1984; Jones et al. 

1985). In recent years, estimates of instream mortality at Clear Creek have increased 

(mean = 31 % 1987, 1988, 1991, and 1992; USFWS unpublished data) although the 

relative influence of changes in monitoring procedures and increased numbers of white 

pelicans Pelecanus ervthrorhvnchcos has not been investigated. 

Egg mortality of Yellowstone cutthroat trout in natural redds was estimated to range 

between 12 and 42% in three tributaries to Yellowstone Lake (Mills 1966); mortality was 

associated with inadequate water flow through gravel. Ball and Cope (1961) estimated 60-

70% egg mortality. Angler wading may reduce survival; 83% of Yellowstone cutthroat 

trout eggs and pre-emergent fry were killed by twice-daily wading in an experiment 

conducted Roberts and White (1992). 

Early Life-history 

Eggs generally hatch in 25-49 d (310 celsius temperature units, sum of mean daily 

temperatures above 0°C), and juveniles emerge from the gravel approximately 2 weeks 

later (Ball and Cope 1961; Mills 1966; Kelly 1993). Juveniles often move to shallow, slow-

flowing areas, and migratory individuals soon begin to emigrate (Varley and Gresswell 

1988). Although young-of-the-year Yellowstone cutthroat trout are locally numerous in the 

Yellowstone River below Yellowstone Lake, fish <250 mm are not common (Schill and 

Griffith 1984; Kelly 1993). Kelly (1993) reported that numbers of young-of-the-year fish 

declined over 90% within 25 d after peak emergence in 1990 and 1991. Few juveniles 
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were observed; most were found in the segment between Sulfur Caldron and the Upper 

Falls. 

Thurow et al. (1988) reported that in many drainages in Idaho, fry migrate 

downstream shortly following emergence; however, in other tributaries juvenile Yellowstone 

cutthroat trout do not emigrate for 1-3 years. Similar results have been noted in tributaries 

to Yellowstone Lake (Benson 1960; Gresswell et al. In press) and in the Yellowstone River 

drainage in Montana (Byorth 1990). Welsh (1952) suggested that the distance from redd 

to stream mouth directly influenced the length of time that fry remained in tributaries to 

Yellowstone Lake; those in the upper reaches of Arnica Creek often remained in the stream 

over winter. Thurow et al. (1988) reported a density-dependent downstream migration 

related to habitat availability. 

Growth 

Growth of Yellowstone cutthroat trout is variable and dependent on population and 

environmental conditions. Growth rate generally increases as elevation decreases. Thurow 

et al. (1988) reported that migratory stocks grow faster than nonmigratory stocks because 

of the greater growth potential in higher-order mainstem reaches. Early research on growth 

was provided by Irving (1955), Laakso (1956), Laakso and Cope (1956), Bulk ley (1961), 

and Benson and Bulk ley (1963). More recently, Irving (1979), Thurow (1982), Moore and 

Schill (1984), and Corsi (1988) have expanded the information base for fluvial populations 

in Idaho, and Shepard (1992) summarized growth of Yellowstone cutthroat trout from the 

Yellowstone River in Montana. Data have also been analyzed for most of the lacustrine and 

many of the fluvial populations in Yellowstone National Park (USFWS, unpublished data). 

Varley and Gresswell (1988) summarized "typical" back-calculated lengths (TL) for 

Yellowstone cutthroat trout from Carlander (1969) as follows: age 1, 100 mm; age 2, 180 

mm; age 3, 240 mm; age 4, 310 mm; age 5, 370 mm; age 6, 410 mm. Mean values for 
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growth of Yellowstone cutthroat trout from Yellowstone Lake for 20 years between 1969 

and 1992 are: age 1, 60 mm; age 2, 140 mm; age 3, 240 mm; age 4, 310 mm; age 5, 350 

mm; age 6, 390 mm; age 7, 420 mm; age 8, 450 mm; age 9, 470 mm (USFWS 

unpublished data). 

Males generally grow at a faster rate than females in Henrys Lake (Irving 1955) and 

Yellowstone Lake (Bulk ley 1961; USFWS unpublished data). The largest individuals 

sampled in Yellowstone Lake are males, but Varley and Gresswell (1988) suggest that this 

may be due to greater longevity rather than faster growth. Recent information from 

Yellowstone Lake and Clear Creek indicates that many large (> 450 mm) individuals are 

immature (USFWS unpublished data). In an environment where the annual growing season 

is short, somatic growth may be encouraged by postponement of maturity and the 

associated demands of gonadal development. Thurow et al. (1988) report that growth of 

individuals in migratory populations is greatest following emigration from natal areas and 

prior to maturity. 

In the Blackfoot River and Willow Creek drainages (Idaho), Yellowstone cutthroat trout 

reach 8 or 9 years of age, lengths greater than 600 mm (TO, and weights from 2 to 4 kg 

(Thurow et al. 1988). Maximum size in Yellowstone Lake is somewhat lower (>500 mm 

and 1.5 kg), but Yellowstone cutthroat trout in Heart Lake (Yellowstone National Park) can 

exceed 5 kg. Eight species of fish evolved in Heart Lake, and Yellowstone cutthroat trout 

are believed to be highly piscivorous in this lacustrine environment. 

Age analysis for Yellowstone cutthroat trout has primarily relied on the use of fish 

scales. Squamation occurs at approximately 41-44 mm (TL) in Yellowstone Lake (Brown 

and Bailey 1952; Laakso and Cope 1956). Laakso and Cope (1956) validated the use of 

scales up to age 2. The authors found that some fish did not form an annulus until the end 

of the second year of growth, and criteria to distinguish "normal" and "retarded" in the 

Yellowstone Lake watershed were established. Laakso (1955) maintained that criteria for 
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establishing age at first annulus (on scales) in the Yellowstone Lake drainage have general 

applicability; however, the universality of this hypothesis has not been determined. 

The frequency of normal scales appears to be related to growth rate (Laakso 1955): 

In a review of populations throughout the range of the Yellowstone cutthroat trout, Lentsch 

and Griffith (1986) reported that the lack of a first-year annulus was related to temperature 

within the natal stream. They suggested that when accumulated celsius temperature units 

were 720 or fewer, all fish lacked an annulus at the end of the first season of growth. All 

fish formed an annulus if the celsius temperature units were 1,500 or greater. 

Habitat Relationships and Trends 

Yellowstone cutthroat trout occupy diverse habitats. Lacustrine populations inhabit 

waters from the size of small beaver ponds to large lakes (e.g., Yellowstone Lake, 35,400 

hectares; Varley and Gresswell 1988). Varley and Gresswell (1988) reported that fluvial 

populations were historically common in large rivers such as the Snake River above 

Shoshone Falls, Idaho (mean annual flow, 156 m3/s) and the Yellowstone River near Miles 

City, Montana (mean annual flow, 321 m3/s. Although many of these large-river 

populations have declined or disappeared, Yellowstone cutthroat trout can be found in first-

order tributaries with mean widths of 1 m and flow as low as 0.06 m3/s. 

Yellowstone cutthroat trout are well adapted to cold, harsh environments. Data 

reviewed by Carlander (1969) suggest optimum water temperatures between 4.5 and 

15.5°C for the subspecies. Dwyer and Kramer (1975) reported maximum "scope for 

activity" (difference between maximum and minimum metabolic rates) for a sample of 

cultured cutthroat trout (age 1 +) occurred at 15°C. Yellowstone cutthroat trout collected 

from Yellowstone Lake under 1 m of ice were actively feeding in water 0-4°C (Jones et al. 

1979). Populations exist in streams in Yellowstone National Park with summer maxima 

between 5 and 8°C (Jones et al. 1979). Isolated populations in alpine and subalpine areas 
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overwinter for up to 8 months in small streams with low temperatures and extreme ice 

conditions (Varley and Gresswell 1988). 

Although Yellowstone cutthroat trout are currently associated with cold water 

habitats, Varley and Gresswell (1988) reported that water temperatures within portions of 

the historical range exceeded 26°C. Most of these large-river, warm-water populations 

have been extirpated; however, several populations have been documented in geothermally 

heated streams in Yellowstone National Park with an ambient water temperature of 27°C 

(Varley and Gresswell 1988). Yellowstone cutthroat trout apparently survive under these 

extreme conditions by locating thermal refugia. Kelly (1993) suggested that cutthroat trout 

were excluded from Alum Creek, a tributary to the Yellowstone River in Yellowstone 

National Park, because summer water temperatures often exceeded 22°C. 

Yellowstone cutthroat trout tolerate a broad range of chemical conditions. Varley and 

Gresswell (1988) reported that the subspecies has been collected from waters in 

Yellowstone National Park with total dissolved solids ranging from about 10 to 700 mg/L. 

They speculated that conditions were more variable in the historical range (e.g., waters in 

the Bighorn River drainage, Wyoming have total dissolved solids exceeding 2,000 mg/L; 

U.S. Geological Survey, unpublished data). Alkalinity is relatively low (mean = 64 mg 

CaCO3/L) in most areas of Yellowstone National Park, but waters in the upper Snake River 

basin exceed 150 mg CaCO3/L alkalinity (Thurow et al. 1988). Mean alkalinity for three 

tributaries used by fluvial-adfluvial spawners from the Yellowstone River in Montana ranged 

from 46 to 378 mg CaCO3/L (Byorth 1990). Although populations of Yellowstone cutthroat 

trout have been documented in waters with pH from about 5.6 to over 10.0, none have 

been observed where pH is below 5.0 (Varley and Gresswell 1988). Kelly (1993) reported 

that unsuitable water quality precluded survival of Yellowstone cutthroat trout in three 

tributaries to the Yellowstone River in Hayden Valley (Yellowstone National Park); these 

streams are characterized by widely fluctuating pH resulting from poor buffering capacity. 



24 

Spawning streams are most commonly perennial with groundwater and snow-fed 

water sources; gradient is usually below 3% (Varley and Gresswell 1988). Varley and 

Gresswell (1988) reported that the use of intermittent streams for spawning is not well 

documented; however, spawning has been observed in intermittent tributaries to 

Yellowstone Lake. In these streams spawning occurs during spring runoff, and fry emigrate 

in July and August, prior to desiccation. Although many fry and some adults may become 

stranded as discharge drops, Varley and Gresswell (1988) suggest that spawning in 

intermittent streams may provide reproductive advantage over non-indigenous fall-spawning 

salmonids that have been introduced throughout the range of the Yellowstone cutthroat 

trout. 

Varley and Gresswell (1988) suggested that Yellowstone cutthroat trout spawn 

wherever optimum temperature and substrate are found, but this may be an 

oversimplification. Cope (1957b) reported that forest cover had little effect on the 

distribution of redds in tributaries to Yellowstone Lake, and spawners did not always 

congregate in areas with the greatest concentration of spawning gravel. Yellowstone 

cutthroat trout entering tributaries early in the spawning migration move upstream farther 

than individuals arriving later in the migration (Cope 1957b, Dean and Varley 1975). 

Thurow and King (1994) noted that in Pine Creek, Yellowstone cutthroat trout spawners 

selected different sites for spawning in 1991 and 1992; severe drought conditions in 1992 

would have caused dewatering at sites used the previous year. The authors emphasized 

the importance of other physical cues, such as water velocity, for locating redds in areas 

with a high probability of hatching success and fry survival. Water depth is correlated with 

water velocity, and this parameter may also provide an important physical cue. 

Optimum temperature for spawning is between 5.5 and 15.5°C (Varley and Gresswell 

1988). Byorth (1990) found that 77% of Yellowstone cutthroat trout spawners in Cedar 

Creek ascended when water temperatures were 12-14°C. For 13 years between 1977 and 
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1992, maximum daily water temperature in Clear Creek, a tributary to Yellowstone Lake, 

ranged 10-14.2°C on the date of peak spawning migration (USFWS unpublished data). In 

1991, maximum daily water temperature in Pine Creek, a tributary to the South Fork Snake 

River (Idaho), ranged from 16 to 20°C during the Yellowstone cutthroat trout spawning 

migration (Thurow and King 1994). 

Varley and Gresswell (1988) reported that optimum size for gravel in Yellowstone 

cutthroat trout spawning areas is 12-85 mm in diameter. In 11 redds from Cedar Creek 

(Montana), Byorth (1990) estimated approximately 74% (by weight) gravel (2-63.5 mm in 

diameter) and 17% cobble (63.5-256 mm in diameter). Yellowstone cutthroat trout in Pine 

Creek spawned in areas where substrate was less than 100 mm in diameter (Thurow and 

King 1994). Approximately 60% of the substrate was in the 16- to 64-mm size-class, 15% 

was in the 6.4- to 16-mm size-class, and 20% was less than 6.4 mm in diameter. Thurow 

and King (1994) found no significant change in composition of undisturbed substrate near 

redds from the start to the end of incubation. 

Yellowstone cutthroat trout spawned in water 9-55 cm deep in Pine Creek, but over 

80% of the redds were at depths between 10 and 30 cm deep (Thurow and King 1994). 

Average depth of redds in Pine Creek was 20 cm beside the pit and 21 cm upstream from 

the pit. In a smaller tributary (Cedar Creek), Byorth (1990) reported that 86% and 75% of 

Yellowstone cutthroat trout redds were constructed at depths of 9.1-15.2 cm in 1988 and 

1989, respectively. Mean depth of redds in Cedar Creek was approximately 12 cm in both 

years. 

Water velocities within 5 cm of completed redds were 16-73 cm/s in Pine Creek, and 

the average was 42 cm/s beside the redd and 46 cm/sec upstream from the redd (Thurow 

and King 1994). Mean current velocity at redds in Cedar and Tom Miner creeks averaged 

approximately 24 cm/s and 38 cm/s, respectively (Byorth 1990). Velocities ranged from 0 
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to 68 cm/s in Cedar Creek, but most redds were found at velocities of 16-27 cm/s. Water 

velocity measured 14-71 cm/s near redds in Tom Miner Creek (Byorth 1990). 

Mean size of 66 redds measured by Thurow and King (1994) was 1.58 m long by 

0.60 m wide; redds encompassed an area of approximately 1 m2. The authors observed 

superimposition of redds, generally occurring laterally or immediately downstream of 

existing redds. Byorth (1990) reported superimposition of redds in Cedar and Tom Miner 

Creeks, and superimposition has been documented in tributaries to Yellowstone Lake (Mills 

1966). Thurow and King (1994) suggested that because most eggs were deposited in the 

center of the upstream edge of the tailspill, redd superimposition that is located laterally or 

downstream of the tailspill may not disturb the eggs. 

In streams, fry generally seek areas of low velocity (Varley and Gresswell 1988). 

Yellowstone cutthroat trout fry in Cedar and Tom Miner creeks used similar habitat. Mean 

depth of locations used by fry in both streams was approximately 11 cm (range = 3-24 

cm; Byorth 1990). Water velocities were also similar (3 and 5 cm/s for Cedar Creek and 

Tom Miner Creek, respectively), and approximately 50% of fry were located where 

velocities exceeded 2 cm/s (Byorth 1990). Stream substrate at sites used by Yellowstone 

cutthroat trout fry differed between the two streams; these differences probably reflected 

differences in available substrate materials (Byorth 1990). 

In late winter (March - April) at water temperatures ranging from 4 to 7°C, Griffith and 

Smith (1993) found juvenile Yellowstone cutthroat trout concealed in water shallower that 

0.5 m within 1 m of the wetted perimeter of the stream. Of seven sites sampled in the 

South Fork Snake River (Idaho), 87% of the fish captured were age-0 Yellowstone cutthroat 

trout, 2% were age-1 cutthroat trout, and 11 % were brown trout Salmo trutta (Griffith and 

Smith 1993). Density of age-0 Yellowstone cutthroat trout increased as the substrate size 

of unembedded cover increased. From 61 - 66% of the juvenile trout in concealment 

emerged at night (Griffith and Smith 1993). 
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Lacustrine-adfluvial fry usually begin emigration soon after emergence, but some may 

overwinter in the natal stream. After emigration from natal streams, fry congregate in 

shallow water along the shoreline prior to movement into deeper water (Gresswell and 

Varley 1988). Apparently in Yellowstone Lake most juveniles ( through age 2) occupy 

pelagic areas (Gresswell and Varley 1988). Plankton are abundant in these areas, and the 

vast size of the pelagic area provides protection from predation by larger individuals. 

Yellowstone cutthroat trout move into the littoral zone after maturation and apparently 

remain there throughout the year (Gresswell and Varley 1988). A shift in food preference is 

associated with the littoral habitat, and the proportion of larger macroinvertebrates in the 

diet increases (Benson 1961). Mature individuals are especially prominent during spawning 

migrations as they travel along the shoreline to tributaries. Because most angler use is 

focused on the shallow, near-shore areas, older and larger Yellowstone cutthroat trout are 

vulnerable to angler harvest. Scarcity of juvenile Yellowstone cutthroat trout (through age 

2) in the angler catch is assumed to be associated with their residence in pelagic areas 

(Gresswell and Varley 1988). 

Biotic Interactions 

Sympatric species 

Except where barriers limited access (e.g., Waha Lake, Idaho and Crab Creek, 

Washington), rainbow trout have replaced the Yellowstone cutthroat trout in the Columbia 

River Basin below Shoshone Falls on the Snake River (Behnke 1992). An early estimate by 

Malde (1965) suggested that the falls were formed 30,000-60,000 years ago during the 

Bonneville floods, but recent information suggests that this event occurred approximately 

14,500, years ago (Oviatt et al. 1992). Above the falls, Yellowstone cutthroat trout 

evolved with 10 other fish species (Thurow et al. 1988). In Yellowstone National Park, 
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seven of these fishes historically occurred with Yellowstone cutthroat trout in the Heart 

Lake drainage (Jordan 1891; Smith and Kendall 1921; Dean and Varley 1974). On the east 

side of the continental divide only longnose dace Rhvnichthvs cataractae were historically 

sympatric with the Yellowstone cutthroat trout above the Upper Falls of the Yellowstone 

River (Benson and Bulk ley 1963). Below the falls, mountain whitefish Prosooium 

williamsoni, mottled sculpin Cottus bairdi, longnose sucker, white sucker Catostomus 

commersoni, and longnose dace were all found historically in the Yellowstone River (Clancy 

1988); however, the white sucker has not been collected in Yellowstone National Park 

(Varley and Schullery 1983). 

Predators 

There are many natural predators in the range of the Yellowstone cutthroat trout. 

Piscivorous avifauna may have the greatest effect on populations in the Yellowstone Lake 

drainage. The size of fish selected and biomass consumed per day varies among bird 

species (Davenport 1974; Swenson 1978; Swenson et al. 1986). Estimated total biomass 

of cutthroat trout consumed by piscivorous avifauna in Yellowstone Lake area was 117,100 

and 83,800 kg for 1973 and 1974, respectively (Davenport 1974). 

Although white pelicans were estimated to remove 350,000 Yellowstone cutthroat 

trout (approximately 105,900 kg) annually in the 1920s (based on population estimates of 

500-600 pelicans, Ward 1922), Davenport (1974) argued that the estimate of 3.6 kg 

fish/pelican/d used to calculate consumption was probably high. Using an estimate of 1.3 

kg fish/pelican/day, she estimated that biomass of Yellowstone cutthroat trout consumed 

by white pelicans was approximately 34,500 (400 pelicans) and 16,800 kg (195 pelicans) 

for 1973 and 1974, respectively (Davenport 1974). The reduction in consumption in 1974 

was due to reproductive failure resulting from flooding of the pelican rookery. 
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Two endangered species are among the numerous piscivores of the Greater 

Yellowstone Ecosystem, an area that includes most of the current range of the Yellowstone 

cutthroat trout. Swenson et al. (1986) found that during the breeding season (April-

August), Yellowstone cutthroat trout accounted for approximately 23% of the diet of bald 

eagles Haliaeetus leucoceohalus in the Yellowstone study unit (Yellowstone Lake, 

Yellowstone River and tributaries above Upper Falls, and Lewis, Shoshone, and Heart lakes). 

Eagles consumed Yellowstone cutthroat trout almost exclusively during the peak spawning 

period in Yellowstone Lake (May-July, Ball and Cope 1961; USFWS unpublished data), 

switching to flightless birds as fish became less available. In the Snake unit (Snake River 

and major tributaries from the mouth of Lewis Lake to mouth of Henrys Fork), cutthroat 

trout comprised about 8% of the diet; however, the exact proportion of Yellowstone 

cutthroat trout cannot be estimated because the Snake unit included the range of the 

finespotted Snake River cutthroat trout (unnamed subspecies of cutthroat trout occurring in 

the Snake River between Jackson Lake and Palisades Reservoir; Behnke 1992). 

Yellowstone cutthroat trout are also an important seasonal component in the diet of 

grizzly bears Ursus arctos horribilis in Yellowstone National Park (Mealey 1980; Reinhart 

1990). Hoskins (1975) suggested that physical characteristics of tributary streams and 

spawner density were important factors in predicting use of individual spawning streams as 

feeding sites. Because dumps had become the primary feeding areas for bears by the 

1960s, it has been hypothesized that fishing behavior had to be relearned after the dumps 

were closed in 1970. Management actions that reduced angler harvest of Yellowstone 

cutthroat trout may have had indirect positive affects on grizzly bears by potentially 

increasing spawner densities in tributaries to. Yellowstone Lake. 
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Food and Feeding 

Thurow et al. (1988) cited Mc Masters (1970) and Thurow (1982) to support their 

contention that Yellowstone cutthroat trout were opportunistic feeders that consume 

preferred food items according to availability. Behnke (1992) suggested that Yellowstone 

cutthroat trout are generally more piscivorous than westslope cutthroat trout Oncorhvnchus 

clarki, lewisi. In migratory populations in Idaho, growth increased coincident with a shift 

from insectivory to piscivory following emigration (Skinner 1955). Yellowstone cutthroat 

trout in Heart Lake (Snake River drainage, Yellowstone National Park) evolved with 7 other 

fishes, and piscivory is believed to be common among mature cutthroat trout in the lake. In 

Henrys Lake and Yellowstone Lake, however, macroinvertebrates are the primary food of 

mature Yellowstone cutthroat trout, and piscivory is rare (Irving 1955; Benson 1961; Jones 

et al. 1990). 

Juvenile Yellowstone cutthroat trout in the pelagic area of Yellowstone Lake feed 

primarily on zooplankton including Daphnia sheedleri and Diaotomus shoshone (Benson 

1961). Mature Yellowstone cutthroat trout move into the littoral zone and remain there 

throughout the year feeding on zooplankton, larger crustaceans (primarily Gammarus 

lacustris and Hvallela azteca), and aquatic insects (Benson 1961; Gresswell and Varley 

1988; Jones et al. 1990). Despite the presence of native longnose dace and introduced 

populations of redside shiner Richardsonius balteatus, lake chub Couesius plumbeus, and 

longnose sucker Catostomus catostomus in the littoral areas of the lake, piscivory among 

Yellowstone cutthroat trout in the lake is uncommon (Benson 1961; Jones et al. 1990). It 

could be argued that the lack of piscivory is related to spatial separation; however, very few 

fish have been observed in cutthroat trout stomach contents even where there is 

substantial spatial overlap among cutthroat trout and the three introduced fishes (e.g., 

lagoons, spawning streams). 
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One exception to the limited piscivory in Yellowstone Lake was observed during weir 

monitoring of the annual Yellowstone cutthroat trout spawning migration in Pelican Creek. 

Approximately 33% of stomach samples collected from Pelican Creek in 1972 In =27) and 

1973 In = 69) contained fish (Dean and Varley 1974). Of 65 fish identified from stomach 

samples, 64 were redside shiners and 1 was a longnose dace; spawning migrations of these 

two fishes are believed to roughly coincide with cutthroat trout. Although redside shiners 

were routinely netted and released below the trap during trap operations, relationships 

between handling and piscivory below the weir were not investigated. It is possible that 

the observed predation by cutthroat trout in Pelican Creek may be an artifact of trap 

operation. 

Parasites 

A total of 64 parasitic species are associated with cutthroat trout (Hoffman 1967; 

Heckmann and Ching 1987), and 18 of these have been collected from Yellowstone 

cutthroat trout from Yellowstone Lake (Heckmann 1971; Heckmann and Ching 1987). In 

1956 and 1957, 55-60% of 10,700 fish examined from tributaries to Yellowstone Lake had 

parasites (Cope 1958). The extent of parasite occurrence in populations of Yellowstone 

cutthroat trout in other areas within the current range of the subspecies is not well 

documented (Woodbury 1934; Bangham 1951; Hoffman 1967). 

Perhaps the most infamous of the parasites associated with Yellowstone cutthroat 

trout is the tapeworm found in Yellowstone Lake. There is disagreement about the 

taxonomy of this tapeworm (Otto and Heckmann 1984). Current identifications suggest 

two species (Diohvllobothrium ditremum and Diohvllobothrium dendriticum) are present 

instead of the single previously identified species (Diohvllobothrium cordiceos; Heckmann 

and Ching 1987). Infestation rates are high (46%-100%; Woodbury 1934; Bangham 1951; 

Post 1971; Heckmann and Ching 1987). Effects on mortality rates have not been 
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assessed. Hall (1930) speculated that stunting and diminished egg production were 

possible; however, this has never been substantiated. Some individuals may contain over 

400 plerocercoids (Heckmann 1971), but many individuals exhibiting a high level of 

parasitism often remain vigorous (Post 1971). 

Aesthetics of dense infestations of tapeworms appear to be the major concern of 

anglers (Linton 1891; Post 1971), but there is some evidence that human infections are 

possible (Heckmann and Ching 1987). Many anglers from Yellowstone Lake historically 

responded by discarding parasitized fish. In one survey in July 1959, 7,500 fish were 

counted in garbage cans in the Yellowstone Lake area. During four random days in July 

1978, only 9 Yellowstone cutthroat trout were found in almost 300 bags of garbage from 

two campgrounds; expansion of these results yielded an estimate of 300 discarded fish for 

the two campgrounds during the month (Jones et al. 1979). The difference in counts is 

believed to be associated with reduced infection rates in younger fish that constitute the 

harvest under regulations that limit retention to fish less than 330 mm TL. The white 

pelican is a definitive host of the tapeworm (Litton 1891), and during the 1920s, there was 

support for a plan to destroy pelican eggs on the rookery in an effort to reduce the bird 

population and subsequently the incidence of tapeworms (Varley and Schullery 1983). 

Other parasites may also be numerous. Parasitic copepods (Leoeoohtheirus salmonis, 

Lernae000da bicauliculata, Salmincola edwardsii, and Salmincola sp.; Heckmann and Ching 

1987) are found on gills, fins, and points of fin insertion. Cope (1958) reported that 

highest infestation density was at the point of fin insertion. Leeches (Piscicola salmositica 

and Illinobdella sp.; Heckmann and Ching 1987) occur on the outside of the body, but there 

does not appear to be a preferred area (Cope 1958). 

One species of eye fluke (Diolostomum baeri buccelentum) occurred in all of 25 

Yellowstone cutthroat trout collected from Yellowstone Lake in 1985 (Heckmann and Ching 

1987). Dwyer and Smith (1989) found metacercariae of eye flukes (Diolostomum sp.) in 
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of 6 of 10 Yellowstone cutthroat trout from Yellowstone Lake; they suggested that these 

parasites were probably D. baeri buccelentum. Eye flukes cause diplostomatosis or eye 

fluke disease of fishes, and the effect on visual acuity depends on the density of worms 

(Heckmann and Ching 1987). Severe infections may affect feeding ability and ultimately 

growth. 

In a comparison among spawning migrations in five tributaries, parasite infestation 

rates appeared to be higher in Arnica Creek than other tributaries (Cope 1958). Cope 

(1958) also found that males had more parasitic copepods, females harbored more leeches, 

infestation rates decreased through time, and less downstream migrants were parasitized 

than upstream migrants. Yellowstone cutthroat trout in Clear Creek were an exception to 

the above seasonal generalization; the greatest incidence of leeches was during the latter 

portion of the migration. Since 1978, however, data from Clear Creek suggest higher 

infestation in the early portion of the migration (USFWS unpublished data). 

Diseases 

Little is known about enzootic levels of disease in naturally reproducing populations of 

Yellowstone cutthroat trout. The causative agent for furunculosis (Aeromonas salmonicida) 

has been isolated from individuals collected from the Yellowstone River below Yellowstone 

Lake (USFWS, unpublished data). Mac Connell and Peterson (1991) reported proliferative 

kidney disease (PKD) in a population of Yellowstone cutthroat trout in a remote reservoir in 

Montana, but this was the first substantiated occurrence of the disease in a feral population 

of cutthroat trout. 
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Reasons for Concern 

Yellowstone cutthroat trout were historically found in the Yellowstone River drainage 

in Montana and Wyoming and in the Snake River Drainage in Wyoming, Idaho, Utah, 

Nevada, and probably Washington (Varley and Gresswell 1988; Behnke 1992). 

Anthropogenic activities such as introduction of non-indigenous fishes (resulting in 

hybridization and interspecific competition), habitat degradation (e.g., water diversions, 

grazing, mineral extraction, and timber harvest), and angler harvest have resulted in 

widespread extirpation of populations of this subspecies. Varley and Gresswell (1988) 

estimated that genetically unaltered populations of Yellowstone cutthroat trout currently 

occur in approximately 10% of the historical stream habitat (2,400 km) and about 85% of 

the historical lacustrine habitat (38,500 hectares). These estimates suggest that 91 % of 

the present range of Yellowstone cutthroat trout lies within the boundary of Yellowstone 

National Park (Gresswell and Liss In Press). 

In a summary of the current distribution of Yellowstone cutthroat trout in Montana, 

Hadley (1984) reported a continued loss of Yellowstone cutthroat trout populations from a 

previous assessment by Hanzel (1959). She estimated that only 8% (324 km) of the 

original fluvial range of the Yellowstone cutthroat trout in Montana (4217 km) was still 

inhabited by genetically "unaltered" populations of Yellowstone cutthroat trout. 

Introductions of species that can hybridize with Yellowstone cutthroat trout (rainbow trout, 

golden trout, or cutthroat trout from unknown sources) had occurred in some of these 

drainages, and none of the unaltered populations had been verified by genetic analysis at 

the time of her study. Significantly, 54% of the current fluvial habitat of Yellowstone 

cutthroat supports introduced salmonids (brown trout and brook trout Salvelinus fontinalis) 

that were potential competitors or predators. Since 1983 genetic purity of 80 populations 

designated as genetically unaltered was evaluated by electrophoretic analysis , but only 

25% (20 populations) were introgressed (YCTWG 1994). 
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In conjunction with an interagency management plan for Yellowstone cutthroat trout in 

the Yellowstone River drainage, biologists estimated that the subspecies historically 

occupied approximately 4,800 and 15,100 km of stream in Montana and Wyoming, 

respectively (YCTWG 1994). Habitat suitability for Yellowstone cutthroat trout was not 

verified for all locations identified in Wyoming, however, and therefore, these estimates 

may be exaggerated. Approximately 965 km of stream in Montana and 4,700 km in 

Wyoming were assumed to currently support Yellowstone cutthroat trout. These estimates 

may also be inflated because introgressed populations occur in 42-50% of the current 

habitat in Montana, and there is no information available concerning the genetic purity of 

Yellowstone cutthroat populations in Wyoming (YCTWG 1994). Considering only 

genetically unaltered populations in Montana, it appears that only 10% of the historical 

range (stream km) in that state still sustains Yellowstone cutthroat trout. Assuming similar 

conditions in Wyoming, estimates of current range by Varley and Gresswell (1988) may be 

realistic but not encouraging. 

Population declines and extirpations have been greatest in low-elevation, higher-order 

3) streams (Hanzel 1959). These areas have historically been the focus of most 

anthropogenic activities including agriculture and resource extraction. Additionally, 

abundant access in low-elevation areas has encouraged angler harvest and non-indigenous 

species introductions. Remoteness of portions of the native range probably contributed to 

the preservation of remaining populations, and in much of this area, public ownership in the 

form of parks and reserves has provided habitat protection that is lacking in low-elevation 

portions of the range (Varley and Gresswell 1988). 
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Causes of Declines 

Non-indigenous Species Introductions 

Hybridization and introaression 

Hybridization resulting from introductions of rainbow trout and non-indigenous 

subspecies or populations of cutthroat trout is the primary cause of the decline and 

extirpation of Yellowstone cutthroat trout throughout their historical range (Allendorf and 

Leary 1988; Varley and Gresswell 1988). Hybrids between rainbow trout and Yellowstone 

cutthroat trout are developmentally successful, and progeny may appear as morphological 

and meristic intermediates between parental types or virtually identical to a single parental 

type (Ferguson et al. 1985). Consequently, it is virtually impossible to verify genetic 

integrity with morphological data alone; however, nuclear allozymes and mitochondria! DNA 

(mtDNA) haplotypes have proved to be useful for detecting hybridization (Leary et al. 1987; 

Forbes and Allendorf 1991). 

In the upper Snake River drainage, hybridization with rainbow trout has resulted in the 

virtual disappearance of Yellowstone cutthroat trout in the Henrys Fork Snake River (Griffith 

1988) and lower portions of the Blackfoot, Portneuf, and Teton rivers (Varley and Gresswell 

1988). In Montana, virtually all drainages where rainbow trout have been stocked in the 

historical range of Yellowstone cutthroat trout now support hybrid populations of the two 

species (Henze) 1959). Allendorf and Leary (1988) reported evidence of hybridization and 

introgression in half of 16 samples from tributaries to the Yellowstone River in Montana. 

Because these tributaries were selected without prior knowledge of genetic integrity, 

Allendorf and Leary (1988) asserted that results were a reliable representation of 

hybridization in the Yellowstone River drainage. 

Reproductive isolation between Yellowstone cutthroat trout and rainbow trout has 

apparently prevented hybridization in some areas. Wishard et al. (1982) examined 
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Yellowstone cutthroat trout populations from four tributaries to the upper Blackfoot River 

and found no evidence of hybridization with rainbow trout. In these drainages, Yellowstone 

cutthroat trout spawn in May and June in headwater reaches, and rainbow trout of 

hatchery origin typically spawn from winter through spring in lower reaches of the drainage 

(Thurow 1982). A similar situation has been observed in the Yellowstone River below the 

Lower Falls. 

Introgression resulting from the introduction of cutthroat trout from non-indigenous 

subspecies or populations is also common (Allendorf and Leary 1988). Yellowstone Lake 

was once the largest source of cutthroat trout in the world, and over 818 million eggs were 

gathered from Yellowstone Lake tributaries (Varley 1979). Many of the resulting fry were 

returned to the lake; however, between 1899 and 1957, waters in over one-half of the 50 

United States, most Canadian provinces, and several other countries received shipments of 

Yellowstone cutthroat trout from Yellowstone Lake (Gresswell and Varley 1988; Varley and 

Gresswell 1988). These introductions led to the intraspecific introgression of Yellowstone 

cutthroat trout with numerous other cutthroat trout subspecies (Marnell et al. 1987; 

Gresswell 1988; Carl and Ste !fox 1989). At the metapopulation level, Gresswell and Varley 

(1988) suggested that planting fry in the lake and its tributaries led to the potential mixing 

of up to 68 genetic entities (assuming only one type per spawning migration). Studies 

documenting genetic influence of intrapopulation variation in the timing of pink salmon 

Oncorhvnchus porbuscha spawning migrations indicate that this may be a conservative 

estimate. 

Comoetition 

Non-salmonid species are commonly indicted as competitors of salmonid species; 

however, it does not appear that the introduction of longnose suckers, redside shiners, and 

lake chub into Yellowstone Lake has had negative effects on the Yellowstone cutthroat 
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trout population (Gresswell and Varley 1988). Marrin and Erman (1982) found evidence of 

competition between brown trout and rainbow trout in Stampede Reservoir, California, but 

competition between trout and the tui chub Gila bicolor or Tahoe sucker Catostomus 

tahoensis was "unlikely". Niche separation, both spatial and temporal, may reduce the 

incidence of competition in these examples. Although competition may be substantial in 

different environments, it would probably be greatest with species exhibiting similar niche 

requirements. 

Introduction of brown trout and rainbow trout to the Madison River in Yellowstone 

National Park was followed by the extirpation of indigenous westslope cutthroat trout and 

fluvial Arctic grayling Thvmallus arcticus (Jones et al. 1981), but Yellowstone cutthroat 

trout are still abundant in sections of the Yellowstone River where they are sympatric with 

these two nonnative salmonids (Clancy 1988). In Idaho streams where Yellowstone 

cutthroat trout are sympatric with brown trout and brook trout, cutthroat trout persist if 

habitat has not been degraded and angler harvest is not extreme (Thurow et al. 1988). 

Thurow et al. (1988) reported that angler harvest may be the factor that limits Yellowstone 

cutthroat trout in sympatry with brown trout because cutthroat trout are more vulnerable to 

angling. 

Griffith (1988) reported that cutthroat trout are less likely to coexist with brook trout 

than other nonnative salmonids, and Yellowstone cutthroat trout have been extirpated from 

most areas in Yellowstone National Park where brook trout have been introduced (Gresswell 

1991). Mechanisms for replacement have been discussed by Griffith (1988) and Thurow et 

al. (1988). Competitive exclusion has probably been cited most frequently, and niche 

overlap may be greater between Yellowstone cutthroat trout and brook trout than with 

either of these fishes and other salmonid species. 

Alternatively, species replacement (Griffith 1988) may explain the extirpation of 

Yellowstone cutthroat trout in many cases. Yellowstone cutthroat trout are easily captured 
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by anglers (Schill et al. 1986; Thurow et al. 1988; Varley and Gresswell 1988), and 

MacPhee (1966) reported that brook trout were less vulnerable to angling than cutthroat 

trout. In a section of the Yellowstone River (Montana) where special regulations have been 

imposed (catch-and-release for cutthroat trout; four fish < 330 mm and one fish > 559 

mm for brown and rainbow trout), the incidence of hooking scars was greater for 

Yellowstone cutthroat trout than either brown or rainbow trout (Shepard 1992). Dwyer 

(1990) found that catchability varied significantly among domesticated stocks of three 

cutthroat trout subspecies. Differential mortality imposed by angler harvest could 

contribute to the eventual dominance of the least susceptible group. Once cutthroat trout 

have been replaced by another salmonid, the situation is generally irreversible (Moyle and 

Vondracek 1985). 

Habitat Degradation 

Anthropogenic activities such as dam construction, water diversions, grazing, mineral 

extraction, road construction, and timber harvest have substantially degraded lotic 

environments throughout the USA (Meehan 1992), including portions of the historical range 

of Yellowstone cutthroat trout. Recreational use can also be a significant source of 

disturbance (Roberts and White 1992). Anthropogenic activities have resulted in barriers to 

migration, reduced flows, sediment deposition, groundwater depletion, streambank 

instability, erosion, and pollution. Efforts to curtail human activities and restore degraded 

stream segments are increasing, but habitat degradation continues at an alarming rate. 

Although there are no dams on the Yellowstone River in the historical range of the 

Yellowstone cutthroat trout, numerous impoundments in the Snake River have altered 

historical fish migration patterns. Spawning and rearing areas have been isolated in the 

Blackfoot, Portneuf, South Fork Snake, Teton, Henrys Fork Snake, and main-stem Snake 

rivers (Thurow et al. 1988). Below dams, spawning and rearing habitats are limited, and 
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altered discharge patterns compound problems downstream (Thurow et al. 1988). Elle and 

Gamblin (1993) suggest that reduced winter flows below a dam on the South Fork Snake 

River result in significant mortality of age-0 Yellowstone cutthroat trout. 

Culverts can also alter or totally block fish migration (Belford and Gould 1989), and 

culverts are ubiquitous throughout the range of the Yellowstone cutthroat trout. Belford 

and Gould (1989) reported that Yellowstone cutthroat trout could not pass through an 

unimproved culvert on Cedar Creek, a tributary to the Yellowstone River in a section where 

population densities are limited by the availability of spawning habitat (Clancy 1988). 

Several culverts on tributaries to Yellowstone Lake reduce access to adfluvial spawners, 

and at least two culverts totally block annual spawning migrations (Dean and Varley 1974; 

Jones et al. 1986). 

Water diversions have been identified as a significant factor in the decline of 

Yellowstone cutthroat trout in Montana (Hadley 1984). Clancy (1988) found that 

population density of Yellowstone cutthroat trout in the Yellowstone River was greatest in 

the vicinity of tributaries that supported spawning migrations. Byorth (1990) documented 

loss of spawning habitat for Yellowstone cutthroat trout in three tributaries to the 

Yellowstone River where water diversion occurred annually. Irrigation withdrawals often 

prohibited adfluvial migrations into Reese Creek, a tributary to the Yellowstone River on the 

north boundary of Yellowstone National Park, prior to water-rights adjudication (Jones et al. 

1990). In Idaho, the Blackfoot, Henrys Fork Snake, Portneuf, Raft, Teton, and main-stem 

Snake rivers and Willow Creek are seriously affected by irrigation removals (Thurow et al. 

1988). Degraded water quality and unscreened irrigation ditches contribute to the problems 

associated with water diversions throughout the range of the Yellowstone cutthroat trout 

(Johnson 1964; Clancy 1988; Thurow et al. 1988; Byorth 1990). 

Effects of livestock grazing on riparian habitats are well documented (Gresswell et al. 

1989; Platts 1991). In the range of the Yellowstone cutthroat trout, Thurow et al. (1988) 
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reported that intensive livestock grazing has caused degradation of riparian areas and 

subsequent stream bank sloughing, channel instability, erosion, and siltation. Alterations 

are broadly distributed on private and public lands throughout the upper Snake River basin 

in Idaho and Wyoming (Binns 1977; Thurow et al. 1988). Clancy (Montana Department of 

Fish, Wildlife, and Parks, personal communication) suggested that habitat deterioration 

resulting from livestock grazing in the Yellowstone River drainage was less of a threat to 

indigenous populations of Yellowstone cutthroat trout than hybridization and dewatering. 

The influence of mineral extraction on Yellowstone cutthroat trout in Idaho has been 

primarily within the Blackfoot River drainage. Phosphate mines in that area are associated 

with increased sedimentation (Thurow et al. 1988). An abandoned gold mine in the 

headwaters of Soda Butte Creek (in Montana, upstream from Yellowstone National Park) 

caused extensive pollution through the 1960s (Jones et al. 1982). In Yellowstone National 

Park, fish populations were low, and anglers had minimal success (Arnold and 7). 

Reclamation of the tailings site near Cooke City, Montana reduced the input of pollutants 

and led to improvements in the fishery during the last two decades (Jones et al. 1982). A 

planned expansion of mining operations near Cooke City poses a renewed threat to the 

Yellowstone cutthroat trout population in Soda Butte Creek (Jones et al. 1992). 

Angler Harvest 

Yellowstone cutthroat trout are extremely vulnerable to angling, and angler harvest has 

contributed to substantial declines in population abundance throughout the historical range 

of the subspecies (Binns 1977; Hadley 1984; Gresswell and Varley 1988; Thurow et al. 

1988). Schill et al. (1986) estimated that individuals in the Yellowstone River between 

Yellowstone Lake and Sulphur Caldron were captured an average of 9.7 times during the 

108-d angling season. Many tagged Yellowstone cutthroat trout were captured two or 

three times in a single day (Schill et al. 1988). Although high catchability is important to 
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most anglers, it may lead to substantial declines in abundance if the resource is not 

protected (Gresswell and Liss In press). 

Examples from Yellowstone National Park have special relevance because 

anthropogenic habitat alterations have been minimal. In Yellowstone Lake, measures of 

abundance and population structure of Yellowstone cutthroat trout suggested substantial 

deviation from historical levels as harvest increased through the 1950s. By 1968, landing 

rate and average size of captured fish declined to unprecedented levels (Gresswell and 

Varley 1988). These changes occurred with a creel limit of only three fish per day; angler 

effort during this period reached 15.8 angler-hours/hectare (Varley and Gresswell 1988). 

Similar effects were noted on fluvial populations in the Yellowstone River (Fishing Bridge-

Upper Falls) and Lamar River. Following implementation of special regulations, these 

populations exhibited significant increases in mean length and generally stable landing rates 

despite continued increases in angler effort (Gresswell and Varley 1988; Gresswell and Liss 

In press). 

Outside of Yellowstone National Park effects of angler harvest have been similar. 

Mean length and the proportion of spawners z 381 mm declined substantially between 

1973 and 1983 in Cedar Creek, a tributary to the Yellowstone River in Montana north of 

Yellowstone National Park. During that period angling regulations allowed the daily harvest 

of five Yellowstone cutthroat trout (only one > 457 mm). Beginning in 1984, regulations 

for Yellowstone cutthroat trout in the Yellowstone River for approximately 80 km 

downstream from the Park boundary were changed to catch-and-release (no harvest), and 

Clancy (1988) reported an increase in the proportion of Yellowstone cutthroat trout z 300 

mm in that section of river since the implementation of the no-harvest regulation. Recent 

data suggest that since the catch-and-release regulation was implemented on the 

Yellowstone River population density has increased where recruitment of Yellowstone 

cutthroat trout is adequate (Shepard 1992), but in areas of variable recruitment the effects 
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of the harvest restriction have been less noticeable. The proportion of Yellowstone 

cutthroat trout Z 406 mm had not increased significantly by 1991 (Shepard 1992). 

Thurow et al. (1988) suggested that angler harvest had contributed to the decline of 

Yellowstone cutthroat trout in the upper Snake River basin. Special regulations including 

size limits and adjustments of angling-season length have been implemented on the South 

Fork Snake and Blackfoot rivers to reduce the effect of angler harvest. A regulation 

specifying a two-fish limit and release of Yellowstone cutthroat trout between 250 mm and 

405 mm resulted in an increase in older and larger fish in the South Fork Snake River (Heise 

to Palisades Dam) after 3 years (Thurow et al. 1988). In the Blackfoot River, however, a 

reduced harvest (three-fish limit) without size restrictions did not accomplish management 

goals (Thurow et al. 1988). 

Egg-taking Operations 

There is some evidence that egg-taking operations may be detrimental to individual 

spawning populations. Between 1899 and 1957, over 818 million eggs were collected 

from Yellowstone cutthroat trout in tributaries of Yellowstone Lake (Varley 1979). 

Spawning runs were blocked annually in some larger tributaries (Gresswell and Varley 

1988). Eventually, restricted natural escapement resulted in a reduction of Yellowstone 

cutthroat trout spawners in Clear Creek. 

Annual spawner counts in Clear Creek dropped from approximately 16,000 between 

1945 and 1948 to 3,353 in 1953 (Benson and Bulk ley 1963). After egg-taking operations 

ceased in 1953, the number of Yellowstone cutthroat trout spawners rose to an average of 

7,300 annually between 1957 and 1961 (Gresswell and Varley 1988). By the mid-1960s 

spawner counts had reached an average of 36,000 annually (Gresswell et al. In press). 

Increases in spawner abundance appear to be independent of angler harvest. The 

creel limit for Yellowstone cutthroat trout in Yellowstone Lake was reduced from five to 
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three fish per day in 1953, but angler harvest in the lake increased from an average of  

224,000 (1950 through 1953) to 318,000 Yellowstone cutthroat trout annually (1954  

through 1965; Gresswell et al. In press). During this period, landing rate and average size  

of fish captured in Yellowstone Lake continued to decline (Gresswell and Varley 1988).  

Current Management 

Yellowstone cutthroat trout have been designated as a "Species of Special Concern -

Class A" by the American Fisheries Society (Johnson 1987), and this status has been 

officially recognized by the Montana Department of Fish, Wildlife and Parks ( YCTWG 1994). 

The subspecies is also recognized as a "Species of Special Concern" in Idaho and managed 

accordingly. Both the Northern and Rocky Mountain regions of the USDA Forest Service 

consider the Yellowstone cutthroat trout as a "Sensitive Species" (YCTWG 1994). 

Although the Yellowstone cutthroat trout has not been given a formal status in the state of 

Wyoming, the uniqueness of the subspecies has influenced management activities in recent 

years (YCTWG 1994; R. Wiley, Wyoming Game and Fish, personal communication). In 

Yellowstone National Park, indigenous species, including the Yellowstone cutthroat trout, 

receive priority in management decisions. 

Concern by management agencies in Wyoming and Montana about persistence of 

Yellowstone cutthroat trout in the Yellowstone River basin recently precipitated 

development of a draft interagency management guide (YCTWG 1994). The purpose of the 

guide is to formalize management strategies for the Yellowstone cutthroat trout in the 

Yellowstone River basin and to focus agency and public attention and understanding on the 

direction of management for the subspecies. Agencies and organizations that supported the 

plan include the American Fisheries Society, Bureau of Land Management, Crow Indian 

Tribe, Greater Yellowstone Coalition, Montana Association of Conservation Districts, Trout 

Unlimited, USDA Forest Service, U.S. Fish and Wildlife Service, U.S. National Park Service. 
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Special status provided to indigenous populations of Yellowstone cutthroat trout is 

critical to the persistence of the subspecies. Current management priorities are divided 

among wild trout programs for indigenous and introduced populations, and populations that 

are artificially maintained by stocking (Varley and Gresswell 1988; YCTWG 1994). Both 

management approaches include strategic elements involving genetic integrity, habitat 

management, and harvest regulation (Varley and Gresswell 1988). 

Genetic Integrity and Introduced Species 

Efforts to identify genetically unaltered populations of Yellowstone cutthroat trout are 

an integral part of current management of Yellowstone cutthroat trout. In the Yellowstone 

River drainage, both in Yellowstone National Park and outside the Park in Montana, genetic 

sampling has been pursued vigorously in recent years. Most management agencies require 

positive genetic identification prior to protecting populations of Yellowstone cutthroat trout, 

and therefore, this work is critical to the persistence of the subspecies (Varley and 

Gresswell 1988). Additionally, the value of protecting and genetically restoring introgressed 

populations of Yellowstone cutthroat trout where genetic purity is z 98 % was officially 

recognized in the interagency management guide for the Yellowstone River basin (YCTWG 

1994). 

In an attempt to maintain genetic integrity of indigenous populations of the 

Yellowstone subspecies, stocking programs have been modified in Montana, Idaho, and 

Wyoming. Management of fluvial fisheries in Montana emphasizes wild trout populations, 

and stocking in lotic systems was terminated in 1974 (Vincent 1987). In Idaho, stocking in 

the upper Snake River basin is restricted in waters that do not support viable populations of 

genetically unaltered Yellowstone cutthroat trout, and in areas that still receive nonnative 

introductions, mechanisms to prevent introgression are being investigated (Thurow et al. 

1988). 
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The use of piscicides to remove undesirable fishes has a long history in the USA, but 

use of this technique to protect indigenous species from hybridization and competition with 

other salmonid species has been infrequent (Rinne and Turner 1991). In Colorado and 

Montana this technique has been successfully used to protect and reestablish indigenous 

cutthroat trout subspecies. In Yellowstone National Park, brook trout were removed from 

Arnica Creek, a tributary to Yellowstone Lake that supports an annual migration of 

lacustrine-adfluvial Yellowstone cutthroat trout (Gresswell 1991). Renovation was 

accomplished to eliminate potential competition and predation in Arnica Creek and prevent 

the invasion of the lake and other tributaries by brook trout. Although removal of non- -')< 

indigenous species may be critical for the protection and reintroduction of Yellowstone 

cutthroat trout in some areas, it is extremely expensive and difficult to achieve; the 

preferred alternative is to avoid non-indigenous species introductions. 

Habitat Management 

Varley and Gresswell (1988) suggested that habitat management includes protection, 

enhancement, and improvement. Protection of habitat may be the most cost effective form 

of habitat management. Although improvement is associated with both degraded and 

relatively pristine habitats, enhancement is generally synonymous with restoration. 

Opportunities for habitat restoration are widespread, and this activity may significantly 

affect the persistence of Yellowstone cutthroat trout in their historic range. The USDA 

Forest Service has recently increased efforts to identify areas of critical habitat for the 

Yellowstone cutthroat trout in the Greater Yellowstone Ecosystem (Bruce May, Gallatin 

National Forest, personal communication). Critical habitat will be prioritized for protection 

and restoration projects. 

Modification of culverts is one aspect of habitat enhancement that is often overlooked, 

but this type of restoration project may provide substantial benefits in areas where 
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production is limited. Clancy and Reichmuth (1990) described a detachable fishway that 

was inexpensive, portable, and durable. Belford and Gould (1989) documented an increase 

in the number of Yellowstone cutthroat trout spawners ascending a modified culvert in 

Cedar Creek, a tributary to the Yellowstone River in Montana. They developed guidelines 

that could be used for the installation of new culverts and identification of culverts that 

require the installation of velocity-reduction devices to allow passage. Wooden baffles were 

installed in four culverts on two tributaries to Yellowstone Lake in 1976 (Jones et al. 

1977). Observations suggest improved passage through these culverts, but effects have 

not been rigorously evaluated. 

Water diversion continues to be one of the most critical aspects of habitat 

management for the Yellowstone cutthroat trout; unfortunately, it is also one of the most 

contentious issues. Attempts have been made to establish fish and wildlife sustenance as a 

"beneficial use of flowing water in western states (Varley and Gresswell 1988). In 

Montana, the Department of Fish, Wildlife, and Parks was recently granted the legal right to 

lease water rights from agricultural interests, but the use of this strategy has been limited. 

Riparian habitats have received increasing management attention since the late 

1970s (Platts and Rinne 1985). In recent years, many grazing strategies have been 

evaluated (Meyers 1989; Platts 1989), and successful techniques are being implemented on 

many public lands. Improved riparian management may be the most critical habitat issue 

facing fishery managers in areas where natural flow regimes are unaffected by water 

diversions. 

Harvest Regulation 

Gresswell (1990) defined special regulations as number limits, size limits, and terminal 

gear specifications, used singly or in combination, to reduce angler harvest. Season length 

and fishing season opening date are important auxiliary mechanisms that can be used to 
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protect vulnerable spawning aggregations. Currently, these regulations are being broadly 

applied within the present range of the Yellowstone cutthroat trout to maintain indigenous 

and introduced populations. A combination size limits and daily creel and possession limits 

are being used in Yellowstone National Park. Catch-and-release (no harvest) regulations are 

the most common, but in some areas maximum- (only fish below a specified size may be 

kept) and minimum-size limits (only fish above a specified size may be kept) are used in 

conjunction with a two-fish creel limit. In Idaho, harvest of Yellowstone cutthroat trout on 

the South Fork Snake River from Heise to Palisades Dam is limited to two fish; fish between 

203 mm and 406 mm must be released (slot limit; Elle and Gamblin 1993). Reduced 

angling seasons and harvest limits (2-3 fish) are being considered for Henrys Lake and the 

Blackfoot River (Thurow et al. 1988). Yellowstone cutthroat trout are protected either by 

catch-and-release (no harvest) or two-fish slot limits in Montana, and in Wyoming, a two-

fish (any size) and two-fish slot limits have been implemented for most indigenous 

populations. In 1994 the catch-and-release regulation in Montana was extended to include 

all streams and rivers in the Yellowstone River basin upstream from Springdale, Montana to 

the Yellowstone National Park boundary (YCTWG 1994) . 

Research Needs 

In order to understand the natural capacity of the Yellowstone cutthroat trout, it is 

important to evaluate life-history strategies and organization in areas where the effects of 

anthropogenic activities can be minimized. Most information concerning Yellowstone 

cutthroat trout has focused on maintaining angler harvest, and as a result, there is relatively 

little data on unperturbed populations. In many cases the influence of angler harvest has 

been neglected in research design; however, results from recent studies substantiate the 

effects of angler harvest on population structure and abundance. Although there is a 

plethora of data from Yellowstone Lake describing Yellowstone cutthroat trout life history 
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during the 1950s, this was a period when the influence of cultured fish and angler harvest 

was at a maximum. Absence of major anthropogenic habitat perturbation and reduction of 

angler in harvest since the mid-1970s in Yellowstone National Park are major factors that 

make the Park an ideal area for interpreting natural variation of Yellowstone cutthroat trout. 

More specifically, information concerning life-history diversity and its relationship to 

genetic variation are critical to the protection of the remaining populations of Yellowstone 

cutthroat trout. Varley and Gresswell (1988) suggested that the greatest threat to the 

subspecies was the continued decline in genetic variability represented by unique local 

populations. Although Allendorf and Leary (1988) reported low genetic divergence at 

isozyme loci of Yellowstone cutthroat trout, they emphasized that it did not imply absence 

of important genetic differences between populations. Considering efforts to preserve 

genetic diversity, Echelle (1991) cautioned that no single measure of diversity should take 

precedence over other forms of information. Identifying differences among populations can 

provide important information concerning local adaptation and the relationship between life-

history organization and specific aspects of habitat. Documentation of life-history 

differentiation is necessary to provide management support for the protection of unique life-

history types in the absence of documented isozyme divergence. 

The influence of environment on life history of the Yellowstone cutthroat trout is 

another area where research is needed. Information about habitat requirements for different 

ontogenetic stages promotes understanding of the relative effects of numerous 

anthropogenic activities, and therefore, a thorough understanding of ontogeny and inter-

and intrapopulation variation in ontogenetic development is vital. Investigating relationships 

between life history and habitat in areas where anthropogenic perturbations are minimal can 

provide insight into current levels of degradation and capacity for restoration. Large-scale 

habitat factors that influence distribution, dispersal, and recolonization of Yellowstone 
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cutthroat trout are poorly understood at present; however, this information is crucial for 

evaluating the effects of current land-use activities and anticipated global climate change. 

The use of scales to establish age of Yellowstone cutthroat trout has not been 

validated (sensu. Beamish and McFarlane 1983) beyond age 2. Hubert et al. (1986) 

reported only 56% agreement between ages of Yellowstone cutthroat trout established 

with scales, otoliths, and dorsal and pectoral fin rays; agreement between readers was also 

low for all of the structures. Lack of validation, poor concordance among methods, and 

the difficulty in establishing age at first annulus cast doubt upon reliability of ageing 

techniques used for Yellowstone cutthroat trout, especially for comparisons among 

populations and environments. Validation studies are needed for populations from a wide 

range of environmental settings, both fluvial and lacustrine. Emphasis on accuracy, 

precision, and development of conversion factors between various techniques should be 

encouraged. 

Research concerning the indirect effects of angling, such as redd trampling and bank 

erosion, is needed to assess the consequences of increasing angler effort. Roberts and 

White (1992) demonstrated that wading can cause mortality to eggs and fry. The 

implications of these results may be significant in areas where angler effort is high during 

the reproductive season. Kelly (1993) found that wading did not significantly affect 

mortality of eggs and fry in the Yellowstone River (Yellowstone Lake outlet to Upper Falls); 

current regulations prohibiting angling until July 15 provide protection throughout the area. 

Angler trails are common in this section of the Yellowstone River and other riparian areas in 

Yellowstone National Park where angler effort is intensive. Roberts and White (1992) 

suggest that restricting livestock access to spawning areas may be necessary to achieve 

maximum benefit from wading restrictions. 

Long-term monitoring is integral to understanding of interannual variation of 

Yellowstone cutthroat populations and relationships between habitat and climatic variation. 
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Because monitoring is useful for determining the effects of angler harvest and long-term 

habitat changes, it is essential that such programs be maintained through time. Large 

interannual variation and temporal autocorrelation underscore the importance of extending 

research beyond the common 2-3 year time frame. Much of our present understanding 

about effects of anthropogenic disturbance on populations of Yellowstone cutthroat trout is 

associated with long-term projects. 
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Abstract 

Life-history organization of the cutthroat trout (Oncorhvnchus clarki) may be viewed at 

various levels, including species, subspecies, metapopulation, population, or individual. 

Each level varies in spatial scale and temporal persistence, and components at each level 

continually change with changes in environment. Cutthroat trout are widely distributed 

throughout the western USA, occurring in such diverse environments as coastal rivers of 

the Pacific Northwest and interior streams of the Great Basin. During its evolution the 

species has organized into fourteen subspecies with many different life-history 

characteristics and habitat requirements. Within subspecies, organization is equally 

complex. For example, life-history traits, such as average size and age, migration strategy, 

and migration timing, vary among individual spawning populations of Yellowstone cutthroat 

trout (Oncorhvnchus clarki bouvieri) in tributary streams of Yellowstone Lake. 

Understanding the consequences of human perturbations on life-history organization is 

critical for management of the cutthroat trout and other polytypic salmonid species. Loss 

of diversity at the any hierarchical level jeopardizes long-term ability of the species to adapt 

to changing environments, and it may also lead to increased fluctuations in abundance and 

yield and increase risk of extinction. 
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Introduction 

For several decades scientists and conservationists have focused on the preservation 

of biodiversity in an attempt to curb the increasing rate of environmental degradation and 

biological extinction (e.g., Noss 1990; Erwin 1991; Soule 1991). In many cases, however, 

biodiversity is defined exclusively in terms of species richness (Erwin 1991), and ecological 

function and value of intraspecific diversity have often been ignored (Sinclair 1988; Varley 

and Gresswell 1988; O'Brien and Mayr 1991). Failure to recognize intraspecific variability 

is especially acute in the case of polytypic species that occupy diverse habitats (Brown et 

al. 1992; Rieman and McIntyre 1993). 

Because fishes exhibit greater intraspecific phenotypic variation than other taxa 

(Allendorf et al. 1987), recognition of this inherent variability is extremely important for 

maintaining biodiversity at the species level. Understanding variation at hierarchical levels 

below species is the focus of current research concerning the decline of anadromous 

salmonids. Healey (1986) reported that although individual species of Pacific salmon 

(Oncorhvnchus spp.) can be characterized by certain life-history traits (e.g., age and size at 

maturity, fecundity, and mortality), there is extensive variation among and within 

populations of these species. Some researchers have suggested that life-history variation 

represents adaptation to spatial and temporal variation in environment (e.g., Schaffer and 

Elson 1975; Carl and Healey 1984; Beacham and Murray 1987), and correlations between 

genetic heritability and life-history traits have been observed (Carl and Healey 1984; 

Gharrett and Smoker 1993; Hankin et al. 1993). 

A plethora of information is available about life-history variation among and within 

populations of anadromous salmonids (e.g., Murphy 1968; Beacham 1984; Taylor 1990), 

but less has been published about indigenous populations of non-anadromous forms. 

Jonsson and Sandlund (1979) discussed the relationship between environmental factors and 

life histories for isolated fluvial populations of brown trout (Salmo trutta) in Norway. In a 
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large lake in Greenland, Riget et al. (1986) were able to differentiate three ecological forms 

of Arctic char (Salvelinus aloinus) using life-history characteristics. In the western USA, 

Cope (1957) reported life-history differences among populations of Yellowstone cutthroat 

trout (Oncorhvnchus clarki bouvieri) in Yellowstone Lake, and genetic divergence among 

isolated populations of Yellowstone cutthroat trout was investigated by Bulk ley (1963). 

We believe that the Yellowstone cutthroat trout in Yellowstone Lake provide an 

example of the importance of interpopulation life-history diversity to persistence. The 

objective of this paper is to synthesize information concerning spatial and temporal life-

history variation of the Yellowstone cutthroat trout in Yellowstone Lake. We describe the 

organization of individual spawning populations in the lake basin and discuss the 

management implications of life-history variation among populations. 

Yellowstone Lake 

Yellowstone Lake is located at an elevation of 2,357 m (Fig. 1). Surface area is 

34,108 ha, and the shoreline length is 239 km (Kaplinski 1991). Kaplinski (1991) 

estimated a mean depth of 48.5 m and a maximum depth of 107 m. Vegetation in the 

drainage basin (261,590 hectares; Benson 1961) is predominately lodgepole pine Pinus 

contorta and subalpine meadows. A total of 124 tributaries to the lake have been 

identified; Yellowstone cutthroat trout have been observed spawning in 68 of these streams 

(Jones et al. 1987). 

Growing season in the lake is short; from 1951 through 1986, an average of 205 ice-

free days occurred annually (R. Gresswell, unpubl. data). Diatoms dominate the 

phytoplankton community, but during periods of thermal stratification, blooms of Anabaena 

flos-aquae, a blue-green alga, are common (Benson 1961; Garret and Knight 1973). 

Zooplankton (Diaotomus shoshone, Daphnia scheedleri, and Conochilus unicornis) are the 

primary food of immature Yellowstone cutthroat trout (Benson 1961). Mature cutthroat 
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Figure 1. Yellowstone Lake, Wyoming, and major tributaries. 
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trout feed on zooplankton, two amphipods (Gammarus lacustris and Hvallela azteca), and 

aquatic insect larvae found in the littoral zone (Benson 1961; Jones et al. 1990). 

Yellowstone cutthroat trout and longnose dace (Rhinichthvs cataractae) are native to 

Yellowstone Lake (Simon 1962). Three non-native fishes, redside shiner (Richardsonius 

balteatus), lake chub (Couesius plumbeus), and longnose sucker (Catostomus catostomus), 

have become established in the lake since the 1920s. An extensive fishery database exists 

for cutthroat trout in Yellowstone Lake as a result of over four decades of field 

investigations. These data were collected primarily for monitoring the effects of angler 

harvest, but they also provide important information about distribution of life-history 

characteristics of Yellowstone cutthroat trout among spawning tributaries to the lake and 

changes that have occurred through time. 

Pollution and land-use practices that degrade salmonid habitat in other parts of the 

USA have been limited in the Yellowstone Lake basin by U.S. National Park Service policies. 

Despite substantial habitat protection, however, Yellowstone cutthroat trout in Yellowstone 

Lake historically were subjected to the effects of non-native fish introductions, spawn-

taking operations, commercial fishing, and intensive sport-fishery harvest (Gresswell and 

Varley 1988). As a result of some or all of these factors, abundance and average size and 

age of cutthroat trout in the Yellowstone Lake fishery declined after World War II to a low 

in the late 1960s. After angler harvest was reduced in the 1970s, numbers and average 

size increased; however, attendant effects of anthropogenic activities on life-history 

characteristics of cutthroat trout have not been assessed. 

Life-history Organization of Cutthroat Trout: A Perspective 

Life-history organization of cutthroat trout may be examined at various hierarchical 

levels, including species, subspecies, metapopulation, population, or individual (Fig. 2). A 

metapopulation is a group of local populations that are linked by movements of individuals 
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among the populations (Hanski and Gilpin 1991). Each hierarchical level varies in spatial 

scale and in temporal persistence, and components of each level continually develop and 

evolve with changes in the level-specific environment (Warren and Liss 1980). Environment 

at each level is perceived as a spatial array that changes through time. Individual life-

history characteristics may interpenetrate the hierarchy so that groups of local populations 

and metapopulations may share similar life histories. 

Systematists disagree about the evolutionary history of cutthroat trout (Behnke 1992; 

Stearley 1992; Stearley and Smith 1993), but fossil evidence suggests that species of 

Pacific trout (including cutthroat trout) originated in the Miocene (Stearley and Smith 1993). 

Since then, cutthroat trout have diverged into fourteen subspecies (Behnke 1988). 

Historical distribution of cutthroat trout subspecies included temperate rain forests of the 

Pacific Northwest, pluvial basins within the Great Basin, subalpine areas of the Rocky 

Mountains, and high-deserts of the Southwest. Habitats ranged from beaver ponds to large 

lakes (e.g., Pyramid Lake, Nevada), and from first order tributaries to the Columbia River. 

Variation in life-history characteristics such as anadromy, iteroparity, and age at maturity 

reflect the diverse environments and selective factors affecting the evolution of the species 

(Gresswell 1988). Some cutthroat trout forms can be differentiated by susceptibility to 

angling (Dwyer 1990). 

With the possible exception of the coastal cutthroat trout (Oncorhvnchus clarki clarki), 

the Yellowstone cutthroat trout is more abundant and inhabits a greater geographical range 

than any other subspecies of cutthroat trout (Varley and Gresswell 1988). Yellowstone 

cutthroat trout were indigenous to the Yellowstone River drainage in Montana and Wyoming 

and portions of the Snake River drainage in Wyoming, Idaho, Nevada, Utah, and possibly 

Washington (Behnke 1988). Numerous metapopulations of Yellowstone cutthroat trout 

evolved unique life-history characteristics in response to environmental changes and 

isolation that ensued following late Pleistocene glaciation. The Yellowstone Lake 
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Figure 2. A hierarchical view of life-history organization of the a) cutthroat trout 
(Oncorhvnchus clarki) species, b) Yellowstone cutthroat trout (Oncorhvnchus clarki bouvieri) 
subspecies, and c) Yellowstone Lake metapopulation of Yellowstone cutthroat trout. At 
each level in the hierarchy, subgroups adapt through time to changes in level-specific 
environment (adapted from Wevers 1993). 
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metapopulation (Fig. 2b) supported an extensive hatchery operation from 1899-1957 that 

led to the worldwide distribution of the subspecies. The metapopulation in Heart Lake co-

evolved with seven other fish species (Smith and Kendall 1921; Varley and Schullery 

1983), and piscivory is common in cutthroat trout in the lake. McBride Lake is small 

headwater lake; individuals in this metapopulation feed primarily on zooplankton, scuds, and 

aquatic insects. Yellowstone cutthroat trout from McBride Lake have been used to 

establish feral populations in small lakes and reservoirs in Montana (McMullin and Dotson 

1988). The Yellowstone River below the Upper and Lower falls supports a fluvial 

metapopulation of Yellowstone cutthroat trout that has persisted despite the introduction 

and establishment of non-native salmonids (Clancy 1988). 

Anthropogenic activities, including habitat degradation, angler harvest, and non-native 

species introductions, have contracted the historical range of Yellowstone cutthroat trout. 

Lacustrine forms remain in approximately 85% of the historical range, but only about 10% 

of the original fluvial habitat is still occupied by genetically unaltered populations (Varley 

and Gresswell 1988). Range restriction resulted in the loss of life-history variation, 

especially of forms that were common to large rivers at lower elevation, such as the 

Yellowstone River near Miles City, Montana and the Snake River above Shoshone Falls 

(Varley and Gresswell 1988). 

Even in a single body of water, such as Yellowstone Lake, individual spawning 

populations of Yellowstone cutthroat trout differ in life-history characteristics associated 

with spatial and temporal environmental patterns (Gresswell and Varley 1988; Fig. 2c). On 

an areal basis, Yellowstone Lake represents almost 80% of the remaining historic lacustrine 

habitat of the Yellowstone cutthroat trout. Tributaries to the lake range from the upper 

Yellowstone River, a sixth-order river with an 110,000-ha drainage, to unnamed first-order 

streams with watersheds of less than 10 ha. 
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Spatial Variation of Cutthroat Trout Life Histories in Yellowstone Lake 

Reproductive Isolation and Homing 

Sinclair (1988) suggested that any behavior enhancing the retention of population 

members near the source of reproduction must ultimately be adaptive because it increases 

the probability of successful sexual reproduction. Although complete reproductive isolation 

among populations of Yellowstone cutthroat trout from spawning tributaries probably does 

not occur in the Yellowstone Lake drainage, there is substantial evidence of homing by adult 

spawners. We believe that the relative fidelity of individual spawning populations to 

specific tributaries supports the view that the assemblage of Yellowstone cutthroat trout in 

Yellowstone Lake should be considered a metapopulation. Local adaptation to specific 

environmental conditions in individual tributaries is evident, and concomitantly, there is 

evidence of movement (straying) among populations. Although occupation of diverse 

habitat patches in a spatially heterogeneous environment provides the basis for persistence 

individual populations, interpopulation movement is critical to the colonization of vacant 

habitat patches (temporal environmental heterogeneity) and ultimately, metapopulation 

persistence (Hanski 1991). 

Ball (1955) documented natal homing (the return of adult spawners to the area of their 

birth) for Yellowstone cutthroat trout in Yellowstone Lake. Three groups of immature 

Yellowstone cutthroat trout were fin-clipped in 1950 and 1951 as they emigrated from 

Arnica Creek (Fig. 1) to Yellowstone Lake. Group estimates indicated that between 16 and 

25% of the clipped fish survived to return to Arnica Creek as spawners, and none of the 

fish marked in Arnica Creek were recovered in five other lake tributaries being monitored 

between 1950 and 1954. 

Repeat homing behavior (individual spawners returning to the same tributary in 

successive years; Mc Cleave 1967) has been observed for spawners from Yellowstone Lake. 
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Between 1949 and 1955, 18,836 Yellowstone cutthroat trout spawners were tagged in 

Arnica, Chipmunk, Clear, Grouse, and Pelican creeks (Cope 1957). Approximately 97% of 

244 adults returning as repeat spawners were collected in the same stream in which they 

were originally marked. In a more recent study, at least 23% of 42,229 spawners marked 

at Clear Creek in 1979 returned to spawn again between 1980 and 1984; however, an 

average of about 1% of the marked fish were collected annually in Pelican Creek and Cub 

Creek (Jones et al. 1985). 

Between 1949 and 1953, the proportion of repeat spawners that returned in 

consecutive years or alternate years varied among streams (Ball and Cope 1961). Based on 

the return of fish from individual tag-groups, consecutive-year spawners were most 

abundant in Arnica Creek and Chipmunk Creek. The proportion of consecutive- and 

alternative-year spawners in Pelican Creek and Grouse Creek varied among years and tag 

groups. At Clear Creek, however, spawners marked in 1979 returned most frequently in 

alternate years (1980-1984; Jones et al. 1985). 

Meristic and morphological differences in populations of Yellowstone cutthroat trout 

historically derived from Yellowstone Lake reflect effects of reproductive isolation. Bulk ley 

(1963) examined variation in spotting patterns, basibranchial teeth counts, and coloration 

as criteria for distinguishing populations. Samples from Yellowstone Lake tributaries 

(Arnica, Cub, Clear, Chipmunk, Grouse, and Pelican creeks) were compared to those 

collected from populations that had been separated from Yellowstone Lake for 13 yr 

(Creston National Fish Hatchery, Montana), 21 yr (Bear Creek), and approximately 8,000 yr 

(Sedge Creek). Yellowstone cutthroat trout in Bear and Sedge creeks were isolated from 

Yellowstone Lake (and each other) by chemical and thermal barriers when the level of the 

lake dropped in the early Holocene (Kaplinski 1991); however, Bear Creek was stocked with 

252,000 Yellowstone cutthroat trout from the Yellowstone Lake hatchery between 1921 

and 1941 (Varley 1981). Based on basibranchial teeth and spotting counts, Sedge Creek 



65 

and Bear Creek fish differed from one another and from the combined Yellowstone Lake 

sample and the hatchery sample, and there was evidence of divergence of the Creston 

hatchery sample from the Yellowstone Lake group. Because differences among populations 

in spotting pattern and basibranchial teeth number varied directly with time since isolation 

from Yellowstone Lake, Bulk ley (1963) concluded that some degree of genetic change was 

involved. 

In a study of serum-antigen variations among Yellowstone cutthroat trout from seven 

tributaries and the outlet of Yellowstone Lake, Liebelt (1969) identified at least five separate 

populations. Fish spawning in Clear, Columbine, and Cub creeks and the outlet were  

grouped together, but cutthroat trout from Chipmunk, Grouse, and Pelican Creeks and the  

Yellowstone River inlet all formed unique populations.  The isolation of Pelican Creek was 

attributed to differences in timing of the annual spawning migration, and geographical 

distance was suggested as a significant factor in the establishment of the other three 

isolated populations (Liebelt 1969). 

Pattern of Spawning Migration 

Yellowstone cutthroat trout spawn exclusively in fluvial environments (Varley and 

Gresswell 1988). Varley and Gresswell (1988) described four migratory-spawning patterns 

for Yellowstone cutthroat trout: fluvial (fluvial residents dispersing locally within the area of 

the home range); fluvial-adfluvial (fluvial residents moving into tributaries to spawn); 

lacustrine-adfluvial (lacustrine residents moving into lake tributaries to spawn); and 

allacustrine (lacustrine residents moving into the outlet stream The occurrence of all four 

patterns in the Yellowstone Lake drainage suggests local adaptation to diverse habitats. 

The lacustrine-adfluvial migration pattern is most common in the lake drainage, but 

fluvial and allacustrine patterns have also been observed. For example, fluvial cutthroat 

trout from the Yellowstone River downstream from the Yellowstone Lake and allacustrine 
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individuals from the lake spawn in the area of the Yellowstone River immediately below the 

Yellowstone Lake outlet. Tagging studies conducted from 1951 to 1953 suggested little 

interchange between these populations (Ball and Cope 1961), and recent tagging and 

marking studies support this conclusion (Kelly 1993). Mechanisms that maintain the 

putative separation of these two spawning populations have not been extensively 

investigated, but Ball and Cope (1961) reported temporal separation of the two groups in 

the spawning area. Fluvial spawning has also been observed in the upper reaches of 

Pelican and Clear creeks; fish in these areas are assumed to be fluvial residents that remain 

in these areas throughout their lives. 

Yellowstone cutthroat trout spawn between April and August in tributaries to 

Yellowstone Lake (Ball 1955; Cope 1956, 1957; Jones et al. 1986). Although most 

individuals in a spawning population are initial spawners, iteroparity is common (Gresswell 

and Varley 1988). Larger adults generally enter the streams earlier and ascend farther up 

tributaries than smaller individuals (Cope 1957; Ball and Cope 1961). Ball and Cope (1961) 

reported that most spawners remain in the tributaries from 1 to 3 wk, and males stay 

longer than females. This pattern does vary, however, and in 1980, marking studies in 

Pelican Creek, the second largest tributary of Yellowstone Lake, suggested that some 

spawners overwintered in the stream before returning to the lake. 

Juvenile Emigration and Residence 

Eggs hatch 25-49 d after deposition (278-365 Celsius temperature units, sum of mean 

daily temperatures above 0°C; Kelly 1993), and young fish emerge from the gravel 

approximately 2 wk later (Ball and Cope 1961; Mills 1966; Kelly 1993). Most emigrate to 

the lake within 2 mo of emergence, but some may remain in the natal stream for several 

years (Welsh 1952; Benson 1960). Immature Yellowstone cutthroat trout that overwinter 

in Clear, Cub, and Arnica creeks generally emigrate at age 1 or age 2 (Welsh 1952; Benson 
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1960; U.S. Fish and Wildlife Service, Yellowstone National Park, WY 82190, unpubl. data). 

In Pelican Creek, however, the pattern is more complex. In 1980, all spawners migrating 

upstream (22,293) were marked with fin clips, but 51 % of 32,777 downstream migrants 

(excluding young-of-the-year) were unclipped. Although there are several possible 

explanations for the large proportion of unclipped-fish, multi-year residency is suggested for 

at least some of these fish because approximately 49% of 2,503 unclipped-fish, ranging in 

total length from 110 to 480 mm, had not spawned. 

Raleigh and Chapman (1971) investigated stream temperature, water source, and 

"innate factors" in relation to migration of fry (young-of-the-year) from incubation areas into 

Yellowstone Lake. They concluded that movements of fry upstream from the lake outlet 

(assumed progeny of allacustrine spawners) and downstream from lake tributaries (assumed 

progeny of lacustrine-adfluvial spawners) were innately controlled responses to 

environmental stimuli. In a similar study, Bowler (1975) concluded that genetic factors 

controlled movement of inlet and outlet spawners, but rheotactic acclimation could 

significantly alter the response of inlet fry. Fry from the outlet area displayed an altered 

response (downstream movement) when tested in a water source different from the one 

used for incubation and acclimatization. Although fluvial spawners from the Yellowstone 

River and allacustrine spawners from Yellowstone Lake both spawn in the outlet area, all 

fish collected in these studies were presumed to be from allacustrine sources (Raleigh and 

Chapman 1971; Bowler 1975). 

Initiation and Duration of Spawning 

Distinct temporal patterns for the spawning migrations in Arnica, Chipmunk, Clear, 

Grouse, and Pelican creeks during the 1940s and 1950s were identified by Cope (1957). 

Ball and Cope (1961) reported mean date of spawning initiation and duration of the 

spawning migration in four of these streams from 1951 through 1953 (Table 1). Statistical 
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analysis (ANOVA, Newman-Keuls multiple-means comparison) of these data reveals 

significant differences (g 5 0.05) in the mean date of spawning initiation between Arnica 

Creek (May 10) and Grouse Creek (June 1). Furthermore, mean duration of the spawning 

migration in Arnica Creek (80 d) differed significantly (2 5 0.05) from Pelican, Chipmunk, 

and Grouse creeks (38, 53, and 56 d, respectively). 

Abundance, Size, LAae Qf Spawners 

Abundance, mean length, and mean age estimates for cutthroat trout spawning in six 

tributaries of Yellowstone Lake were collected sporadically between 1950 and 1961 (Table 

1). The mean number of fish (13,282) ascending Pelican Creek for seven sample years 

(1950-1954, 1959, 1961) was significantly greater (ANOVA, Newman-Keuls multiple-

means comparison; 2 s 0.05) than all other streams in the subset. Cub and Arnica creeks 

had the lowest mean estimates (3,793 and 3,818 fish, respectively). 

Differences in mean length of Yellowstone cutthroat spawners sampled in five 

tributaries were statistically significant (ANOVA, Newman-Keuls multiple mean comparison; 

2 5 0.05). Spawners from Chipmunk Creek (391 mm) and Grouse Creek (385 mm) were 

largest, and those sampled in Arnica and Pelican creeks (363 and 365 mm, respectively) 

were the smallest. Mean age of spawners for the period between 1953 and 1955 varied 

from 4.3 yr in Arnica Creek to 4.7 yr at Chipmunk Creek (Table 1); however, differences 

among streams were not statistically significant (ANOVA, g = 0.15). 

Male:female Ratio aryl Fecundity 

The observed male:female ratio for Yellowstone cutthroat trout in a combined sample 

from 1950, 1952, and 1953 varied from 0.65:1 (Arnica Creek) to 0.77:1 (Cub Creek); 

observed ratios were identical 10.70:1) for cutthroat trout from Clear, Grouse, and Pelican 



Table 1. Life-history traits of Yellowstone cutthroat trout spawners in six tributaries to Yellowstone Lake, 1950-1961. 

Timing of  
spawning migration2  

Mean Mean Mean Mean Mean Mean spawner initiation duration male:female age lengthStream abundance' (Julian date) (days) ratio3 (years)` Imm16 

Pelican Creek 13,282 144 38 0.70:1 4.3 365 
Cub Creek 3,793 0.77:1 

Clear Creek 8,938 0.70:1 4.4 378 
Chipmunk Creek 8,378 147 56 0.72:1 4.7 391 
Grouse Creek 7,362 153 53 0.70:1 4.6 385 
Arnica Creek 3,818 131 80 0.65:1 4.3 363 

'1950-1954, 1959, 1961 (Benson and Bulk ley 1963) 
21951-1953 (Ball and Cope 1961) 

31950, 1952-1953 (Ball and Cope 1961) 
4 1 9 53- 1 955 (Benson and Bulkley 1963) 

6 1 9 53- 1 9 5 5, 1958-1959 (Bulkley 1961) 
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creeks during this period (Table 1). Differences among streams were not statistically 

significant (ANOVA, 2 = 0.95). 

Cope (1957) used estimates of relative fecundity (number of eggs per unit weight; 

Bagenal 1978) to compare the size of cutthroat trout eggs among streams. Samples were 

collected at the Yellowstone Hatchery from 1941 through 1952 (Cope 1957). Differences 

in slope for regressions of the number of eggs (dependent variable) and ovary weight 

(independent variable) were statistically significant for Chipmunk, Grouse, and Pelican 

creeks. Based on these results, Cope (1957) suggested that the relationship between egg 

size and ovary weight was specific to Yellowstone cutthroat trout from each of the three 

streams. 

Temporal Variation in Life Histories of Cutthroat Trout in Yellowstone Lake 

Information describing the spawning population of Yellowstone cutthroat trout in Clear 

Creek from 1945-1992 provides an example of temporal variation in life histories associated 

with two major anthropogenic activities in the Yellowstone Lake drainage, the hatchery 

operation and the sport fishery. From 1899-1957 over 818 million eggs were collected 

from Yellowstone cutthroat trout spawners entering tributaries to Yellowstone Lake (Varley 

1979). Clear Creek was one of the larger tributaries that were blocked annually for spawn-

taking purposes. Mature Yellowstone cutthroat trout congregate in the littoral zone in 

association with spawning migration and for feeding. Because the majority of angler use is 

concentrated in the littoral zone, this life-history trait may increase the vulnerability of 

mature fish to angling (Gresswell and Varley (1988). Immature individuals (through age 2) 

are not common in the angler catch. 

At Clear Creek the number of spawning cutthroat trout declined from a mean of 

approximately 16,000 between 1945 and 1948 to 3,353 spawners in 1954 (Benson and 

Bulk ley 1963). Abundance in Clear Creek increased following implementation of a three-
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fish (any size) creel limit and the closure of the hatchery and subsequent cessation of 

spawn-taking (Fig. 3). Counts between 1957 and 1961 averaged 7,300 spawners annually 

(Gresswell and Varley 1988), but by the mid-1960s, the number of spawners averaged 

approximately 36,000 fish annually. After the cessation of spawn-taking activities, the 

number of Yellowstone cutthroat trout rose despite an increase in the mean number of fish 

harvested from Yellowstone Lake from 224,000 (1950 through 1953) to 318,000 annually 

(1954 through 1965). 

Following a series of regulations that reduced angler harvest, the number of spawning 

Yellowstone cutthroat trout continued to increase. A 356-mm minimum size-limit was 

implemented in 1970. The daily creel limit was three fish until 1973 when it was reduced 

to two fish. In 1975, a two-fish, 330-mm maximum-size limit was imposed. After the 

adoption of this regulation, annual harvest dropped to a mean of approximately 71,000 

Yellowstone cutthroat trout for the period between 1983 and 1992. Since 1977, annual 

counts of spawning cutthroat trout at Clear Creek have remained above levels observed in 

the 1950s (Fig. 3); however, recent declines (1990-1992) suggest the influence of factors 

other than angler harvest on annual variation in spawner abundance. 

Mean length of spawning Yellowstone cutthroat trout in Clear Creek averaged 

approximately 369 mm for the period from 1953 to 1955 (Fig. 4). Annual estimates of 

mean length increased to an average of 389 mm for 1957-1961 period. As harvest 

expanded from the late 1950s through the early 1960s, however, mean length of spawners 

in Clear Creek declined to an average of 365 mm for 1966 and 1967. Since the two-fish, 

330-mm maximum-size regulation was instituted in 1975, annual estimates of mean length 

have risen above previous high measurements and currently average approximately 399 mm 

(1988-1992). 

Mean age of Yellowstone cutthroat trout spawning in Clear Creek dropped to a low of 

3.9 yr in the mid-1960s concomitant with increasing harvest (Fig. 5). In 1973, only about 
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Figure 3. Counts of Yellowstone cutthroat trout (Oncorhvnchus clarki bouvieri) spawners at 
Clear Creek, Yellowstone Lake, under various management scenarios, 1945-1992. 
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Figure 4. Mean lengths of Yellowstone cutthroat trout (Oncorhvnchus clarki bouvieri) 
spawners entering Clear Creek, Yellowstone Lake, under various management scenarios, 
1953-1992. 
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6% of the fish sampled were age 6 and over. Since then, mean age has risen substantially, 

and between 1987 and 1992, mean age for spawners in Clear Creek averaged 5.8 yr. Age-

9 Yellowstone cutthroat trout were collected at Clear Creek annually during this period. 

There is no simple explanation for the observed changes. Increased longevity resulting from 

decreased angler harvest may have led to an increase in the number of times an individual 

fish spawned, but delayed maturity could have produced similar results. Changes in mean 

length and age have affected the population fecundity of spawners at Clear Creek. 

Although relative fecundity appears to be unchanged, the current reproductive potential 

averages almost 32 million eggs annually (Jones et al. 1985). This represents a 500% 

increase over estimates from the 1950s (6.2 million eggs). 

Iteroparity has apparently increased in Clear Creek since the 1950s. Ball and Cope 

(1961) reported that only 1.22% of spawning Yellowstone cutthroat trout in Yellowstone 

Lake were repeat spawners. A mean instream-mortality estimate (five streams over a 5-

year period, 1950-1954) of 48.1% indicated that many spawners died after spawning. 

Returns of marked fish at Clear Creek during the 1980s suggest that a minimum of 23% of 

fish that spawned in 1979 returned to spawn at least once (Jones et al. 1985), and repeat 

spawners were collected up to 5 yr after they were originally marked. During five sample 

Years from 1977 through 1984, mean instream-mortality estimated from total upstream and 

downstream counts in Clear Creek was 12.9%. In recent years, estimates of instream 

mortality at Clear Creek have increased (mean = 30.8% for 1987, 1988, 1991, and 1992; 

U.S. Fish and Wildlife Service, Yellowstone National Park, WY 82190, unpubl.data); 

however the relative influence of changes in monitoring procedures and presence of 

increased numbers of white pelicans (Pelecanus ervthrorhvnchcos) has not been 

investigated. 
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Figure 5. Mean ages of Yellowstone cutthroat trout (Oncorhvnchus clarki bouvieri) 
spawners entering Clear Creek, Yellowstone Lake, under various management scenarios, 
1953-1992. 
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Discussion 

Except where barriers limited access, rainbow trout replaced Yellowstone cutthroat 

trout in the Columbia River Basin below Shoshone Falls on the Snake River (Behnke 1992) 

sometime after the falls were formed. (Citing Malde (1965), Behnke (1992) suggested that 

the formation of Shoshone Falls occurred 30,000-60,000 yr ago during the Bonneville 

Flood; however, recent information suggests that this event dates to approximately 14,500 

yr ago (Oviatt et al. 1992). At the same time, the Yellowstone subspecies was forced out 

of high-elevation environments by Pleistocene glaciation. The most recent incursion of 

Yellowstone cutthroat trout into the Yellowstone River drainage is related to the retreat of 

glacial ice that occurred about 12,000 yr ago (Richmond and Pierce 1972). 

This set of events suggests that the Yellowstone cutthroat trout were reduced to low 

abundance and greatly restricted range during the late Pleistocene and that current genetic 

structure of the subspecies was significantly affected by this geographical range 

constriction. Allozyme data support the occurrence of a geologically recent genetic 

bottleneck in the Yellowstone subspecies. In a survey of 10 Yellowstone cutthroat trout 

populations over a broad geographical range, Loudenslager and Gall (1980) reported that 

only 8% of the genetic diversity was due to divergence among populations. In a broader 

context, Allendorf and Leary (1988) compared divergence within eight non-anadromous 

salmonids, and the Yellowstone cutthroat trout was the only form with low genetic 

divergence between local populations. 

There are inconsistencies in the taxonomy of cutthroat trout, however. Although the 

Yellowstone and westslope (Oncorhvnchus clarki lewisi) subspecies have been isolated from 

each other for 1-2 million yr (Allendorf and Leary 1988; Behnke 1988) and allozyme data 

suggest that westslope cutthroat trout may be a distinct species (Allendorf and Leary 

1988), morphologically the two subspecies remain undifferentiated (Allendorf and Leary 

1988). Alternatively, life-history traits of spawning populations of Yellowstone cutthroat 
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trout within the Yellowstone Lake drainage suggest phenotypic variation which may imply 

local adaptation, but allozyme divergence is low compared to that observed among 

populations of westslope cutthroat trout (D. K. Shiozawa and R. N. Williams, Department of 

Zoology, Brigham Young University, Provo, Utah, unpubl. data). 

One exception to this generality was detected in genetic divergence of Yellowstone 

cutthroat trout from Sedge Creek (R. N. Williams, R. F. Leary, and D. K. Shiozawa, Clear 

Creek Genetics, Meridian, Idaho, unpubl. data). This population has been reproductively 

isolated for thousands of years, and heterozygosity and allelic diversity were substantially 

lower within the Sedge Creek population than in other populations of Yellowstone cutthroat 

trout. Samples of cutthroat trout from Sedge Creek and Yellowstone Lake revealed 

substantial allozyme divergence (Nei's D = 0.046) compared to levels commonly observed 

among other Yellowstone cutthroat trout populations (Nei's D = 0.003); however, no 

evidence of divergence of mitochondrial DNA between Sedge Creek and Yellowstone Lake 

populations was apparent. 

These examples underscore difficulties that arise in the management and conservation 

of polytypic taxa such as the cutthroat trout. Lack of genetic divergence (based on solely 

on molecular analysis) could suggest that local adaptations are simply phenotypic responses 

to environmental variability and not the basis for conservation of local populations. 

Allendorf and Leary (1988) concluded, however, that lack of divergence at allozyme loci is 

not indicative of the absence of important interpopulation genetic differences. Considering 

efforts to preserve genetic diversity, Echelle (1991) cautioned that no single measure of 

variation should be considered exclusively. Identifying life-history differences between 

populations can provide important information concerning local adaptation and the 

relationship among life-history organization and specific aspects of the environment. 

Documentation of life-history differentiation is necessary to provide management support 
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for the protection of unique life-history types in the absence of documented allozyme 

divergence. 

The presence and extent of the life-history diversity in Yellowstone Lake may be 

important, regardless of the mechanisms that control it. Numerous studies suggest that 

life-history variation has adaptive significance in other polytypic fish species (e.g., Healey 

1986; Taylor 1991; Hankin et al. 1993; Quinn and Unwin 1993), and phenotypic plasticity 

can be a key component of evolutionary change (Thompson 1991). Although genetic 

differentiation is apparently low among Yellowstone cutthroat trout, the documented life-

history variation suggests a strong adaptability to disparate environments. Den Boer (1968) 

submitted that diversity is directly related to the probability of long-term population 

persistence; in a spatially and temporally heterogeneous environment, spreading risk 

through maintenance of natural diversity is critical. Diversity provides a means of buffering 

environmental change at all levels of differentiation (i.e., within species, subspecies, 

metapopulation, and population), and therefore, management activities that impinge on the 

natural variation in a polytypic taxon may eventually reduce the capacity for survival of the 

taxon as a whole. 

From an evolutionary standpoint, local adaption provides an important means to exploit 

a wide variety of habitats. A metapopulation comprises numerous locally adapted 

populations. At any point in time, some populations may be declining in abundance while 

others are becoming established or increasing (Hanski and Gilpin 1991). These opposing 

processes of extinction and colonization determine the trajectory of metapopulation 

persistence. In order for a metapopulation to persist, the rate of population extinctions 

must not exceed the rate of colonization. From this perspective, local populations within a 

metapopulation have important functional value in metapopulation persistence regardless of 

their genetic or phenotypic uniqueness. 
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The relative integrity of the cutthroat trout metapopulation structure in Yellowstone 

Lake may have influenced recovery of the fishery when constraints imposed by angler 

harvest diminished. Management policies of the U.S. National Park Service contributed to 

the pristine condition of the Yellowstone Lake watershed and spawning and rearing 

habitats, and consequently, to the integrity of the cutthroat trout metapopulation. The 

uneven effects of angling also supported the structure of the metapopulation. Because 

angler effort and harvest was not spread evenly throughout the lake (Benson and Bulk ley 

1963), it is likely that some of the spawning populations were relatively unaffected by 

harvest. Additionally, some life-history types (e.g., those with early spawning migration or 

extended stream residence) within heavily impacted populations may have persisted. 

A wide range of life-history diversity occurs among cutthroat trout populations 

spawning in tributaries of Yellowstone Lake. These differences are spatially distributed 

among the spawning populations, and temporal variation within the Clear Creek spawning 

populations coincided with changes in management strategies. Life-history variation in the 

Yellowstone Lake drainage is reflective of diversity that has been documented at the 

subspecies and species level (Gresswell 1988). 

Of the life-history characteristics examined, abundance and mean length of spawners 

and timing (i.e., initiation, duration, and peak) of annual spawning migrations appear to be 

the most variable in the Yellowstone Lake drainage. Male:female ratio was similar among 

streams, and although some annual variation has been noted, no temporal trends have been 

identified. Differences in mean age among spawners frbm various tributaries were not 

significant when data collected from six streams during the 1950s was compared; however, 

these data may have been affected by changes in population structure resulting from 

anthropogenic activities during that period. For example, mean age of spawners at Clear 

Creek increased almost 2 yr after cessation of spawn-taking and reductions in harvest 

during the 1970s. 
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Life-history organization of spawning populations of cutthroat trout in Yellowstone 

Lake is complex, but evidence suggests a relationship with spatial and temporal aspects of 

the environment. Preliminary investigation of basin-level environmental variables and life-

history parameters obtained from 27 tributaries between 1985 and 1987 suggests that 

elevation, aspect, and drainage area are correlated with the date spawning migration 

initiation and mean length of cutthroat trout spawners in individual tributaries (R. 

Gresswell, unpubl. data). Elevation, aspect, and drainage area are among physical 

characteristics of drainages that directly influence flow and peak discharge (Morisawa 

1968), and the timing of spawning migrations appears to be directly related to hydrographic 

stage and water temperature (e.g. Ball and Cope 1961; Jones et al. 1990). Relationships 

between spawning migrations and hydrographic pattern thus suggest one possible link 

between habitat variation and life-history diversity in the Yellowstone Lake drainage. 

Habitat complexity of Pelican Creek may explain migration patterns such as extended 

residence in the stream 3 or 4 yr after emergence or spawning adults that remain in the 

stream for months or years before emigration. Pelican Creek has a mainstem length of over 

53 km and at least 125 first-order tributaries. Hydrothermal springs that are locally 

numerous in some of the tributaries to Pelican Creek may provide refuges for overwintering 

fish. Additionally, resident populations of fluvial Yellowstone cutthroat trout have been 

observed in Pelican Creek. Apparently, many of the life-history types occurring throughout 

the Yellowstone Lake drainage are present in Pelican Creek alone. 

Temporal variation of life-history traits at Clear Creek is strongly associated with 

changes in fishery management. Because increases in the number of spawners at Clear 

Creek after the cessation of spawn-taking activities occurred while angler harvest was 

increasing, it is probable that spawn-taking operations contributed to previous reductions in 

spawner abundance. Alteration of the historical gene pool or reduction in the number of 

cutthroat trout allowed to proceed upstream to spawn naturally may have contributed to 
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this decline. Similar effects from hatchery introductions have been documented for a wide 

range of salmonids in North America (Evans and VVillox 1991; Krueger and May 1991), and 

the negative effects of hatchery supplementation is a principal consideration in the 

conservation of dwindling wild populations (Ryman and Laikre 1991; Waples 1991) 

Declines in mean length and age of spawning Yellowstone cutthroat trout at Clear 

Creek during the 1960s may be associated with fish harvest by anglers in Yellowstone 

Lake. Alterations observed in the structure of the Clear Creek population are probably 

representative of the magnitude of change that has occurred in other lacustrine-adfluvial 

spawning populations in Yellowstone Lake, and data collected from spawning cutthroat 

trout at Pelican and Cub creeks during the late 1970s and early 1980s suggest similar 

responses to reduction in harvest (Jones et al. 1979; Jones et al. 1983). Patterns from the 

Yellowstone Lake fishery are consistent with effects of harvest predicted by population 

theory (Nikolskii 1969) and with observations from commercial fisheries (Christie 1972; 

Larkin 1977; Ricker 1981). Resulting reductions of mature fish in a population can 

drastically reduce the reproductive capacity, especially within late-maturing and iteroparous 

life-history types (Ricker 1963). Less abundant forms are at increased risk of extirpation or 

extinction (Nelson and Soule 1987). 

There is little evidence that the introduction of non-native fishes has negatively 

affected Yellowstone cutthroat trout in Yellowstone Lake (Gresswell and Varley 1988). 

Some diet overlap has been identified, but spatial interaction is low among these fishes. It 

is fortuitous that non-native salmonids have not become established in the drainage because 

similarities in habitat requirements and life-history traits common to this family of fishes 

often result in intense interspecific competition (e.g., Marrin and Erman 1982; Griffith 

1988). Additionally, hybridization with rainbow trout (Oncorhvnchus mvkiss) could 

potentially result in the extirpation of the indigenous Yellowstone cutthroat trout genome in 

Yellowstone Lake. 
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Attempts to accommodate continued increases in visitation to Yellowstone National 

Park may eventually threaten the integrity of the Yellowstone Lake ecosystem and 

ultimately, the cutthroat trout metapopulation in the lake. Development of visitor facilities 

at Lake Village, Bridge Bay, Fishing Bridge, and Grant Village has included a substantial road 

system. Road culverts have reduced access to adfluvial spawners in some tributaries, and 

at least two culverts totally block annual spawning migrations (Dean and Varley 1974; 

Jones et al. 1986). Disturbance of spawners, trampling of eggs in redds (Roberts and 

White 1992), and angling mortality (Gresswell and Varley 1988) are perturbations 

associated with the presence of visitors in the vicinity of spawning streams. Additionally, 

human presence may alter use patterns of natural predators, affecting both predator and 

prey populations (Swenson et al. 1975; Reinhart 1990). This is especially important 

because of the frequent occurrence of endangered species including grizzly bears (Ursus 

arctos horribilis) and bald eagles (Haliaeetus leucoceohalus) in the Yellowstone Lake 

drainage. Alteration of natural fire regimes, especially in the developed areas, has also 

occurred in the drainage. Although individual activities such as these may not appear to 

have substantial effects on the persistence of the cutthroat trout in the Yellowstone Lake 

drainage, the synergistic and cumulative effects of human presence should be considered in 

all future management decisions. Each individual spawning population is important in the 

spatiotemporal mosaic of populations and life-history types that form the Yellowstone Lake 

metapopulation and ultimately to the persistence of this complex assemblage. 
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Abstract 

Among fishes there is abundant evidence that intraspecific variation in life-history 

traits is directly related to habitat variability. We believe that life-history organization of 

cutthroat trout (Oncorhvnchus clarki) may be conceptualized in a hierarchical fashion from 

species to subspecies, metapopulation, population, and finally individual; components at 

each level continually change with changes in level-specific environment. Habitat and life-

history variability across the range of the Yellowstone cutthroat trout (Oncorhvnchus clarki 

bouvieri) has been acknowledged, but the relationship between habitat and life-history 

organization at levels below subspecies is less well known. We examined specific life-

history traits of adfluvial cutthroat trout spawners from Yellowstone Lake in relation to 

habitat of tributary drainages and subbasins of the lake. Results suggest that stream 

drainages vary along gradients that can be described by mean aspect, mean elevation, and 

drainage size. Approximately two-thirds of the variation in the timing of annual cutthroat 

trout spawning migrations and average size of spawners can be described by third-degree 

polynomial regressions with mean aspect and elevation as predictor variables. In the lake, 

we found evidence of distinct subpopulations of cutthroat trout that are related to physical 

and limnological characteristics of the lake subbasins. Evidence that polytypic species can 

adapt to heterogenous environments, even within a single lake, has implications for the 

conservation, restoration, and management of many freshwater fishes. 
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Introduction 

In biological systems, persistence is linked to the ability of organisms to adapt to 

environmental heterogeneity and change (e.g. Den Boer 1968, Warren et al. 1979, 

Andrewartha and Birch 1984). Habitat provides a template for the evolution of life-history 

strategies within and among groups of organisms (Southwood 1977), but the perception of 

habitat differs with spatial and temporal scale. Among fishes life-history traits vary across 

broad spatial scales (e.g. Ricker 1972, Schaffer and Elson 1975, Leggett and Carscadden 

1978), and variability has been observed even within individual drainage basins (e.g. Riget 

et al. 1986, Larson and McIntire 1993, Gresswell et al. In press). 

Gresswell et al. (In press) proposed a conceptual framework that attempts to explain 

life-history organization of cutthroat trout (Oncorhvnchus clarki) in a hierarchical fashion 

from species to subspecies, metapopulation, population, and finally individual. Cutthroat 

trout are broadly distributed from coastal rivers in the Pacific Northwest to interior streams 

and lakes of the Great Basin and Rocky Mountains. Earliest fossil records of the species 

date to the Miocene (Stearley and Smith 1993), and since then, cutthroat trout have 

diverged into 14 subspecies (Behnke 1988). Differences in life-history strategies across the 

range of Yellowstone cutthroat trout (Oncorhvnchus g I A rLd bouvieri), perhaps the most 

abundant nonanadromous subspecies, represent a complex response to environmental 

fluctuations operating at different temporal and spatial scales (Gresswell et al In press). 

The relationship between habitat and life-history organization at levels below 

subspecies is less well known, however, and few data are available to examine processes 

affecting lower levels of taxonomic organization. Data collections, some dating back over 

50 years, by the U.S. Fish and Wildlife Service and U.S. National Park Service provide the 

opportunity to examine this conceptual framework on the metapopulation of cutthroat trout 

that resides in the Yellowstone Lake drainage. Although these data were not collected 
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specifically to address population-environmental interactions, they represent one of the 

most extensive sources of information on cutthroat trout in the world. 

The purpose of this paper is to examine specific life-history traits of adfluvial cutthroat 

trout spawners from Yellowstone Lake in relation to habitat of tributary drainages and 

subbasins of the lake. We sought to answer the following questions: what basin-scale 

physical parameters help differentiate tributary drainages in the Yellowstone Lake basin? 

What is the relationship between physical factors and life-history characteristics of 

cutthroat trout in those spawning streams? What is the spatial arrangement of cutthroat 

trout within the lake? Finally, what processes support the persistence of metapopulations 

of cutthroat trout in both the lake and tributary streams? 

Background 

Cutthroat trout in Yellowstone Lake may be perceived as a metapopulation consisting 

of at least 68 populations that return to natal streams for spawning (Gresswell et al. In 

press). Relative fidelity of individual populations to specific spawning streams implies 

significant local adaptation to distinctive environmental conditions occurring within 

respective tributaries. Mature cutthroat trout also appear to occupy specific regions of the 

lake throughout the summer (Benson and Bulk ley 1962). 

Timing (peak and duration) of annual spawning migrations varies among streams 

(Gresswell et al. In press). Yellowstone cutthroat trout spawners remain in tributaries from 

1 to 3 wk (Ball and Cope 1961). Instream mortality estimates have varied through the 

years (13 - 48%; Gresswell In press), but iteroparity is common (Gresswell and Varley 

1988). 

After emergence, most young fish emigrate to the lake; however, some may 

overwinter in their natal streams (Welsh 1952; Benson 1960). In the lotic environment 

young fish are preyed upon by a wide variety of vertebrate and invertebrate predators, but 
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evidence of extended residence in some streams suggests a selective advantage over rapid 

emigration. These behavioral differences also suggest local adaptation. 

In Yellowstone Lake immature cutthroat trout occupy pelagic areas where zooplankton 

are abundant and predation is dispersed (Gresswell and Varley 1988). Mature cutthroat 

trout generally reside in the littoral zone. Macroinvertebrates, such as Gammarus lacustris 

and Hvallela azteca and a variety of aquatic insects, are more numerous in shallow areas, 

and they dominate the diet of larger cutthroat trout in the lake (Benson 1961; Jones et al. 

1990). Littoral residence may also bring mature individuals into closer proximity with 

spawning streams. 

Because Yellowstone Lake is located in a national park, it has not been subjected to 

large-scale habitat degradation. Fishery management led to alterations of population 

structure and changes in species composition in the lake during the first half of the 20th 

century; however, hatchery operations were suspended in the mid-1950s, and since early 

1970s harvest has been restricted. Resilience in the Yellowstone Lake cutthroat trout 

metapopulation is evidenced by substantial changes in population structure since the 

implementation of more restrictive angling regulations (Gresswell and Varley 1988; 

Gresswell et al. In Press). The integrity of the Yellowstone Lake ecosystem, coupled with a 

fishery database that extends to the late 1940s, provides a unique opportunity to study the 

interactions between habitat and life history of this Yellowstone cutthroat trout 

metapopulation. 

Study Area 

Physical Setting 

At an elevation of 2,357 m, Yellowstone Lake is the largest high-altitude lake in North 

America. Surface area is about 34,000 ha, and the shoreline is approximately 239 km 
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(Kaplinski 1991). Vegetation in the drainage basin (261,590 ha, Benson 1961) is 

predominately lodgepole pine (Pinus contorta) forest and subalpine meadows. Tertiary 

andesite and Quaternary rhyolite underlie much of the drainage, but Tertiary sedimentary 

deposits are present in several tributary drainages in the southern portion of the basin 

(USGS 1972). Postglacial lacustrine, fluvial, and deltaic deposits are common at lower 

elevations within the basin, recording periods when lake level was > 24 m above the 

present surface (Richmond 1976). 

A total of 124 tributaries to Yellowstone Lake have been identified (Hoskins 1974, 

1975, Jones et al. 1986, 1987); however, several are ephemeral. With a drainage area of 

almost 110,000 ha, the Yellowstone River upstream from Yellowstone Lake is the largest 

tributary, and it drains about 55% of the entire lake watershed. Unfortunately, data on the 

upper Yellowstone River have not been routinely collected because of its remote location in 

the South East Arm, and this drainage could not be included in the analysis. 

Pelican Creek has the second largest drainage area (17,656 ha). Pelican, Chipmunk, 

Beaverdam, Clear, Columbine, Sedge, Arnica, Solution, Grouse, and Cub creeks (Fig. 6) 

comprise approximately 31 % of the total lake drainage area. There are 81 tributaries with a 

drainage area < 100 ha. These smaller tributaries, some with an area of only 5 ha, 

represent approximately 1.4% of the study area. 

Of the eleven streams with the largest drainages, nine empty into the South Arm, 

Southeast Arm, and along east shore of the lake (Fig. 6). Arnica Creek and Solution Creek 

flow into West Thumb. None of the tributary drainages that are > 2,000 ha drain the west 

shore of Yellowstone Lake. Spawning has been observed in 68 tributaries (Fig. 7), but 16 

of these are apparently used only in years of high stream discharge (Jones et al. 1987). 

Yellowstone Lake is composed of a north-south tending main basin and six second-

order subbasins (Kaplinski 1991). The main basin, which is defined by the 80-m contour, 

extends northward from the Southeast Arm (Fig. 8). West Thumb (Benson 1961) is the 
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Figure 6. Yellowstone Lake and tributaries. Streams are identified by the last four digits of 
the 15-digit number designated by the system for numbering streams and lakes in 
Yellowstone National Park (Mahony and Lentsch 1986). 
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Figure 7. Tributaries of Yellowstone Lake in relation to use by adfluvial Yellowstone 
cutthroat trout for spawning. 
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Figure 8. Creel survey, gillnetting, and limnological sampling stations, Yellowstone Lake. 
Lake subbasins correspond to bathymetric mapping by Kaplinski (1991): 1) Mary Bay; 2) 
Yellowstone River outlet and Bridge Bay; 3) channel connecting West Thumb to the main 
lake basin; 4) West Thumb; 5) Flat Mountain Arm; 6) South Arm. Shaded area delineates 
main lake basin. 
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largest of the second-order subbasins . Strong prevailing winds from the southwest 

generate surface currents toward the northeastern shore, bottom currents back to the 

southwest, and upwelling in West Thumb (Benson 1961). The northern portion of the lake 

is divided into two subbasins, one south of the Yellowstone River outlet, and a second in 

Mary Bay, a hydrothermal explosion crater Mold et al. 1977). Three other subbasins, 

South Arm, Flat Mountain Arm, and the channel connecting West Thumb to the main lake 

basin, occupy areas carved by Late Pleistocene fluvial and/or glacial activity (Kaplinski 

1991). South Arm is relatively protected from prevailing winds, and has two large 

tributaries, Chipmunk Creek and Grouse Creek. 

Fishes 

Yellowstone cutthroat trout and longnose dace (Rhinichthvs cataractae) are native to 

Yellowstone Lake (Simon 1962). Three non-native fishes, redside shiner (Richardsonius 

balteatus), lake chub (Couesius plumbeus), and longnose sucker (Catostomus catostomus), 

were introduced this century (Gresswell and Varley 1988). Yellowstone cutthroat trout and 

longnose suckers are distributed throughout the lake basin. Redside shiner, lake chub, and 

longnose dace are limited to shallow areas around the shoreline; these small fishes are not 

found in the vicinity of the islands in the lake. 

Methods 

Tributary Drainages 

Basin-scale physical habitat variables were compiled for 115 tributaries included 

drainage basin size, geological bedrock type, aspect, slope, elevation, and precipitation. 

These data were obtained from the Geographical Information System (GIS) in Yellowstone 

National Park (Table 2). Eight additional habitat variables including location of tributary 
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Table 2. Physical variables for 115 tributaries of Yellowstone Lake obtained from the 
geographical information system maintained by the U.S. National Park Service in 
Yellowstone National Park. 

Parameter 

Drainage basin size: 

Geological bedrock type: 

Mean aspect: 

Mean slope: 

Mean elevation: 

Yield: 

Method of estimation 

Estimated by summing area (hectares) of each 
geological bedrock type within the individual 
stream drainages. 

Recorded as percentage of total drainage area 
(hectares). The 26 geological types were 
grouped into four major categories: Tertiary 
andesite, Quaternary rhyolite, Quaternary 
surficial deposits (detritus, hot-spring deposits, 
and hydrothermal-explosion deposits), and 
sandstone (including sandstone, limestone, 
siltstone, and shales). 

Weighted mean estimated by multiplying the 
midpoint of each 15-degree aspect class 
(ranging from 1 to 360 degrees) by the area 
estimated for that class and summing for all 
classes; the sum was divided by the total area 
of the drainage. 

Weighted mean estimated by multiplying the 
midpoint of each 10-degree slope class by the 
area estimated for that class and summing for 
all classes; the sum was divided by the total 
area of the drainage. 

Weighted mean estimated by multiplying the 
midpoint of each 10-m elevation class by the 
area estimated for that class and summing for 
all classes; the sum was divided by the total 
area of the drainage. 

Total precipitation for each stream drainage 
basin calculated by multiplying the midpoint of 
each 40-cm precipitation class (based on a 30-
year mean, 1960-1990) by the area in the 
class and summing. 
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stream mouth; longitudinal profile; stream order and link number; mainstem length, slope, 

and maximum elevation; and the proportion of low-gradient stream reaches within the 

mainstem were obtained from topographic maps (7.5 minute series, USGS, Reston, Virginia; 

Table 3). 

Between 1985 and 1987, a sample of 27 spawning streams were visited at two-week 

intervals in early summer to assess the progress of the cutthroat trout spawning 

migration(Jones et al. 1986, 1987, Reinhart 1990). An estimate of mean total length of 

spawners was obtained from sample of cutthroat trout collected from each stream by 

electrofishing methods (Jones et al. 1986, 1987). More detailed data were obtained at 

Clear Creek where a weir was used to tally and sample cutthroat trout spawners in 1987 

(Jones et al. 1988). 

Data describing three life-history characteristics were obtained from these 27 

tributaries: 

(1) Migration peak - Julian date when the greatest number of the cutthroat were 

observed in each tributary. 

(2) Duration of migration - length of time (days) that spawners were observed in the 

spawning streams. 

(3) Mean length - mean total length (millimeters) of cutthroat trout spawners sampled 

in the spawning streams. 

Statistical analyses were accomplished using NCSS (Hintze 1992). Among-stream 

distributions of physical and life-history variables were tested for normality (K-S normality 

test), and variables that were not normally distributed were transformed to a logarithmic 

scale (logio). Principal components analysis (PCA) was used to identify physical habitat 

gradients for the 115 Yellowstone Lake tributaries and life-history gradients for the subset 

of 27 streams. Correlation matrices of physical and life-history variables were used in the 

analysis to reduce the effects of scaling and unequal variances among variables. After 
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Table 3. Physical variables for 115 tributaries of Yellowstone Lake obtained from 
topographic maps (7.5 minutes series, USGS, Reston, Virginia). 

Parameter	 Method of estimation 

Location of tributary stream mouth:	 Coordinates of the mouth of each tributary 
to Yellowstone Lake designated by the 
Universal Transverse Mercator System 
(Grubb and Eakle 1988). 

Longitudinal profile:	 Described by slope and intercept of the 
linear regression of linear distance from the 
mainstem source and elevation (Hack 
1957). Mainstem was defined as the 
longest continuous channel in each 
individual stream basin. Distance from the 
source and elevation were recorded in 
meters at each elevational contour along 
the mainstem. The natural logarithm of 
distance was the predictor variable in the 
regression, and elevation was the response 
variable. 

Weighted main-stem slope:	 Weighted mean slope of the mainstem for 
each tributary. Estimated by multiplying 
the mid-point between elevational contours 
(meters) and summing for all intervals. The 
sum was divided by the total length of the 
mainstem. 

Maximum elevation:	 Elevations (meters) at the mainstem  
source.  

Stream order:	 Designation according to Leopold et al. 
(1964). 

Link number:	 Number of first-order tributaries within 
each stream drainage (Leopold et al. 1964). 

Proportion of low-gradient stream Length of stream (kilometers) and 
reaches: percentage of total stream length below 

the 2440-m and 2395-m elevational 
contours. 
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initial analysis, variables that displayed low component loadings (< 0.40) were removed, 

and the remaining parameters were reanalyzed using varimax rotation. 

Relationships between physical habitat variables and life-history characteristics for the 

27-stream subset were investigated further using ecological response surface analysis 

(Bartlein et al. 1986). First-, second-, and third-degree polynomial regressions with one and 

two predictor variables were analyzed. Predictor variables (stream drainage area, mean 

elevation, and mean aspect) were selected from physical variables that best described the 

first three principal components from the physical habitat ordination. Response variables 

(mean date of spawning migration peak, mean length of cutthroat trout spawners, and 

mean duration of spawning migration) were selected in the same manner from the life-

history ordination. 

Yellowstone Lake 

For management purposes Yellowstone Lake has been divided into seven zones (Fig. 

8) that approximate the subbasins described above (Kaplinski 1991). Digitized depth 

profiles for these zones were entered into the GIS at the Pacific Northwest Experimental 

Station (USDA Forest Service, Corvallis, Oregon). Using GIS data mean depth and the 

proportion of lake surface area represented by water < 10 m were estimated for each zone 

(Table 4). From 1977-1982 water transparency (Secchi disc), water temperature (70-m 

profile), and pH (at 2 m depth) were measured at stations located in the South Arm, 

Southeast Arm, West Thumb, and Stevenson Island (Fig. 8); these data were obtained in 

July after stratification. 

Population structure was determined from two sources of data. First, gill-net 

collections provided size, age, and growth data from six of the management zones. Gill 

nets were set in Yellowstone Lake annually from 1978 through 1992 during the third week 

of September. Each of 11 sites (Fig. 8) was sampled once during a 5-d sample period. At 
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Table 4. Mean length and growth index (P) of cutthroat trout captured in gill nets in six 
of seven management zones in Yellowstone Lake, 1978 - 1992 (values are least 
squares means, adjusted for the effects of angler harvest during concurrent years); 
mean depth was estimated from digitized depths provided by Kaplinski (1991); ph and 
mean surface temperature were obtained from four sample stations in Yellowstone 
Lake, 1978 - 1984. 

Mean 
Mean length Growth index 

Lake zone prespawners (P) Depth (m) pH Temperature (o C) 

1 385 2.64 66.5 7.39 11.1 

2 397 2.60 45.5 7.39 11.1 

3 382 2.59 66.3 7.39 11.1 

4 374 2.48 61.1 7.33 9.9 

6 408 2.78 45.0 7.54 11.3 

7 402 2.74 55.9 7.38 11.2 



105 

each site, five nets were set overnight. Nets were set perpendicular to shore in 1.5 to 5 m 

water depth and spaced approximately 100 m apart. 

Cutthroat trout from each net were arranged from largest to smallest, measured to the 

nearest 1-mm (total length), and weighed to the nearest 2 g. Sex and stage of maturity 

were determined from the gonads; individuals judged to have sufficient gonadal 

development to spawn in the subsequent spring were designated as prespawners. Scales 

were collected from the largest fish and then from every third fish in the length-ordered 

cline. Age was determined from scales; criteria developed by Laakso and Cope (1956) were 

used to detect lack of first year annuli, and age was adjusted upward if necessary. 

Growth parameters were obtained by the Brody-Bertalanffy procedure (Ricker 1975). 

Mean length was estimated for each age group of fish that were aged at each site. The 

Brody Growth Coefficient (K) and the theoretical asymptotic length (L.) were estimated by 

fitting mean length for each age group to a specialized form of the von Bertalanffy growth 

formula (surface factor (D) = 1; Pauly 1984). For among-site comparisons L. was 

converted to asymptotic weight (W.) with a length-weight functional relationship (Ricker 

1975) that was determined annually from all fish captured at the respective site, and the 

resulting value was combined with K to estimate the index of growth performance (P) 

(Pauly 1979 in Moreau 1987) for that site and year. 

Creel surveys provided the second source of fishery information. The number of 

cutthroat trout harvested in each of the seven management zones was estimated annually 

by a volunteer postal survey, the Volunteer Angler Report (VAR; Varley et al. 1976). 

Adjustments for card-return bias were applied to all estimates, and procedures for data 

collection and estimation were unchanged from 1978 through 1992. 

The analysis of fishery data focused on three specific relationships: 1) differences in 

fish size among zones independent of time-transgressive effects; 2) differences in fish 

growth among zones; and 3) possible interactions between fish size and growth and 
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limnological parameters used to characterize zones. Substantial increases in mean length of 

cutthroat trout were documented after the implementation of restrictive angling regulations 

on Yellowstone Lake in the early 1970s (Gresswell and Varley 1988; Gresswell et al In 

Press), and it was necessary to evaluate the impact of these time-transgressive effects. 

The number of fish harvested was used to reflect both changes in angling regulations 

through time and variations in angling intensity among zones. Angler harvest was assumed 

to have similar effects on all gillnetting sites within a zone. 

Because of possible bias caused by variations in year-class strength, only the mean 

length of prespawners (mature fish) was used to evaluate size differences from gill-net data. 

To gain insight into the relative relationship of size among years, Pearson correlation 

coefficients were estimated for the mean length of prespawners. Analysis of covariance 

(ANCOVA) was used for among-site comparisons with angler harvest as a covariate. In 

order to investigate differences in growth, the index of growth performance (P) was 

compared among gillnetting sites by use of ANCOVA. Annual harvest was used as a 

covariate in this analysis as well. To explore relationships between fish size and growth 

and zone environment, we calculated Pearson correlation coefficients for mean length of 

prespawners, growth index (P value), and the limnological parameters. 

Results 

Tributary Drainages 

Stream drainages in the Yellowstone Lake basin apparently vary along gradients that 

can be described by mean aspect, mean elevation, and size of the drainage basin. 

Approximately 71 % of the variation among tributaries was expressed in the first three axes 

of the rotated PCA. The first component was dominated by variables associated with size 

and shape (weighted slope of the mainstem) of the stream and related drainage basin. 
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Basin elevation and stream profile variables characterized the second component, and mean 

aspect and location (UTM-east) were the primary variables in the third component. The 

fourth component was represented by the other location variable (UTM-north), and it 

accounted for an additional 6% of the variation among streams. 

Life-history parameters in the subset of 27 spawning streams varied extensively (Table 

5). Mean length of cutthroat trout spawners ranged from 305 mm to 386 mm. Date of 

peak spawning ranged from day 143 (late May) to day 184 (early July) during the study 

period. Spawning activity averaged about 47 d, but individual streams varied from 22 to 

96 d. Between-year variation in migration duration was greatest in streams with the 

longest periods of spawning. 

Approximately 68% of the variation in life-history variables was described by the first 

three components of the rotated PCA; the relative contribution for each component was 

similar. The first component was composed exclusively of variables describing the peak of 

the spawning migration. Size of spawners characterized the second component, and mean 

length of combined samples of males and females had the highest score. Variables 

depicting duration of the spawning migration were expressed by the third component. 

Mean elevation, mean aspect, drainage area were chosen as predictor variables for 

polynomial regression analysis. Mean elevation and aspect of the tributary drainage were 

directly related to the date of the spawning migration peak. In linear regressions with single 

predictor variables, about 50% of the variation was attributable to either mean aspect (p < 

0.01, r2 = 0.51) or mean elevation (p < 0.01, r2 = 0.48) alone. The best predictor of the 

date of the spawning migration peak, however, occurred with a third-order polynomial 

regression of drainage area and mean aspect. Over two-thirds of the variation in the date of 

the peak was explained by this model (p < 0.01, R2 = 0.64). 

This analysis suggests several relationships between basin-scale physical variables and 

spawning time. In smaller drainages, date of migration peak appears to come earlier in 



Table 5. Date of peak and duration of the annual cutthroat trout spawning migration and mean length of spawners in
27 tributaries to Yellowstone Lake, 1985-1987. 

Julian date of peak spawning migration Duration of spawning migration (d) Mean length (mm)
Stream Mean Maximum Minimum Range Mean Maximum Minimum Range All spawners Males Females1103 184 185 182 3 28 28 27 1 376 375 3761155 179 198 158 40 67 74 56 18 359 357 3631095 172 182 163 19 65 78 52 26 382 389 3771176 169 177 161 16 46 53 38 15 346 344 3481146 167 178 155 23 23 29 13 16 316 307 3311177 166 170 161 9 52 64 40 24 351 351 3521169 166 170 161 9 92 169 40 129 342 338 349

1091 165 168 159 9 33 42 23 19 386 383 3911138 165 171 155 16 43 49 35 14 331 328 336
1111 164 170 158 12 140 40 39 305 274 3371192 162 171 153 18 22 25 19 6 337 325 3601113 161 163 159 4 42 42 41 1 342 335 3501123 160 165 154 11 35 42 27 15 363 365 3601179 158 171 145 26 41 63 18 45 365 367 3601182 158 171 145 26 55 74 45 29 369 373 3581180 158 171 145 26 23 28 18 10 346 342 3561166 158 170 145 25 71 74 68 6 349 346 3551168 158 170 145 25 26 26 26 0 349 351 3461198 157 167 147 20 31 35 26 9 357 355 3591127 157 157 156 44 551 33 22 368 368 3691126 157 157 156 38 42 331 9 374 378 3681164 155 165 149 16 37 63 22 41 354 352 357
1199 150 154 146 8 44 47 41 6 333 327 3421197 149 171 127 44 45 61 33 28 358 360 356
1201 147 154 140 14 58 75 41 34 358 358 358
1167 147 155 138 17 72 74 70 4 357 357 356
1203 143 154 131 23 96 176 40 136 344 339 353 
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tributaries with a predominately southern aspect than in those with a northern orientation. 

The importance of aspect diminishes in larger drainages, however (Fig. 9). A trend toward 

later migration peaks accompanied increasing drainage size irrespective of aspect, but this 

relationship reaches an apparent asymptote in mid-sized basins. Thus, peak migrations are 

predicted to occur earliest in small basins with a predominantly southeastern aspects; large 

drainages with a predominantly northwestern aspect support the latest migration peaks. 

Relationships between physical factors and the average size of cutthroat trout 

spawners is complex. Approximately two-thirds of the variation in mean length was 

explained by the third-degree polynomial regression of drainage size and mean aspect (p < 

0.05, fe = 0.63). Mean length of spawners appears to be relatively constant in drainages 

with a southeastern orientation, regardless of drainage size, but in north-oriented tributaries 

mean length of spawners is directly related to drainage size (Fig. 10). In addition, spawner 

size decreases in smaller drainages as the orientation shifts to the northwest. 

None of the environmental parameters produced statistically significant relationships 

with duration of spawning migration. Although duration may be related to hydrographic 

stage and stream water temperature, other factors, such as relative state of fish maturity, 

may also be important. Inability to identify a relationship between physical characteristics 

and duration of spawning migration suggests that this facet of life history is not useful for 

differentiating populations. 

Yellowstone Lake 

Among-zones differences in mean length of prespawners were significant (p < 0.01) 

even after the effects of angler harvest and time were statistically removed. This result 

suggests that ecologically meaningful differences in the size of cutthroat trout occur among 

subbasins of Yellowstone Lake (Table 6). West Thumb (Zone 4) had the smallest cutthroat 

trout prespawners, and South Arm (Zone 6) had the largest. Prespawners from Zone 1 
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Figure 9. Ecological response surface predicted by a third-degree polynomial regression 
with drainage basin area (logic, ha) and mean aspect as predictor variables and date of peak 
cutthroat trout spawning migration in 27 tributaries to Yellowstone Lake as the response 
variable. 
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Figure 10. Ecological response surface predicted by a third-degree polynomial regression 
with drainage basin area (loglo ha) and mean aspect as predictor variables and mean length 
of cutthroat trout spawners in 27 tributaries to Yellowstone Lake as the response variable. 
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(Mary Bay) and Zone 2 (Bridge Bay and Yellowstone River outlet) had mean lengths of 385 

and 397 mm, respectively; differences between these zones were statistically significant (p 

< 0.05). Mean length of fish from Zone 4 (375 mm)and Zone 1 (385 mm) were 

statistically different, as were those from Zone 6 (South Arm; 408 mm) and Zone 2 (p < 

0.05). 

Reanalysis of previous tagging studies from Yellowstone Lake suggests that only 

limited movement occurs between zones. Ball and Cope (1961) summarized angler returns 

of cutthroat trout tagged in spawning streams from different parts of the lake. When 

adjusted for variation in angler effort among zones (Benson and Bulk ley 1963), the results 

suggest that about 75% of the fish tagged in streams in the South Arm and in West Thumb 

were later recaptured in their respective subbasins. Almost two-thirds of the fish tagged in 

Pelican Creek were recaptured in the northern part of the lake. Although Clear Creek lies in 

the northern part of the lake, nearly 50% of the fish tagged there were later caught in the 

South Arm. 

Differences in the growth index were significant (p < 0.01) among the zones of 

Yellowstone Lake, but, in this case, effects attributable to angler harvest were not 

significant (p = 0.20; Table 6). Growth of cutthroat trout was greatest in Zone 6 (South 

Arm) with a P index of 2.78 and in Zone 7 (Southeast Arm) with a P index of 2.74. It was 

slowest in Zone 4 (West Thumb) (P index = 2.48). 

Cutthroat trout size and growth in disparate areas of the lake may be related to habitat 

variation. From the available data, it was not possible to develop direct cause-and-effect 

relationships between lacustrine environmental variables and life-history attributes; 

however, some of the correlations among these factors were significant (Table 7). The 

strongest relationships occurred between mean length of prespawners and water depth, 

temperature, and littoral area (r = -0.78, 0.78, and 0.75, respectively). Growth was most 

strongly related to mean surface temperature (r = 0.84). 



Table 6. Least-squares means predicted by analysis of covariance (ANCOVA) for mean length of prespawners
and growth index (P) for cutthroat trout caught in six of seven management zones in Yellowstone Lake, 1978
-1992. Annual angler harvest in each zone was used as a covariate in the (ANCOVA). 

Mean length Means Mean growth Means 
Lake zone Sample size prespawners Comparison' index (P) Comparison' 

4 28 374 X 2.48 X 
3 28 382 XX 2.59 XX 
1 28 385 XX 2.64 X 
2 42 397 XXX 2.60 X 
7 14 402 XX 2.74 XX 
6 14 408 XX 2.78 X 

'Means with a X in same column are not significantly different (p < 0.05). 
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Table 7. Pearson correlation coefficients between mean length and growth index of 
cutthroat trout prespawners captured in gill nets in six management zones in 
Yellowstone Lake and limnological variables characterizing the zones. 

Variables 

Variables 1) 2) 3) 4) 5) 

1) Mean length prespawners 1 

2) Grow index (P) 0.89 1 

3) Mean depth (m) -0.78 -0.44 1 

4) Mean pH reading 0.74 0.76 -0.59 1 

5) Mean surface water temperature ( o C) 0.76 0.82 -0.32 0.63 1 
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Discussion 

Physical variables that describe size, slope, orientation, and location of tributary 

drainages of Yellowstone Lake provide a means to differentiate between the various 

streams. Among these variables we found drainage basin size, mean basin elevation, and 

mean aspect to be the most useful descriptors. These parameters are directly related to the 

basin hydrology, and we assume that it is the intricacies of the annual cycle of discharge to 

which Yellowstone cutthroat trout spawners have become locally adapted. 

The relationship between these physical variables and life-history characteristics of 

adfluvial cutthroat trout spawners appear to be quite complex. Ecological response 

surfaces suggested that mean elevation and aspect of tributary drainages are directly 

related to the temporal variation in the peak of cutthroat trout spawning migration, and the 

strongest relationship occurred with the third-order polynomial regression with drainage 

basin area and mean aspect as predictor variables. The shape of the resulting response 

surface suggests that the hydrological factors determined by basin area and aspect favor 

spawning in mid-June (Fig. 9). Apparently conditions are optimal earlier in small drainages 

with southeasterly aspect, and later in northwest-oriented drainages with a large drainage 

area. The predicted pattern generally follows the progression of snowmelt in the 

Yellowstone Lake basin which occurs earliest at lower elevations along the western and 

northern portions of the basin. Peak discharge in Pelican Creek, which drains the northern 

portion of the Yellowstone Lake basin, is often 2 wk ahead of Clear Creek, a tributary 

draining the higher elevation of the Absaroka Mountains in the eastern portion of the basin. 

Arnica Creek flows into West Thumb from the west, and discharge usually peaks by mid-

May. 

These relationships are concordant with results from previous studies that demonstrate 

a strong relationship between the timing of Yellowstone cutthroat trout spawning migration 

and hydrographic stage (Jones et al. 1990, Thurow and King 1993). In Clear Creek, the 
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peak of the spawning migration generally occurs as water temperature increases and 

discharge decreases following peak run-off (Jones et al. 1990). Because mean drainage 

elevation and aspect are important variables in determining the progression of annual 

snowmelt and other hydrological characteristics in fluvial systems (Morisawa 1968), the 

influence of the physical drainage basin characteristics on migration timing is not surprising. 

Although it may be reasonable to expect a rather direct relationship between stream 

size and the average size of mature cutthroat trout in fluvial systems, the relationship 

appears to be more complicated in a lacustrine system where tributaries are used primarily 

for spawning. It has been argued that larger individuals may a selective advantage in larger 

tributaries because of the rigors of spawning (Schaeffer and Elson 1975; Beacham and 

Murray 1987), but data from Yellowstone Lake do not strictly support this interpretation. 

For instance, Pelican Creek is the second largest tributary to the lake, but numerous smaller 

tributaries support larger spawners (Gresswell et al., in press, Jones et al. 1982). Size-

distribution of cutthroat trout spawners among 27 tributaries in Yellowstone Lake suggests 

substantial geographic variability that is not wholly dependent on drainage basin size. For 

example, mean aspect, a variable that reflects location as well as orientation, was important 

in explaining variation in mean length of spawners as well. 

The apparent influence of geographic location of streams on the size of spawners is 

supported by the differences in growth and mean size of cutthroat trout prespawners from 

different areas of the lake. Although size of prespawning cutthroat trout is influenced by 

angler harvest, variations in size among subbasins were not be explained by angler harvest 

alone. Significant relationships between limnological and morphometric factors associated 

with different zones of the lake and the size of cutthroat trout from those zones suggest 

that growth and size of cutthroat trout are related to variables within the lacustrine 

environment. Furthermore, aggregations of cutthroat trout from separate portions of the 

lake apparently remain relatively discrete. 
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The results of this study indicate that hierarchy of life-history organization at levels 

below subspecies is complex even within a single lake basin. Apparently the 

metapopulation of Yellowstone cutthroat trout within Yellowstone Lake is divided into a 

number of relatively discrete subpopulations that occupy different subbasins or portions of 

the lake. Average size and growth of cutthroat trout residing in these subbasins differs 

significantly. Individual subpopulations are composed of one or more spawning populations 

that exhibit a strong homing behavior (Gresswell In press). Life-history characteristics such 

as spawner size, migration timing, mean age, and spawner abundance can be used to 

differentiate these spawning populations (Gresswell et al. In press). 

Although information was not available to identify which part of the lake a particular 

spawning population may reside, it was clear that some streams have large spawners 

regardless of the physical location of the stream. Other streams had relatively smaller 

spawners despite the large size of the stream. Lacustrine environmental factors that 

substantially influence population structure (e.g., temperature and food abundance and 

quality) are manifested across broad spatial scales, and temporally they dominate the life-

span of cutthroat trout in Yellowstone Lake. As information concerning the lacustrine 

residence is refined, it may be possible to reevaluate the relationships between physical 

characteristics of individual tributaries and the life-history traits of cutthroat trout spawners 

that ascend these streams annually. 

The significance of these results is not limited to this pattern of distribution. It is 

critically important to focus on the processes that have supported the evolution of this 

complex pattern and continue to sustain its persistence. Local adaptation of populations to 

environmental heterogeneity maintains metapopulations and is central to the 

metapopulation concept itself (Hanski 1991). Gresswell et al. (In press) suggested that the 

uneven distribution of angler harvest helped to maintain the structure of the cutthroat trout 

metapopulation during a period of high angler harvest. Concomitantly, it was the relative 
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integrity of the Yellowstone Lake metapopulation that supported the recovery of the fishery 

when constraints imposed by angler harvest were diminished (Gresswell et al In press. 

Local adaptation to specific spawning streams may improve reproductive success of 

individual populations (sensu. Sinclair 1988), but straying is critical to support the 

persistence of the metapopulation as a whole (Hanski and Gilpin 1991. Lake residence 

within subbasins proximal to spawning tributaries may be a further adaptation to spawning 

in a specific area, and cutthroat trout population structure reflects differences in 

environmental conditions of individual subbasins of the lake. On the other hand, the level of 

interchange between lacustrine subpopulations may be greater than that observed between 

individual spawning populations. In fact, movement outside of the lake subbasin nearest to 

the natal stream may actually contribute to straying during spawning migration. 

The existence of discrete aggregations of organisms, in this case the Yellowstone 

cutthroat trout, on increasingly finer scales, has substantial implications to resource 

management in general and the management of the Yellowstone Lake fishery in particular. 

Habitat integrity is crucial to the persistence of metapopulations, but it is the heterogeneity 

of the environment that is most critical (Hanski 1991). Change is common to all 

ecosystems, and it may not be possible to manage for a desired state, even when we can 

agree what that state might be. The presence of population enclaves may contribute to the 

recolonization of an area after population collapse, but we have no way of predicting the 

minimum number of discrete spawning populations or suitable habitat patches that must be 

maintained. The prudent approach is to minimize anthropogenic affects, both directly on 

individual subpopulations and indirectly on their habitat. In the case of a fishery such as 

Yellowstone Lake, reducing angler harvest in general substantially affected population 

structure throughout the lake; however, the fate of what may have been more vulnerable 

subpopulations is unknown. The principles of mixed stock fisheries are certainly relevant to 

the management of metapopulations in order to protect the less abundant andlor more 
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vulnerable segments. We believe that the Yellowstone cutthroat trout in Yellowstone Lake 

not only provide an example of a freshwater fish metapopulation and the processes that 

sustain its existence, but this fishery can provide a model for the management of 

indigenous fisheries throughout the world. 
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Abstract 

Recent emphasis on a holistic view of natural systems and their management 

is associated with a growing appreciation of the role of human values in these 

systems. In the past resource management has been perceived as a dichotomy 

between extraction (harvest) and nonconsumptive use, but this appears to be an 

oversimplified view of natural-cultural systems. The recreational fishery for 

Yellowstone cutthroat trout (Oncorhvnchus clarki, bouvieri) in Yellowstone National 

Park is an example of the effects of management on a natural-cultural system. 

Although angler harvest has been drastically reduced or prohibited, the recreational 

value of Yellowstone cutthroat trout estimated by angling factors (e.g., landing rate 

or size) ranks above all other sport species in Yellowstone National Park. To 

maintain an indigenous fishery resource of this quality with hatchery propagation is 

not economically or technically feasible. Nonconsumptive uses of the Yellowstone 

cutthroat trout including fish-watching and intangible values, such as existence 

demand, provide additional support for protection of wild Yellowstone cutthroat 

trout populations. A management strategy that reduces resource extraction has 

provided a means to sustain a quality recreational fishery while enhancing values 

associated with the protection of natural systems. 
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Introduction 

Our society is in the midst of a resource crisis. Resources can be defined as 

material and social conditions that provide for individual, institutional, and societal 

development (Warren 1989). Resource crises arise when these materials and 

conditions no longer fulfill human aspirations and expectations. 

Human cultures and natural ecosystems interactively form natural-cultural 

systems (Deimling and Liss 1994). Resource crises tend to disrupt the coherence of 

entire natural-cultural systems. Crises result not only from fragmentation of 

ecosystems and loss of biophysical diversity but also from fragmentation of society 

and, often, loss of cultural diversity. Segments of society, institutions, and 

individuals are driven into increasingly contentious and lasting conflict. 

An important aspect of resource crises is conflict in values or norms. There 

has been increased emphasis on a holistic, organismic, or systematic view of natural 

systems and their management (e.g., McIntosh 1985; Mayr 1988; Ghilarov 1992), 

but there is also a growing awareness that human values cannot be separated from 

the study of natural systems (e.g., Capra 1982; Ehrenfeld 1991; Martin 1991). 

Personal values are reflected in virtually all decisions made by scientists and 

managers (e.g., Bella 1987; Erman and Pister 1989; Noss 1989). Societal values 

influence, and are changed by, management-induced alterations of the resource 

(Caughley 1985; Leopold 1990), and understanding values of society is critical to 

successful management. 

Historically, resource management in the United States has been dominated by 

economic and other utilitarian values (Cal licott 1991). Expediency and efficiency of 

resource extraction (harvest) have been emphasized over other resource uses. 

Efforts to limit harvest are perceived as antithetical to extraction and theoretical 

economic sustainability (Rolston 1981; Morowitz 1992). 
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Values associated with alternatives to harvest are evident in some natural 

resource legislation. The Organic Act, Multiple Use-Sustained Yield Act, National 

Wilderness Preservation Act, National Environmental Policy Act, and Endangered 

Species Act exemplify cultural concern for protection of natural resources. 

Legislation (1872) creating Yellowstone National Park attempted to provide for 

concomitant protection and use of natural systems; however, it also set the stage 

for potential conflict. The enabling act specifically states that the Park is "for the 

preservation, from injury and spoliation [sic], of all timber, mineral deposits, natural 

curiosities and wonders..., and their retention in their natural condition" (U.S. 

Congress 1872), but the law further asserts that the Park is "for the benefit and 

enjoyment of the people." 

Debate about the proper balance between harvest and other uses of natural 

resources has continued for decades (Cal licott 1991), and frequently it has focused 

on management of national parks (e.g., Schullery 1979; Sax 1980; Chase 1987; 

Rolston 1989). This paper examines management of Yellowstone cutthroat trout 

(Oncorhvnchus clarki bouvieri) in Yellowstone National Park and discusses human 

values associated with this management approach. Although angler harvest has 

been reduced or prohibited, recreational value of Yellowstone cutthroat trout 

(estimated by angling factors such as landing rate or fish size) ranks above all other 

sport species in the Park. Concomitantly, nonconsumptive use of Yellowstone 

cutthroat trout, such as fish-watching, has increased. Harvest reduction has 

provided a means to sustain a quality recreational fishery while enhancing values 

associated with the protection of natural systems. 
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Yellowstone Cutthroat Trout 

Fishery management in national parks varies throughout the United States 

according to park and agency objectives. Although state agencies have 

management jurisdiction in many national parks, some, including Yellowstone 

National Park, are administered exclusively by the U.S. National Park Service. 

Yellowstone National Park and other natural areas in the national park system are 

managed with the goal of maintaining ecosystem integrity (Houston 1971). 

Goals of the aquatic resource program in Yellowstone National Park include 

managing the fishery as an integral part of the total Park ecosystem, protecting 

native aquatic species, and maintaining quality angling experiences (Gresswell 

1985). Instead of focusing on specific performances of the fishery resource (e.g., 

harvest, numerical abundance, or fish size), this management strategy stresses the 

persistence of the resource and protection of environmental factors that support its 

sustainability. 

Originally, Yellowstone cutthroat trout occurred in the Yellowstone River 

drainage in Montana and Wyoming and portions of the Snake River drainage in 

Wyoming, Idaho, Nevada, Utah, and Washington (Behnke 1988). Introduction of 

non-indigenous fishes, habitat degradation, and excessive harvest by humans 

significantly reduced the range of this subspecies, however, and genetically 

unaltered populations are currently confined to approximately 85% of the historic 

lake habitat (38,500 ha) and 10% of historic stream habitat (2,400 km) (Varley and 

Gresswell 1988). At present, about 91 % of the range of Yellowstone cutthroat 

trout lies within the boundaries of Yellowstone National Park. 
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Recreational Angling 

Several anthropogenic activities led to declines in Yellowstone cutthroat trout 

populations in Yellowstone Lake. Commercial fishing operations supplied trout for 

hotel guests at Yellowstone Lake until 1919 when this practice was prohibited 

(Albright 1920). Limits on angler harvest began to shift the emphasis of fishing 

from sustenance to sport in the 1920$ (USFWS, unpublished data). Between 1899 

and 1957, over 818 million eggs were gathered from Yellowstone cutthroat trout 

spawners during hatchery operations on Yellowstone Lake (Varley 1979). Some fry 

were returned to the lake, but millions of eggs and fry were distributed worldwide. 

Angler harvest continued to increase, and mean length and landing rate (fish 

captured/h) of Yellowstone cutthroat trout in Yellowstone Lake declined during the 

1950s and 1960s (Gresswell and Varley 1988). Angler harvest also contributed to 

population declines in many streams in Yellowstone National Park, including the 

Yellowstone River, Slough Creek, and the Lamar River (Varley 1980). A resource 

crisis arose as the threat of overexploitation became so great in some areas that 

angler harvest was judged to be incompatible with Park policies dictating 

preservation of viable populations of native fishes. 

To reverse declines in abundance and average size, special angling regulations 

were implemented in the 1970s. These regulations limited the number and size of 

fish that could be harvested and restricted the type of lure that could be used 

(Gresswell 1990). Baited-hooks were restricted in most Park waters beginning in 

1970. In 1975, a two-fish, 330-mm maximum-size limit was implemented on 

Yellowstone Lake, and subsequently landing rate and mean length of angler-

captured fish increased substantially (Gresswell and Varley 1988; Gresswell et al. In 

press). 
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Similar changes occurred on a 13.9-km section of the Yellowstone River 

between Fishing Bridge and Chittenden Bridge that has been managed under catch-

and-release-only regulations since 1973 (USFWS, unpublished data). Between 1987 

and 1992, angler effort was approximately 1,300 angler hours/ha annually. This 

represents an increase of 58% from estimates (933 angler hours/ha annually) 

obtained between 1967 and 1968 when the daily limit was three fish of any size. 

Despite greater angler effort in recent years, mean length of angler-captured 

Yellowstone cutthroat trout has risen from 343 mm (1967-1968) to 403 mm 

(1987-1992). Landing rate has almost doubled (0.43 and 0.77 fish/h for the 1967-

1968 and 1987-1992 periods, respectively). Angler satisfaction, measured by creel 

surveys, has averaged 84% since the no-harvest regulation was adopted (USFWS, 

unpublished data). 

Two factors have contributed to the success of special regulations in 

Yellowstone National Park. Yellowstone cutthroat trout are easy to capture by 

angling, and mortality rates are low for fish that are subsequently released (Schill et 

al. 1986). Angler harvest was the primary factor associated with the declining 

fishery, and the regulations directly reduced harvest. Similar regulations have been 

used successfully for salmonid species throughout the United States (e.g., Graff and 

Hol lender 1977; Hunt 1981; Anderson and Nehring 1984). 

The relative sport-fishery value of seven salmonid species in Yellowstone 

National Park was investigated in 1975 and again in 1986. Varley (1975) used 

landing rate, percentage of landed-fish larger than 305 mm, percentage of 

successful anglers (percentage of single-day anglers landing one or more fish), and 

percentage of anglers satisfied with their general angling experience (individual 

anglers were asked to signify yes or no for satisfaction with total angling 

experience) as criteria. In 1986, this method was modified to produce a 
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Recreational Value Index (USFWS, unpublished data). In both studies, Yellowstone 

cutthroat trout rated highest in waters with a single salmonid species, and it was 

consistently in the highest rated mixed-species fisheries. 

Special regulations greatly restrict and sometimes prohibit recreational harvest, 

thereby removing what some anglers view as an important component of the 

angling experience (Matlock et al. 1988; Green 1991). On the other hand, fish size 

and angler success are two important measures of angling quality (Brown et al. 

1965; Weithman and Anderson 1978), and these parameters helped to provide an 

index of the recreational value of the sport fishes in the Park. Angling factors 

(number of strikes and number and size of fish landed and kept; Holland and Ditton 

1992) are useful for differentiating between fish species (Gresswell 1990). Some 

anglers prefer fish that are difficult to catch because they provide more of a 

challenge (Duttweiler 1976). Other anglers prefer high landing rates or large fish 

(Holland and Ditton 1992). In some cases a single species of fish may not meet the 

expectations of all anglers. 

It is important to recognize, however, that other values are also meaningful to 

the recreational angler. For instance, environmental setting has been cited as an 

important factor to many anglers (Moeller and Engelken 1972; Duttweiler 1976; 

Holland and Ditton 1992). In Yellowstone National Park, approximately 33% of 500 

anglers indicated that their surroundings were critical in evaluating angling quality 

(Varley 1975). 

The results of the fishery management program in Yellowstone National Park 

indicate that Yellowstone cutthroat trout have substantial recreational value even 

when management does not emphasize harvest. High catchability and relatively 

large size of Yellowstone cutthroat trout contribute to this value. Ironically, these 

are the same qualities that led to initial overharvest of this subspecies in 
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Yellowstone National Park. Restrictive angling regulations intended to ensure 

persistence of Yellowstone cutthroat trout have also sustained and often improved 

the quality of the recreational experience as a whole (Gresswell 1990; Gresswell 

and Varley 1988). Anglers appreciate the high landing rates, large fish size, and 

generally pristine venue maintained by this management program. 

Nonconsumptive Uses of the Fishery 

Aesthetic or nonconsumptive uses of fish, including viewing platforms, 

elaborate aquaria, and underwater observation sites, have become more prominent 

in recent decades. In Yellowstone National Park, these needs are currently met at 

Fishing Bridge and Le Hardy Rapids, where visitors have an opportunity to watch 

Yellowstone cutthroat trout in their native habitat. 

Fishing Bridge, at the outlet of Yellowstone Lake, historically supported large 

numbers anglers, but in 1973, the outlet (including Fishing Bridge) was closed to 

angling. Since then, visitors have gathered on walkways along the bridge to 

observe Yellowstone cutthroat trout and other wildlife. Between 1978 and 1990, 

an average of 199,000 people annually visited Fishing Bridge (USFWS, unpublished 

data). Estimated mean length of time spent on the bridge was about 11 

minutes/visitor. The average annual number of visitor hours at Fishing Bridge 

(35,000 h) during this period is comparable to the estimated mean number of angler 

hours on the bridge during five years between 1965 and 1972 (36,000 h; Sharpe 

and Arnold 1967; Dean and Varley 1973; Jones et al. 1990). Although the amount 

of time spent on Fishing Bridge for angling and fish-watching was similar, the 

number of visitors to the bridge increased almost 600% after it was closed to 

angling (199,000 and 33,000 visitors for the non-angling and angling periods, 

respectively). These data support an argument promoted by Smith (1986); as 
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emphasis shifts from extraction (including harvest-oriented sport angling) to 

nonconsumptive uses, the number of people interested in a resource will expand. 

Le Hardy Rapids is located on the Yellowstone River, approximately 5.7 km 

downstream from Fishing Bridge. This section of the Yellowstone River has been 

closed to angling since 1949. Approximately 22,000 people visited Le Hardy Rapids 

annually between 1978 and 1984, when access was limited to a dirt path from the 

parking area. Use increased to over 148,000 visitors annually after a boardwalk 

was constructed in 1984 and a sign identifying the location was added in 1985. 

Data from Fishing Bridge and Le Hardy Rapids suggest that over a third-of-a-

million visitors to Yellowstone National Park spend part of their stay simply 

watching the native Yellowstone cutthroat trout and other wildlife within the fluvial 

environment. Even at current levels of visitation (2.9 million visitors in 1990 and 

1991), this nonconsumptive use represents more than 10% of total visitation and 

exceeds the average annual number of angler days (one angler fishing on one water 

for any portion of a day) for the entire Park. Obviously, fish-watching is a popular 

activity that underscores the benefits of managing the fishery for resource 

persistence instead of for harvest. 

Economic Valuation 

Many attempts have been made to describe the monetary value of recreational 

fisheries and the economic impact of these fisheries on local communities (e.g., 

Brown et al. 1965; Sorg et al. 1985; Peterson and Sorg 1987). Gross expenditures 

(transportation costs, meals, lodging, licenses, and durable equipment), net 

economic value (consumer surplus), capitalized values, and contingent valuation 

(net-willingness-to-pay) have been estimated for various fisheries. Contingent 

valuation appears to be the most commonly used method in recent years. 
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Duffield et al. (1987) estimated that the net-willingness-to-pay per day for 

sport fishing on streams in Montana was $102 (US$). Although angler expenditures 

may differ between Montana and Yellowstone National Park, this figure provides the 

basis for a preliminary estimate of the economic value of fisheries in the Park. 

When expanded by the number of angler days reported for the catch-and-release-

only section of the Yellowstone River (50,900 angler days in 1990), the economic 

value of the Yellowstone cutthroat trout fishery is approximately $5.2 million. 

Varley (1984) used the concept of avoidable cost to provide an alternate 

estimate that is based on the assumption that releasing a fish would avoid the cost 

of replacing it. Estimates were based on prices observed in the southern Idaho 

commercial trout industry in 1981-1982 and the number of Yellowstone cutthroat 

trout captured in the catch-and-release-only section of the Yellowstone River. 

Varley (1984) concluded that the expense to duplicate this single fishery with 

hatchery trout would be beyond the financial capability of most public agencies. 

Additionally, he argued that a fishery of comparable quality could not be artificially 

reproduced. 

Cauvin (1980) suggested that degradation of publicly owned resources 

("tragedy of the commons"; Hardin 1968) could be prevented if recreational 

fisheries were valued by the market system. His argument implicitly assumes that 

viable fish populations can only be valued monetarily and that values are accrued 

only by resource users (recreational anglers in this case). The emphasis is on the 

"efficient" allocation of resources; there is no mention of intrinsic values. This 

approach may increase efficiency, but it can hardly be expected to promote resource 

persistence or to restore coherence to natural-cultural systems. 

Alternatively, Edwards (1991) argues that to truly maximize total net economic 

value, the economic values of all conflicting uses of a fish stock must be 
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considered. Maximum economic value cannot occur if use is allocated only to the 

group that provides the highest single economic value (among competing uses; 

Edwards 1991). We believe that this conclusion should be extended to include 

other non-economic human values as well; maximum value of a fishery resource 

occurs when the entire suite of human values is considered, not simply the most 

prominent. Because human values are integral to natural-cultural systems, a 

management strategy that emphasizes nonconsumptive use (including catch-and-

release angling) is probably the most effective means to incorporate these disparate 

values into the protection of fishery resources. 

The increase in nonconsumptive use of Yellowstone cutthroat trout in 

Yellowstone National Park is consistent with this premise. Results suggest that the 

number of visitors involved in fish-watching has exceeded the number of anglers in 

recent years. Further, it has been shown that groups that may never visit such an 

area also benefit from fisheries (Gordon et al. 1973). Option and existence 

demands (Rasker et al. 1992) may be especially important in the valuation of fishery 

resources in national parks. Individuals that never fish, or even observe Yellowstone 

cutthroat trout, value the continued existence of the subspecies. Graham (1986) 

submitted that many individuals regard "fish [and wildlife] as symbols of quality of 

life." 

Synthesis 

Fishery professionals recognize that societal involvement is an integral 

component of current efforts to protect fishery resources (e.g., Hilborn 1985; 

Barber and Taylor 1990; Smith 1990). Fishery management entails more than 

management of fish; "external social, legal, political, scientific, technical, and 

economic goals, objectives, and values" must be considered (Barber and Taylor 
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1990:367). The values held by managers and those attempting to influence 

management decisions significantly affect the goals and objectives of a management 

program. Understanding social values associated with a limited natural resource is 

an important factor in formulating an effective management strategy. 

The management program for Yellowstone cutthroat trout in Yellowstone 

National Park stems from the legislative mandate of the National Park Service, and 

current management philosophy within the Park made it easier to find a balance 

between consumptive and nonconsumptive uses. Nonetheless, issues in 

Yellowstone National Park are not unlike those in other areas; demand for angling 

opportunities is increasing everywhere, and resources to fulfill this demand are 

diminishing. Results from Yellowstone National Park suggest that a reduction in 

harvest can be accompanied by an increase in other values associated with 

fisheries, including recreational angling quality, economic value, and aesthetic 

interests. 

This conclusion is consistent with observations from other regions of the 

United States. Reduction or elimination of harvest has reduced the impact of 

anglers on fish populations within special management areas, and recreational 

values and angling quality generally accompany substantial reductions in harvest 

(Graff and Hollender 1977; Hunt 1981; Anderson and Nehring 1984). Although 

observed changes may not be as great in areas where riparian and aquatic habitats 

have been degraded, clearly harvest restrictions should be included in 

comprehensive strategies to rehabilitate declining fisheries. 

Of course, harvest management is only one part of an integrated fishery 

management program. It is impossible to isolate various biological, cultural, and 

physical habitat components of a natural-cultural system. In areas where land-use 

practices such as timber harvest, agricultural development, or stock grazing affect 
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aquatic systems, the scope of management and societal values broadens 

substantially. In addition, some recreational fisheries are focused on non-indigenous 

species, a situation that evokes other serious value questions. Considering the 

complexity of fishery management issues, special regulations alone cannot restore 

coherence to disrupted natural-cultural systems. 

A major challenge for fishery managers is balancing various social goals 

including maximizing economic value, maintaining angler satisfaction, preserving fish 

populations, or minimizing disruptions to various segments of the angling public 

(Smith 1980). The current recreational fishery for Yellowstone cutthroat trout 

suggests these goals need not be mutually exclusive. Management for long-term 

persistence of Yellowstone cutthroat trout and other indigenous western salmonids 

in their native habitats meet human needs and do so without the added cost of 

hatchery propagation. In places where mortality induced by anglers is high it may 

be necessary to eliminate harvest; however, in many areas a limited harvest of fish 

may be possible. 

It is sometimes suggested that fishery managers are ultimately responsible to 

the angling public and should provide the type of recreational experience that 

anglers demand. Considering the diversity of values associated with fishery 

resources, however, this view greatly oversimplifies the issue. Choices must be 

made between high levels of harvest, managing for trophy trout, subsistence fishing 

(Native American), commercial harvest, fish watching, fishing tackle considerations, 

and species preservation. Management responsibility extends beyond these 

immediate constituencies to the future generations of anglers, fish watchers and 

other nonconsumptive aquatic enthusiasts, and ultimately to the aquatic resource 

itself. 
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Resource crises result in disruption and reconfiguration of natural-cultural 

systems. Ecosystems lose integrity, and deep and lasting conflict develops among 

elements of society. Often, conflicts increase in frequency and intensity when 

management focuses on a narrow set of human values and needs. In Yellowstone 

National Park emphasis on resource persistence and protection of natural processes 

provided a means to integrate a more diverse array of human values while increasing 

protection for a vulnerable resource. Historical precedents and management history 

maintained a level of habitat and resource integrity in Yellowstone National Park that 

is uncommon in developed nations, and this system integrity provided the basis for 

the recovery of Yellowstone cutthroat trout. Ultimately resource management must 

restore coherence and integrity to natural-cultural systems. 

Acknowledgements 

C. L. Smith contributed substantially to the interpretation of concepts 

discussed in this paper. D. G. Carty, R. D. Jones, L. R. Kaeding, G. L. Larson, D. L. 

Mahony, B. C. Spence, C. L. Whitlock, R. N. Williams, and five anonymous 

reviewers provided useful comments that were incorporated into the final 

manuscript. Special thanks to R. W. Wiley for invaluable assistance with the 

synthesis of many, often conflicting, ideas. The U.S. Fish and Wildlife Service 

Fishery Assistance Office in Yellowstone National Park supported research upon 

which this paper is based, and the U.S. National Park Service provided publication 

funds. The opinions expressed are those of the authors and do not necessarily 

reflect those of the acknowledged individuals or agencies. 



137  

Chapter 6:  
Summary  



138 

The findings of this thesis contribute to the understanding of salmonid diversity by 

providing new information on life-history differentiation below the subspecies level. This 

analysis of 50 years of fishery data has identified some of the basin-scale physical controls 

of life-history organization within the Yellowstone cutthroat trout. Results suggest that the 

cutthroat trout of Yellowstone Lake comprise a metapopulation with multiple discrete 

populations that have become locally adapted to individual spawning tributaries. A high 

incidence of homing to particular tributaries is an important component of the 

metapopulation that yields a pattern of numerous individual spawning populations and 

facilitates local adaptation, an evolutionary process that provides a means to exploit a wide 

variety of habitats. Furthermore, occasional straying of individuals from their natal streams 

supports exploration of new habitats and repopulation of areas where local extirpation has 

occurred as these habitats again become available. This combination of pattern and process 

provide an unique example of metapopulation theory applied to freshwater fish. 

Analysis of adult cutthroat trout in the lake suggests that some level of 

metapopulation structure may be maintained within the lake. Significant differences in 

average size and growth support the view that there may be a number of relatively discrete 

aggregations of cutthroat trout in the lake. The exact composition of these aggregations 

and their relationship to, and with, individual spawning populations is unknown, but this 

certainly provides a basis for future investigation into pattern and process of aquatic 

metapopulations. 

The evidence that polytypic species can adapt to heterogenous environments, even 

within a single lake, has implications for the conservation, restoration, and management of 

many fresh water fisheries. As we learn more about pattern and process of the 

Yellowstone Lake metapopulation, there are opportunities to improve management of the 

system. In most cases this involves removing or limiting anthropogenic activities that 

restrict the natural expression of diversity. By recognizing these limits we have the 
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opportunity to actually increase the diversity of human values and restore integrity to this 

natural-cultural system. Natural-cultural system integrity may be the ultimate goal of 

resource management, and the depth and diversity of human values associated with the 

cutthroat trout fishery in Yellowstone National Park provide an excellent example of the 

potential of this management approach. The citizens of this country set aside Yellowstone 

National Park and other natural areas for protection as well as utilization, but unless we 

begin to apply the results of management efforts in these areas on a broader scale, we may 

be left with a series of small-scale models of system integrity. 
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