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DIRECTOR‘S COLUMN 
 

During the period of this report the 

University of Wyoming-National Park Service (UW-

NPS) Research Center supported and administered 

research in the biological, physical and social 

sciences performed in national parks, monuments, 

and recreation areas in Wyoming and neighboring 

states.  The UW-NPS Research Center solicited 

research proposals from university faculty or full-

time governmental research scientists throughout 

North America via a request for proposals.  Research 

proposals addressed topics of interest to National 

Park Service scientists, resource managers, and 

administrators as well as the academic community.  

Studies conducted through the Center dealt with 

questions of direct management importance as well 

as those of a basic scientific nature. 

 

The Research Center continues to consider 

unsolicited proposals addressing applied and basic 

scientific questions related to park management.  

Research proposals are distributed to nationally-

recognized scientists for peer review and are also 

reviewed and evaluated by the Research Center‘s 

steering committee.  This committee is composed of 

University faculty and National Park Service 

representatives and is chaired by the Director of the 

UW-NPS Research Center.  Research Contracts are 

usually awarded by the middle to end of March to 

early April. 

 

The UW-NPS Research Center also operates 

a NPS-owned field research station in Grand Teton 

National Park.  The research station provides 

researchers in the biological, physical and social 

sciences an enhanced opportunity to work in the 

diverse aquatic and terrestrial environments of Grand 

Teton National Park and the surrounding Greater 

Yellowstone Ecosystem.  Station facilities include 

housing for up to 50 researchers, wet and dry 

laboratories, a library, herbarium, boats, and shop 

accommodations.  The research station is available to 

researchers working in the Greater Yellowstone 

Ecosystem regardless of funding source, although 

priority is given to individuals whose projects are 

funded by the Research Center. 

 

Special acknowledgement is extended to 

Ms. Celeste Havener, Office Associate, for her skills 

and dedication to the Research Center which were a 

vital contribution to this publication.                  

 

 

  

RESEARCH PROJECT REPORTS 

 

The following project reports have been prepared primarily for administrative use.  The information reported 

is preliminary and may be subject to change as investigations continue.  Consequently, information presented may not 

be used without written permission from the author(s). 

  



 

 

 

 
 

  



1 

 

 

 
 

FEATURE ARTICLE  
 

 



2 

 

 



3 

 

 

 
 

INFLUENCE OF HABITAT CONDITIONS AND PREDATION 

RISK ON PRODUCTIVITY AND BEHAVIOR OF A 

PARTIALLY-MIGRATORY ELK HERD IN THE ABSAROKA 

RANGE 
 

 
 

ARTHUR D. MIDDLETON  MATTHEW J. KAUFFMAN  

UNIVERSITY OF WYOMING  LARAMIE 

 

 

 ABSTRACT  
 

Ungulate migration is an important but 

increasingly rare ecological process. Although 

Yellowstone National Park (YNP) retains a rich 

assemblage of migratory ungulates, changing 

ecological conditions across its boundaries are posing 

new and complex challenges to our understanding of 

migratory populations. This study is focused on the 

Clarks Fork elk herd, a partially-migratory population 

whose migratory subpopulation spends it summers in 

high-elevation alpine and subalpine habitats inside 

YNP‘s northeastern boundary. In the past decade, 

productivity of migratory elk has declined sharply 

while the non-migratory herd segment has remained 

stable or grown on private lands east of YNP. Early 

findings have revealed that pregnancy of migratory 

elk is exceptionally low, suggesting that YNP 

migrants are nutritionally stressed. Although fat gain 

in temperate ungulates is conventionally thought to 

be limited by summer forage quality, and the park 

has lately experienced prolonged drought, some have 

suggested that physiologically-costly, wolf-induced 

antipredator behaviors are reducing elk condition and 

reproductive performance. We are investigating the 

relative influence of habitat conditions versus 

antipredator behavior on the body-fat levels and 

reproduction of Clarks Fork elk. Our results will help 

YNP, the Wyoming Game and Fish Department 

(WGFD), the US Fish and Wildlife Service 

(USFWS), and other state and federal management 

agencies understand and manage elk populations and 

their migrations in the post-wolf reintroduction era. 

 INTRODUCTION  
 

Migratory elk inhabiting the Absaroka 

Range between Cody, Wyoming and YNP comprise 

an economically, culturally, and ecologically 

important wildlife resource ranging across multiple 

management jurisdictions. But several key trends 

among Absaroka elk are presently challenging 

managers‘ understanding and stewardship of this 

transboundary population. Historically, these elk 

were mostly migratory (Rudd 1982), but recently the 

proportion of migrants has declined. Based on study 

findings thus far, 70% of elk in the Clarks Fork herd 

now appear to reside year-round along the Absaroka 

Front, with only 30% migrating between winter range 

east of the Absaroka Divide and summer range in 

eastern YNP. These differences appear related to 

differential productivity of migratory and 

nonmigratory herd segments: over the past decade, 

WGFD  has documented steeply declining calf 

production among migratory elk versus stable or 

increasing production among nonmigratory elk 

(Figure 1). Concurrently, the distribution of 

nonmigratory elk has shifted dramatically eastward 

onto private lands of the Absaroka Front.  
 

Together, these changes pose numerous 

management and conservation challenges. For 

example, the expansion of nonmigratory elk causes 

crop damage and forage competition with domestic 

livestock and increases comingling of elk predators 

(i.e., wolves and bears) with livestock. In the longer 

term, a primarily nonmigratory life history could 

expose these elk to the consequences of private lands 
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Figure 1. A gap in recruitment of migratory and non-migratory elk has 
widened dramatically in recent years. 

development. Meanwhile, the seasonal migrations of 

Clarks Fork elk represent a dwindling phenomenon 

among North American ungulates, and migratory elk 

are a prized game resource for the state of Wyoming. 

Prior studies suggest that several key ecological 

factors – namely calf predation, prolonged drought, 

and nonlethal, physiological effects of predation – 

might be contributing importantly to reductions in 

calf recruitment.  
 

Recent predation studies conducted by YNP 

and USFWS show selection for elk calves by grizzly 

and black bears in early summer (Barber-Meyer et al. 

2008), and by wolves in winter (Smith et al. 2004, 

Jimenez et al. 2005). From 2003-2005, grizzly and 

black bears caused 58-60% of calf mortality among 

northern Yellowstone elk, with these mortalities 

occurring most heavily during the first 15 days of a 

calf‘s life (Barber-Meyer et al. 2008). Whereas 

nonmigratory Clarks Fork elk are typically found on 

private lands where bears and wolves are more 

heavily managed, migratory elk range harbors 

relatively high predator densities. 

 

Beyond the direct effects of predation, 

however, our preliminary data suggest another 

important constraint on migrant elk productivity. 

While nonmigratory pregnancy has ranged from 84-

100% over three years, migratory pregnancy is 

depressed at 59-75%. In contrast, a recent review of 

pregnancy data from 25 Rocky Mountain elk herds 

found an average rate of nearly 90% (Raithel, et al. 

2007, unpublished supplemental data). Furthermore, 

only one other herd fell below 70%, and only six 

below 80%. Coupled with WGFD recruitment trends, 

these unanticipated pregnancy data indicate that an 

underlying, acute nutritional stress limits migrant 

productivity. 

 

Both drought and non-lethal effects of 

predation are hypothesized to influence pregnancy of 

large herbivores, and much of the existing research 

has been conducted in Rocky Mountain elk, 

including work by our collaborators John and Rachel 

Cook. Female elk in poor nutritional condition are 

known to experience a range of reproductive issues. 

Autumn body fat below 9% can hinder estrus and 

potentially increase fetal mortality (Cook et al., 

2004a). Even when females become pregnant, poor 

condition might cause late calving or lower birth 

weight, reducing calf survival (Cook et al. 2004a). In 

the case of Absaroka elk, prolonged drought on YNP 

summer range might limit fat gain of migratory cows, 

while nonmigratory cows might benefit from access 

to irrigated crops along the Absaroka Front. 

Alternatively, however, nonlethal effects of predation 

might limit summer fat gain in spite of forage quality. 

Antipredator behaviors under high predator densities 

– including use of poor-quality refuge habitat and 

increased vigilance levels – are increasingly thought 

to carry physiological costs for prey species (Preisser 

et al. 2005), including Yellowstone elk (Creel et 

al.2007). Although this ‗predator harassment‘ 

hypothesis has received popular interest and some 

scientific support within the GYE elk-wolf system, it 

has not been evaluated using marked animals of 

known habitat use and predator exposure. Our 

evaluation of this hypothesis comprises a novel and 

important contribution of this project. 
 

In order to evaluate these two alternatives, 

the Absaroka Elk Project will biannually sample the 

body condition and reproductive status of 30-40 

GPS-collared elk. A total of five recaptures will be 

conducted in late winter and early fall in order to 

estimate fat loss through winter and fat gain through 

summer. A ‗pilot‘ recapture of 20 collared elk was 

successfully completed in March 2008, and 

unanticipated preliminary results emerged: Clarks 

Fork elk were the smallest-bodied of 16 North 

American herds previously sampled in late winter by 

John and Rachel Cook (unpublished data).  On 

average these elk were 40 kg lighter than cows from 

neighboring northern Yellowstone (Cook et al. 

2004b). Although further analysis is needed, it 

appears likely that nutritional stress is affecting 

Clarks Fork elk as calves and yearlings. Future 

recaptures will provide a wealth of additional 

information, and coupled with detailed sampling of 

wolf movements, elk habitat use, and summer-

autumn forage quality, these data will permit new 

investigation of the relative influence of habitat 

conditions versus wolf exposure on elk reproductive 

success. The results will inform the management of 

elk, wolves, and their shared habitat across a complex 

matrix of public and private range in northwest 

Wyoming. 
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Repeated measures of elk condition, coupled 

with elk habitat selection and winter behavior 

observations, provide an additional opportunity to 

address the novel ecological question of how body 

condition mediates the strength of antipredator 

behavior in temperate large mammal systems. 

Despite clear evidence that temperate ungulates face 

strong inter-annual, seasonal, and spatial gradients in 

resource availability, research on large mammal 

behavior – including elk-wolf research in the GYE – 

has neglected to evaluate how condition influences 

behavioral dynamics. Therefore, using estimates of 

body fat from marked individuals, we will ask how 

nutritional condition influences the strength of 

antipredator habitat selection and vigilance behaviors 

at the individual, herd segment, and population level. 

Whereas our current understanding of elk-wolf 

relationships and their community implications (i.e., 

trophic cascades) assumes a simple tradeoff between 

safety and foraging (Schmitz et al. 2004 Brown and 

Kotler 2004), ecological theory suggests a dynamic 

tradeoff, with the optimal behavior strongly 

determined by the internal state of the prey animal 

(reviewed in Houston and McNamara 1999, Clark 

and Mangel 2000). Most theory predicts that prey in 

poor condition will discount predation risk in favor of 

reducing the risk of starvation, while prey in good 

condition will be more responsive to predation risk 

(McNamara and Houston 1987, Abrams 1995,  

Luttbeg et al. 2003). These predictions are well-

supported by empirical studies across multiple 

vertebrate taxa in both aquatic (e.g. Vehanen 2003, 

Pettersson and Bronmark 1993, Krause et al. 1999) 

and terrestrial systems (e.g. Lima 1988, 1995, 

Bachman 1993; Sweitzer and Berger 1993), but have 

not been evaluated in a temperate large mammal 

system. Results from this work will test the 

ecological scaling of behavior-mediated trophic 

interactions among taxa, and introduce a much-

needed mechanistic perspective to the ongoing 

regional and national debate about the ecosystem 

effects of wolves. 

 

STUDY AREA 

 

The study area is determined by the seasonal 

movements of migratory and nonmigratory elk in the 

Clarks Fork elk herd. With the town of Cody, WY 

near its southeastern extent, the area encompasses 

approximately one million acres of mixed-use public 

and private lands at the northeastern frontier of the 

Greater Yellowstone Ecosystem. Its eastern boundary 

runs approximately from Cody to the town of 

Ralston, to include Heart Mountain, then shadows 

State Highway 120 north along the Absaroka Front to 

the Montana state line. The northern boundary 

follows the Montana line to include portions of the 

Beartooth Range and YNP that are used as summer 

range by the Clarks Fork herd. Inside YNP, the 

project area‘s eastern boundary follows Cache Creek 

to its confluence with the Lamar River; then runs 

southerly along the Lamar River to its headwaters at 

the YNP boundary. The southern boundary includes 

portions of the North Fork of the Shoshone River. 

This project area includes the entire Clark‘s Fork elk 

herd unit (HU217, Hunt Areas 50-54, 65, and 121). It 

also includes large public and private tracts of 

important big game, aspen, spruce-fir, and sagebrush 

habitats designated as priority areas in the WGFD‘s 

2008 Strategic Habitat Plan. 

 

 

 METHODS  
 

Where necessary, project methods have been 

approved by the respective permitting authority or 

oversight committee. Animal capture protocols have 

been approved by the University of Wyoming‘s 

Institutional Animal Care and Use Committee 

(IACUC). Animal capture, vegetation sampling, and 

other work inside YNP is conducted under a permit 

obtained from the Yellowstone Center for Resources 

in summer 2008 (YELL-2008-SCI-5742), and 

renewed in 2009-10. Outside YNP, wolf captures are 

either conducted or authorized by USFWS, and 

likewise elk captures by WGFD.  

 

Elk habitat selection 

 

 A total of 60 cow elk were captured on 

winter range in January 2007 via helicopter net-

gunning, and fitted with store-on-board GPS radio 

collars (Figure 2). Fifteen additional GPS collars 

were deployed in early 2008 to account for hunter 

mortalities; therefore, the project relies on a total 

sample of 75 GPS-collared elk. The collars are 

distributed evenly throughout migratory and 

nonmigratory herd segments. To evaluate elk habitat 

selection patterns, we monitor numerous 

environmental, weather, and precipitation variables. 

Temperature, wind direction and speed, solar 

radiation, and relative humidity are being gathered by 

permanent (n=6) and portable (n=2) Remote 

Automated Weather Stations. Snow depth and snow 

water equivalent information are collected at 

permanent Snotel sites (n=10). After elk collars drop 

off in April 2010 and the movement data are 

obtained, a resource selection function (RSF) will be 

used to quantitatively analyze elk habitat selection as 

a function of habitat and predation variables (see 

below). 
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Figure2.  

 

Elk forage and dietary analyses 

 

 During summers 2008-2010, through a 

companion study by Dr. Dan Tinker and M.S. student 

Sara Beaver in the UW Department of Botany, 

vegetation (Figure 3.) and fecal sampling will be 

conducted on summer range used by nonmigratory 

and migratory Clarks Fork elk. Habitat types used 

heavily by elk will be identified using USGS 

topographical maps and digital GIS vegetation layers. 

After locating groups of elk or recent elk sign, four 

study sites will be selected within each habitat type at 

least one kilometer apart. A 50m x 50m plot will be 

randomly established within each study site. Three 

transects oriented in a N-S direction will be 

established along an E-W transect line at 0m, 25m, 

and 50m. A 0.25 m
2 

quadrat will be placed at 5 m 

intervals along each transect, (total of 25 quadrats per 

plot) and the percent cover of each plant species 

rooted within each quadrat will be estimated to 

characterize the predominant vegetation present at 

each plot site, which serve as potential elk forage. 

Where possible, the percent of each plant species 

grazed will be recorded. Percent cover values <10% 

will be estimated to the nearest one percent; percent 

cover values >10% will be estimated to the nearest 

5%. Aboveground net primary productivity (ANPP) 

for each plant species will be calculated using scaling 

equations developed in YNP. ANPP will be 

estimated for each species and habitat type. Also at or 

near each plot, recent elk fecal material less than one 

day old will be collected for fecal nitrogen analyses 

to allow estimation of dietary protein. Following 

percent cover estimations, 100g samples of the each 

of the four most abundant forb, grass, and shrub 

species will be collected. These samples will be 

returned to the laboratory at the University of 

Wyoming for processing. Nutritional analyses will 

include total nitrogen, total crude protein content, and 

total digestible nutrients. 

 

Wolf movements  

 

 Through collaboration with USFWS the 

project maintains GPS movement coverage of wolf 

packs hunting elk in the Clarks Fork herd. In 

addition, YNP is providing data from 1-2 GPS collars 

in the Druid Peak Pack, which is known to hunt 

migratory Clarks Fork elk on summer range. In 

addition to habitat variables, wolf predation risk will 

be used as a variable in the elk habitat selection 

analysis. GPS collars on both elk and wolves are 

programmed to gather one location every three hours 

when elk are on either winter or summer range. To 

evaluate if wolves alter elk habitat use, we will score 

for each elk the presence or absence of a wolf pack 

within a specified distance. We will then determine if 

the elk selection strength for each habitat type is 

different on days when wolves are present or absent. 

Finally, we will estimate the forage quality of 

habitats used by elk on days with and without wolves 

to evaluate if elk are using poor-quality ‗refuge‘ 

habitats when wolves are near. These calculations 

will make use of average estimates of forage quality 

for each habitat, derived from the fine-scale plant 

nutrition sampling described above. 
 

Figure 3. 
 

Elk body condition recaptures 

  

 To relate habitat, forage quality, and wolf 

exposure to the condition and pregnancy rates of 

Clarks Fork elk, 30 previously-collared migratory 
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and nonmigratory elk will be recaptured by helicopter 

darting twice each year until the end of field study in 

April 2010, for a total of five recaptures. Recaptures 

will be conducted in late winter and early fall, in 

order to determine fat loss through winter and fat 

gain through summer. The schedule of five 

recaptures will provide data for two summers‘ fat 

gain and two winters‘ fat loss. After darting and 

immobilization, data collection takes approximately 

10 minutes per elk. In the nutritional assessment, 

rump-fat thickness is measured with ultrasound; body 

condition is scored by palpation; pregnancy status is 

measured by ultrasound and blood sampling; 

lactation status is determined by inspection of the 

udder; and body mass is estimated by measurement 

of heart-girth circumference (Figure 4.). These 

measurements, when applied to a regression equation 

developed from captive elk (Cook et al. 2004a), yield 

estimates of total body fat for each elk.  To connect 

habitat quality to elk condition and pregnancy, we 

will estimate the forage quality and abundance 

experienced by each GPS-collared elk for which we 

also have condition data. We will do this by using the 

fine-scale plant composition and nutritional quality 

data to estimate an average forage quality of each of 

the large-scale habitat types. We will then estimate 

for each elk a forage quality score by taking a 

weighted average of each habitat‗s score, with time 

spent in each habitat (from GPS locations) as the 

weighting factor. We will evaluate the influence of 

habitat quality and selection on elk physiology and 

pregnancy by using regression models for continuous 

and discrete response variables. 

Figure 4. 
 

Elk individual and group behavior 

 

 During winter (January-March), two field 

crews comprised of two observers each – one 

working among nonmigratory elk, and one among 

migrants – will locate elk groups containing those 

collared individuals for whom we have estimated 

body condition. Each group will be counted and 

classified, and site-specific environmental variables 

will be recorded (e.g., snow depth, distance to 

timber). Wolf presence/absence and proximity will be 

determined on-site via telemetry, and retrospectively 

via time-specific locations from Argos GPS collars. 

During simultaneous, 15-minute behavioral 

observations, one observer will conduct a continuous 

sample to estimate the time budget of the focal 

individual, while the second observer conducts three 

instantaneous scan samples to estimate the time 

budget of the surrounding group. During both focal 

and scan samples, elk behaviors will be categorized 

as foraging, vigilant, standing, moving, bedded, 

bedded vigilant, or other.  Behavioral observations of 

all focal individuals will be conducted once every 

two weeks, thus facilitating: 1) a well-distributed 

winter-long sample of each individual‘s time budget 

and 2) future evaluation of intra-seasonal behavior 

changes. 

 

Selected vital rates and additional monitoring 

 

 To estimate the annual survival of adult cow 

elk, fixed-wing monitoring flights are conducted 

twice a year – once each in summer and winter – in 

conjunction with routine monitoring on the ground by 

WGFD personnel and seasonal field crews. Although 

we will not directly estimate calf survival in our 

study due to logistical constraints, we are 

nevertheless conducting late summer herd 

composition counts to determine whether a pulse in 

calf mortality indeed occurs in early summer, as we 

would predict based on the bear predation rates 

observed by Barber-Meyer et al. (2008), discussed 

above. 

 

 

 PRELIMINARY RESULTS  

 

Elk habitat selection 

 

 Although elk collar deployment was 

primarily completed during 2007 and 2008, we 

deployed 10 refurbished GPS collars during 

September 2009 elk body condition recaptures. These 

collars are scheduled to drop in July 2010, three 

months later than the drop-off date of the primary 

sample, and will collect eight locations per day. 

Therefore, in addition to helping us maintain the 

project‘s original sample size, these additional collars 

will collect valuable movement data during an fourth 

spring migration period. Meanwhile, the primary 

group of approximately 60 collars is scheduled to 
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drop off in early April. After these collars are 

retrieved and downloaded, the project‘s analysis and 

reporting phase can formally begin. 

 

Elk forage and dietary analyses 

  

 During summer 2009, across both migratory 

and nonmigratory herd segments, 40 distinct sites in 

8 habitat types were sampled for plant community 

composition and biomass. Subsequently, 135 samples 

of the most common grass and forb species were sent 

to labs at the University of Wyoming for nutritional 

and isotopic analyses. Additionally in summer 2009, 

fecal samples were obtained from 15 migratory and 

15 nonmigratory elk groups for microhistological 

analyses that will permit insight into elk diet 

selection at the time of peak forage biomass. Similar 

plant and fecal sample sizes were obtained during the 

2008 sampling season. A complete analysis will 

commence in spring 2010 once lab results have been 

obtained, culminating in the completion of a thesis by 

UW Botany student Sara Beaver. 

 

Wolf movements  

 

 During summer 2009, YNP monitored the 

movements of wolves in the Druid Peak Pack. 

Although a GPS collar deployed in this pack failed 

due to a technical malfunction, YNP obtained weekly 

locations of VHF-collared wolves (Figure 5.) that 

will be useful to our project. Furthermore, a GPS-

collared wolf we captured in Sunlight Basin, WY 

during winter 2009 dispersed with two additional 

males into the upper Lamar area of YNP during 

summer, generating critical information on the wolf 

exposure of collared migratory Clarks Fork elk. In 

winter 2010, 11 wolves in four separate packs 

(Sunlight, Hoodoo, Beartooth, and Absaroka) were 

captured. Seven of these received GPS collars 

programmed with three-hour fix rates; and four were 

fitted with VHF collars. No wolf mortalities 

occurred, and all collars were functional within the 

study area by the time of the 2010 winter field 

season‘s completion. 

 

Elk body condition recaptures 

  

 The final two of five planned recapture 

efforts were conducted in September 2009 and March 

2010. In September 2009, 21 migratory and 12 

nonmigratory cows were captured. Because we 

obtained a low sample size of lactating migratory 

cows in September 2008, additional efforts were 

made to target migratory cows with calves at heel in 

2009. During March 2010, 20 migratory and 19 

nonmigratory cows were captured. In 2008, the 

 

Figure 5. 

 

average percent body fat of migratory elk (x̄ = 

5.06%) and non-migratory elk (x̄ = 6.11%) did not 

differ (t19 = -0.97, P = 0.34). In winters 2009 and 

2010, however, average migratory elk body fat 

(2009; x̄ = 8.15, n = 17, and 2010; x̄ = 8.00, n = 20) 

was significantly higher (2009; t31 = 2.74, P = 0.01, 

and 2010; t37 = 4.09, P < 0.001) than non-migratory 

elk body fat (2009; x̄ =5.34, n = 20, and 2010; x̄ = 

4.70, n = 19). For summer body-fat comparisons, we 

pooled data from both years due to low numbers of 

lactating, migratory individuals (n = 3) and non-

lactating, non-migratory individuals (n = 3) in the 

2008 sample. Overall, the percent body-fat of 

lactating, migratory cows (x̄ =10.45) and lactating, 

non-migratory cows (x̄ =10.70) was not significantly 

different (t29 = -0.31, P = 0.62), but the percent body 

fat of migratory non-lactators (x̄ =17.42) was 

significantly greater (t30 = 5.11, P < 0.001) than that 

of non-migratory non-lactators (x̄ =12.88; Table 1). 

 

 In March 2010 sampling, a three-year gap in 

the pregnancy of migratory versus nonmigratory 

Clarks Fork elk appeared to close substantially, with 

migratory pregnancy of approximately 80% and 

nonmigratory pregnancy approximately 84%. Over 



9 

 

 

 
 

Figure 6. Migratory elk spent more time feeding and moving 

and less time bedded than non-migratory elk in winters 2008 
and 2009. There were no differences in vigilance despite 

higher wolf densities on migratory range. Comparable data 

has been collected during winter 2010. 

four winters from 2007 to 2010, pregnancy of 

migratory elk averaged 67.7% (n = 68), versus 88.7% 

(n = 71) for non-migratory elk. Comparisons of full 

and reduced multiple logistic regression models 

indicate that pregnancy rates are different between 

migratory and nonmigratory elk (χ
2
=9.88, d.f. = 1, P 

= 0.002). Although further discussion is premature, it 

appears possible that improved forage conditions in 

summer 2009 are partly responsible for the 

alleviation of the pregnancy difference between 

migratory and nonmigratory females. 

 

Elk individual and group behavior 

 

 The project‘s third and final winter elk 

behavior study season will conclude on March 31, 

2010. Although no summary statistics have yet been 

conducted, we have obtained a larger number of 

high-quality individual and group behavior samples 

than in the two previous seasons. Based on those 

previous seasons‘ data, it appears migratory elk 

spend more time feeding and moving, less time 

bedded, and no additional time vigilant despite 

experiencing higher predator densities (Figure 6). 

This pattern might lend support to a nutritional 

constraint on migratory elk in preceding summers, 

and highlights the likely role of the migratory 

strategy in structuring behavior budgets that are often 

primarily attributed to the influence of other 

variables. We look forward to a number of novel and 

productive analyses relating the behavior and fitness 

of marked elk to predation and habitat factors, which 

will shed light on questions important to managers 

and ecologists alike.  

 

Selected vital rates and additional monitoring 

 

A number of mortalities of collared cows 

were documented in 2009-10. Two mortalities of 

migratory elk occurred: one inside YNP, most likely 

in late fall of 2008, and the second in Sunlight Basin 

prior to the spring 2009 migration. Although no 

migratory cows were killed during the fall 2009 

hunting seasons, four nonmigratory cows were killed 

by hunters. Low hunting mortality of migratory cows 

in recent years appears to be related to this herd 

segment‘s relatively late returns from YNP summer 

range to low-elevation winter range. 

 

Migratory recruitment, as measured by 

winter calf-cow ratios, declined significantly from 

1987 to 2009 (F1,22 = 74.85, P < 0.001), with 

estimated coefficients indicating an overall decline of 

73.5%. We excluded two years of data (1987 and 

1988) from the non-migratory time series due to low 

sample sizes below 200 individuals. Non-migratory 

recruitment showed a slight downward trend between 

1989 and 2009, but the decline was not significant 

(F1,20 = 0.92, P = 0.35). Since 2002, recruitment of 

the two subpopulations has steadily diverged, with 

the migratory calf-cow ratio at a near-low of 15 in 

2009 and the non-migratory ratio climbing steeply to 

a near-high in 2009 of 41.  

 

Summer range composition counts indicated 

that the annual recruitment gap between the 

subpopulations has developed by early autumn each 

year, highlighting the importance of factors 

influencing the summer nutrition of adult females 

and/or summer survival of calves. On summer range, 

migratory calf-cow ratios (x̄  = 15, SE = 0.58) were 

lower than non-migratory ratios (x̄  = 39.83, SE = 

0.65), and these difference were significant (t4=-

28.59, p < 0.001).  These summer ratios (2007-2009) 

were based on composition counts of between 250 

and 1000 individuals in each population segment.  

 

 

 MANAGEMENT IMPLICATIONS  
 

The decline of migratory Clarks Fork elk 

poses several management and conservation 

challenges. First, the classic seasonal migrations of 

Clarks Fork elk represent a dwindling phenomenon 

among North American ungulates and sustain a 

prized game resource for the state of Wyoming. 

Second, as the herd‘s distribution shifts away from 

YNP, it is likely that wolves and grizzly bears will be 

drawn into ever-greater conflict with domestic 

livestock outside of YNP. Third, a primarily non-

migratory population will be increasingly vulnerable 

to development of the private ranchlands along the 

Absaroka Front. Finally, the introduction and growth 

of the wolf population in the study area over the past 
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decade has complicated our understanding of elk 

ecology, and the resulting information gaps could 

hinder sound management of wolves across the YNP 

boundary.  With higher wolf densities in the habitat 

of migratory elk, some have argued that the 

substantial increase in nonmigratory elk is partly a 

behavioral response of elk seeking to avoid high rates 

of wolf predation in the backcountry. There is also a 

public perception, with some empirical support, that 

the reduced pregnancy rates of Yellowstone migrants 

could be due to their inability to gain adequate fat 

reserves on summer range while avoiding wolf 

predation (Creel et al. 2007). While evidence for 

these claims is limited, both are likely to influence 

elk and wolf management policies in YNP, 

Wyoming, and the other Rocky Mountain states.  

 

Although more thorough discussion of our 

preliminary results would at this point be premature, 

we expect that our analyses over the coming two 

years will offer new insights to managers struggling 

with these important questions throughout the GYE 

and beyond. 
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  INTRODUCTION 
 

 Harrison and Hildegard Crandall arrived in 

Jackson Hole, Wyoming, in 1922—the beginning of 

a pivotal and turbulent period in local history.  Some 

of the valley‘s homestead and ranch traditions were 

about to be transformed into what is now the Grand 

Teton National Park.  Harrison (or ―Hank‖ as he 

preferred) and Hildegard (or ―Hilda‖ as Hank 

preferred) lived through it all—swept up in the local 

saga of dry homesteading.  However, the Crandall 

family homestead, located in the shadow of the 

Grand Tetons, was just the beginning.  Hank carved 

out a more permanent place for his family in the 

landscape they loved by inventing a way to make a 

living as the Grand Teton National Park‘s official 

photographer and resident artist.  The Crandall family 

operated their art studios in the Park for a total of 34 

years.  A summary of the life, times, and art of the 

Crandall family is provided in an earlier edition of 

the UW—NPS Annual Reports (Barrick 2008).  

Today, Hank‘s photographic legacy provides a way 

for Jackson Hole residents and Grand Teton visitors 

to enjoy early scenes of the Park.   

 

 We will never know how many thousands of 

Hank‘s photographs were sold at the Crandall 

Studios, or at the drug stores and gift shops that sold 

the Crandall line of photos throughout Wyoming.  

Most of the surviving Crandall photos are now 

distributed around the nation, and are enjoyed as part 

of private collections.  Therefore, until recently, it 

was difficult for the public to view more than a few 

Crandall photos at a time.  However, as a result of the 

―Harrison R. Crandall—Creating a Vision of Grand 

Teton National Park‖ research initiative, many 

vintage Crandall photographs were discovered in the 

files of the Grand Teton National Park archive.  

About 400 of the Park‘s Crandall photos were 

electronically scanned and assembled into a digital 

photo archive.  The Park‘s digital archive will make 

the Crandall photographs more widely available for 

research and public enjoyment, and will minimize the 

future handling of the actual photographs in order to 

prevent potential damage to the aging photographic 

paper and emulsions.   

 

 The purpose here is to introduce 15 selected 

examples of the vintage Crandall photographs that 

are now part of the Grand Teton National Park digital 

archive.  The examples were selected in order to 

show the range of subjects contained in the Park‘s 

collection.  Hank created many of these photographs 

on special order from the Park‘s early management 

team during the late 1920‘s, 1930‘s, and 1940‘s.  In 

addition, the archive contains many vintage photos 

that were donated to the Park over the years from the 

Crandall Studio‘s standard photo inventory.   

 

 Many of the Crandall photographs that are 

preserved in the Park‘s archive are among the 

masterpieces of Grand Teton art.  Moreover, some of 

these photographs rank among the nation‘s finest 

examples of national park photography.  Modern 

photographers often marvel at the accomplishments 

of early national park photographers—they worked 

with cumbersome cameras and field equipment, and 

fickle photographic papers and chemicals.  

Nonetheless, the inherent challenges of early 

photography did not diminish Hank‘s attention to 

photographic detail, his thoughtful and artistic 

compositions, or the consistently excellent exposures 

of his photographic prints.   

 



16 

 

 

  SELECTED CRANDALL PHOTOGRAPHS  

 

 In 1929, the U.S. Congress established the 

original Grand Teton National Park.  One of Hank‘s 

duties as the official park photographer was to record 

aspects of park life.  In a classic (and now historically 

important) image, he captured the Grand Teton 

National Park‘s first staff, including the first 

Superintendent—Samuel T. Woodring (Figure 1).  

Sam Woodring was the Park‘s Superintendent from 

May 15, 1929 until July 6, 1934 (NPS 2006).  The 

photo also depicts other historically important staff 

members.  Mrs. Sam Woodring served as the 

Superintendent‘s secretary (Bonney and Bonney 

1992).  Dr. Fritiof M. Fryxell (Doc) and Phil Smith 

began climbing the Teton Range peaks as early as 

1926.  Doc Fryxell, a geologist, became the Park‘s 

first ranger-naturalist, and Smith was a homesteader 

that joined the ranger staff (Pritchard 2009).  Eddy 

Bruce was the Park‘s first permanent ranger (Bonney 

and Bonney 1992).   
 

 
Figure 1.  The Grand Teton National Park staff during the 

summer of 1929: (left to right) Dr. Fritiof M. Fryxell, 

Superintendent Samuel T. Woodring, Mrs. Samuel T. 

Woodring, Edward Bruce, and Phil D. Smith  (photo by 

Harrison R. Crandall, photo courtesy of Grand Teton 

National Park Archives).   

 

 The Park‘s digital photo archive includes a 

number of Crandall images that captured 

Superintendent Woodring surveying the Park 

landscape, and supervising construction projects.  

Hank and Sam Woodring formed a close working 

relationship.  Hank‘s technique of portraying his 

subject in silhouette as they survey the scenery at a 

trail overlook is illustrated in Figure 2, in this case, 

with Superintendent Woodring actively engaged in 

the Western American lifestyle on horseback.   
 

  

 

 

 

 

 

 

 
Figure 2.  Superintendent Sam Woodring on horseback 

(photo by Harrison R. Crandall, photo courtesy of Grand 

Teton National Park Archives).   
 

 In the 1930‘s, the frontcountry of Grand 

Teton National Park was enhanced with new roads 

and trails.  These facilities insured that millions of 

Americans could visit the Park, and access the 

backcountry.  Hank no doubt enjoyed his many 

excursions into his beloved Tetons in order to 

document the construction or improvement of Grand 

Teton trails (Figure 3).  Hank was also busy 

photographing work crews as they cut-and-filled, 

graded, and oiled the Park‘s roads (Figure 4).  Note 

the combination of motorized (foreground) and 

horse-drawn (background) equipment in action.  Of 

course, the roads needed to be maintained.  The 

vintage rotary snow blower had its work cut out for it 

clearing a path through the deep snow (Figure 5).   

 

 
Figure 3.  Trail construction workers in Grand Teton 

National Park (photo by Harrison R. Crandall, photo 

courtesy of Grand Teton National Park Archives).   
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Figure 4.  Road grading in Grand Teton National Park near 

Mt. Moran  (photo by Harrison R. Crandall, photo courtesy 

of Grand Teton National Park Archives).   

 

 
Figure  5.  Rotary snow blower at work (photo by Harrison 

R. Crandall, photo courtesy of Grand Teton National Park 

Archives).   

 

 The Civilian Conservation Corps (CCC) was 

a public work program created for the unemployed 

by President Franklin D. Roosevelt during the Great 

Depression.  The CCC operated from 1933 until 

1942.  The CCC made important conservation and 

natural resource improvements to the federal lands, 

including the national parks.  As early as 1933, 

Horace M. Albright, the Director of the National Park 

Service, envisioned the CCC working in the Grand 

Teton National Park in order to remove thousands of 

dead trees that lined the banks of Jackson Lake (NPS 

2000).  The trees were drowned by an engineered 

increase in the Lake level.   When the CCC came to 

the Grand Tetons in 1935, Hank was there to 

document the dedication ceremony at the Jenny Lake 

CCC Camp (Figure 6).  The Park‘s digital photo 

archive includes other photos of CCC work projects.  

For example, the CCC men of the Jackson Lake crew 

were housed in large tents (Figure 7).   

 

 

 

 
Figure  6.  Dedication ceremony of the Jenny Lake Civilian 

Conservation Corps (CCC) Camp on July 28, 1935  (photo 

by Harrison R. Crandall, photo courtesy of Grand Teton 

National Park Archives).   

 

 
Figure 7.  Jackson Lake Civilian Conservation Corps 

(CCC) Camp  (photo by Harrison R. Crandall, photo 

courtesy of Grand Teton National Park Archives).   
 

 Menor‘s Ferry at the Snake River crossing is 

a classic Crandall photograph—Hank framed the 

famous ferry with the Tetons (Figure 8).  Menor‘s 

Ferry once belonged to William D. Menor who came 

to Jackson Hole in 1894, taking up a homestead 

beside the Snake River, and constructing a ferryboat 

that became a vital crossing for the early settlers of 

Jackson Hole (NPS 2007). 

 
Figure 8.  Menor‘s Ferry at the Snake River crossing  

(photo by Harrison R. Crandall, photo courtesy of Grand 

Teton National Park Archives).   
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 The Crandall Studio building was 

constructed on the family homestead in 1925-26, and 

opened for business in 1927 (Barrick 2008).  Hank 

designed his studio to withstand a heavy snow load, 

and, as Figure 9 suggests, the building was 

adequately tested.  The studio building was moved to 

the Jenny Lake area, where it now serves as a 

National Park visitor center.   
 

 
Figure 9.  Harrison R. Crandall Studio (at the Crandall 

homestead location) with Hank Crandall standing next to 

the porch  (photo by Harrison R. Crandall, photo courtesy 

of Grand Teton National Park Archives).   
 

 Hank was not a technical mountain climber, 

but his interest in high mountain places attracted him 

to the base of summit routes in order to photograph 

early Teton climbers in their element.  In a 

compelling composition, Hank captured two 

mountaineers considering their climbing prospects 

with the Grand Teton peak in the background (Figure 

10).  Hank‘s vintage photographs remind us of the 

basic equipment and clothing that aided and protected 

early Teton Range climbers.   

 

 
Figure 10.  Mountaineers overlooking the Grand Teton peak 

(photo by Harrison R. Crandall, photo courtesy of Grand 

Teton National Park Archives).   

 One of Hank‘s iconic Western American 

theme images is entitled, ―Packing over the Death 

Canyon Trail‖ at Lookout Point (Figure 11).  The 

photograph is a powerful combination of the 

―cowboy‖ silhouette, and the sweeping Jackson Hole 

overlook.  The density of the black color that was 

achieved in these silhouettes would impress any 

darkroom expert.  Like many other early 

photographers, Hank‘s main role in the photographic 

process was to compose and execute the 

photographic negative, while darkroom experts were 

entrusted to render the photographic print.  Herb 

Pownall (Hank‘s son-in-law) served in the Crandall 

darkroom for many years, and the final result testified 

to the teamwork and craftsmanship involved in 

operating the Crandall Studios (Barrick 2008).   
 

Figure 11.  Packing over the Death Canyon Trail (Lookout 

Point)  (photo by Harrison R. Crandall, photo courtesy of 

Grand Teton National Park Archives).   
 

 Early national park photographers had many 

daunting tasks.  In order to keep his studio business 

going, Hank had to induce demand for his 

photographic products well before the advent of mass 

tourism and the souvenir art tradition.  Hank‘s 

success was reinforced by his keen sense of what 

photographic subjects that the guests of the local 

dude ranches, and early Park tourists, would want to 

take home with them.  One of his innovative ideas 

was to extend the Western theme by posing 

―cowgirls‖ with their horses.  Hank often used family 

members and neighbors as models in order to 

accomplish his vision.  A classic example of Hank‘s 

cowgirl image is simply entitled ―Beauties‖ (Figure 

12).  The Grand Teton mountain backdrop is an ever 

present reminder of Hank‘s sacred mountains.   
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Figure 12.  Beauties  (photo by Harrison R. Crandall, photo 

courtesy of Grand Teton National Park Archives).   

 

 Hank packed his photographic equipment up 

steep trails in order to capture the beauty of the 

Grand Teton high country.  The image entitled 

―Camping on Lake Solitude‖ captured the tranquility 

to be found in the Teton wilderness (Figure 13).  

Hank added drama to his compositions by using the 

full range of black and white contrast.  The mountain 

landscape is framed by the towering ―black‖ 

silhouetted tree and the ―whites‖ of the sunlit tents.  

The overall effect, with both natural and human 

elements, seems to suggest that the temporary 

presence of campers is a welcomed activity in the 

Teton wilderness.  Hank also composed wilderness 

images without evidence of humans.  For example, 

―Alligator Lake at Alaska Basin‖ is one of his high 

country masterpieces (Figure 14).   

 
Figure 13.  Camping on Lake Solitude  (photo by Harrison 

R. Crandall, photo courtesy of Grand Teton National Park 

Archives).   

 
Figure 14.  Alligator Lake at Alaska Basin  (photo by 

Harrison R. Crandall, photo courtesy of Grand Teton 

National Park Archives).   

 

 Hank‘s photographs captured the many 

activities that attracted people into the Grand Teton 

National Park, in part, to promote public recreation.  

His image ―A nice one from the Snake River‖ 

illustrates one type of fun—fishing.  The image is 

almost a moral statement about the outdoor benefits 

that Americans can share in by visiting their national 

parks (Figure 15).   
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Figure 15.  A Nice One from the Snake River (ca. 1944) (photo 

by Harrison R. Crandall, photo courtesy of Grand Teton 

National Park Archives).   
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  INTRODUCTION 
 

 We have monitored breeding bird densities 

over a variety of sites and habitats in GTNP since the 

early 1990s, utilizing fixed-area census sites of 

around 5 ha in size.  The sites are located throughout 

the park in all habitat types and over a wide range of 

elevations, and number 30 in all.  At some of these 

monitoring sites we have accumulated data in 

successive breeding seasons for almost two decades; 

the power of these census data in interpreting 

variation in bird species composition and breeding 

densities, species to species, site to site, and 

especially year to year, clearly increases with the 

span of the data set.  Some of the measured variation 

in breeding densities is presumably attributable to 

conditions encountered by resident birds during the 

preceding winter, on-site in GTNP.  Some may be 

attributable to conditions evaluated by migrant birds 

returning to GTNP after wintering elsewhere, also an 

on-site contribution.  However, a further potential 

source of variation is off-site, and may be ascribed to 

conditions endured by the migrants on their wintering 

grounds. It is the source and extent of such variation 

in the winter habitats of GTNP migrants that is the 

subject of the ensuing discussion. 

 

Wintering Grounds for GTNP Migrants 

 

 Just under 40% of the park‘s 150 or so 

breeding bird species are year-round residents, and 

pass the winters in situ; these include the familiar 

corvids, titmice, nuthatches and woodpeckers (and 

their predators) that are the core species of the forest 

winter flocks.  Yet a substantial majority of the birds 

breeding in GTNP are migrants rather than year-

round residents, and these migrants overwinter in a 

wide range of habitats over a vast geographical area, 

from central U.S., south through Mexico and Central 

America, and beyond.  While some reach the South 

American continent in winter (e.g. Yellow Warbler 

Dendroica petechia, Swainson‘s Thrush Catharus 

ustulatus, Western Wood-pewee Contopus 

sordidulus), others cross the Isthmus of Tehuantepec 

but remain within the tropical latitudes of Central 

America (e.g. Gray Catbird Dumetella carolinensis, 

Least and Willow Flycatchers Empidonax minimus, 

E. traillii).  At the other end of the spectrum, some 

birds leave their GTNP breeding habitats to descend 

in winter to more benign elevations (e.g. Rosy Finch 

Leucosticte arctoa), and others winter locally or at 

least in state when weather permits (e.g. Song 

Sparrow Melospiza melodia, American Robin Turdus 

migratorius, Dark-eyed Junco Junco hyemalis). A 

number of short-distance migrants spend their 

winters in the southern plains or move coastwards in 

the SW U.S., but still remain within the country.  

Numerically, however, a greater proportion of GTNP 

breeding bird species that are summer visitors spend 

the winter in western Mexico, i.e. north of the 

Isthmus of Tehuantepec up to the border region.  

There they can be found in a wide range of habitats 

from coastal mangroves and tropical evergreen forest 

to Sonoran desert and thorn scrub, from tropical 

deciduous (―short-tree‖) woodland to oak, pine-oak 

and higher-elevation pine-fir forests (Cody 2005).   

 

Breeding Density Variation and Overwinter 

Strategy. 

 

Given the wide range of overwintering 

possibilities for GTNP breeding birds, we can first 
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ask whether wintering strategies—residency, local, 

short-distance or long-distance migration—appear to 

affect the year-to-year variability in breeding season 

densities.  One possible test uses the coefficient of 

variation (CV: ratio of standard deviation to mean) of 

breeding season densities, computed from many 

years of census data.  Since GTNP habitats 

themselves might vary and contribute variation to 

species‘ CV values, the CVs are likely site- as well as 

species-specific.  In Figure 1A (upper pane) I plot 

CV from common breeding birds (>0.1 pr/ha) in two 

sites, Site #11 (Oxbow Willow-aspen) and Site #19 

(AMK Lodgepole Pine) against overwintering 

strategy.   

 

 
Figure 1A and B. A. Bird densities against overwintering 

strategy.  B. Variation of Figure 1A, breeding density not 

site specific. 

 

 There is no statistically significant relation 

between CV (ordinate) and the categories (abscissa) 

that represent overwinter strategy.  In Figure 1B 

(lower pane) I plot a variation of this test.  Some of 

the common species represented in the upper pane 

are likely not in their most preferred habitat, and we 

might expect greater year-to-year variation in 

breeding density in suboptimal habitat relative to 

prime habitat.  Thus, in the lower pane data are not 

site specific, but rather data for each species 

(represented by CV and overwintering strategy) are 

taken from the site where that species reaches 

maximum density.  A reasonable inference is that, at 

sites of maximum density, species are least likely to 

vary in breeding density owing to the vagaries of 

overwinter survival, as sites of prime habitat will fill 

up first.    

 

Data in the lower pane of Figure 1, 80% of 

which are different from the data in the upper pane, 

again support the notion that breeding season density 

variations are independent of overwintering 

strategies.  The standard ANOVA and regression 

analyses reveal that there is no significant variation in 

CV, in the statistical sense, associated with the winter 

distributions along the abscissa.  A lack of such a 

relationship might have been advanced a priori on 

purely logical grounds.  If one overwintering strategy 

were consistently more productive and predictable 

than another, then more and more bird species would, 

under natural selection, move to adopt the safer 

option.  It seems that the relative equality amongst 

different wintering strategies is an example of 

ecotypic selection, wherein different wintering 

syndromes return, on average, similar dividends in 

terms of off-season survival. 

 

Is West Mexico a Risky Wintering Option? 

 

Although ANOVA tests are non-significant 

(p = 0.12), the data in Figure 1 suggest that both 

residents and long-distance migrants are somewhat 

lower (more stable) in breeding density CV values 

than migrants that move intermediate distances.  

Thus species that winter either in West Mexico or 

Central America lie, as a group, above the overall 

mean CV value, whereas the first and last categories 

are both below that overall mean.  There is, then, a 

tendency for the data in Figure 1 to show a ―hump,‖ 

with the largest CV values over the middle strategies.  

We ask, therefore, if there is any reason to suspect 

that, over the last 20 years at least, West Mexico and 

adjacent areas to the south may have been less than 

hospitable to wintering migrants from the north? 

 

Many of the habitats in West Mexico 

utilized by the North American wintering birds are 

more or less arid: desert and semi-desert, dry scrub 

and thorny shrublands, open and dry woodlands of 

oak and pine-oak. Such habitats might be susceptible 

to variations in rainfall, and dry years might mean 

reduced survival for the migrants.  Since precipitation 

in West Mexico south from Sinaloa through Nayarit, 

Jalisco, Colima to Guerrero is nearly all late  summer 

rainfall lasting into the fall, it is variation in these 

late-summer/fall rains that might potentially affect 

overwintering success in migrants there. Along the 

Pacific Ocean coast the average annual precipitation 

increases steadily from around 700 mm/y at Mazatlán 

(SIN) to around 1400 mm/y at Acapulco (GUE).  

Rainfall increases slightly inland from the coast, but 

inland cities such as Tepíc and Guadalajara (NAY) 

still receive little more than 1000 mm/y.  A typical 

seasonal rainfall pattern from near the middle of our 

A 

B 
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geographic zone of interest is illustrated by 

Manzanillo (COL), with an average 1013 mm/y 

precipitation. Rains begin in June, and about 70% of 

the annual total falls from July to September; rains 

tail off October-November, and December-May 

precipitation constitutes only about 6% of the annual 

total.   

 

Rainfall along the western coast of México 

is greatly influenced by the adjacent Pacific Ocean 

and relatively little by the Gulf of México, where the 

highly destructive hurricanes are generated that 

customarily make landfall on the eastern seaboard of 

the country.  The dominant source of variability at 

low latitudes in the Pacific Ocean is the well known 

El Niño or ENSO weather pattern (the El Niño-

Southern Oscillation system).  This is an irregularly 

periodic phenomenon that is first signaled by 

elevated sea-surface temperatures in the eastern 

tropical Pacific (the El Niño part); these are matched 

by and coupled to an increased incidence of high 

pressure in the western Pacific (the southern 

oscillation part).  When the opposite conditions are 

well developed, a ―La Niña‖ event is said to be 

underway.  Normally cold currents like the southern 

Humboldt and the northern California currents 

become slowed, warmed, or reversed, cold water 

upwellings off the eastern Pacific coasts are 

precluded, and altered precipitation patterns are a 

widespread consequence.  Meteorological data are 

closely monitored in order to predict El Niño years 

and prepare for their consequences, the more 

dramatic of which are to precipitation norms 

(although there are economic and other climate 

consequences world-wide). An impressive animation 

of the equatorial Pacific‘s sea-surface temperatures 

during the present (2010) El Niño event can be 

viewed on the U.S. government website: 

http://www.elnino.noaa.gov/ where the extent and 

duration of the anomaly are updated and it can be 

easily tracked.  During El Niño events, eastern and 

northern Australia suffer drought conditions, the 

northwestern coastal areas of South America and of 

southern to central California experience extremely 

high winter rainfall (e.g. 3-4 times the long-term 

averages), and the northwest and northern parts of 

North America are unusually mild and dry.   

 

An upcoming El Niño event is usually 

detected in midsummer before the northern 

hemisphere winter.  The Oceanic Niño Index (ONI) 

is a standard indicator, a running 3-month mean sea-

surface temperature (SST) for the central eastern 

equatorial Pacific (Region 3.4: 5° N to S latitude; 

120-170° W longitude); SSTs 0.5-0.9 °C over normal 

signify a Weak ENSO, +1-1.4
 
°C a Moderate and 

>1.5
 
°C a Strong ENSO event.  The corresponding 

deviations below normal denote Weak, Moderate or 

Strong La Niña events.  In Fig. 2 (upper pane) the 

ONI from -3 to +3 is depicted on the abscissa, and 

the Summer-Fall (June-November) rainfall 

deviations, averaged over 7 West Mexico cities, are 

represented on the ordinate as proportions of the 

long-term average precipitation.  [The cities are Juan 

Carrasco and Mazatlán, SIN; Tepic and Guadalajara, 

NAY; Guanajuato, GTO; Manzanillo, COL; 

Acapulco, GUE; rainfall correlations are overall 

strongly positively correlated amongst them; climate 

data come from the period 1986-present].   The figure 

shows that West Mexico is generally a dry region in 

ENSO years; the regression is significant, with p= 

0.013 and R
2
 = 0.39.   

 

 
 

Figure 2. Wilson Warbler 2A. Rainfall in West Meixco as 

compared with Oceanic Nino Index (ONI).  Fibure 2B, 

Wilson Warbler densities in Grand Teton National Park as 

compared to Oceanic Nino Index  

 

 Wilson‘s Warbler Wilsonia pusilla is a 

common breeding species in GTNP, and reaches its 

highest densities in Site #10: JLJ Wet Willows, 

where it has been censused since 1966 and in 

consecutive years since 1991.  Over that time period, 

breeding densities of this warbler in Site #10 have 

varied considerably; it has been present in every 

census year, but densities have varied 13-fold over 

the census years. The total number of breeding pairs 

at the site is shown as the ordinate in the lower pane 

A 

B 

http://www.elnino.noaa.gov/
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of Figure 2, where its relation to the ONI is 

represented.  The regression bears a striking 

resemblance to the one shown above it (p = 0.031, R
2
 

= 0.23); the conclusion that variation in Wilson‘s 

Warbler breeding density in GTNP is closely related 

to rainfall in the West Mexico regions where it 

overwinters (see Milá et al. 2005) is difficult to 

avoid.  Further, Wilson‘s Warbler densities in GTNP 

are statistically unrelated to winter (December-May) 

rainfall variations in West Mexico, and unrelated also 

to precipitation within GTNP during the 12 months 

preceding the breeding season (as recorded below 

Jackson Lake dam by L. Robinson and reported in 

NCDC files as ―Moran 5 WNW‖).   

 

At the same census site, #10, Yellow 

Warbler Dendroica petechia and Common 

Yellowthroat Geothlypis trichas are the commoner of 

the 4-5 species of breeding warbler.  Most Yellow 

Warblers in the D. p. aestiva group winter much 

further south than the West Mexico region we have 

been considering so far.  Although some winter in 

Mexico, the majority is distributed in winter 

throughout Central America and into South America 

as far as Peru, Bolivia and Amazonian Brasil 

(Lowther et al. 1999).  In contrast, Common 

Yellowthroat is a widely distributed breeding species 

across most of North America and has many 

described but poorly differentiated subspecies (Guzy 

and  Ritchison 1999). The morphological variations 

amongst populations or subspecies nevertheless help 

to distinguish where the different breeding 

populations tend to spend the winter.   Both 

Wyoming breeding subspecies, G. t. campicola and 

G. t. occidentalis, are known to overwinter in the 

southwestern and southern United States south into 

northern Mexico, i.e. more northerly and easterly of 

the region of West Mexico we have been considering 

thus far.   

 

In Figure 3A, B the CVs of breeding 

densities of these two additional warbler species, 

measured over exactly the same census-years interval 

as in Wilson‘s Warbler (Figure 2B), are plotted 

against ONI, the ENSO signal.  In neither case are 

these warblers‘ CVs related to ONI, p>0.5 in both 

cases; it would appear that rainfall variations in West 

Mexico, in particular the droughts during ENSO 

years, have no influence on their breeding densities in 

GTNP; their wintering distributions suggest that this 

is precisely what we would have expected. 

 

Recent History of ENSO Events 

 

 Published data (see for example 

http://ggweather.com/enso/oni.htm)on the incidence 

of El Niño and La Niña events show that, since 1950, 

there have been 14 years with El Niño signals and 13 

with La Niña signals (i.e. proportion 0.273 of the last 

59 years show the former, 0.220 show the latter).  

Now divide the 59 year interval into two sections, the 

40 years 1950-89 inclusive and the last 19 years of 

the record, 1990-2009, the period for which 

continuous census data are available from many of 

the GTNP monitoring sites. The expected numbers of 

La Niña events in the first 40 and the last 19 years of 

the period of record are 8.81 and 4.19, figures that do 

not differ significantly from the observed La Niña 

events: 10 and 3.  In contrast, I compute the expected 

numbers of El Niño events in the earlier and later 

periods to be 9.49 (first 40 y) and 4.51 (last 19 y).  

The corresponding observed numbers are 6 ENSO 

years 1950-1989 and 8 ENSO years 1990-2009; by 

Chi-squared analysis (
2
= 3.98, p<0.05) there has 

been a significantly higher incidence of El Niño years 

in the last 19 than there were in the 40 y following 

1950.  Therefore it seems a reasonable possibility that 

the ―hump‖ in the CV vs. Migration Strategy graphs 

(Figure 1) is attributable to the exceptionally high 

frequency of El Niño years during the post-1990 

period during which breeding bird censuses have 

been assessed annually in GTNP. 

 
 

  
 

Figure 3. In Figure 3A,B the CVs of breeding densities of 

these two additional warbler species, measured over exactly 

the same census-years interval as in Wilson‘s Warbler 

(Figure 2B), are plotted against ONI, the ENSO signal. 

 

A 

B 
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JENNY LAKE LODGE AND CABINS, DETERMINATION OF 

ELIGIBILITY FOR THE NATIONAL REGISTER OF 

HISTORIC PLACES 

 

 

 
 

MARY M. HUMSTONE  HILERY WALKER  HELIS SIKK 

UNIVERSITY OF WYOMING  LARAMIE 

 

 
 During summer 2009, the University of 

Wyoming American Studies Program conducted an 

intensive historic building and landscape survey of 

the Jenny Lake Lodge in Grand Teton National Park 

(Figure 1).  The oldest of Grand Teton Lodge 

Company‘s visitor accommodations, Jenny Lake 

Lodge has a long and varied history that spans the 

period from early 20
th

 century dude ranching to 

contemporary automobile tourism, and that is closely 

entwined with the history of Grand Teton National 

Park itself.   

 

 Research scientist Mary Humstone, working 

with graduate assistants Hilery Walker and Helis 

Sikk, researched and documented the Jenny Lake 

Lodge property and compiled the results into a 

―Wyoming Cultural Properties Form‖ which was 

submitted to the National Park Service in January, 

2010. Each building was carefully examined to 

determine approximate date and type of construction, 

and identify additions and other alterations. A 

typology of log cabins was developed to facilitate 

understanding of the different cabin types on the 

property, and when they were built.  The landscape of 

the 17-acre property was also documented and 

analyzed for historic significance.  Photographs were 

taken of all buildings and major landscape features. 

Primary materials such as blueprints and historic 

photographs were consulted to confirm dates of 

buildings and additions. Additional archival research 

and oral interviews were conducted to document the 

history of the property and evaluate whether it retains 

enough significance to warrant listing on the National 

Register of Historic Places.   

 

Cultural Significance of Jenny Lake Lodge 

 

 Jenny Lake Lodge is significant as one of 

the longest operating tourist establishments in Grand 

Teton National Park.  Founded in 1922 as the Danny 

Ranch, the property has provided Park visitors with 

lodging, food and outdoor activities almost 

continuously for 87 years.  Jenny Lake Lodge 

embodies a social history that places it squarely 

between a traditional dude ranch and a guest lodge or 

hotel.  While guests can drop in and spend just one 

night at the lodge, much more common are guests 

who return year after year, for stays of one week or 

more, in the tradition of dude ranches.  

Figure 1. Hilery Walker (l) and Helis Sikk record the 

architectural features of the main lodge at Jenny Lake Lodge 

(Mary Humstone, 2009) 
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 Jenny Lake Lodge occupies a special niche 

in the tourism culture of Grand Teton National Park. 

It is the smallest and most expensive of the three 

lodging facilities operated by the Grand Teton Lodge 

Company. It has a very personal, intimate feel as 

opposed to the much larger Jackson Lake Lodge, yet 

it is by no means deluxe. Cabins are small by today‘s 

standards and simply furnished. The lodge is cozy 

and comfortable but not luxurious. The restaurant is 

known for fine dining.  Much like a guest ranch, 

breakfast and dinner are included in the price of the 

room, as are horseback riding and the use of a 

bicycle.  

 

 Jenny Lake Lodge has outlasted other 

historic dude ranches in the Park, such as the White 

Grass Ranch and the Bar BC, and has operated longer 

than the other lodges, such as Jackson Lake Lodge, 

Colter Bay Cabins and Signal Mountain Lodge. The 

property represents a long history of tourism in the 

area, and reflects the changes in the tourism industry 

over the past 80+ years.  Jenny Lake Lodge also 

represents the history of Grand Teton National Park, 

since it was one of the properties purchased by J.D. 

Rockefeller‘s Snake River Land Company for 

inclusion in the Park, and has been at the center of 

many debates over what visitor amenities the Park 

should offer.  

 

 

 In addition to its historical significance, 

Jenny Lake Lodge is significant as a cultural 

landscape embodying concepts of Western-style 

hospitality, including rustic cabins and a comfortable 

lodge and dining room, set in a natural landscape 

with a magnificent view (Figure 2).  The lodge itself 

has been changed many times in its 87-year history, 

yet still retains the oiled log walls and rustic 

atmosphere of the original (Figure 3).  Forty-one of 

the 47 buildings on the property date from the period 

of significance (1922-1957), and all represent the 

same tradition of log construction with rectangular 

floor plans, low- to medium-pitched purlin roofs, 

open porches and simple interiors with exposed log 

walls. Newer guest cabins were built to mimic the 

old, resulting in a collection of buildings that are 

similar and yet not identical.  
 

 

History of Jenny Lake Lodge 

 

 For more than 10,000 years, people have 

been visiting Jenny Lake, beginning with Native 

Americans who traveled to the area during the 

summer months for hunting and fishing. In the mid-

to-late 1800s, trappers in search of beaver pelts began 

exploring the mountains and valleys, bestowing upon 

the jagged peaks the name ―Les Trois Tetons.‖ The 

first documented visit to Jenny Lake occurred in 

1872, when mountain man and trapper ―Beaver 

Dick‖ Leigh and his family accompanied Dr. 

Ferdinand Hayden, Thomas Moran and other 

members of the Hayden Expedition to the area. It is 

for Leigh‘s Shoshone wife, Jenny Leigh, that the lake 

was named.  

 

 Because of its remote and inaccessible 

location, the northwest corner of Wyoming was slow 

to develop, and it was not until the mid 1880s that 

homesteaders began to settle in Jackson Hole. 

Homesteaders favored the flat grazing lands over 

rugged mountainous terrain, and thus the lands 

around Jenny Lake were even slower to develop than 

areas to the south and east. When the Jenny Lake area 

was first surveyed in 1902, only one cabin was 

identified (Toogood 1974).  

 

Figure 2.  Cabins and landscaping, with Tetons in 

background (Mary Humstone, 2009). 

Figure 3. Main lodge at Jenny Lake Lodge (Mary Humstone, 

2009) 
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 Although the land around Jenny Lake was 

not favorable for raising cattle or farming, its scenic 

value was well recognized, and with the growth of 

tourism in Jackson Hole in the early 20
th

 century, the 

Jenny Lake area began to develop.  The forested land 

around the lake, which was included in the Teton 

Forest Reserve established in 1897, was managed by 

the U.S. Forest Service for both commercial and 

recreational values, resulting in leasing of land for 

tourist concessions as well as lumbering, mining and 

irrigation. 

 

Danny Ranch 

 

 The property now known as Jenny Lake 

Lodge was homesteaded in 1922 by a cowboy, guide 

and outfitter named Tony Grace. Grace had worked 

as a cowboy at the Bar BC Ranch, established in 

1912 by Struthers Burt and Horace Carncross. The 

success of the Bar BC inspired several of its former 

employees (and guests) to open their own dude 

ranches in the 1920s. With the financial backing of 

New Jersey silk manufacturer Albert Bruton Strange, 

whom Grace befriended while working at the Teton 

Lodge and Bar BC dude ranches, Grace filed on a 

160-acre homestead just east of Jenny Lake with the 

intention of establishing his own dude ranch. He 

dubbed his new property the ―Danny Ranch‖ in 

honor of Albert Strange‘s daughter, ―Danny,‖ of 

whom Grace was reputedly quite fond. Grace proved 

up on his land and received a patent under the 

Homestead Act on January 17, 1928. 

  

 

 In developing his dude ranch, Tony Grace 

followed a well-established local tradition. The use of 

the Homestead Act for land speculation and 

commercial development was common in the 

Jackson Hole area.  ―[Homesteaders] capitalized on 

the unspoiled scenic beauty of the region and its 

abundant wildlife to create dude ranches, residences, 

vacation homes, hunting lodges or tourist courts.‖ 

(Caywood and Hubber 1997).   The JY Ranch, the 

White Grass Ranch, the Trail Ranch and the Bar BC 

were all originally filed as homesteads.  Also 

common was the practice of a wealthy investor (often 

from the East) going into the dude ranching business 

in partnership with a local wrangler (Caywood and 

Hubber 1997). 

 

 Although Tony Grace established his ranch 

in the middle of the ―golden decade of dude 

ranching,‖ his operation was slightly different from 

the traditional dude ranches, which ran cattle and 

gave guests an opportunity to participate in the daily 

chores of cattle ranching. The Danny Ranch was 

closer to a ―guest ranch,‖ where guests stayed in 

rustic but comfortable accommodations and enjoyed 

activities such as fishing, hiking, and recreational 

horseback rides to scenic places. 

 

 Initially the Danny Ranch consisted of a 

30‘-by-30‘ three-room lodge, a barn, an icehouse and 

two cabins (Mary McKinney 1997).  Using local 

materials like lodgepole pine and stone, Grace 

constructed the buildings in the local vernacular 

tradition. Round logs were peeled and fashioned 

together using the traditional saddle notching that 

was common to the area. Roofs were constructed of a 

log ridgepole and purlins and topped with board 

planking. One of Grace‘s original guest cabins still 

exists in close to original form. The eave-front, 

gable-roofed cabin has a center log partition, 

indicating its separation into two rooms.   

 

 The original three-room lodge was unusual 

because of its square shape and pyramidal hipped 

roof, a building form rare in the Rocky Mountain 

West (Figure 4). This building still exists, although 

after many renovations and additions, only its 

exterior walls remain and those are encased in later 

additions. Its original ceiling finished in lodgepole 

saplings remained intact until a major renovation in 

1986. 

 

 According to Grand Teton Lodge Company 

historian Mary McKinney, during the Danny Ranch‘s 

first five years of operation, the number of visitors 

increased from 23 in 1923 to 54 in 1928. The one-

man guest ranch operation catered to elite Easterners 

searching for a ―frontier experience.‖ The Strange 

family and their friends were regular visitors at the 

ranch, as was prolific silent film actor and director 

Tom Moore. Like many dude ranch operators, Tony 

Grace made several wintertime visits to the Strange 

family and other East Coast contacts to recruit new 

guests.  

Figure 4. Original Main Lodge, c. 1928 – now the dining 

room (McKinney).  
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 In 1928, after receiving the patent to his 

land, Grace made some improvements to the 

property, adding a large stone fireplace to the north 

end of the main lodge, building a small gabled log 

addition off the south end and constructing two more 

guest cabins.  The 1928 cabins are one room each, 

with low-pitched gable roofs and entrances in the 

gable ends (Figure 5).   

 

 While Tony Grace was establishing and 

running his dude ranch, other developments were 

occurring around him that would eventually force 

him to sell his land. Led by Yellowstone National 

Park Superintendent Horace Albright, a movement to 

protect the Jackson Hole valley from development 

was gaining momentum. In 1926, Albright persuaded 

John D. Rockefeller, Jr. to take a drive from 

Yellowstone Park to Jackson Hole. Horace Albright, 

often called the ―Father of the National Park 

System,‖ had already proclaimed in 1915 that ―this 

glorious valley must be preserved for and against 

future generations.‖ (Huyler 2000).  Rockefeller‘s 

interests in conservation were ignited by this visit.  

―Rockefeller and his wife were profoundly impressed 

by the Leigh-String-Jenny Lake region, but were 

appalled by the encroaching commercialism. A rather 

tawdry dancehall seemed inappropriate, ‗unsightly 

structures‘ marred the road and telephone wires 

bisected the Teton view.‖ (Righter 1982). 

 

 In 1927, Rockefeller founded the Snake 

River Land Company, which began buying up 

properties in Jackson Hole with the ultimate goal of 

donating them to the National Park Service. Two 

years later, Congress created Grand Teton National 

Park, which encompassed the former Forest Reserve 

land directly west of Danny Ranch. While this action 

removed some land from development, it also created 

a need for infrastructure to serve the tourists who 

were drawn to the Park. The Grand Teton 

Transportation Company and Grand Teton Lodge 

Company were formed to ―provide lodging and 

transportation for tourists in cooperation with the 

Yellowstone and Grand Teton National Parks.‖ 

Together with the National Park Service, the Grand 

Teton Lodge Company relocated buildings from the 

properties bought by the Snake River Land Company 

to ―designated tourism locations in within the park.‖ 

(Grand Teton Lodge Company files, Grand Teton 

National Park Historian‘s Office, Moose WY). 

 

 Jenny Lake was a natural choice for a 

tourism destination. A road, campground and boat 

concession had already been developed at the south 

end of the lake under a Forest Service lease. In 1930, 

the former Lee Mangus cabin was moved from 

Cottonwood Creek to the south end of Jenny Lake to 

serve as a museum, ranger station, and staff 

residence, and Jenny Lake became the hub of 

activities in the Park: ―mountain climbers, campers, 

boating enthusiasts, hikers all began their park visit 

from this point.‖ (Toogood 1974). 

  

 The Danny Ranch‘s isolated, ―getaway‖ feel 

was diminished by these developments and by the 

increased tourist traffic generated by improvements 

made to the Teton Park Road, which was realigned 

and paved in the late 1920s.  Because of its prime 

location at Jenny Lake, Tony Grace‘s Danny Ranch 

was a natural target of the Snake River Land 

Company, and Grace came under pressure to sell. In 

1930, ―feeling hemmed in by the new park‖ and 

pressured by the Snake River Land Company, Grace 

sold his ranch to the company for $24,000. Although 

the terms of the sale allowed Grace to continue 

running the ranch until June 1, 1932, in the fall of 

1931 he packed all of his possessions onto his horses 

and drove them through Yellowstone Park to new 

land he had purchased in Montana.  

 

Jenny Lake Ranch 

 

 From 1932 to 1936, the Danny Ranch was 

closed to the public while the Park Service and the 

Snake River Land Company debated what to do with 

the ranch buildings. The Park Service wanted to 

restore the area to its natural condition, while the 

concessionaire continued to stress the need for visitor 

accommodations within or adjacent to the Park. A 

Park Service memo of the time described the Danny 

Ranch in disparaging terms, noting that it was ―only a 

site with an old lodge that was just a shell and small 

cabins that were only shacks‖(McKinney 1997).  

 

 This debate was resolved in 1937 when the 

Park Service finally allowed the Snake River Land 

Company to lease the Danny Ranch to the Grand 

Figure 5. Fireweed, built by Tony Grace in 1928 (Hilery 

Walker, 2009) 
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Teton Lodge Company (GTLC). The Danny Ranch 

was renamed Jenny Lake Ranch, and the GTLC 

constructed several more guest cabins, four of which 

exist today. These cabins matched the existing cabins 

in form, materials and workmanship. Two of the 

1937 cabins are gable-front single cabins (Figure 6) 

while the other two are larger cabins with eave-front 

gable roofs similar to Grace‘s original cabins. The 

new cabins were plumbed and equipped with private 

baths, and hot and cold running water was added to 

the existing cabins. At this time, a dining room and 

kitchen were added to the south end of the main 

lodge, replacing Grace‘s 1928 addition. 
 

 The addition of new cabins brought the 

guest capacity up to 65, and Jenny Lake Ranch 

enjoyed several prosperous years. However, when the 

United States entered World War II, Jenny Lake 

Ranch and other Jackson Hole visitor facilities were 

closed down because ―gas rationing greatly curtailed 

travel for the American public.‖ (McKinney 1997).  
 

 Meanwhile, administrative changes were 

taking place that affected the ownership of the Jenny 

Lake Lodge property. On March 15, 1943, at the 

urging of John D. Rockefeller, President Roosevelt 

established the Jackson Hole National Monument to 

protect the land that Rockefeller had purchased but 

had not been successful in donating to the 

government. In 1945, the Rockefeller family donated 

their land to a nonprofit organization they had 

established, the Jackson Hole Preserve, Inc., to hold 

those lands until the Park Service had sufficient funds 

to support them (Huyler 2000).  In 1950 Congress 

finally passed an Act incorporating the Jackson Hole 

National Monument into Grand Teton National Park. 

   

 According to Teton County Land Office 

records, ownership of Jenny Lake Ranch was Teton 

transferred from Rockefeller (on behalf of Grand 

Lodge Company) to Jackson Hole Preserve, Inc. in 

1945. At this time the 25 cabins at Jenny Lake 

Ranch were in such bad shape that Jack Wentworth, 

the general manager, recommended closing the ranch 

down. However, Jackson Hole Preserve, Inc. opted 

for remodeling and reconstruction of the existing 

buildings. The existing dining room at the south end 

of the main lodge was replaced with a larger room 

and cabins were repaired and outfitted with 

bathrooms. Four duplex-style cabins were also built 

at this time (Goodrich et al. 1947). By 1949, Jenny 

Lake Lodge was once again fully operational and was 

considered the top concession facility in the Park.  

 

Jenny Lake Lodge 

 

 Interest in dude ranching declined 

significantly after 1945, as the tastes and demands of 

recreating Americans changed from ―vigorous 

outdoor activities‖ to ―more sedentary‖ ways of 

relaxation (Daugherty 1999).  Perhaps indicative of 

this shifting emphasis on the sightseeing experience 

over the dude-ranching experience, the Grand Teton 

Lodge Company renamed the ranch Jenny Lake 

Lodge in 1951.  

 

 During this period plans were developed for 

a new lodge at Jackson Lake, resulting in diversion of 

funds and interest from Jenny Lake Lodge. In spite of 

the improvements undertaken in 1947, the property 

suffered from inadequate sewage and utility systems 

and employee housing (male employees slept in 

tents). When Jackson Lake Lodge opened to much 

acclaim in 1955, the Park Service suggested closing 

the operation at Jenny Lake, reasoning that the new 

lodge combined with a planned cabin facility at 

Colter Bay would provide sufficient accommodations 

for Park visitors. However, in 1956, the Secretary of 

the Interior‘s National Park Advisory Board met at 

Jenny Lake Lodge and were so impressed with the 

property that they recommended that the facility be 

enlarged instead of being closed (McKinney 1997).  

This intervention by the national board saved Jenny 

Lake Lodge from the wrecking ball (Figure 7). 

 

 Major renovations began at the end of the 

1957 season and coincided with the construction of 

the outer loop highway leading to Jackson Hole, 

which considerably improved accessibility by 

automobile. The Grand Teton Lodge Company hired 

San Francisco architect Eldridge T. Spencer to design 

the rehabilitation of the lodge and cabins, and the 

construction work was carried out by Olson  

Figure 6.  Columbine, a gable-front single cabin built by the 

Grand Teton Lodge Company in 1937 (Hilery Walker 2009) 



32 

 

 

Figure 7.  Meeting of the National Park Service Advisory Board, Jenny Lake Lodge, 1956 (Courtesy of Grand Teton 

Lodge Company) 

  

 

 

Figure 8.  Site plan of Jenny Lake Lodge, showing dates of cabins (Hilery Walker, 2009) 
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Construction Company of Salt Lake City. Spencer 

had collaborated with Gilbert Underwood (architect 

of Jackson Lake Lodge) on the Ahwahnee Hotel in 

Yosemite National Park in the 1920s and later 

worked with Ansel Adams to design the famous 

nature photographer‘s home in Big Sur, California in 

1961. His wife, Jeanette Dyer Spencer, was interior 

decorator for the project. 

 

 In the 1957 rehabilitation, the massive stone 

chimney of the main building was extended in height 

and the front porch floor was replaced with a terrace. 

A new addition was built off the east elevation that 

approximately doubled the size of the building. The 

addition was square in plan and housed the kitchen, 

offices, employee dining, linen room and other 

storage spaces.  

 

 A 1957 site plan shows all but seven of 

today‘s existing guest cabins in their current 

locations. During the 1957 renovation three cabins 

were brought in, one from the Blacktail Butte Ranch, 

one from the Chambers Ranch and one from the Feuz 

Ranch. Concrete aprons were added to the 35 

cottages and electric heaters were installed to replace 

wood burning stoves. New walkways, roads and 

parking areas were laid out to better serve the needs 

of the guests, almost all of whom now arrived by 

private automobile.  Other important improvements 

in 1957 were new ―dormitory-style rooms‖ for 

employee housing with washrooms and laundry 

facilities.  

 

 These improvements, coupled with the 

efforts of a new resort manager, John Love, who was 

charged with ensuring that ―Jenny Lake Lodge reflect 

the ambiance and the reality of a fine resort for 

discriminating guests,‖ (McKinney 1997) turned the 

1920s dude ranch into an elite escape into the 

wilderness. A major renovation during the winter of 

1986-87 changed the look of the main lodge 

considerably. Tony Grace‘s original 30‘ by 30‘ hip-

roofed log structure still forms the nucleus of the 

reconstructed lodge, comprising most of the dining 

room; however, the original sapling ceiling was 

removed at this time. The kitchen was extended to 

the south, and a new stone chimney was constructed 

on the south end. In 1993 four new log cabins were 

added to the guest area. 

 

 At present, Jenny Lake Lodge has 29 cabins 

able to accommodate up to 114 visitors per night 

from early June to early October; the average 

occupancy rate during the summer months is 90% – 

95%.  The lodge has entertained such prominent 

visitors such as Monaco‘s Princess Grace and her 

family, as well as Walt Disney, Angie Dickinson, 

Norman Rockwell and Burt Bacharach. But what is 

particularly noteworthy is the intense loyalty of the 

lodge‘s regular guests. According to Jenny Lake 

Lodge General Manager Scott Greene, 75% of the 

guests are return visitors and 50% of guests return 

annually. Informal interviews conducted in the course 

of documentation revealed many guests who return 

year after year, to enjoy the ambience of the lodge, 

the beauty of the Tetons and the special friends they 

have made while staying at Jenny Lake. The lodge 

encourages this tradition by guaranteeing that guests 

can book their cabins for the same days the following 

year, if they make their reservations before they 

depart.   

 

Architecture and Landscape 

 

 Jenny Lake Lodge exhibits the ―Dude Ranch 

Architecture‖ common to early 20
th

 century dude and 

guest ranches throughout the West. Although built 

long past the pioneer period, the lodge and cabins 

mimic pioneer architecture in their peeled log 

construction, saddle notching, purlin roofs and 

porches. This architecture reflects ―the deliberate 

attempt (culturally rather than environmentally 

imposed) to create a ‗western style‘ attractive to 

eastern guests‖ (Caywood and Hubber 1997). 

 

 From Tony Grace‘s original lodge and 

cabins built in 1922 to the latest additions in 1993, 

this architectural tradition has been maintained. By 

the 1950s, the cabins had all been improved with 

generous porches that extend significantly over the 

entrances and are supported by vertical log posts at 

the ends (see Figure 6). This building type, dubbed 

the "Rocky Mountain Cabin," is described as follows:  

 

The ―Rocky Mountain Cabin‖ extended the 

gable end over the door to an average of 50 

percent beyond the front of the cabin. The 

length of the extension often required vertical 

post supports at the roof end. For all practical 

purposes, this roof functioned both as a porch 

and as an additional living area used in the 

warmer months for sleeping, cooking and other 

activities (Caywood and Hubber 1997). 

 

 In 1957, San Francisco architect Eldridge 

Spencer was hired to design a major rehabilitation of 

Jenny Lake Lodge, that included renovation of and 

additions to the lodge; cabin renovations; moving in 

three cabins from other ranches; and landscaping 

including pathways and driveways.  
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 In his design Spencer did not stray far from 

the ―Dude Ranch Rustic‖ architectural tradition 

(Figure 9). The 1950s were a time when Rocky 

Mountain Rustic Architecture was embraced as a 

viable style in which trained architects designed: 

―formal Rustic architecture represented the deliberate 

attempt -usually an architect's deliberate attempt -- to 

convey historical images and to meld man-made 

resources with their wilderness environment‖ 

(Caywood and Hubber 1997). Aside from the kitchen 

addition, the only concessions to modern architecture 

were the asymmetrically angled concrete aprons 

outside the cabins, most of which were squared off in 

later renovations. 
 

 The layout and landscaping of the Jenny 

Lake Lodge property are also in keeping with the 

local dude ranching tradition, in which cabins were 

arranged informally around a central lodge, with the 

corral and stable house isolated downwind from the 

guest compound, mostly natural landscaping with 

large trees and native shrubs, grasses and wildflowers 

is representative of the natural environment preferred 

for dude ranches. Although Jenny Lake Lodge 

incorporated the private automobile with individual 

parking spaces, this was done through driveways 

hidden behind the cabins and thus the lodge never 

took on the appearance of an auto court, with 

clustered cabins around a central drive (Figure 8). 

The cabins are arranged in a seemingly random 

pattern, and this combined with the forested nature of 

the site makes it difficult to ascertain exactly how 

large the property is, and how many cabins there are.  

 

  

 The property also includes an employee 

area, an essential but often overlooked element of the 

dude or guest ranch. The employee area contains 

cabins that are similar but not identical to those of the 

guest area, as well as communal facilities such as a 

bathhouse, recreation center, exercise court, 

horseshoe pit, and fire pit (Figure 10).  The employee 

buildings range in size from singles to triplexes and 

dormitories, and like the guest buildings they are log 

buildings, most with purlin roofs.  More so than the 

guest area, the employee area represents the common 

Western tradition of moving buildings from other 

properties. This practice was especially common 

during the Snake River Land Company‘s period of 

ownership (1927 to 1950), since the land-acquisition 

company often dismantled the homesteads, ranches 

and tourist facilities it purchased. The employee area 

lacks the trees and other natural vegetation found in 

the guest area, and cabins appear to be arranged in a 

random pattern. 
 

 

 CONCLUSION 

 

 In order to qualify for listing on the National 

Register of Historic Places, properties must meet at 

least one of four criteria for significance in American 

history and culture, and must retain enough physical 

integrity to demonstrate their significance.  The 

researchers determined that the Jenny Lake Lodge is 

eligible for the National Register of Historic Places 

within the context of ―Dude Ranching and Tourism‖ 

as defined in a previous research report, the Grand 

Teton National Park Multiple Property Submission.  

The property retains integrity of location, design, 

setting, materials, workmanship, feeling, and 

association, and meets two National Register criteria: 

Criterion A, ―associated with events that have made a 

significant contribution to the broad patterns of our 

history,‖ and Criterion C, ―embodying the distinctive 

characteristics of a type, period, or method of 

construction.‖ 

 

 Jenny Lake Lodge is significant as one of 

the longest operating tourist establishments in Grand 

Figure 9.  Single cabin exhibiting the ―Dude Ranch Rustic‖ 

style, set in a natural landscape (Mary Humstone, 2009) 

Figure 10. Fire pit in the ―Employee Area,‖ with corrals 

and stable house in the background (Hilery Walker, 2009) 
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Teton National Park, reflecting the changes in the 

tourism industry over the course of the 20
th

 century.  

The property has provided Park visitors with lodging, 

food and outdoor activities almost continuously for 

87 years.  In both its physical layout and its social 

history, Jenny Lake Lodge combines attributes of 

both a dude ranch and a guest lodge or hotel. 

Although the property has never given guests an 

opportunity to participate in the daily chores of cattle 

ranching, guests regularly participate in other 

traditional dude ranch activities such as fishing, 

hiking, and recreational horseback rides.  Jenny Lake 

Lodge also represents the history of Grand Teton 

National Park, since it was one of the properties 

purchased by J.D. Rockefeller‘s Snake River Land 

Company for inclusion in the Park, and has been at 

the center of many debates over what visitor 

amenities the Park should offer.   

 

 Jenny Lake Lodge is also significant under 

Criterion C as a cultural landscape embodying 

concepts of Western-style hospitality, including 

rustic cabins and a comfortable lodge and dining 

room, set in a natural landscape with a magnificent 

view.  Most of the 47 buildings on the property are 

50 years old or more, and all represent the 

architectural tradition known as ―Dude Ranch 

Rustic,‖ with log construction, rectangular floor 

plans, low- to medium-pitched purlin roofs, open 

porches and simple interiors with exposed log walls.  

 

 The predominately natural landscaping 

featuring large trees and native shrubs, grasses and 

wildflowers is typical of the valley‘s dude ranches, 

and the more ―civilized‖ features such as driveways, 

individual parking areas, pathways and croquet lawn 

represent the guest ranch tradition.  The employee 

area represents the behind-the-scenes people and 

activities that create the vacation experience.  

Overall, the site retains the feeling and association of 

an early 20
th

 century guest ranch. Although 

individual buildings on the property have undergone 

renovation, their location and design continue to 

represent the property‘s long tradition of Western-

themed recreation. 
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  ABSTRACT 
 
 Changes to resource conditions due to 

recreation use were examined in select locations in 

Grand Teton National Park. The study focused on 

assessing areas off designated trails and sites, where 

visitor use can often result in rapid and undesirable 

resource impacts. Preliminary results suggest that 

while resource change is significant in some 

locations, impacts tend to be limited spatially to areas 

surrounding popular destination sites. In addition, 

several alpine and subalpine locations of known 

recreation use showed little or no resource change 

outside of designated trails and sites. This work 

provides a baseline condition assessment that allows 

for an examination of change over time and an 

evaluation of the effectiveness of visitor management 

actions.  

. 

 

  INTRODUCTION  
 

The demand for wildland recreation and 

nature-based tourism opportunities continues to 

increase in many protected areas in North America 

(Cordell 2008) and worldwide (De Lacy and 

Whitmore 2006). With this increased use has come 

human disturbance and change to the environmental 

conditions of protected areas, and an associated 

management effort directed at minimizing 

undesirable resource impact. Understanding resource 

condition trends through assessment and monitoring 

is essential for many aspects of sound adaptive 

management, particularly in determining the 

effectiveness of management actions in achieving 

resource protection goals. 

 

 Visitor activities in wildland areas inevitably 

have some consequences to environmental 

conditions. Even the most careful visitors to natural 

environments can potentially disturb soil, vegetation 

and wildlife. Fundamental management decisions as 

to the level of acceptable and appropriate disturbance 

to natural systems can be difficult and challenging 

and must be well informed. 

 

 Considerable research conducted over the 

last 40 years has demonstrated the relationships 

between visitor use and resource change. Recently, 

this information has been reviewed and summarized 

(Monz et al. 2010) and the new discipline of 

Recreation Ecology has evolved. Several 

fundamental principles can be generalized from this 

body of literature including: 
 

 Recreation activities can directly affect the soil, 

vegetation, wildlife, water and air components of 

ecosystems. 

 Other ecosystem attributes (i.e., structure, function, 

etc.) can be affected given the interrelationships 

between ecosystem components. 

 For a given finite space, the relationship between 

change and use is generally curvilinear, with the 

majority of change occurring with initial use. 

 Although some generalizations apply, resistance 

and resilience to visitor use disturbance is 

ecosystem specific. 
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 The amount and distribution of use and visitor 

behavior are primary driving variables in 

determining the amount of resource change. 

 

 Given these principles, recreation ecology 

studies of two types are generally performed in 

wildland areas in an effort to assist managers in the 

avoidance and mitigation of visitor impacts. 

Experimental studies (e.g., Monz 2002, Cole and 

Monz 2002) examine causal relationships between 

use type and intensity and ecosystem-specific 

components. These studies employ carefully 

controlled experimental designs and can determine 

the levels of visitor use at which a given ecosystem 

(or ecosystem component) can tolerate. Monitoring 

and assessment studies (e.g., Marion and Leung 

1997) are perhaps more common as managers often 

find them to be of considerable utility. These studies 

assess and monitor the location and extent of visitor 

use and resource impacts. Conducted over the long 

term, these studies provide an initial assessment of 

the current resource conditions, the trends of how 

impacts are changing over time, and an evaluation of 

the effectiveness of management actions. 

 

 Considerable literature also exists on the 

management of visitor resource impacts (e.g., 

Hammitt and Cole 1998, Manning 1999). The 

development of specific, accurate monitoring 

indicators is considered fundamental to the 

management process and moreover is an essential 

process in various management frameworks 

(Manning 1999). As such, recreation ecology studies 

are an integral component of framework approaches 

adopted by most land management agencies (e.g., 

Limits of Acceptable Change Planning Framework). 

Recreation ecology studies support these frameworks 

by contributing sound science to the process of 

developing monitoring indicators and in measuring 

indicators over time (National Park Service 1997). 

 

 The goal of this study was to apply a 

practical and efficient monitoring and assessment 

approach to select areas in Grand Teton National 

Park (GTNP) in order that future assessments would 

be capable of determining the trajectory of resource 

change. To accomplish this goal we selected sites 

with decision criteria based on their ecological, 

managerial, use-related and visitor destination 

characteristics and assessed these locations for visitor 

use-related resource change. We focused specifically 

on areas off of designated trails and sites where 

visitor use can lead to rapid and often undesirable 

resource changes. 
 

 

  METHODS  

 

Selection of Assessment Areas  

 

 An area selection matrix was developed in 

consultation with the National Park Service staff 

(Table 1) that stratified locations by management 

zone, use level and alpine and subalpine ecosystem 

type. Once representative sites were determined 

based on the matrix, the study used three

 

Table 1. Location selection matrix for recreation resource assessment in Grand Teton National Park. Note: locations in  

highlighted in blue will be assessed in 2010. 

 

...  
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fundamental approaches: 1) mapping and assessment 

of observable areas of recreation disturbance, that is, 

visitor created trails and sites and 2) identification of 

large polygons of diffuse recreation disturbance and 

3) within areas of diffuse recreation disturbance, a 

random sample of 1m
2
 s where vegetation cover, 

species composition, bare ground and other 

parameters were assessed. These methodologies are 

based in standard recreation ecology techniques and 

have recently been employed in the assessment of 

recreation impacts in alpine mountain summit areas 

of the Northeast US (Monz et al. in press).  
 

 

Resource Condition Assessment 

 

 Preliminary site visits revealed that selected 

areas exhibited typical disturbances found in park 

settings: linear and nodal areas of intensive trampling 

disturbance resulting from visitors hiking off formal 

(official) trails and sites to access climbing routes, 

vistas, or for exploration and other reasons. Managers 

reported that the proliferation of informal (visitor-

created) trails is a common problem that contributes 

substantial trampling impact to fragile vegetation and 

substrates. Observations also revealed that visitation 

frequently resulted in the trampling of substrates and 

vegetation in many gathering areas and vista sites. 

Assessing the conditions of these informal trails and 

sites is particularly important in alpine and subalpine 

ecosystems because of their limited spatial extent, 

fragility, and potential for permanent and irreversible 

vegetation and substrate loss.  

 

 To assess conditions on informal recreation 

sites we primarily relied on adapting recreation 

ecology assessment techniques developed for formal 

campsites (e.g., Marion, 1995). For each location, an 

assessment area was mapped and foot searches 

identified all recreation sites, defined as nodal areas 

of visually obvious substrate disturbance created by 

visitor use. The size of each site was assessed using 

the radial transect method (Marion, 1995); a 

permanent reference point was recorded with a 

Trimble® GeoXT GPS device and Hurricane 

antenna, and area calculations and GIS coordinates 

were provided by Excel spreadsheet calculations. All 

GPS data were post-processed using Trimble‘s 

Pathfinder Office to obtain the highest accuracy 

possible. Vegetation cover and soil exposure were 

evaluated onsite and in adjacent undisturbed controls 

as the mid-point value of six cover classes (Marion, 

1995). Assessments of the number of trees and shrubs 

with damage, and root exposure, number of 

intersecting informal trails, and assessments of 

litter/trash also followed Marion (1995). Digital 

photos were taken to document impacts and aid in 

site relocation.  

 

 Assessing informal trails was more 

challenging in alpine areas because the terrain is 

often dominated by barren rock and informal trails 

are readily apparent only on soil substrates. Thus, 

informal trails in these environments are frequently 

discontinuous and short, increasing the difficulty of 

locating and documenting the trail fragments and 

evaluating their condition. While remote sensing 

techniques are possible, they require expensive high-

resolution imagery and complex analytical processing 

that place this option beyond the means of most land 

managers. Remote sensing is also challenging in 

subalpine areas due to the prevalence of well 

developed tree canopies.  

 

 For this study, we used a GPS based 

mapping and assessment procedure, as used in 

similar surveys such as Marion and Leung (1999) and 

Marion, Wimpey and Park (2009). We used the 

GeoXT GPS and careful foot-based searching within 

each study area to map the locations of all informal 

trail segments. Two informal trail condition attributes 

were assessed during field collection as described in 

Marion et al. (2009): condition class (CC) ratings on 

a 1-5 scale, and an assessment of average tread width 

(TW). A new informal trail segment was designated 

and assessed when a consistent change in condition 

class or width was noted in the field. 

 

Intensive Groundcover Assessment- Lower Saddle 

of the Grand Teton 

 

 Intensive measurements were conducted on 

the Lower Saddle of the Grand Teton due the 

importance of this area from a visitor use and access 

perspective and due to the high use in a high alpine 

setting. In addition to applying the aforementioned 

site and visitor created trail assessments, we also 

employed a based, image analysis sampling 

technique (Booth et al. 2005) to measure vegetation 

and ground cover. This procedure involved three 

field components: 1) identification and mapping of an 

area of probable recreation use at the Lower Saddle; 

2) creation of a stratified random-grid of sampling 

locations using ArcGIS 9.3 software; and 3) 

navigation to sample locations with the GPS and 

obtaining digital images of 1m
2
 quadrats for 

subsequent image analysis of ground cover classes.  

 

 First the area of possible recreation use was 

mapped using the GPS, and a polygon was uploaded 

to ArcGIS (ESRI, Inc., Redlands, CA USA). Hawth‘s 

Analysis Tools extension for ArcGIS was used to 
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create a random grid overlay on the polygon. Quadrat 

photos were taken with a Nikon COOLPIX P50 8.1-

megapixel digital camera mounted on a frame with a 

1m
2
 base that positioned the camera for nadir 

(overhead perspective) images 1.4m above ground 

level. Measurements from digital images were used 

to quantify the relative cover of ground cover types 

using SamplePoint software (Booth, Cox, & 

Berryman, 2006). Ten ground cover classes were 

included in the classification of the Lower Saddle 

including graminoids, shrubs, forbs, lichens, mosses 

organic soil, mineral soil, bedrock, and gravel. 

 

 

  RESULTS & DISCUSSION 
 

Resource Conditions at Select Sites 

 

 During the 2009 field season, a total of 

twelve of a possible twenty locations were 

successfully assessed for recreation-related 

disturbances to resource conditions (Table 1). The 

remaining eight locations will be assessed during the 

summer field season in 2010. 

  

 Initial results for the assessment work 

indicate a limited and localized development of 

visitor created trails and sites as illustrated in the 

examples provided (Figures 1 and 2). For example, at 

Trapper and Bearpaw Lake (Figure 1), numerous 

non-system trail segments were located, mapped and 

assessed for resource condition quality, but no visitor 

created sites were found.  

 

 At the Lower Saddle on the Grand Teton 

(Figure 2), all trail segments and sites were mapped 

and assessed within an area of likely recreation use. 

These findings illustrate the location and extent of 

recreation disturbances in these areas and provide 

important information for future monitoring of 

changes in the extent, location and intensity for 

recreation-related resource disturbance in these 

locations. 

 

 Examination of a summary of resource 

changes assessed across management zones and 

ecosystem types (Table 2) suggests some possible 

aspects for further investigation. First, the subalpine 

areas assessed have a high degree of resource change, 

with considerable trail and site formation across 

management zones II and III.   Of the alpine areas 

assessed thus far, the Lower Saddle on the Grand 

Teton accounts for most of the resource change 

assessed (alpine zone III). This is understandable 

given the importance of this location to climbers and 

current impacts appear to be limited to approximately 

1% of the total possible use area on the Saddle 

Quadrant-based sampling on the Lower Saddle 

provides a classification of groundcover in accord 

with general cover classes (Table 3). Future 

assessments using a similar approach can determine 

if overall changes are occurring, the degree of 

recreation disturbance and an identification of 

individual plant species, if desired.   (Figure 2). 

 

 
Figure 1.  An example of visitor created trails in a subalpine 

location.  

 

 

 
Figure 2. An example of visitor-created trails and sites in 

an alpine location  
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Table 2. Preliminary findings of the extent and degree of recreation related disturbance at selected sites across management 

zones. Note: these data are preliminary do not represent a complete census of resource change in each zone. 

 

 

 

Table 3. Preliminary classification of groundcover on the 

Lower Saddle based on analysis of 1 m2 s. 
 

Groundcover Class Cover (%) 

Exposed Rock 35.7 

Gravel 19.2 

Sand 1.1 

Exposed Soil 15.0 

Mosses 24.3 

Forbs 0 

Shrubs 0 

Grasses 3.7 

 

Implications and Future Research 

 

 This work provides an important baseline 

for resource conditions to inform visitor management 

efforts in Grand Teton National Park. Assessment of 

current conditions allows managers to determine if 

actions are needed in specific locations to limit 

impacts. Future reassessment of these locations 

allows for a determination of the effectiveness of 

management actions as the trajectory of resource 

change can be determined. 

 

 This current work provides an initial 

glimpse into current resource conditions in GTNP. 

Ongoing work in 2010 will assess remaining sites 

and add locations as needed to complete a full suite 

of sites in accord with the site selection matrix. 
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  ABSTRACT 

 

 Grand Teton National Park (GRTE) receives 

nearly 4 million visitors a year. GRTE also supports 

thriving populations of black (Ursus americanus) and 

grizzly (Ursus arctos) bears (GRTE, 2007). The 

extent to which humans recreate in prime bear habitat 

influences the probability of bear-human encounters 

and the potential for conflict. In an effort to reduce 

bear-human encounters, GRTE managers initiated the 

―Be Bear Aware‖(BBA) program in 2007. One 

objective of this program is to reduce bear-human 

encounters through proper food storage by visitors to 

the campground and picnic areas. To evaluate the 

efficacy of this program we proposed to interview a 

sample of park visitors to assess their knowledge and 

beliefs regarding proper food storage and recreating 

safely in bear country, gauge their recall of particular  

―Be Bear Aware‖ signage, and ascertain their 

perceived risk of a bear encounter. This information 

along with trip characteristics and visitor 

demographics will help park managers identify if ―Be 

Bear Aware‖ messages are effective and for whom.  

 

 The project was divided into two phases. 

The first phase, reported on here, consisted of 

developing a survey instrument, preparing a sampling 

plan, and submitting the necessary paperwork to 

receive approval from the Office of Management and 

Budget (OMB) to conduct the research. Phase 2 of 

the project, to be initiated in the summer of 2010, 

consists of administering the survey, analyzing the 

data, and completing a final report summarizing our 

research findings. 

 

 

 

 

  INTRODUCTION 
 

 Every year nearly 4 million visitors  view 

the extraordinary beauty of Grand Teton National 

Park (GRTE), the majority of whom visit during the 

peak summer season of June through September. 

Visitors marvel at the flora and fauna of the park, 

which are varied and extensive enough to provide 

habitat within GRTE for thriving populations of 

black (Ursus americanus) and grizzly (Ursus arctos) 

bears (GRTE, 2007).  

 

 The program of management for bears in the 

park is to sustain ―free ranging, naturally regulated 

populations‖ of bears throughout the Park including 

the John D. Rockefeller, Jr. Memorial Parkway 

(GRTE, 2007). However, the extent to which humans 

recreate in prime bear habitat increases the 

probability of bear-human encounters and the 

potential for conflict. The park, therefore, endeavors 

to develop and implement wildlife management 

strategies that balance the needs of bears with visitor 

enjoyment, education, and appreciation of the park. 

 

 Every year for the last six years, there has 

been increasing human-bear contact, with six bears 

being destroyed because of human or food aggression 

(K. Wilmot, Bear Management Office, GRTE, 

personal communication, July 3, 2009). In 2007, 

GRTE recorded 210 bear-human confrontations and 

56 bear-human conflicts
1
. If bears become habituated 

                                                 
1
 Confrontations are defined by the park as ―incidents where 

bears approach or follow people, charge or otherwise act 

aggressively toward people, enter front-country developments, 

or enter occupied backcountry campsites without inflicting 

human injury.‖ Bear-human conflicts are defined by the park 

as ―incidents where bears damage property, obtain human 

foods, or injure people‖ (GRTE, 2007, p.1). 
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toward human food and show no fear of humans, 

they are euthanized (GRTE, 2007).  

 

 In an effort to reduce bear-human 

encounters and potential conflicts, GRTE managers 

initiated the BBA program at the start of the 2007 

season. The new program is an integrated strategy 

consisting of five elements: 1) public information and 

education; 2) removal of human food sources, 3) 

enforcement of food storage regulations, 4) 

management and control of problem bears, and 5) 

research. As part of the public information and 

education component, the park updated its bear-

related message. This included adoption of a 

universal theme BBA, designing new graphics to 

improve message visibility, wider display of the bear 

warning signs, and increasing visitor outreach efforts 

at the park‘s entrance and high-use areas. The current 

message emphasizes food storage, outlining a strict 

set of rules about what items should be stored (e.g., 

food, coolers, water bottles, utensils, etc.) and how to 

store items properly (i.e., in a bear box or a closed, 

locked vehicle with windows rolled up).  

 

 
Photograph by A. M. Rieser. 

 

 The park also developed several guidelines 

on how to safely and  recreate in bear country. These 

guidelines have been widely disseminated throughout 

the park including a full page in the Teewinot, the 

park‘s newspaper. The newspaper, handed to all park 

arrivals, gives information on food storage, behavior 

during a bear encounter, differences between black 

and brown bear, and safety on trails. 

 

 Despite these efforts park employees are still 

observing noncompliance with GRTE‘s food storage 

policy, resulting in more ―problem bears,‖ and 

requiring the allocation of limited resources toward 

managing problem bears. When bears actively seek 

sources of human food, property damage and injuries 

to humans may result. In the interest of protecting 

park visitors and preserving the park‘s bears, GRTE 

managers sought a formal evaluation of the public 

information and education portion of the BBA 

program.  

 

  APPROACH 
 

 To evaluate whether the information 

disseminated as part of the Be Bear Aware program 

is in fact reaching park visitors, and is effective, we 

proposed to interview a sample of campground 

visitors and picnickers who were observed complying 

with the Bear Aware message, and those who were 

observed to be non-compliers (e.g. leaving food on 

tables, around the campsite, etc.). The survey 

instrument will ask ―compliers‖ and ―non-compliers‖ 

to identify BBA messages, where these messages 

were displayed, and the meaning behind such 

messages. In addition we will be assessing park 

visitors‘ knowledge and beliefs regarding proper food 

storage and safely recreating in bear country as well 

as ascertaining their perceived risk of a bear 

encounter. This information, along with trip 

characteristics and a demographic profile of 

campground visitors will help park managers identify 

if BBA messages are effective and for whom.  

 

 Under the Paperwork Reduction Act of 

1995, surveys of park visitors require federal 

approval from the Office of Management Budget 

(OMB). Although the National Park Service and 

OMB have an agreement to streamline this process, 

final approval was expected to take at least eight 

months. Therefore, the project was divided into two 

phases. The first phase, and the one being reported 

here, consisted of developing a survey instrument, 

preparing a sampling plan, and submitting the 

necessary paperwork to receive approval from OMB 

to conduct the research. Phase 2 of the project, to be 

initiated in the summer of 2010, consists of 

administering the survey, analyzing the data, and 

completing a final report summarizing our research 

findings. The remainder of this report covers the final 

survey instrument, the sampling plan, and submission 

of paperwork to receive federal approval.  
 

  SURVEY DESIGN 
 

Structure of the Survey 

 

 The survey instrument consists of six 

sections: 1) Location and Visitation (trip 

characteristics), 2) Food Storage, 3) Beliefs about 

Food Storage, 4) Bear Aware Program, 5) Bear 

Aware and Safety, and 6) Demographics.  
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 Park managers have gone to considerable 

lengths to develop education materials for and 

provide information to the public as part of the Be 

Bear Aware program. Therefore, the questions in the 

sections on Food Storage and Beliefs about Food 

Storage (Sections 2 and 3) are designed to elicit 

visitors‘ actions as well as beliefs regarding proper 

food storage. Answers to these questions will inform 

park managers if their message is being seen, read, 

and/or heard, and whether park visitors are 

translating the Be Bear Aware message into the 

desired behavior (i.e., proper food storage, what to do 

when you encounter a bear). Because park managers 

are interested in message penetration, all park visitors 

to campgrounds and picnic areas are in the 

population universe to be sampled, whether they have 

food with them or not.  

 

 In addition, park managers are keenly 

interested in the message that is most salient to 

visitors to comply with park rules. To address the 

salience issue, we ask a series of questions on where 

visitors might have received information on 

recreating safely and responsibly in bear country 

(Section 4). We also include a set of questions asking 

park visitors if they remember seeing particular Be 

Bear Aware signs, where they remember seeing the 

signs, and how many times (Section 5). Finally we 

ask visitors to tell us which of the messages had the 

greatest impression (Section 5). We allow that 

information obtained outside of the park (e.g., a 

television program, talking with friends or family 

members) may have been the most influential in a 

visitor complying with park regulations. Knowledge 

of bears acquired elsewhere is still useful to the 

GRTE managers in that the format (e.g., verbal or 

video) and/or content (e.g., a friend‘s experience, a 

bear‘s life history) could be incorporated into future 

educational efforts.  

 

 Previous research on human-bear 

interactions in Yosemite National Park found that 

bear-related messages targeted at visitors‘ beliefs 

about perceived risk of human-bear interactions are 

most effective (Lackey and Ham 2003). A second 

study in New York‘s Adirondack Park suggested that 

risk perception influences visitors‘ beliefs and 

attitudes and thus their receptivity toward educational 

messages (Gore et al. 2006 & 2007). One factor 

identified as influencing visitor risk perception is 

frequency of bear encounters while camping in the 

park (Gore et al. 2006 & 2007). We address risk 

perception by asking visitors how strongly they agree 

or disagree with the statement: ―it is very unlikely 

that a bear will enter this campground or picnic area 

while I am here‖ (Section 5). We believe, based on 

research by others, that visitors who strongly agree 

with this statement will be less inclined to follow 

park regulations. If true, park managers may want to 

emphasize the likelihood of encountering a bear 

while visiting GRTE in their educational materials to 

obtain higher rates of compliance.  

 

 Furthermore, the Yosemite National Park 

study found experienced park visitors believe they 

―know about bears‖ and that familiarity tends to 

lessen perceived risk if the visitors‘ own direct 

experience lacked negative bear encounters (Lackey 

and Ham 2003). Based on the results of the Yosemite 

National Park study, we will ask visitors to recall 

their own past experience with bears or relate a story 

that was told to them (Section 5). Of primary 

importance is ascertaining whether the visitors‘ 

encounter was negative; therefore, we will probe the 

visitors to reveal if they (or the person in the story) 

felt concerned for their safety or their personal 

property. We believe visitors who have prior 

knowledge of or experience with a bear that led to a 

negative outcome will be more likely to follow park 

regulations. 

 

 Trip characteristics and demographic data 

(Sections 1 and 6) will allow us to identify particular 

sub groups (e.g., campers at group sites, perennial 

visitors to GRTE) that may need additional education 

and follow-up to obtain compliance with park rules. 

In particular, we will identify visitors who were 

observed complying with the Be Bear Aware 

message, and those who were observed to be non-

compliers (e.g. leaving food on tables, around the 

campsite, etc.). We will evaluate whether compliance 

status is associated with knowledge and behavior in 

bear country, past bear experience, trip 

characteristics, and demographic data. The results of 

this analysis will be essential to park managers in 

their efforts to design a public information and 

education campaign that approaches 100% 

compliance.  

 

Pre-Testing: NPS Discussion Group and Public 

Focus Group 
 

 We conducted two separate information 

sessions intended to clarify wording of questions in 

the survey instrument and to ensure the survey 

covered the salient topics related to the BBA 

program. The first discussion group comprised 10 

park and concession employees representing various 

service sectors within the park including law 

enforcement, field biology, backcountry permits, 

custodial, maintenance, interpretation, concessions, 

administration, and business resources. The focus 
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group comprised seven citizens from the adjacent 

town of Jackson Hole. Potential participants were 

recruited through an advertisement in the local 

newspaper and a flyer posted at the public library. 

The final list of participants was selected for 

demographic diversity based on a short set of 

screening questions asked of those who responded to 

the ad by phoning the toll-free number provided.  

 

 At the beginning of the information 

sessions, meeting participants completed the then-

current draft of the questionnaire, which served as the 

focal point for the ensuing discussion. Taylor and 

Nelson, with the assistance of Rieser, served as the 

facilitators for both discussions. Both the discussion 

group and the focus group, each about two hours in 

duration, were held on July 7, 2009. Light 

refreshments were served at both sessions, and 

participants at the public focus group were 

compensated $50 each. 

 

 The questionnaire also benefitted from 

several discussions with our collaborators at GRTE, 

Kate Wilmot, from the park‘s Bear Management 

Office, and Sue Consolo-Murphy, Chief of Science 

and Resource Management. 

 

 

  SAMPLING PLAN 
 

Sampling Frame 
 

 To evaluate the efficacy of the park‘s BBA 

message we will conduct intercept interviews with a 

sample of park visitors in the summer of 2010. At the 

park‘s request we will only assess attitudes and 

behaviors of front country users; therefore, survey 

administration will be limited to campground sites 

and picnic areas. There are approximately 1,165 

campsites and another 100 picnic sites in the initial 

potential universe of contacts. We expect that nearly 

all the sites which are occupied will have at least one 

adult (age 18 or older) member who has not 

previously completed this survey. Our target for 

completed interviews is 625 yielding a margin of 

error of ±4% (ME = 1/√n x 100) for sample estimates 

of the population‘s true value. 

 

 We will be conducting interviews during 

peak summer months (June through August), 

therefore we expect that on average 97% of the 

campsites and 60% of the picnic sites will be 

occupied. Campers occupy a site on average for two 

nights, while picnickers are replaced each day. We 

will be interviewing fifteen days over a 20 day 

period, which means that there are potentially 8,475 

camper site occupations [ (20  2) * (15  20) * (0.97 

* 1,165) = 8,475] camping site occupations. For 

picnickers, the equivalent number of sites is 900 

picnic site occupations [(0.60*100) * 15 days = 900]. 

Since we want approximately 625 completed surveys, 

and approximately 10% of all sites are picnic sites, 

we will take completed interviews from 63 picnic 

sites.   

 

 Picnic sites are quite varied and are 

generally a grouping of four to six tables at sites 

along the major road ways in GRTE. There are, 

however, two large picnic areas, one at String Lake 

and a second at Colter Bay, each having 

approximately twenty-four tables. We will take 12 

completed interviews at both String Lake and Colter 

Bay picnic areas, and three to four each at the other 

eight picnic sites. Additionally, there are scattered 

tables for eating outside several of the camp stores 

including Colter Bay, Leeks Marina, and Flagg 

Ranch. We will finish our picnic interviewing with 

these sites.  

 

 The sampling numbers for the initial 

potential universe of camping contacts will use the 

average proportion of occupied sites by size of the 

campground. We will need approximately 562 

completed interviews from campers. The 

campgrounds and the associated estimates of 

occupancy and the number of campground sites to 

sample are presented in Table 1. 

 

Survey Administration 

 

 The procedure for collection of information 

will be an intercept interview. We expect to use 

scannable forms for recording interviews to aid in the 

transfer of answers from paper to an electronic data 

file. We have established a goal of 625 completed 

interviews (2.5 per hour, six hours of interviewing 

per day, 5 days each week = 75 per week per 

interviewer). Three interviewers working three weeks 

each would yield 675 completed interviews. 

 

 A very simple sampling procedure will be 

followed, stopping at every 4
th

 site to intercept an 

occupant for the survey. This should space out the 

campers in the sample, such that parties traveling 

together and perhaps camping side by side, are not all 

included in the sample.  Since the campgrounds are 

used as a home base for exploring the park, many of 

the sites will be unoccupied by the time we can 

sample. Therefore, we will stop at the next site 

occupied after the fourth site. Additionally, the 

interviewers will attempt to alternate between a male 
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and female respondent at each campsite and picnic 

site.   
 

 The physical layout of the campgrounds 

varies, with several campgrounds using one long 

circular road, while several others have several road 

loops stemming out from the main road. Where the 

campgrounds are organized in loops, the loops 

themselves will be randomized so that the interviewer 

may start in loop 3; move to loop 7; then to loop 2, 

etc. For these loops, the interviewer will attempt to 

interview at every fourth campsite of the beginning 

loop. For the second loop, the interviewer will begin 

the interviewing at the second campsite and then 

move four campsites. Every loop will add one 

campsite to the start of the interviewing. These 

alternations will help to randomize the selection of 

campsites, and will prevent shared experiences in the 

campground from affecting respondents; therefore, 

the chance that respondents who are traveling 

together would be selected will be minimized. Should 

the interviewer completely traverse a campground 

before the end of the three week interviewing period, 

sampling will begin at the starting loop plus 1 (e.g. 

loop 4, loop 8, loop 3), with the fifth campground or 

picnic site; then in the second loop; the ninth site, etc. 
 

 Additionally, for those selected sites where 

no one is available (e.g. the party has left for 

sightseeing for the day), the interviewer will return in 

the late afternoon to attempt an interview. Therefore, 

we should reduce the likelihood of bias from those 

parties who are more likely to spend time away from 

their campsite. These visitors may be young adults 

without children, and hence, may have different 

attitudes and knowledge regarding food storage and 

the BBA program. 
 

Expected Response Rate 
 

 Intercept interviews in the National Parks 

tend to have very high cooperation and completion 

rates – on the order of 90-92%. For example, our 

survey at Rocky Mountain National Park completed 

in 2003-2004, had a completion rate of 93%. We 

expect a similar completion rate (as defined by the 

American Association of Public Opinion Research 

(AAPOR) standards). The AAPOR standards require 

that the completion rate be based on the number of 

respondents in the sample, whether they were at the 

campsite and were directly contacted by the 

interviewer. Therefore, if a campsite is occupied but 

the interviewer is never able to contact the campers, 

these campers are still part of the total (the 

denominator) in the computation of the completion 

rate. 
 

Table 1. GRTE Campgrounds and Proposed Sampling Effort 

 

Potential Non-Response Bias 

 

 Additionally, although we expect high 

cooperation and completion rates, there nonetheless 

may be campers or picnic visitors who for reasons of 

privacy or time cannot cooperate in the study. We 

will therefore move to the demographic questions and 

ask the visitor only their state of residence, education, 

and age, in order to compare the respondent group 

with non-respondents. By having age and education, 

we will be able to estimate some bias in the response 

of the completed surveys. By having state of 

residence, we can also estimate a bias which might 

occur due to a local attachment to the park. 

 

  FEDERAL APPROVAL 
 

 The final deliverable for this project was the 

submission of all forms and materials (including a 

final questionnaire) required for approval of the 

survey by OMB. The final questionnaire and 

sampling plan (described in the previous two 

sections) along with a statement of justification were 

submitted to OMB in September 2009. Our 

submission is currently under review and we expect 

to receive approval to conduct our survey in the 

spring of 2010.   
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Campground 

# of 

Campsites 

as of 2009 

Usual % of 

Occupancy 

Usual # of 

Occupied 

Sites 

As a % of 

all 

Occupied 

Sites 

# of 

Sampled 

Sites 

Gros Ventre 
392 96% 376 33.3 187 

Jenny Lake 50 100% 50 4.4 25 

Colter Bay 
390 100% 390 34.5 194 

Signal 

Mountain 
86 96% 83 7.3 41 

Lizzard 
60 92% 55 4.9 28 

Flagg Ranch 171 98% 168 14.8 83 

Grassy 

Meadows 
16 50% 8 0.7 4 

Total 
1165 97% 1130 100.0 562 



48 

 

 

  LITERATURE CITED 
 

Gore ML, Knuth BA, Curtis PD, Shanahan JE. 2006. 

Stakeholder perceptions of risk associated with 

human-black bear conflicts in New York‘s 

Adirondack Park campgrounds: Implication for 

theory and practice. Wildlife Society Bulletin, 

34:36-43.  
 

Gore ML, Knuth BA, Curtis PD, Shanahan JE. 2007. 

Campground manager and user perceptions of 

risk associated with negative human-black bear 

interactions. Human Dimensions of Wildlife 12: 

31-43. 

 

 

Grand Teton National Park. 2007. 2007 Wildlife 

Management: Human-Bear Conflicts. Available 

from:http://www.nps.gov/grte/planyourvisit/uplo

ad/FINAL_2007_human-ear_conflicts_brief.pdf 

 

Lackey BK,  Ham SH. 2003. Final report: Human 

element assessment focused on human-bear 

conflicts in Yosemite National Park. Moscow, 

Idaho: University of Idaho. 

 

 

 

 

 

 

http://www.nps.gov/grte/planyourvisit/upload/FINAL_2007_human-ear_conflicts_brief.pdf
http://www.nps.gov/grte/planyourvisit/upload/FINAL_2007_human-ear_conflicts_brief.pdf


49 

 

 

WHEN LOVE COMES CALLING:  MEASURING SEXUAL 

SELECTION ON SAGEBRUSH CRICKETS 
 

 

 
 

GEOFFREY D. OWER  REBECCA A. SMITH  KYLE J. CARON  SCOTT K. SAKALUK  

ILLINOIS STATE UNIVERSITY  NORMAL 
 
 

 ABSTRACT 

 
Male sagebrush crickets exhibit differential 

mating success based on their previous mating 

experience: virgin males have a higher probability of 

obtaining a mating than do non-virgin males. 

Measures of lifetime mating success in male 

sagebrush crickets have revealed that the median 

mating frequency is one, with many males failing to 

secure a mate at all and a small minority obtaining 

two to four mates. The purpose of this study was to 

investigate the acoustic and morphological 

characteristics that make male sagebrush crickets 

attractive to females. Male crickets were captured 

from Deadman‘s Bar in Grand Teton National Park 

and their songs were recorded on subsequent 

evenings. Five song characteristics were measured 

including pulse duration, interpulse duration, 

dominant frequency, train duration, and intertrain 

duration. Multivariate selection analysis revealed 

significant linear and nonlinear selection on male 

song, with each of the five measured song characters 

contributing to male attractiveness. There was 

significant directional selection favoring longer pulse 

durations and shorter interpulse durations, which 

could be an honest indicator of male quality because 

these song characters likely impose high energetic 

costs. Significant stabilizing selection favored males 

with ~ 13.2 kHz calls and intermediate intertrain 

durations, which may be imposed by the auditory 

sensitivity of females. 

 

 

 

 

 

 INTRODUCTION  
 

The sagebrush cricket, Cyphoderris 

strepitans Gwynne and Morris (Orthoptera: 

Haglidae), is one of only three extant species of 

hump-winged grigs in North America, relatively 

obscure ensiferans that are restricted to mountainous 

areas of western North America. C. strepitans occurs 

in high-elevation sagebrush meadows nestled within 

coniferous forests in Wyoming and Colorado (Morris 

and Gwynne 1978). In Grand Teton National Park 

where the majority of field studies of C. strepitans 

have been conducted, sexual activity commences in 

mid-May. Each night of the breeding season, males 

emerge from the ground cover to secure a calling 

perch in sagebrush or lodgepole pine, where they sing 

to attract sexually receptive females. 

 

Once a calling male has attracted a female, 

the female mounts the male dorsally to initiate a ~3-5 

min mating that ends with the transfer of a 

spermatophore to the female. During the time that 

females remain mounted on males, they feed on the 

males‘ fleshy hind wings and ingest hemolymph 

seeping from the wounds they inflict. Males exhibit 

differential mating success based on their previous 

mating experience: virgin males have a higher 

probability of obtaining a mating than do non-virgin 

males of securing an additional mating, a pattern 

known as the virgin-male mating advantage (Morris 

et al. 1989, Sakaluk and Ivy 1999). The decreased 

likelihood of non-virgin mating apparently arises 

from the loss of hemolymph and costly immune 

responses that occur as a result of wing wounding 

during copulation (Leman et al. 2009).  
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Although much of our previous work has 

focused on establishing the proximate basis of the 

virgin-male mating advantage, it has overshadowed a 

more fundamental question: what factors influences 

the probability of a male obtaining a mating in the 

first place? Measures of lifetime mating success in 

male C. strepitans have revealed that the median 

mating frequency is one, with many males failing to 

secure a mate at all and a small minority obtaining 

two to four mates. Because calling is required for 

mate attraction, it seems likely that certain features of 

males‘ calls influence variation in male mating 

success. Indeed, previous studies of acoustic 

Orthoptera have shown that the acoustical properties 

of a male‘s song can influence his attractiveness to 

females. What properties of a male‘s song might be 

relevant to female mate choice in C. strepitans? 

Previous studies of other cricket species have 

revealed that a male‘s song may reliably reflect his 

body size, age, degree of symmetry, nutritional 

condition, immunocompetence, degree of inbreeding 

and other correlates of male quality. Assuming these 

traits are heritable, females selecting particular males 

may secure indirect genetic benefits for their 

offspring or, in the case of gift-giving species such as 

C. strepitans, may secure greater direct material 

benefits by differentially responding to specific 

males. 

 

The objectives of our research are to: 1) 

measure sexual selection in sagebrush crickets and 2) 

identify the morphological and acoustical traits that 

are the targets of sexual selection. Specifically, we 

recorded the song of males, and preserved them for 

subsequent morphological measurements. The study 

was conducted at the mid-point of the breeding 

season, and thus allowed collection of a roughly 

equal number of virgin and non-virgin males. If, as 

we hypothesize, sexual selection is acting on 

acoustical properties of males‘ songs and associated 

morphological structures, we predict that virgin and 

non-virgin males will differ systematically in at least 

some of these key traits. 
 

 

 METHODS 
 

Male sagebrush crickets were collected from 

Deadman‘s Bar in Grand Teton National Park, 

Wyoming. The population was censused on a bi-

nightly basis to determine when it had reached an 

approximately 50:50 mated-to-unmated males ratio, 

which ensured that females had been given ample 

opportunity to choose the most attractive mates. 

Upon reaching this ratio, approximately 200 males 

were captured.  

Captured males were transported to the 

University of Wyoming-National Park Service (UW-

NPS) Research Station where they were assigned a 

unique identification number, weighed, and their 

hindwings were inspected to ascertain their mating 

status. Males were placed individually into wire mesh 

cages and provisioned with sliced apple and 

sagebrush galls. On subsequent evenings, each male 

was recorded for 2 minutes using a Shure BG 

Microphone (Shure, Inc., Niles, IL) with the 

bioacoustics software Raven Pro (Cornell Lab of 

Ornithology, Ithaca, NY). Songs were digitized as 48 

kHz, 16-bit wav files. Because temperature could not 

be controlled and has a well documented effect on 

sagebrush cricket song (Sakaluk and Eggert 2009, 

Morris and Gwynne 1978), the temperature at the 

time of each audio recording was also measured. 

Following recording, males were preserved in 70% 

ethanol to allow morphological measurements to be 

taken at a later date. 

 

Raven Pro was used to measure acoustical 

characteristics for each male including pulse duration 

(PD), interpulse duration (IPD), train duration (TD), 

intertrain duration (ITD), and dominant frequency 

(DF) as illustrated in Figure 1. Prior to analysis, each 

of these song parameters were adjusted using linear 

regressions to account for differences in calling due 

to temperature. After the acoustical features had been 

measured, their selection surfaces were analyzed 

using a dichotomous fitness measure (virgin = 0, non-

virgin = 1). 

 

 
Figure 1. Acoustical characteristics of C. strepitans song: a) 

train duration, b) pulse duration, c) interpulse duration, d) 

intertrain duration, and f) dominant frequency (not shown). 

Ower et al. 

 

A multivariate selection analysis was 

conducted using PopTools (Hood 2009) to estimate 

the linear and nonlinear sexual selection operating on 

males‘ acoustic parameters (Lande and Arnold 1983). 

Canonical rotation of the nonlinear selection 

gradients was performed to identify the major axes of 

sexual selection on the fitness surface (Lande and 

Arnold 1983).  Fitness surfaces were visualized using 

thin-plate splines (Phillips and Arnold 1989, Green 

and Silverman 1993), which were estimated using the 

Tps function from the R Fields statistical package 

(Furrer et al. 2009). 
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Morphological measurements are in 

progress. Residual body mass from males prior to 

their preservation will be used as an index of body 

condition (Jakob 1996, Schulte-Hostedde 2005). 

Additionally, several morphological features will be 

measured on each preserved male. Tibial length and 

pronotum width will be taken as measures of male 

size. From the left forewing, the harp area and 

density of teeth on the file will be measured, because 

both of these characteristics play a key role in song 

production. 
 

 

 RESULTS 
 

 The songs of 167 males from the Dead 

Man‘s Bar population were recorded and acoustically 

analyzed. Of these, 70 males were virgin and 97 

males were non-virgin. Prior to conducting the 

canonical analysis, no significant linear or nonlinear 

selection was apparent (Table 1). However, canonical 

rotation of the  matrix revealed significant linear 

(m1) and nonlinear selection (m1, m2, m5; Table 2). 

There was significant concave selection along the m1 

and m2 axes and significant convex selection along 

the m5 axis (Table 2). The m1 axis was most strongly 

influenced by pulse duration and interpulse duration, 

while the m2 axis was heavily affected by train 

duration and intertrain duration. The axis of convex 

selection, m5, was strongly affected by dominant 

frequency and intertrain duration. Each of the five 

measured song characteristics played an important 

role in at least one major axis. 

 
Table 1. The standardized linear selection gradients (β) and 

the matrix of standardized quadratic and correlational 

selection gradients ( ). Note: PD = pulse duration; IPD = 

interpulse duration; DF = dominant frequency; TD = train 

duration; ITD = intertrain duration. 
 

   

Property β PD IPD MF TD ITD 

PD 0.121 0.224     

IPD -0.120 -
0.136 

0.032    

MF 0.003 0.026 -0.030 -0.184   

TD 0.001 -
0.009 

0.182 0.025 0.114  

ITD -0.037 0.158 -0.002 0.075 0.138 -0.072 

 

 The m1 axis was significantly affected by 

both linear and nonlinear selection (Table 2, Figure 

2). Large values of m1 were strongly favored by 

selection, which involved having longer pulse 

durations and shorter interpulse durations. The 

concave-up peak in attractiveness at high values of 

m1 in Figures 2 a-b illustrates that males with short 

pulse durations and long interpulse durations had 

increased mating success. Evidence of disruptive 

selection along the m2 axis was found, which 

primarily favored males that had short or long train 

durations. 

 

 Stabilizing selection favored intermediate 

values of m5, which included males that called with a 

dominant frequency of around 13.2 kHz and average 

intertrain durations. This resulted in a saddle-shaped 

fitness surface in the thin-plate splines between m1 & 

m5 and m2 & m5 (Figures 2 b-c). 

 

 

 DISCUSSION 
 

 Our analysis revealed significant linear and 

nonlinear sexual selection acting on song 

characteristics of male sagebrush crickets. Each of 

the five measured song characteristics played an 

important role in shaping male attractiveness. 

 

Concave-up directional selection strongly 

favored males with long pulse durations and short 

interpulse directions. Higher energetic costs could be 

associated with these two song characteristics 

beacuse increasing the pulse duration would require 

maintaining frictional contact between the plectrum 

and file for a longer period of time, and decreasing 

interpulse duration would require faster wing 

movement between pulses. Increased pulse duration 

has been shown to be energetically costly in other 

song producing Orthoptera (Hoback and Wagner 

1997).   

 
The stabilizing selection found on dominant 

frequency and intertrain duration is likely due to 

constraints imposed by female hearing abilities. 

Males that call outside the optimal hearing range of 

females or that do not call very often (or have high 

intertrain durations) are likely to escape detection by 

females. Stabilizing selection opposing shorter 

intertrain durations (larger m5 values, Figure 2c) 

contradicted our expectation that males that called 

more frequently would be more attractive, but could 

be an artifact of newly eclosed males that hadn‘t yet 

had an opportunity to mate. Our inability to control 

for time of male eclosion was a limitation of this 

study. 
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a.    b.   c. 
 

Figure 2. Thin-plate spline visualizations of the fitness surfaces between (a) m1 and m2, (b) m1 and m5, and (c) m2   and m5.  

Ower et al 

 

 

Table 2. The M matrix of eigenvectors from the canonical rotation of . Note: ** P < 0.001, * P < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 Further work will be necessary to confirm 

that the identified suites of song characteristics are 

indeed attractive to females. A field study was 

recently conducted in May and June 2010, in which 

artificially created sagebrush cricket songs were 

created and played back to females in binary choice 

trials conducted in outdoor arenas. The results of this 

experiment currently are being analyzed. 
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 ABSTRACT 
 

 This project investigated the history of the 

backcountry trail system in Grand Teton National 

Park (GTNP).  In cooperation with GTNP Cultural 

Resources and the Western Center for Historic 

Preservation in GTNP, we located records describing 

the early development of the trail system.  Only a few 

historical records describe or map the exact location 

of early trails, which prove useful when relocating 

trails today.  The paper trail becomes quite rich, 

however, in revealing the story behind the practical 

development of Grand Teton National Park as it 

joined the National Park Service system. 

 

 

 INTRODUCTION  
 

 Grand Teton National Park and its trail 

system developed together during the early years of 

National Park Service (NPS) administration.  From 

the park‘s beginning, the trail system became an 

essential part of interpreting the park to the various 

factions of its public.  Fritiof Fryxell‘s 1929 plan for 

the trails and his vision for interpreting the mountains 

to the public embodied the primary purposes of the 

NPS Division of Education. 
 

 Four main periods of trail building created 

the trail system in GTNP:  the Forest Service period, 

the early period of planning and development of the 

newly established Grand Teton National Park, the 

Civilian Conservation Corps (CCC) era during the 

1930s, and finally some additions during the 

MISSION 66 era.  The trails we see and use today are 

an amalgamation of past periods.  For example, many 

stream crossings in Cascade Canyon were 

reconstructed during the MISSION 66 era, but some 

of the stone stairs along the way from the boat dock 

to Hidden Falls date back to the CCC era. 

 

 Walking on a beautiful mountain path, one 

might never guess the extensive preparation of rock 

materials (expediting drainage) that is required before 

the surface ―treadway‖ is laid down (Barter et al. 

2006).  In fact, trails are significant engineering 

achievements that need constant care and upkeep, 

including annual clearance of vegetation and the 

occasional repair to sections of trail. 

 

Pre-existing Trails 

 

 Archeological sites are present in the upper 

parts of Berry Creek drainage, thought to represent 

―basecamps‖ occupied consistently over 8,000 years.  

A notable pre-historic travel route traversed the 

northern end of the Teton Range, from the west into 

the northern part of Jackson‘s Hole.  Native 

Americans, fur trappers such as Osborne Russell in 

1836, and finally explorers also traveled north and 

south through Jackson‘s Hole. 

 

 A few trails were established in and around 

the Teton Range before GTNP was established in 

1929.  The Teton Forest Reserve was originally 

established in 1897.  The United States Department 

of Agriculture‘s Forest Service (USFS) held 

jurisdiction over the Teton Range and much of the 

surrounding area.  Between 1897 and 1929, the 

United States Forest Service built several cabins on 

the east side of the Teton Range (e.g., Leigh Lake 

Patrol Cabin) to support patrols sent out to prevent 

timber trespass and to watch for forest fires.  During 

the 1920s, a rivalry grew between the NPS and the 
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USFS for appropriations, constituencies, and 

jurisdiction over Western lands (Rothman 1997).  

Expanding hiking trails in and near the Tetons would 

have helped the USFS make a case that it was 

incorporating recreation as well as managing timber. 

Figure 1.  Maps from former interpretive displays depicted 

historical routes into Jackson‘s Hole.  John Colter, as well 

as an 1826 exploring party, utilized a route frequented by 

Native Americans, up Berry Creek in the northern part of 

today‘s park. 

 

 The Pemble Trail was one of the earliest 

Forest Service trails in the valley.  It was named for 

Robert Pemble, who homesteaded 160 acres on the 

Sane River, east of today‘s Moose-Wilson road.  

After 1900, the Forest Service built trail from Beaver 

Creek to the south side of Phelps Lake.  An informal 

trail for horseback riding had been established up 

Death Canyon, and in 1921 the Forest Service 

improved the trail.  Historian John Daugherty 

describes how a trail crew packed up a compressor to 

drill rocks for blasting.  This trail went all the way to 

the divide at the top of the range (Daugherty 1999). 

 

 Maps of Teton National Forest drawn in 

1928 and 1930 depict existing trails, although we 

don‘t know their level of maintenance (Figure 1).  In 

1929, existing trails in the area of GTNP at the time 

of its establishment included:  1)  a trail northward 

from Teton Pass, into the southern end of the park 

and down Death Canyon, into the valley on the east 

side of the range where it assumed the name ―Pemble 

Trail,‖ ending at Stewart Ranger Station;  2)  a trail in 

the northern part of the future park passing eastward 

over Conant Pass and down Berry Creek;  3)  a trail 

along the north shore of Two Ocean Lake in the 

eastern part of the park (continuing eastward to Enos 

Lake);  and 4) a trail along the west shore of Jackson 

Lake. 

 

 

Figure 2.  Trail construction often employed a compressor 

and drills used to fracture rocks or to prepare for blasting.  

This equipment was heavy, yet small compressors were 

conveyed far up the trail. 
 

 

Fryxell and the Trail System 
 

 A coherent plan for a more extensive 

backcountry trail system in Grand Teton National 

Park was originally proposed by Fritiof M. Fryxell.  

He was employed during the academic year as a 

professor of geology at Augustana College, in Rock 

Island, Illinois.  A competent mountaineer, Fryxell 

served as Grand Teton‘s first naturalist, established 

the park‘s natural history museum, and directed other 

naturalists through the summer of 1934.  His 

professional and recreational interests provided a 

synergy resulting in a strong basis for park 

development (Gerty 1986) (Figure 2). 

 

 In December of 1929, Fryxell submitted a 

plan titled ―Report on an Educational Program, etc., 

for the Grand Teton National Park.‖  The first major 

part of Fryxell‘s plan was trail development.  His 

scheme suggested 5 divisions of trails:  Lake Trails, 

The Piedmont Trail, The Canyon Spurs, The Divide 

Trail (later known as the Skyline Trail), and Peak 

Trails. 

  

 Fryxell‘s vision for trail development in 

Grand Teton National Park was coherent and 

enduring (Figure 3).  The trail system has proved 

adequate and functional for serving various sorts of 

visitors through the present day.  The development of 

trails proceeded very closely to the general plan 

Fryxell laid out.  Significantly, his design included 

trails of varying difficulty.  The valley trails invited 

visitors to a leisurely afternoon, while trails up the 

canyons opened up literally mountains of opportunity 

to both hikers and mountaineers. Shaped by the 

geography of the Teton Range, the trail system 

became essential to facilitating the sport of 

mountaineering throughout the range. 
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Figure 3.  Fritiof Fryxell (seated) in the museum of Grand 

Teton National Park, c. 1930-1931.  The naturalist staff was 

hired seasonally.  
 

 Fryxell, like a few other scientists of his day, 

played a significant role in the development of the 

national parks.  Their visions for the parks ultimately 

shaped how parks portrayed nature to their public, 

and to some degree influenced how the National Park 

Service understood its mission.  For many years, 

Fryxell was sought out for consultation by the NPS 

planning staff and Educational Division in San 

Francisco. 
 

Woodring’s Hobby 
 

 Samuel Woodring, GTNP‘s first 

superintendent from 1929 to 1934, supported 

Fryxell‘s plan and made trail construction one of the 

top priorities on his list (Figure 4).  During the late 

summer of 1929, a small group of men traveled into 

the Teton Range with pack horses to scout out 

potential routes for a new trail, intended to be a 

primary attraction for the park.  Secretary of the 

Interior Ray L. Wilbur took a personal interest in the 

progress of trail building in Grand Teton National 

Park, in particular what became known as the Skyline 

Trail.  In 1930, the Superintendent reported 8 miles 

of trail building, and ―a good beginning ... on what is 

to be known as the Skyline Trail which is to traverse 

the higher country connecting Leigh Canyon, to the 

north, and Death Canyon at the southern end of the 

park.  The northern portion, beginning at Leigh Lake 

and skirting the west shore, has been completed well 

up into the canyon‖ (National Archives at College 

Park Center (NACP) Classified Files (CCF)). 

 

 A 1930 appropriation connected to the 

national Emergency Conservation Work (ECW) 

programs allowed Woodring to buy equipment and 

hire local crews for trail construction.  With the 1931 

appropriation, Woodring ordered a trail constructed 

around Jenny Lake, and the reconstruction of existing 

USFS trails to Taggart Lake, Bradley Lake and Teton 

Glacier.  Woodring called these trails ―poorly 

located.‖  

Figure 4.  In 1929, newly appointed park Superintendent 

Samual Woodring (center) led a locating party into the 

Teton Range to map out potential trail routes. 

 

 The manpower and the budgets that came 

with the CCC camps enabled Woodring to build the 

trails that Fryxell had envisioned.  During the early 

1930s, trail development proceeded rapidly.  In 

February of 1932, Woodring advised NPS Director 

Horace Albright (letters to Albright were invariably 

addressed ―Dear Mr. Director‖) ―You know, of 

course, that the Grand Teton trail system is my 

hobby, and that I am even more anxious than you are 

to complete an excellent system here‖ (CCF, NACP). 

 

 Woodring went on to note ―this is primarily 

a trail park.  The country traversed is very rough, and 

trail construction and maintenance costs are therefore 

high....  The mountains are steep and rugged and 

parts of the trails will be washed out each spring by 

streams from snowfields‖ (CCF, NACP).  The fifty 

miles of trail built in 1931 would need maintenance 

Figure 5.   On the Skyline Trail (today‘s Teton Crest Trail), 

horseback riders near the head of South Fork of Cascade 

Canyon.  Fryxell‘s vision and Woodring‘s enthusiastic 

development of park trails recognized a primary role for 

equestrian trail users. 
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each year thereafter.  The need for continuous upkeep 

meant job security for trail crews working each 

summer thereafter, including springtime clearing of 

scores of fallen trees. 

 

 Woodring never gave up his enthusiasm for 

building Grand Teton‘s trails (Figure5).  In 1931, he 

injured his ankle while scouting trail locations in the 

park.  Separated from the rest of his party, he crawled 

six hours to reach assistance, gaining a reputation as 

a heroic ranger in the process. 

 

The CCC and the loop trails 

 

 The Civilian Conservation Corps (CCC) 

established five numbered camps in Grand Teton 

National Park during the Great Depression, making 

fundamental contributions to the infrastructure of the 

park.  The CCC years comprised the glory days of 

trail construction in GTNP.  In 1932, work started on 

the Death Canyon to Cascade Canyon loop trail.  

With a crew from the CCC, this loop was finished by 

the end of the 1934 construction season.   Celebrated 

in the superintendent‘s annual report, the Death 

Canyon-Cascade Canyon trail comprised a 35 mile 

loop ―traversing the most spectacular portions of the 

Teton Range‖ (Administrative Files, NACP). 

 

 From 1930 to 1938, the CCC built trails at 

Alaska Basin, Phelps Lake, Moran Canyon, and 

Granite Canyon (Hubber and Caywood 1997).   By 

1938, the CCC had finished construction of the 

Indian Paintbrush Trail.  Superintendent Thomas E. 

Whitcraft (1936-1940) noted that ―a number of 

swaddle horse parties have taken the fine trip this 

trial makes possible‖ (Administrative Files, NACP). 

 

 Trails need to be constructed in stout 

fashion, especially in a mountainous environment 

where the geological forces of nature are in constant 

flux.  Erosion, snowmelt and rockfall comprise the 

more obvious forces at work.  Although the CCC had 

finished the Avalanche Canyon section of the Skyline 

Trail in 1933, it soon became apparent that one trail 

segment needed to be rebuilt.  Superintendent 

Whitcraft wrote about ―the perplexing problem 

annually represented by this ‗Wall Trail‘, since its 

completion in 1933 (Figure 6).  It has been necessary 

because of the danger involved, to close this section 

of trail to travel the past two seasons [1937-38].‖  In 

August 1938, Superintendent Whitcraft noted  ―A 

CCC Spike Camp (Figure 7) supervised by regular 

personnel has made good progress on the realignment 

of the Skyline Trail in South Cascade Canyon, and 

with favorable weather conditions this project 

involving the construction of a trail around the ‗Wall‘ 

at the head of Avalanche Canyon, will be completed 

during the current season ...‖ (AF, NACP). 
 

Figure 6.  Howard R. Stagner‘s 1938 ―A Naturalist‘s Guide 

to Grand Teton National Park‖ depicted the main trail route 

under The Wall at the head of S. Fk. Cascade Canyon.   

Shortly thereafter, the alternate route into Alaska Basin was 

designated the new trail location. 

 

The Limits of Trail Development 

 

 This intensive phase of trail development 

was not embraced by everyone in or out of the NPS.  

It is significant that park planning during this time 

period involved personnel from the Educational 

Division as well as landscape architects in the 

Engineering Division at the NPS Field Office based 

in San Francisco, California.  In 1933, the NPS 

regional landscape architect wrote a memo, 

suggesting that the ambitious program of trail 

construction was causing more damage than he was 

comfortable with (Hubber and Caywood 1997). 

 

 The staff at Grand Teton Park also 

experienced some divisions regarding trail 

development.  There is evidence that NPS ranger-

naturalist Raymond T. Cutter or Fritiof Fryxell 

experienced some conflict with Superintendent 

Woodring on this subject.  In a cryptic note found in 

the archives, we find this criticism of Woodring: ―He 

has one hobby-trail building—now more miles of 

trails than can be kept up.‖  Ranger Phil Smith, 

Fryxell‘s main climbing partner, was of a similar 

opinion (Fryxell Papers, AHC).   Overall, we get the 

sense that NPS officials differed on how to keep the 

primitive character of the Teton Range intact, while 

effectively administering the park. 

 Despite his enthusiasm for developing the 

park, Woodring also accepted the overall conceptual 

spirit of Fryxell‘s plan.  In a 1930 letter to Chief 

Engineer Frank A. Kittredge, NPS Director Horace 

Albright noted ―Woodring states that he does not 

believe we should construct a trail up Taggart 
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Canyon  . . . . ‗We must leave one of the larger 

canyons for our adventurers and alpine climbers‘‖ 

(CCF, NACP). 
 

Figure 7.  Spike camp for trail construction crew in the high 

country of Grand Teton National Park. 

 Much of the trail system in Grand Teton was 

constructed with horseback riding in mind.  

Woodring himself enjoyed riding, and the ranger 

staff regularly used horses to get around the park.  By 

1938, almost 85 miles of trails had been constructed 

in Grand Teton National Park.  These were the 

essence of the park‘s trail system, the rugged 

mountain trails into the heart of a climber‘s 

wonderland. 

 

Master Plans 

 

 The extent of park development comprised a 

central issue for the Park Service in the 1930s.  Most 

of the national parks started formulating master plans 

during the early 1930s, using a planning process 

initiated by Thomas Chalmers Vint and others in the 

NPS Landscape Division (Figure8).  As historian 

Linda Flint McClelland (1998) writes, this process 

integrated the landscape programs of individual parks 

―into a single, fully orchestrated process of park 

planning and development . . . .‖ The Landscape 

Division worked out of NPS Field Headquarters 

offices in San Francisco, California, where staff 

participated in a synergistic relationship with the NPS 

Educational Division. 

 

Throughout the 1930s, staff at Grand Teton 

and the Landscape Division (which in 1934 was 

renamed the Branch of Plans and Design) differed on 

the issue of building barns and patrol cabins in 

remote locations.  The disagreement went beyond 

budget, centering on development in the Teton 

backcountry.  In 1938, Superintendent Whitcraft 

advised the NPS regional director that housing trail 

crews in tents was ineffective in ―a Park of this 

nature, which is subject to very heavy snowfall, 

periods of heavy rain‖ and a short tourist season 

(Administrative Files, NACP).  The superintendent 

advocated patrol cabins to house the trail crews, 

allowing more time on the trail and greater 

convenience of access for ranger patrols, trail and fire 

crews.  The Landscape Division, on the other hand, 

preferred to err on the side of limiting development to 

maintain a primitive feel in the backcountry. 
 

 

Figure 8.  Master Plans were an essential element for 

overall planning and for budgeting.  The plan for Grand 

Teton recognized the role of equestrian, mountaineering, 

and hiking based recreation.  Courtesy National Archives at 

College Park, MD. 

 

 In 1940, architect Howard W. Baker (NPS 

Branch of Plans and Design) cautioned against the 

over-development of the GTNP trail system.  The 

developed trails should not ―be made easy for 

everyone, but remain as an adventure to mountain 

climbers.‖  Baker also suggested that ―patrol cabins 

should not be constructed in too many places and 

wherever possible we ought to cooperate with the 

Forest Service and have them patrol from the West‖ 

(AF, NACP).  Cooperation did not develop to that 

extent, as patrolling officers stopped at the 

jurisdictional boundaries. 

 

 The NPS Field Headquarters played a 

significant role in standardizing and in facilitating 

park development for the entire system.  In April of 

1932, Acting Chief Engineer A.W. Burney sent out 

trail development programs to Sequoia, Yellowstone, 

Mt. Rainier, and Grand Canyon National Parks.  In 

1933, GTNP submitted its own six-year park 

development and construction program, incorporating 

Fryxell‘s design for the trail system.  Park staff 

revised these programs along the way, using them 

alongside the budgeting process to plan the 

development of visitor facilities.  Some proposed 

projects never came to completion, such as a trail 

maintenance cabin near the head of Indian Paintbrush 

Canyon, an element of the 1935-40 plan. 
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The 1940s 

 

 During the 1940s, the trail system revolved 

around paths radiating out of park headquarters at 

Beaver Creek (just north of Moose, Wyoming) and 

from the Jenny Lake Museum.  Existing trails up 

Berry Creek in the North District and the trail to Enos 

Lake along the north shore of Two Ocean Lake were 

not advertised to the general public on a 1947 map of 

the park‘s trails. 

 

 By 1941, GTNP Park staff considered the 

trail system complete.  On July 29, 1941, GTNP 

Superintendent Charles J. Smith wrote the Director: 

―No addition to the present and approved trail system 

is recommended . . . and every effort should be 

continued to retain the Teton Mountain Region as a 

wilderness‖ (Administrative Files, NACP). 

 

Keeping trails open for public use continued 

to present challenges(Figure 4).  In 1948, Grand 

Teton Superintendant John S. McLaughlin noted that 

the ―Paintbrush Canyon-Cascade Trail has not been 

open to the public since 1941‖ due to a lack of funds 

to hire enough trail crew to clear ―the upper reaches 

of the trail of slides and snow‖  (Administrative Files, 

NACP). 

 

MISSION 66 Era Trails 

 

 The final pulse of trail building in Grand 

Teton came with the large-scale visioning and park 

system improvement project known as MISSION 66.  

A description of proposed projects for GTNP noted 

that over the years, ―many of the trails (built by the 

CCC in the 30‘s) have deteriorated, some are now 

unfit for travel, or are beyond recognition as trails.  

Much new construction work is needed to bring the 

existing trails back to par, and to rebuild some of the 

trails that have been neglected over the years‖ 

(Historic Records Collection, GTNP Archives).   

 

 During the late 1950s and early 1960s, 

GTNP added trails near the new visitor facilities at 

Colter Bay, at Signal Mountain, and near Jackson 

Lake Lodge.  Few records documenting this period of 

trail development have survived. 

 In 1955, construction of the new Jackson 

Lake Lodge and the cabins huddled around it came to 

completion, creating a clear need for easily-

accessible recreational hiking trails.  Nearby, scenic 

Emma Matilda and Two Ocean Lakes provided a 

logical destination for hikers staying at the lodge.  

These paths built upon one pre-existing trail (shown 

in a tourist map attached to the 1932 park circular) 

passing the northern shore of Two Ocean Lake, and 

bending northeast to follow Pacific Creek up to Enos 

Lake in Teton National Forest.  In 1957 construction 

budgets, staff reported this loop trail 30% complete. 

 

 
Figure 9.  Horses accomplished a great deal of trail work in 

the high country. 

Managing the backcountry 

 

 During the 1970s, park staff wrote the first 

Backcountry Management Plan for Grand Teton NP.  

By the later 1970s, the park started to receive 

numerous complaints about horses on the trails and 

the flies that people associated with horses and their 

droppings.  Clearly, a significant change was 

underway in the number of hikers relative to 

equestrian trail users. 

 

In 1989, park staff finished a significant 

revision to the Backcountry Management Plan.  This 

plan divided the trails in the park into five zones.  

Leigh Canyon served as a dividing line between 

gateway trails and trail corridors in the South District, 

and more primitive trails in the North District where 

hikers could experience ―near pristine‖ areas.  The 

1976 master plan and the 1989 Backcountry 

management plan discussed the North District Trails 

in terms of a more adventurous, primitive, or 

wilderness-oriented outing. 

 

 Planning staff noted in 1987 that of 2.25 

million annual visitors to Grand Teton NP, about 

165,000 people hiked in the backcountry, where 

about 25,000 camper nights needed accommodation, 

along with 8,000 climber overnights.  In 1986, at 

Hidden Falls the day hiker load was up to 370 people 

per hour.  On a busy day, 70 to 90 people hiked to 

Lake Solitude, illustrating the report‘s concern that 

―high elevation lakes are destinations for enough day 

hikers to cause significant impacts at Marion, 

Surprise, Laurel, and Holly Lakes and Lake 

Solitude.‖  The trail system initiated by Fryxell and 
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Woodring began to meet its limits in accommodating 

so many visitors. 

 

 

Figure 10.  Trail building also meant facilitating passage 

across rivers and over wet places.  CCC trail crews took 

pride in constructing bridges and other rustic crossings.  By 

the time of MISSION 66, many of these features needed 

rebuilding. 

 

Historical reviews of NPS trails 

 

 Park engineering staff surveyed and 

documented the trail system at GTNP, notably from 

1936-38 and in 1986.  Two valuable reports 

document additional specific details about the trails 

of Grand Teton and their historical context.  In 1989, 

Steven Mehls and Carol Drake Mehls submitted a 

―Historic Transportation Survey‖ for GTNP, 

containing an exhaustive listing and description of 

trails with their constructed features including 

footbridges and culverts (Figure 10).  Thanks to that 

assessment, by 1995 GTNP and the Wyoming State 

Historical Preservation Office were communicating 

regarding potential listing on the National Historic 

Register for the Bradley Lake Trail, Cascade Canyon 

Tr., Death Canyon Tr., Jenny Lake Tr., Leigh Lake 

Tr., N. Fk. Cascade Can. Tr., Paintbrush Canyon Tr., 

S. Fk. Cascade Canyon Tr., String Lake Tr., Taggart 

Lake Tr., Teton Crest Tr., and the Valley Trail.  Since 

that time, the physical integrity of trails remained an 

essential issue.  As Mehls noted, ―on-going work to 

correct problems caused by the extreme environment 

has led to the nearly complete rebuilding of the 

system again during the past twenty years.  As a 

result no man-made features remain on the present 

trails that are more than fifty years old‖ (Mehls and 

Mehls 1989). 

 

 A wealth of technical detail on trail 

reconstruction techniques can be found in Christian 

S. Barter et al., ―Acadia Trails Treatment Plan.‖  

Finally, a more extensive version of this report will 

be deposited with the archives at Grand Teton 

National Park. 
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 ABSTRACT  
 

 Climate change has impacted ecological 

systems in a variety of ways, leading to advancement 

in spring events, shifts in species distributions, and 

changes in phenology (the timing of life history 

events) for many plants and animals. Earlier spring 

temperatures have been correlated with earlier 

emergence of a number of butterfly species in 

Europe. It is possible that changes in the spring could 

also influence the timing of events throughout the 

season.  

 

The Clodius Parnassian (Parnassius clodius) 

butterfly has one flight per year that averages 3 

weeks in length.  The males emerge first, followed 

shortly by the females. Reproductive success of these 

butterflies depends on the timing of emergence and 

mating events. A disturbance in the timing of 

emergence between males and females could cause 

an incomplete temporal overlap between the sexes, 

leading to reproductive asynchrony. Reproductive 

asynchrony occurs when males and females within a 

population do not overlap completely in time, and it 

can significantly affect population dynamics of 

species with narrowly defined breeding periods, such 

as univoltine butterflies.   Our research examined 

how climate change may influence flight time and 

mating success in Parnassius clodius butterflies. A 

mark-recapture study to assess timing of emergence 

and mating success was performed in Grand Teton 

National Park.  Six plots were surveyed daily for 

Parnassius clodius butterflies using mark recapture 

techniques during the annual flight period from late 

June until mid-July 2009. Each captured butterfly 

was marked with a permanent marker on both of its 

hindwings prior to release. The sex and wing 

condition of each butterfly was determined and 

recorded at time of capture.  

 

A total of 838 butterflies were marked 

during the 2009 flight period, with a recapture rate of 

26%.  Preliminary examination of the data reveals the 

expected pattern of male emergence prior to female 

emergence. The emergence times appear consistent 

with other survey years.  We also observed a small 

number of unmated females at the end of the season. 

Further data analysis needs to be performed before 

any additional conclusions can be made.  This study 

provides a baseline understanding of climatic and 

phenological trends in an effort to understand how 

gender-specific emergence times and mating status of 

a common species of butterfly (Parnassius clodius) 

may be affected by climatic changes. 

 

 

 INTRODUCTION 
 

 Global climatic patterns have shown 

increased temperatures since the 1970s 

(Intergovernmental Panel on Climate Change 2007).  

Atmosphere-Ocean General Circulation Model 

(AOGCM) simulations for the Intergovernmental 

Panel on Climate Change (IPCC) estimate a 1.4°– 

5.8°Celsius temperature increase during the period 

from 1990–2100 (Cubasch et al. 2001, Notaro et al. 

2006). It is expected that warming will be increased 

over land surfaces particularly over the northern 

regions of North America and Asia (Cubasch et al. 

2001, Notaro et al. 2006). During the period from 
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2003 – 2007, the western United States had an 

average increase of 3°Celsius when compared to the 

20th century average (Saunder et al. 2008). The 

largest changes in temperatures have been recorded 

in the spring and winter (Karl et al. 1996, Hengeveld 

and Whitewood 2005, Field et al. 2007). In the 

United States and Canada, the growing season has 

increased in length an average of 2 days per decade 

since 1950 with most of the increase resulting from 

earlier spring warming (Bonsal et al. 2001, Easterling 

et al. 2000, Bonsal and Prowse 2003, Field et al. 

2007). Advancement of spring events has been 

documented in all continents except the Antarctic 

(Parmesan 2006).    

 

 These changes will have impacts on 

ecological communities at a variety of levels, from 

the individual to the population, community and 

ecosystem.  Quantifying these responses, however, is 

not always easy, so scientists must carefully select 

study organisms that are good indicators of such 

changes.  Here we began our first field season of a 

project that will examine how climate change may be 

influencing emergence times and reproductive 

success of Apollo butterflies (Parnassius clodius) in 

Grand Teton National Park.  This species is relatively 

common, easy to mark and handle, and females 

acquire a very obvious mating plug that allows us to 

determine whether they have been mated. 

 

 Many long-term studies have shown that 

climate change has altered biological systems and is 

correlated with changes in phenological patterns of a 

variety of species (Bradley et al. 1999, Gibbs and 

Breisch 2001, Parmesan and Yohe 2003, Root et al. 

2003, Menzel and Dose 2005, Parmesan 2006). The 

phenology of an organism refers to its response to 

seasonal and climatic changes in the environment. 

Phenology is tightly linked to environmental 

conditions and often evolved to maximize fitness 

(Futuyma 1998, Stenseth and Mysterud 2002). 

Therefore, phenological changes are often used to 

explore the effects of climate change on population 

and community dynamics (Thorne et al. 2006).  

 

 Phenological changes can also lead to 

population-level challenges in species that show 

gender-specific responses to climate in terms of 

emergence time or sex determination, and these 

species can be particularly good indicators of climate 

change.  Both reproductive asynchrony and protandry 

are phenological events that can be influenced by 

climate change.  Reproductive asynchrony occurs 

when there is an incomplete temporal overlap 

between males and females within a population, such 

that individuals are reproductively active for only a 

portion of the breeding period (Calabrese and Fagan 

2004, Calbrese et al. 2008). This phenomenon is 

usually present in strongly seasonal species with a 

defined breeding period such as univoltine butterflies 

which have only one emergence period per season 

(Calabrese and Fagan 2004, Calbrese et al. 2008).  

 

 Protandry, a phenological trait exhibited in 

many insect species, where males emerge before 

females, is often linked with asynchrony (Wiklund et 

al. 1977, Zijlstr et al. 2002, Calabrese et al. 2008). 

Mathematical models have shown that male mating 

success selects for protandry in univoltine species 

that mate soon after eclosion (emergence of an adult 

insect from its pupal case) (Wiklund and Faberström 

1977, Boggs 2003). The emergence and peak of the 

male population before that of the female population 

not only increases chances of finding a mate but also 

ensures that females spend less time unmated 

(Faberström and Wiklund 1982, Boggs et al. 2003).  

 

 Butterflies are useful indicators of climate 

change because they are extremely sensitive to 

environmental conditions such as temperature 

(Dennis 1993). Emergence dates show a high 

correlation with spring temperatures. Earlier spring 

warming has been correlated with earlier emergence 

of a number of butterfly species in Europe (Roy and 

Sparks 2000, Stefanescu et al. 2003). In addition, 

Forister and Shapiro (2003) reported that 70% of 23 

butterfly species in central California advanced their 

first flight date by an average of 24 days over 31 

years.  

 

 In univoltine butterfly species that have 

evolved protandry, reproductive success depends on 

the timing of emergence and mating events. If the 

earlier advancement of spring events does not affect 

males and females uniformly, a breakdown in 

evolved reproductive timing may result. Therefore, 

studies to understand the timing of emergence and 

mating will be useful in further understanding how 

climate change may affect insect species. 

  

 The objectives of this research included 

examining and comparing the emergence times 

between male and female Parnassius clodius 

butterflies and determining the number of unmated 

females at the end of the flight season. More 

specifically, because males emerge first, we expected 

that we would capture more males than females at the 

beginning of the flight season. As the season 

progressed, we expected more females would emerge 

and the proportion of males to females would change. 

During the peak flight period, we expected that mated 

females would outnumber unmated females.  
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 METHODS  
 

 Six plots were sampled in 2009 in a 

relatively flat sagebrush meadow located in Grand 

Teton National Park. Plots were 50 x 50 meters in 

size and approximately 200 meters apart. We 

conducted mark–recapture surveys during the annual 

flight period of 2009. The plots were randomly 

sampled for the presence of Clodius Parnassian 

(Parnassius Clodius) beginning June 24
th

 until July 

12
th

.  Surveys began shortly after the first butterflies 

emerged and were terminated when less than 5 

butterflies were seen in the plots. During a survey 2 

people walked within a plot to survey butterflies for a 

total of 20 minutes.  Surveys were limited to times 

between 10:00 and 17:00 hours, and when the 

temperature was above 21º C, wind was <16kmh
-1

, 

and the sun was not obscured by clouds. Parnassius 

clodius butterflies were captured using butterfly nets 

and placed in glassine envelopes until the end of the 

survey. Unmarked butterflies were marked with a 

permanent marker on the ventral side of each 

hindwing, indicating the day and plot in which it was 

caught. Day and plot information for previously 

marked butterflies was recorded at each recapture. 

The sex of each butterfly was determined based on 

external morphological differences and females were 

examined for mating status by the presence or 

absence of a sphragus (a waxy structure deposited by 

the male during mating that prevents future matings). 

Wing condition was also recorded for all captured 

butterflies. All butterflies were released from the 

center of the plot after information was recorded.  
 

 

 RESULTS AND DISCUSSION 

 

 A total of 838 butterflies were marked 

during the flight period with a recapture rate of 26%. 

The seasonal emergence pattern by sex is shown in 

Figure 1. Male butterflies emerged approximately 

June 23
rd

 and were first marked on June 24
th

. Females 

were first captured and marked on June 25
th

. The 

peak flight time for males was July 2
nd

. Females had 

two abundance peaks, one on July 5
th

 and a second on 

July 10
th

. The emergence times are consistent with 

other survey years. The ratio of males to females was 

close to 23 to 1 at the start of the flight period and 

close to 1 to 1 ratio at the end of the flight period. 

Unmated females were first observed on June 27
th

. 

The ratio of mated to unmated females was 1 to 1 

when the first unmated females were captured. 

However, as the flight period progressed, mated 

females outnumbered unmated females as much as 22 

to 1 during peak flight time. The highest numbers of 

unmated females were found on June 9
th

, which was 

1 day before the second peak of female numbers.  

Figure 1. Emergence of Parnassius clodius over the flight 

season in 2009 within meadows near Pilgrim Creek, WY. 
 

 CONCLUSIONS  
 

 Climate change has already been noted in 

many regions throughout the world. Understanding 

the how species interact and utilizing that knowledge 

to predict changes will be important for 

understanding climate change. The results from this 

study confirm the asynchrony between male and 

female emergence times. The information gathered 

from the study of female mating status provides a 

baseline for further study of the reproductive 

asynchrony.  Additional research into the dynamics 

of the system is needed to better understand the 

degree of synchrony in this location as well as other 

locations and to understand the potential ways that 

these relationships might be modified under changing 

climatic conditions. 
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 ABSTRACT  
 

The effects of increased global temperatures 

are being measured in many biological systems.  

Given the complexity of biological systems, their 

responses to a changing climate are difficult to 

predict.  Physiologic processes are particularly 

susceptible to temperature, leading to a species 

specific optimal range of habitable temperatures.  As 

global temperatures increase, species will be exposed 

to a changing range of potentially stressful 

temperatures, especially in species currently living at 

their thermal limits (e.g., alpine mammals).  

Warming temperatures may force alpine species to 

move to higher elevations to maintain 

thermoneutrality.  Ultimately, if temperatures 

increase as predicted, alpine mammals may be unable 

to move higher and may face localized extinctions.   

 

I hypothesize that, many alpine mammals 

are currently living at the upper range of their 

thermoneutral zone and, in response to warming 

temperatures; alpine mammals will experience 

ambient temperatures above their upper critical 

temperature which will limit their activity period.  I 

will measure the metabolic thermoneutral zone of 

small mammals in relation to temperature at four 

montane sites in the western U.S.  We will focus on 

small diurnal mammals (chipmunks and pikas) as 

they are prolific and susceptible to high temperatures.  

The proposed study will not only provide sorely 

needed information on the basic thermal 

requirements of numerous alpine small mammals in 

the U.S., but that information can be used to generate 

physiologically relevant models to predict future 

changes in the altitudinal ranges of these species. 

 

 INTRODUCTION 
 

The Earth has experienced substantial 

warming over the last century, with anthropogenic 

sources as the likely cause (Houghton et al., 2001).  

Within North America, mean atmospheric 

temperature has warmed by 0.7 C during the past 

century, leading to heterogeneous changes in 

precipitation across the continent.  Houghton et al. 

(2001) predicted that individual physiographic 

regions of the USA will show unique alterations in 

response to warming trends.  For example, the Sierra 

Nevada is predicted to have increased winter rainfall, 

less snowfall, more summer drying, and increased 

temperatures.  In contrast, the Rocky Mountains will 

show an altitudinal increase in the winter-spring 

snowline, increased snowfall combined with earlier 

snowmelt, and increased summer temperatures and 

drying.  Alterations in large-scale climate patterns are 

predicted to have important effects on species 

inhabiting these montane regions of the western 

United States.  Many of these predictions are already 

being observed by scientists, including changes in 

phenology (Post and Stenseth 1999), species 

distributions (Payette 1987, Floyd 2004, Gian-Reto et 

al. 2005), body size (Smith, Browning & Shepherd, 

1998; Fernández-Salvador et al. 2005), reproductive 

output (Lewis 1993), hibernation patterns (Inouye et 

al. 2000, Blumstein et al. 2004), and community 

structure (Brown et al. 1997).     

 

Biological systems are complex making it 

difficult to predict responses to climate change. As a 

result, McCarthy et al. (2001) state ―there is a strong 

need for a long-term comprehensive system to 

monitor forest health and disturbance regimes over 

regional scales that can function as an early warning 
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system for climate change effects on forests.‖  In 

addition, McCarthy et al. (2001) warns that climate 

change can lead to loss of specific ecosystem types, 

such as high alpine areas.  Complicating matters, it is 

not known whether species have the ability to adapt 

to rapidly changing environments through normal 

evolutionary processes (Berteaux et al. 2004, 

Humphries et al.  2004).   

 

 Monitoring the health of species requires an 

understanding of their basic requirements, many of 

which are based in their physiologic needs.  At the 

basest level, living beings are constrained by their 

ability to tolerate various physical conditions 

(McNab 2002).  Species have a range of ambient 

temperatures they can comfortably endure.  Outside 

this range, individuals experience stress and 

eventually death.  As global temperatures increase, 

species will be exposed to a warmer range of 

temperatures, some of which may place sensitive 

species in a thermally stressful environment.   

 

 Alpine species are rarely, if ever, exposed to 

high temperatures and will likely show the greatest 

response to warming.  Their only options may be to 

move to higher, colder areas on the mountain or 

perish. Ultimately, if temperatures increase as 

predicted, alpine adapted mammals may be unable to 

move higher and may face localized extinctions.  

Unfortunately, national parks across the United States 

are reporting that mammalian species are already 

moving to higher altitudes.  For example, in 

Yosemite National Park, the American pika, 

Ochotona princeps once found at Olmstead Point 

(elevation 2,500 m), no longer occurs at these lower 

elevations, and may be facing extinction pressure, as 

has been observed on other western mountains 

(Beever et al. 2003). 

 

 

 METHODS  
 

Capture of Animals  

 

Animals will be captured using standard 

traplines of Tomahawk (model 201) traps baited with 

rolled oats and black oil sunflower seeds mixed with 

peanut butter (Yellow-pine chipmunks Neotamias 

amoenus and Least chipmunks N. minums) or locally 

collected vegetation (Amerincan pikas).  Traps will 

be set in the early morning (just after sunrise) and 

checked every 2 hours.  All traps will be closed from 

12:00–16:00 hrs to prevent thermal stress to captured 

animals.  Captured animals will be weighed, sexed, 

assessed for reproductive condition, and have 

numbered eartags applied to each ear.  Due to their 

fragility, pikas require modified trap methods, which 

are discussed below.  All fieldwork will be conducted 

under the auspices of an approved animal care and 

use protocol and meet guidelines recommended by 

the American Society of Mammalogists (Gannon and 

Forbes 2007). 

 

Pikas are easily stressed, especially during 

warm or cold weather (>70 F or <45 F) and will be 

trapped using open mesh traps to prevent 

overheating.  Traps will be set in the talus on a stable 

rock and covered on all sides, back, and top with 

additional rocks that will protect the animal from sun, 

precipitation, and predators.  Traps will be opened 

early in the morning and checked every 2 - 4 hrs, 

depending on weather conditions.   

 

Traps containing pikas will be placed into a 

cloth bag for immediate transport to the on-site 

metabolic chamber.  Pikas will be transferred to an 

anesthesia jar, which consists of a see-through plastic 

jar with airholes perforating the bottom to prevent the 

build-up of carbon dioxide.  A small perforated 

container (film canister) containing cotton soaked 

with a liquid anesthesia (isoflurane) will be placed in 

the larger anesthesia chamber with the pika.  

Following anesthetization pikas will be removed 

from the chamber, weighted, sexed, given eartags, 

and placed into the metabolic chamber. 

 

Figure 1. Field setup of the portable metabolic chamber.  

The metabolic chamber is powered through a portable 

generator (right) and all metabolic equipment is contained 

within the vehicle. 

 

Metabolic Response Curves  

 

Trials to measure metabolic parameters 

(thermal-neutral zone; upper/lower critical 

temperature) will be performed in the field using a 

Sable Systems Inc. metabolic chamber (Hayes and 

O‘Connor 1999, Campbell and Hochachka 2000, 

Terblanche et al. 2006).  The Sable Systems 
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Figure 2. Example of a metabolic response curve following analysis using the Expedata analysis program.  The graph 

shows VO2 (top graph) and VCO2
 (bottom graph) of a single animal (Yellow-pine Chipmunk) at a single temperature (10 C).  

Baseline data obtained from ambient airflow is shown to the left and right of the vertical lines (labeled baseline above) and 

airflow from the animal subject is shown in the center (labeled chamber).  Metabolic rates are calculated as the average VO2 and 

VCO2 addition across the entire chamber.    

 

Metabolic Chamber is highly mobile and will be 

brought to the site of capture, powered by a portable 

generator (Figure 1).  Individuals will have their 

metabolic rates measured in situ which will reduce 

problems associated with capture, transport, and 

housing stress which may influence metabolic rates.  
 

Metabolic rates (Figure 2.) will be measured 

using a flow through respirometry system (Sable 

Systems, Inc., Las Vegas, NV).  Individual animals 

will be placed into individual respirometry chamber 

(950 ml volume) and attached to airflow lines.  

Individual respirometry chambers will be placed into 

a controllable environmental chamber.  To prevent 

dehydration and allow individuals access to food 

resources, an apple slice will be provided to 

individuals inside the respirometry chamber.  Apple 

slices will not affect metabolic measurements and 

during preliminary metabolic trials the addition of 

apple slices for water reduced problems with 

dehydration.  Individuals will be subjected to a series 

of metabolic trials at increasing/decreasing 

temperatures.  At each temperature that the 

environmental chamber is set, each individual animal 

will be subjected to a metabolic trial.  Each metabolic 

trial will consist of a 5 min baseline of ambient air, 

followed by a 15 min sample of the animal‘s 

respirometry chamber, followed again by a 5 min 

baseline.  After all four individuals have run a 

metabolic trial the temperature in the environmental 

chamber will be adjusted to the next experimental 

temperature and animals will be allowed to acclimate 

to the new temperature for 45 min.  Experimental 

environmental temperatures will range from 10 C to 

40 C and will be adjusted in 3 or 5 C increments.  

Due to their lower heat tolerance, pikas will not be 

subjected to high temperatures (>28 C).  Following 

metabolic trials, all animals will be returned to the 

point of capture and released.  

 

Airflow to the respirometry chambers will 

be pumped at a rate of 500 ml/min and 300 ml/min 

for pikas and chipmunks respectively using 

individual Mass Flow Systems (Sable Systems, Las 

Vegas, NV) that standardize and monitor flow rates.  

After exiting the respirometry chambers, air will be 

directed through a computer controlled Baselining 

Unit and Multiplexor (Sable Systems, Las Vegas, 

NV) that will allow individual respirometry chambers 

or ambient air to enter the analyzer and be recorded 

by a laptop computer.  Air being analyzed will flow 

into a Relative Humidity Meter (RH-300, Sable 

Systems, Las Vegas, NV) and then into the O2, CO2, 

and barometric pressure analyzer (Foxbox, Sable 

Systems, Las Vegas, NV).  All data (airflow rate, 

ambient barometric pressure, chamber relative 

humidity, oxygen and carbon dioxide concentration, 

and environmental chamber temperature) will be 

   Baseline                        Chamber                             Baseline 
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recorded to a computer file using the UI-2 Controller 

(Sable Systems, Las Vegas, NV).   

 

 

 

 

Data files will be analyzed using 

EXPEDATA (Sable Systems, Las Vegas, NV) for 

each recording, baseline concentrations of O2 and 

CO2 obtained from ambient airflow will be used to 

calculate percent use of O2 and percent addition of 

CO2 by the animal.  Rates of O2 depletion and CO2 

addition (ml/hr) will be calculated as the product of 

flow rate and percent depletion/addition.  Rates of O2 

depletion and CO2 addition will be averaged across 

the entire 15 min sample from the respiration 

chamber resulting in a single metabolic response 

value (ml/hr) at the given environmental temperature.   

 

Therefore, each individual chipmunk and 

pika will have a series of metabolic rates at given 

environmental temperatures.  These temperature-

metabolic rate values will then be plotted to give the 

metabolic response curve.  The upper critical 

temperature of these metabolic response curves will 

be calculated using a breakpoint analysis (Robbins 

1986, Nickerson et al. 1989) that will identify the 

point at which metabolic rates increase in response to 

warming temperatures.   

 

 

 RESULTS 
 

               During the summer of 2009, preliminary 

work was done in two Rocky Mountain sites: Grand 

Teton National Park (GTNP), Wyoming and Rocky 

Mountain Biological Lab (RMBL), Colorado.  The 

purpose of the preliminary season was to show that the 

proposed methodology would be viable, not harm the 

animals, and provide cost-effective data and research 

experience for students.  In the summer of 2009, I took 

one student to GTNP and RMBL to perform the 

preliminary study.  We captured and ran metabolic 

trials on 12 pikas, 10 Least chipmunks, and 3 Yellow-

pine chipmunks.  During the preliminary study, data 

was successfully obtained, no animals were harmed, 

and all animals were released following metabolic 

trials.  I feel confident that the proposed methodology 

will work and provide the necessary information for 

this study.   
 

I collected data during the preliminary study 

and I am currently working on analyzing these data.  

For each animal at each temperature a data file is 

generated (Figure 2) resulting in a series of data files 

for each individual analyzed.  These files require a 

number of steps to transform the raw data file into 

standardized VO2 and VCO2 traces (Figure 2).  A 

mean VO2 and VCO2 will be calculated across the 

15-min trial period and used to generate the 

metabolic response curves. 

  

 

 DISCUSSION  

 
Metabolic Response Curves  

 

I am currently analyzing the data files 

obtained during metabolic trials during the summer 

of 2009.  A problem with the relative humidity sensor 

was discovered after the summer session.  The 

humidity sensor was not calibrated properly and was 

overestimating water vapor in the chambers and 

throwing off the results.  The humidity sensor was 

calibrated properly and a correction factor was 

calculated and applied to the summer data.   

 

 
Sierra 

Nevada/Cascade  Rocky Mountains 

Species 
Yosemite 

NP 
Lassen 

NP  

Rocky 

Mtn Bio. 
Lab 

Grand 

Teton 
NP 

Golden-mantled 

Ground Squirrel 

(Spermophilus 
lateralis) X X  X X 

Belding‘s Ground 

Squirrel (Spermophilus 

beldingi) X X    

Thirteen Lined Ground 

Squirrel (Spermophilus 
Tridecemlineatus)    X  

Lodgepole Chipmunk 

(Neotamias speciosus) X X    

Alpine Chipmunk 

(Neotamias alpinus) X X    

Yellow Pine 

Chipmunk (Neotamias 
amoenus) X X  X X 

Least Chipmunk 

(Neotamias minimus)    X X 
Uinta Chipmunk 

(Neotamias umbrinus)    X X 
Allen‘s Chipmunk 

(Neotamias senex) X X    

Long-eared Chipmunk 
(Neotamias 

quadrimaculatus) X X    

Colorado Chipmunk 
(Neotamias 

quadrivittatus)    X  

American Pika 
(Ochotona princes) X X   X X 

      

Table 1.  Potential study species of diurnal sciurids and the 

American pika found in alpine habitats of the western 

United States.  
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In addition, I traveled to the Sable Systems 

Company (Las Vegas) and received additional 

training on analyzing summer data.  Because of the 

field nature of data collection, special procedures are 

required to analyze the data.  Specifically, drift in all 

of the gas analyses occurs as a result of changes in 

the ambient temperature associated with the warming 

of the day.  However, I now know how to deal with 

such drifting problems.   

 

The major goal of the summer 2009 data 

collection was to try our methods in real field 

situations and identify potential problems.  I have 

accomplished this goal and have determined that data 

was obtained easily and is viable for the intended 

study.  In addition, we have identified additional data 

that can be recorded to help with climate models.  

Specifically, I intend to add a behavioral component. 

I intend to measure daily ambient temperature cycles 

in various microclimates (open sunshine, shaded 

forest, under rocks, etc) and associate them with the 

activity of individuals.  

 

During the summer of 2010 I hope to 

complete the measurement of metabolic rates for all 

species of interest (Table 1).  In addition, I intend to 

observe focal animals of each species and measure 

the daily behavior and activity while simultaneously 

measuring daily temperature changes using small 

Thermochron iButtons placed in various 

microclimates.  I will record when an individual 

becomes active, what behaviors it performs, and what 

microclimate it occupies.   

 

During the summer of 2010, we hope to 

provide an opportunity for a graduate student and 2 

undergraduate students to accompany me and take 

part in the study.  Although there were some 

problems with the 2009 data collection, I still 

obtained useful data and hope to continue data 

collection in 2010.     
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 INTRODUCTION 
 

 The Greater Sage-grouse (Centrocerus 

urophasianus) population within Jackson Hole has 

been declining over the past 60 years (Holloran and 

Anderson 2004).  Currently, several unknown 

population parameters may affect population models, 

such as nesting productivity (and annual variation 

therein), nest initiation and re-nesting rates, sex ratio 

of chicks produced, chick survival, and annual sub-

adult and adult survival rates.  While previous 

research has investigated some of these demographic 

parameters for the Jackson Hole sage-grouse 

population (Holloran and Anderson 2004); those 

estimates may not be adequate due to sample size 

limitations.  Further, there are new constraints on this 

population due to drastic changes in the wintering 

habitat from wildfires since those estimates were 

obtained.  

 

Different demographic parameters have 

been suggested as the limiting factors for the grouse 

population in Jackson Hole.  Holloran and Anderson 

(2004) proposed that an increase in female survival 

and a large increase in fertility (production) would 

result in an increase in overall population size. 

However, using estimates from Holloran and 

Anderson (2004), McDonald (2006) developed a 

stochastic model that suggested adult survival was 

the limiting factor for the Jackson Region, not 

productivity.  Both studies used estimate parameters 

from other populations within their models and 

suggested better estimates of survival and 

productivity were needed to refine those models due 

to sample size constraints for data collected by 

Holloran and Anderson (2004).  

 

We have been able to collect data to obtain 

estimates of sub-adult and adult survival rates, 

nesting success, re-nesting rates, and productivity for 

the population of sage-grouse in Jackson Hole.  

However, to obtain accurate population growth 

models and to identify limiting factors of the Jackson 

Hole grouse population, it is imperative to have 

accurate estimates of all demographic information of 

the population in question (McDonald 2006).  As 

such, we initiated a project to investigate the chick 

survival rates in Jackson Hole to complete the sage-

grouse demographic estimates needed.  

 

 

 METHODS  
 

 We used our sample of previously radio-

marked females to locate nests during the spring and 

early summer of 2009.  Females were monitored 

every 2-3 days to determine if they localized at a nest 

site.  Once localization occurred, we approached the 

nesting female to within 30 m and circled the nest 

location.  We then monitored nesting females every 

2-3 d from >100 m to determine when she left the 

nest site.  After the hen left, we returned to the site to 

find the nest and determine the outcome of the 

attempt by examining egg shell remains (Connelly et 

al. 2003).  If the nesting attempt was successful, we 

located broods by radio tracking the brood hen from 

2-6 days after hatching.  Sage-grouse chicks were 

caught by hand and 1.5 g radio transmitters 

(Advanced Telemetry Systems, Insanti, MN; <4% of 

chick body mass at time of capture) were placed on 

all chicks captured (Figure 1).  Prior to attempting 

captures on chicks, we de-scented our clothing and 
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wore rubber boots and gloves as a precaution against 

later predator detection of the chicks due to handling 

(Connelly et al. 2003).  Transmitters were attached to 

chicks using the suture method described in 

Burkepile et al. (2002), as other methods of 

attachment, such as backpack transmitters and 

implants have proven to be unsuitable for fast-

growing, precocial species (Hubbard et al. 1996). All 

chicks were released simultaneously to ease hens 

gathering broods after handling (Burkepile et al. 

2002).   

 

 Once outfitted, we re-located hens every 2 

days and determined if the outfitted chicks were 

within 40 m of the hens and therefore assumed to be 

alive.  If chicks were not located near the hen, we 

exhaustively searched for the chick and examined the 

surrounding area for transmitters/remains as evidence 

of predators to determine cause of death (Hennefer 

2007).  

 

 
Figure 1.  Outfitting chicks with transmitters. 

 

 RESULTS  
 

 We attempted to outfit sage-grouse chicks 

from the first broods found in 2009. The first capture 

attempt was on 11 June, five days following a 

successful nesting attempt by a hen with nine chicks 

hatched.  Upon flushing, the hen acted with typical 

defense behavior and flushed >20m away.  We 

immediately began searching the area for chicks and 

only found one hiding below thick antelope 

bitterbrush (Purshia tridentate).  We placed this 

chick in a holding bag while we exhaustively 

searched the area for more chicks without success.  

We outfitted the chick with a transmitter, took a 

feather sample and released the chick within 15 min 

after capture.  On 12 June, we attempted to locate the 

chicks from another hen that hatched six young two 

days prior. Upon flushing the hen, we were able to 

locate a total of three chicks and all were outfitted 

with transmitters.  On 22 June, we were only able to 

locate and capture two chicks from a brood of nine, 

two days post-hatch. Both were fitted with 

transmitters.   

 

 We followed the first chick for a total of 59 

days post-hatch and concluded this chick successfully 

fledged.  Of the three chicks in the second brood 

captured, we found one chick transmitter 4 days after 

attachment. There was no sign of the chick or 

predation so the fate of the chick could not be 

determined.  On the same check date, the other two 

transmitters from that brood were not with the hen 

nor could be located. We subsequently flushed the 

hen who exhibited no signs of having chicks (e.g., 

defensive behavior, flushing very short distances). 

We determined this hen had lost her entire brood.  

We were unable to locate the transmitters on a 

subsequent telemetry flight.  One of the two chicks 

from the final brood was found intact with the 

transmitter still attached two days post-capture.  

Upon examination, we found a blockage in the 

digestive tract but could not accurately determine 

cause of death.  The other chick‘s transmitter was 

found on the same day with no trace of the body or 

evidence to suggest death or attachment failure.  

 

 

 DISCUSSION  

 

 Our original study plan to document chick 

mortality and causes of death included outfitting all 

chicks from every brood monitored during the 2009 

field season (n = 68 chicks from 10 nests). We 

quickly realized that we could not locate all the 

chicks from a brood, as has been done in similar 

studies (e.g., Burkpile et al. 2002, Gregg et al. 2007).  

Based on that capture rate and the lack of information 

gathered from mortalities, we decided the disturbance 

to our study animals did not outweigh the cost of 

gathering these few data. We subsequently 

abandoned the remainder of the study.  

 

 A flush count at 30 days post-hatch 

indicated the outfitted chick from the first brood was 

one of four that survived the late brood-rearing 

period. From the second brood outfitted with 
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transmitters, we concluded that a predation event 

likely occurred that caused the death of all chicks in 

the brood. This is also supported by the fact we could 

not locate two of the three transmitters which may be 

indicative of a predation event (Gregg et al. 2007).  

An early brood count from the final brood indicated 

that at least two chicks from that clutch survived to 

15 days post-hatch. 

 

 Based on early (15 days post-hatch) and late 

(30 days post-hatch) flush counts, we estimate an 

87% mortality rate during the early brood rearing 

phase and of those who survive a 33% mortality rate 

from the early to late brood-rearing period.  Overall, 

there was a 92% chick mortality rate based on brood 

counts. This estimate is much higher than studies in 

other areas based on telemetry data (Burkpile et al. 

2002 74%, Gregg et al. 2007 78%, Hennefer 2007 

78%).  We, however, do not know the extent of brood 

swapping or un-flushed chicks which may over 

estimate our chick survival estimates based on brood 

counts. 

 

 Hennefer (2007) also attempted to use 

micro-transmitters on sage grouse chicks to estimate 

survival and causes of mortality but found similar 

issues to this study.  In Gregg et al. (2007), the 

researchers assumed that lost transmitters were a 

result of predation and that transmitters found by 

themselves with no evidence of the chick were not a 

result of predation. These assumptions have obvious 

implications for overall survival rates and may not 

accurately reflect the truth of what happened.  Similar 

to our study, Hennefer (2007) found no unsuspected 

causes of death and concluded that the cost of 

increased stress to the study animals did not outweigh 

the knowledge gained from the study, especially in 

small and recovering populations. Jackson Hole 

however is host to ca. 400 individuals and the sample 

size of chicks needed to adequately address the 

objectives of this study is unrealistic due to the 

capture difficulties encountered. 

 

 It is our suggestion that in small populations 

of sage grouse, such as Jackson Hole, that radio 

transmitters to assess mortality for chicks should not 

be used.  Based on our limited observations, it 

appears that gathering valid data on causes of 

mortality is unlikely. Further, finding transmitters by 

themselves lends to assumptions about chick survival 

that may not be accurate. Coupled with the problems 

we encountered catching full broods, we feel that the 

discontinuation of this study was warranted and 

estimates of productivity are better assessed using a 

combination of brood counts and adult/juvenile ratios 

during lek counts.  
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 ABSTRACT 
 

Biologists have long been interested in the 

response of small mammals and their habitat following 

natural disturbances. The Greater Yellowstone Area 

(GYA) fires of 1988 have provided opportunities to 

study short and long term responses. This study 

continues investigations conducted in the 1990‘s 

following identical methodology at the same sites now 

21 years post-fire. We live trapped 256 Clethrionomys 

gapperi (Red-backed Vole), 116 Peromyscus 

maniculatus (Deer Mouse), 44 Tamius minimus (Least 

Chipmunk), 28 Zapus princeps (Western Jumping 

Mouse), two Microtus montanus (Montane Vole), 1 

Thomomys talpoides (Northern Pocket Gopher) and 37 

shrews (Sorex ssp.). These results support findings 

from other investigations regarding the initial early 

dominance of P. maniculatus in burn areas and C. 

gapperi in control or non-burn areas, and as time has 

progressed since the burn, differences between burn 

and control sites (as measured by community diversity 

indices) has decreased. As expected calculated 

Shannon diversity indices (H‘) in 2009 are higher for 

at least one of the burn sites than in previous years as 

the habitat recovers to pre-burn conditions.  
 

 

 INTRODUCTION 

 
Biologists have long wondered about the role 

of disturbance in shaping communities, but few studies 

have looked at long term responses following natural 

disturbances such as fire.  Most have looked at shorter 

time frames (ten years or less), made comparisons  

 

 

among different sites, or investigated the role of 

manmade disturbances (e.g., prescribed burning).  Few 

studies have specifically investigated the short and 

long term changes in small mammal communities 

(rodents and shrews) in response to natural forest fires, 

but trends and patterns have emerged from previous 

work.  An excellent review of this growing body of 

literature for boreal forests is provided by Fisher and 

Wilkinson (2005).  In the early stages (0-10 years) of 

recovery post-fire, defined as the initiation stage (Lee 

2002), small mammal responses are variable and often 

include changes in relative abundance within the 

community rather than outright species replacements 

over time.  The generalist deer mouse (Peromyscus 

maniculatus) typically responds positively in the years 

following fire and is often the most numerically 

dominant species.  Data for the southern red-backed 

vole (Clethrionomys gapperi) are sometimes 

conflicting, though most suggest rapid recolonization 

post-fire even though the species is believed to be an 

old-growth specialist.  Given that grasses are common 

in the years immediately following fires, the presence 

of grassland species such as meadow voles (Microtus 

pennsylvanicus) and meadow jumping mice (Zapus 

hudsonius) is not surprising.   

 

Less is known regarding the response of 

insectivores to fire disturbances.  Since they feed on 

invertebrates, correlative responses to habitat change 

are less predictable as is the case with granivores and 

folivores (Kirkland and Parmenter 1977).  None the 

less, the loss of ground cover (leaf litter, e.g.) and a 

shift to a more xeric microhabitat is likely to adversely 

affect the shrew community in the initiation stage. 
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The extensive 1988 fires of the GYA have 

provided biologists with an opportunity to study the 

short and long term effects of a natural disturbance on 

small mammals and of the correlative or causative 

relationships between successional stages of the 

vegetative community and small mammal community 

structure.  Previous studies by Stanton et al. (1991), 

Spildie (1994), and Seville et al.(1998) at Huckleberry 

Mountain, Wyoming have investigated small mammal 

communities and habitat structure in both burned and 

unburned grids at 3, 4, 6, 9, 10 and 21 years post-fire 

near Huckleberry Mountain in Grand Teton National 

Park.  We wish to continue the previous work and 

investigate not only the microhabitat structure, but 

ultimately relationships between habitat change and 

small mammal community structure following another 

season of collection in 2010.  In 2009 we focused on 

small mammal community structure in burned and 

unburned grids, and microhabitat structure in the 

immediate vicinity of randomly selected trap stations.  

Given Taylor‘s (1973) assertion that diversity is 

highest 25 years post-fire, the time has come to revisit 

the sites at Huckleberry Mountain and investigate the 

small mammal communities and the corresponding 

changes in habitat structure.  

 

This study investigates the structure of small 

mammal communities and the habitat in both burned 

and unburned grids 21 years after the fire.  Our 

specific objectives are to: 

 

1.  Determine the composition of small mammal 

communities 22 years post-fire in burned and adjacent 

unburned grids using identical locations and 

methodologies of previous investigations. 

2.  Collect habitat structure data from burned and 

unburned grids following similar sampling protocol 

from previous investigations. 

3.  Compare the community structure of small 

mammals from this study with previous investigations 

from Huckleberry Mountain. 

 

 

 METHODS 

 
Trap effort (number of traps/grid, trap nights, 

and location) followed exactly the protocol from 

previous work at these locations.  For one week during 

June, July, and August 2009 we sampled the identical 

burned (2) and unburned (2) 1 hectare trapping grids 

on Huckleberry Mountain studied by Stanton et al. 

(1991,1992), and Seville et al.  (1998).  All grids are 

located in Teton County Wyoming, Grand Teton 

National Park, 10.5 north of the junction with Leeks 

Marina road along highway 287.  Specific UTM 

coordinates for each grid (all in zone 12) are:  east 

facing burn 0525026, 4877860; east facing control 

0524534, 4877666; west facing burn 0525026, 

4877410; west facing control 0525020, 4877386. 

 

During each 4-day trapping period at each 

grid, 100 Sherman traps were placed (100 stations/ha, 

10 m apart) and baited with rolled oats and peanut 

butter.  Traps were opened between 1530 and 1730 

and checked between 0500 and 0830 the following 

day.  Cotton batting was placed in each trap for 

insulation/nest construction.  Pitfall traps were placed 

at every fourth trap station (25pitfalls/grid) to capture 

insectivores.  Captured animals were uniquely ear 

tagged and classified by species, sex, age class 

(juvenile or adult) and reproductive condition, weighed 

to the nearest gram and released where caught.  

Animals and traps were handled in accordance with 

current USFS employee guidelines for handling small 

rodents with the potential to transmit hantavirus.  All 

field investigators wore HEPA half-mask respirators.  

At the end of each trapping session, all traps were 

cleaned with a 10% bleach solution.   

 

Habitat data were collected from 80 randomly 

selected trap stations (20/grid).  Data gathered at each 

trap station included distance to nearest tree (within 

5m of trap station), diameter at breast height for tree, 

distance to nearest sapling (within 5 m of trap station), 

diameter at breast height for sapling, distance to 

nearest seedling (within 5 m), distance to nearest shrub 

(with 5m), percent ground cover (in a 1 square meter 

area) for grass, herbaceous, leaf litter, bare ground, 

coarse woody debris, and logs.  In addition, a 5m tape 

was placed down in the four cardinal directions (N,S, 

E, W), and at any point coarse woody debris crosses 

the tape, distance was measured from the trap station 

and the diameter of the woody debris obtained.  

Diversity within sites was estimated using the 

Shannon-Wiener Index (H‘ = - pi log pi) and 

compared with indices from previous years.   

 

 

 RESULTS 
 

Ten species of mammals and 485 individuals 

were captured in 2009, including 256 C. gapperi, 116 

P.  maniculatus, 44 Tamias minimus, 28 Zapus 

princeps, 9 Sorex cinereus, 8 S. monticolus, 2 Microtus 

montanus, 1 Tamiasciurus hudsonicus, 1 S. merriami, 

and 1 Thomomys talpoides.  Nineteen Sorex have not 

yet been identified to species.  Total numbers of 

species by grid are provided in Table 1.   
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Table 1. Total number of each species captured per grid in 

2009.  EFB: east facing burn, EFC: east facing control, 

WFB: west facing burn, WFC: west facing control. 

  EFB EFC WFB WFC Total 

Clethrionomys 

gapperi 31 58 54 113 256 

Microtus 

montanus 0 1 1 0 2 

Peromyscus 

maniculatus 50 32 22 12 116 

Sorex 

cinereus 2 3 0 4 9 

S. monticouls 4 3 0 1 8 

S. merriami 0 1 0 0 1 

Sorex spp. 7 7 4 1 19 

Thomomys 

talpoides 0 0 0 1 1 

Tamiasciurus 

hudsonicus 0 0 1 0 1 

Tamias 

minimus 9 10 16 9 44 

Zapus 

princeps 9 3 o 16 28 

  112 118 98 157 485 

 

The east facing grids harbored more diverse 

small mammal communities than the west facing 

grids, and in the respective east/west facing slopes, 

community structure was similar. Shannon-Wiener 

diversity indices for the 2009 season are as follows:  

east facing burn: 0.60509; east facing control: 

0.57142; west facing burn: 0.49662; west facing 

control: 0.43459. 

 

 Extensive amounts of habitat data were 

collected, and final analyses investigating 

relationships between small mammals and habitat 

structure will not be performed until a second year of 

data are collected in 2010, but basic summaries of 

select habitat features typical of each grid and likely 

important to small mammals are included in this 

report.  Informal comparisons of percent cover for 

herbaceous cover, grass cover, and litter cover for 

each grid are shown in Figures 1-3 respectively.  

Herbaceous cover is relatively greater in control 

girds, grass cover is greater in burned grids, and leaf 

litter is similar among all grids regardless of 

burn/control.  Burn grids also have fewer and smaller 

trees and larger diameter saplings than control grids 

(Table 2). Comparisons of proportions of small 

 
Figure 1.  Herbaceous cover classes on the 4 grids during the 

summer of 2009.  1: 0-25% cover; 2: 26-50% cover; 3: 51-75% 

cover; 4: 76-100% cover.   

 
Figure 2.  Grass cover classes on the 4 grids during the summer 

of 2009.  See Figure 1 for a description of cover classes.   

 
Figure 3.  Litter cover classes on the 4 grids during the summer 

of 2009.  See Figure 1 for a description of cover classes. 
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mammals by grids for the 1997, 1998 and 2009 

seasons are illustrated in Figure 4-7.  Clethrionomys 

gapperi dominates the communities in both control 

grids.  Peromyscus maniculatus dominates the 

community in the east facing burn, but not in the west 

facing burn relative to C. gapperi.   Also, as time 

progresses, the number of rare species (e.g., Tamias 

minimus) increases in the burn grids.  No species 

breakdown for shrews is available for the 1998 field 

season, so for these comparisons, all shrews are 

lumped into Sorex sp. 

 
Table 2. Comparison of prevalence of trees, including 

DBH, among the four grids.  See Table 1 for abbreviations. 

  EFB EFC WFB WFC 

Percent sites with trees 

(DBH > 10cm) 15 95 0 100 

Mean tree DBH (cm) 11 21.68 na 22.95 

Mean  sapling DBH 

(cm) 5.94 4.05 5.1 3.16 
 

 

 
 

Figure 4.  Number of individuals per species for 1997, 

1998, and 2009 for the east facing burn.  

 
Figure 5.  Number of individuals per species for 1997, 

1998, and 2009 for the east facing control.   

 

        

 
Figure 6.  Number of individuals per species for 1997, 

1998, and 2009 for the west facing burn.  Note the 

fluctuation of Clethrionomys gapperi among the 3 studies.  

Compared to the east facing burn, Peromyscus maniculatus 

does not dominate the community. 
 
 

 
Figure 7. Number of individuals per species for 1997, 1998, 

and 2009 for the west facing control.   

 
 

Table 3 includes total numbers (by grid and 

for all years) for the two most common species (P. 

maniculatus and C. gapperi).  Given equal effort in 

trapping, direct comparisons of total numbers are 

feasible, but there is a wide range of total captures 

from year to year.  Patterns, if present, are difficult to 

detect.  There is also a large fluctuation in numbers 

between years (for example, the voles in EFC).  

Some grids exhibit interesting trends (for example, 

the decrease in deer mice in recent studies versus 

those done immediately following the fire).  

 

Figure 8 illustrates changes in Shannon-

Wiener diversity indices for the 4 grids for all studies 

since 1991.  Immediately following the fires, the 

small mammal communities at the burn and control 

grids differ for both the west and east facing grids.  
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Over time, the diversity (as measured by the indices) 

for burned and control grids for small mammal 

communities converge for the respective e/w slope. 

 
Table 3. Total numbers of red backed voles and deer mice 

trapped on each grid for all years. 

Clethrionomys 

gapperi 

 

East 

Facing 

Burn 

East 

Facing 

Control 

West 

Facing 

Burn 

West 

Facing 

Control 

Total 

for 

year 

 

1990 5 46 3 48 102 

 

1991 21 81 40 110 252 

 

1997 19 49 19 57 144 

 

1998 10 24 7 15 56 

 

2009 31 58 54 113 256 

Peromyscus 

maniculatus 

 

East 

Facing 

Burn 

East 

Facing 

Control 

West 

Facing 

Burn 

West 

Facing 

Control 

 

 

1990 80 21 55 4 160 

 

1991 140 43 66 19 268 

 

1997 41 1 5 2 49 

 

1998 41 8 10 1 60 

 

2009 50 32 22 12 116 

 
              

 
Figure 8.  Values of Shannon Diversity Indices for the 

small mammal communities among the four grids over time 

since the first studies in the early 1990s.  Abbreviations for 

grids are provided in Table 1.   

 

 

 DISCUSSION 
 

Other investigations conducted in 

Yellowstone and Grand Teton National Parks and 

nearby forests have provided data on the composition 

of small mammal communities post-fire.  Barmore, 

Taylor, and Hayden (1976) trapped small mammals 

in Grand Teton National Park (GTNP) immediately 

after the Waterfalls Canyon fire in 1974 and reported 

that burned sites had higher densities of deer mouse 

and yellow-pine chipmunk (Tamias amoenus) than 

control  on burn and control grids.  Wood (1981) 

studied two burned (1974 and 1976) and two adjacent 

unburned spruce/fir/lodgepole forests in YNP in 1978 

and 1979 and reported three abundant species: the 

southern red-backed vole, the deer mouse, and the 

yellow-pine chipmunk.  Trap success was higher in 

unburned forests for the former and higher in the 

burns for the latter two, although the red-backed vole 

was the most abundant species in both burned and 

unburned sites.  Finally, Zwolak and Foresman 

(2007) investigated the response of small mammals 

for two consecutive years following a forest fire in 

Montana.  They reported an abundance of deer mice 

and reduced numbers of red backed voles and shrews 

as compared to unburned sites. 

 

Results from the 1997-98 studies at 

Huckleberry Mountain for short term responses are 

somewhat consistent with other similar studies.  The 

deer mouse dominated the east facing burn grid ie 

immediate years following fires (Figure 4), but not 

the west facing burn.  The red backed vole was more 

common in non-burned grids than the deer mouse.  

However, red back vole numbers did fluctuate, 

especially in the west facing burn (Figure 6) and in 

this grid, unlike the east facing burn, the deer mouse 

did not dominate.  However, in the undisturbed sites, 

numbers of deer mice were relatively lower than red 

backed voles.  The red backed vole clearly dominated 

mature habitats.  These results are consistent with the 

summary of conflicting results for the vole provided 

by Fisher and Wilkinson (2005).  However, very 

small sample sizes in 1997-1998 (relative to other 

investigations) make any final conclusions tentative 

until abundance estimates are considered (see below). 

 

Less is known regarding small mammal 

responses in the establishment stage (Lee, 2002) 11-

25 years post fire in boreal forests.  The same species 

are often present, but relative abundances differ.   

Roy, Stelfox,and Nolan (1995) showed that red 

backed voles and masked shrews were common, but 

still less abundant than in old growth stands.  Other 

species such as meadow voles and meadow jumping 

mice were uncommon or absent, presumably from 

habitat changes and limited food resources.  Deer 

mice, though still common, were at a lower relative 

abundance than earlier years.   

 

Results from 2009 are fairly consistent with 

previous findings.  The same species are present 

among the grids 10-11 years later (21 years post fire), 

though proportions within the community are 

different than in previous years.  Red backed voles 

are more common in control versus burned sites, 

though differences between them are less than in 

previous years. For the east facing grids, proportions 

of red backed voles are greater in control versus 

burned sites, similar to the results of Roy et al. 

(1995).  However, again the west facing burn has an 

unexpectedly high proportion of red backed voles, 

similar to the results in 1997.  Reasons for such an 

unusually large number of voles is unclear, but 
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proportions may be misleading, especially from small 

sample sizes in 1997 (Table 3).  Ideally, estimates of 

population abundance from 2009 may help to clarify 

potentially misleading proportional data and such 

estimates can be compared to previous years (Seville 

et al. 1997).  Unfortunately abundance estimates (also 

sensitive to sample size) for the two dominant species 

(P. maniculatus and C. gapperi) have not been 

calculated for 2009 primarily because of violated 

assumptions for the required model (Mt) utilized in 

the program CAPTURE.  A large number of trap 

mortalities due to inclement weather raises concerns 

over the ―capture-recapture‖ nature of abundance 

estimators.  Models that can employ ―removal‖ data 

will be applied and estimates from previous years 

will be recalculated with the same models for 

comparative purposes.  Such analyses and results will 

be finalized following the 2010 field season.  Until 

then, any conclusions must be viewed as tentative.  

None the less, it is clear that the same species are 

present, but their relative proportions are changing.  

In the burn grids, the less common species (e.g., 

Tamias minimus, Zapus princeps) are becoming more 

common as habitat recovers. 

 

To our knowledge there have been no 

published investigations of long-term responses of 

shrews to fire in the Rocky Mountain region.  Shrews 

known to occur in northwestern Wyoming include 

the dusky shrew (Sorex monticulus), dwarf shrew (S. 

nanus), masked shrew (S. cinereus), Merriam's shrew 

(S. merriami), and water shrew (S. palustris) (Clark 

1973, Clark and Stromberg 1987, Spildie 1994). We 

collected 37 shrews and at least three species among 

the 4 grids (Table 1).  Species breakdowns are not 

available from some of the previous studies, but such 

data are available from 1994 and 1997.  Spildie 

(1994) reported that 90% (N = 40) of shrews captured 

in pitfall or live-traps at the Huckleberry Mountain 

study site were masked shrews  In 1997, the research 

team captured 49 shrews representing three species: 

S. monticolus, S. cinereus, and S. nanus.  We did not 

capture S. nanus, but did recover S. merriami, the 

first time this species has been seen on any grid.  

Shrew species richness is increasing over time.  Also, 

in at least one case, proportions of shrews (when 

lumped into a Sorex category) is increasing over time 

in the east facing burn, but such a pattern is not 

evident in the west facing burn.  Whether this 

discrepancy is because of sampling error or 

microhabitat structure remains to be determined. 

 

 The changes in small mammal communities 

from the initiation to the establishment stages noted 

above naturally correspond to changes in the 

structure of the habitat.   As Fisher and Wilkinson 

(2005) note, ―small mammal abundance increases 

with stand age after fire, in a manner that corresponds 

with species-specific habitat association.‖  Though 

abundance estimates are forthcoming, and 

relationships between small mammals and the 

microhabitat structure will not be formally analyzed 

until after the 2010 field season, the habitats between 

burned and control grids are different based on data 

collected during the summer of 2009.  Grasses 

provide greater coverage in the burned sites than in 

control sites, and herbaceous cover is less.  However, 

some features, such as litter, are quite similar 

regardless of grid.  Trees are still rare on the burned 

grids, but sapling density is high relative to control 

sites.  How do these structural features relate to 

community structure?  It will be very interesting to 

see if any relationships are uncovered.  However, 

even in the absence of formal analyses, it is apparent 

that sufficient cover (leaf litter) is supporting diverse 

populations of shrews, and that low grass cover and 

high herbaceous cover are affiliated with large 

numbers of red backed voles. 

 

 

 FUTURE WORK 
 

We will return to Huckleberry Mountain in 

the summer of 2010 and continue the long-term study 

of the responses/structure of the small mammal 

communities following the 1988 fires.  As has been 

done in previous years, location and protocol will be 

identical.  Following the trapping sessions, a 

thorough comparison of all study years (where 

complete data are available) will track changes in 

small mammals and associated habitat structure.  

Additionally, analyses will be performed to 

characterize the habitat change and structure to better 

understand the effect habitat structure has upon 

structuring small mammal communities. 
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  ABSTRACT  
 

 Many ungulate populations have lost access 

to their traditional migration routes and seasonal 

ranges, resulting in rapid and severe population 

declines.  Some ungulate populations have been able 

to adapt to living year-round on one seasonal range 

and persist despite loss of migration.  However, our 

understanding of how ungulates adapt their habitat 

selection and foraging strategies in order to 

compensate for migration loss is poor.  This study 

investigates how a formerly migratory, now 

sedentary and isolated, bighorn sheep (Ovis 

canadensis) population persists year-round on high-

elevation summer range in the Teton Range in 

northwest Wyoming.  We captured and GPS-collared 

20 bighorn ewes throughout the Teton Range in 

February 2008 and an additional 8 ewes in March 

2009.  In 2008, ninety percent of captured ewes were 

pregnant, and 100% were pregnant in 2009.  During 

summers 2008 and 2009, we located and observed 

GPS-collared ewes, determined lamb survival, 

collected fecal samples for diet composition analysis, 

conducted vegetation surveys, and observed time-

budgets.  We found that 50% of lambs survived until 

at least mid-summer in 2008 and 60% survived in 

2009.  We observed differences in movement 

patterns between GPS-collared ewes during the 

summer seasons, ranging from 5 km to a maximum 

of 15 km.  At this time, eight GPS-collared ewes 

have died (4 in avalanches, 1 from predation, and 3 

unknown).  This study is ongoing and will be 

completed in 2011.  Results will directly contribute to 

management of this non-migratory and isolated 

bighorn sheep population, and will shed light on how 

a formerly migratory ungulate population has been 

able to persist on high-elevation range year-round.   

 

 

  INTRODUCTION  
 

 Animal migration is one of the most 

spectacular natural phenomena on the planet.  

Despite its inherent appeal to the human imagination, 

we are only beginning to understand the connections 

between migration, ungulate population limitation, 

and the ecological consequences of migration 

disruption and loss (Bolger, Newmark et al. 2008).  

Over the past two centuries, ungulate migrations 

around the world have been threatened due to human 

activities, commonly in the form of anthropogenic 

barriers or land conversion coupled with habitat loss 

(Bolger et al. 2008).  Where migration routes have 

been disrupted or lost, the result is often rapid 

population decline and at the extreme, local 

extinction (Newmark 1996; Mwangi 1998; Bolger et 

al. 2008).  For example, between the late 1970s and 

1990s, there was an 81% decline in the wildebeest 

(Connochaetes taurinus) population in the Masai 

Mara ecosystem in southern Kenya attributed to 

conversion of wet season calving and breeding range 

to agricultural uses (Ottichilo et al. 2001, Serneels 

and  Lambin 2001).   

 

 Loss of access to winter, dry season, or 

breeding ranges appears to reduce carrying capacity, 
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although the exact nature of the mechanisms and 

effect on ungulate populations is unclear (Bolger et 

al. 2008).  While some ungulate populations 

experience severe declines and local extinctions after 

the loss of traditional migration routes, some 

populations continue to persist, although with lower 

numbers (Whitfield 1983).  In such cases, it is 

unknown how ungulate populations behaviorally 

adapt to living year-round on one seasonal range.  

Our current understanding of ungulate migration 

losses begs the following questions: How do 

ungulates alter their habitat selection strategies in 

order to survive in a sub-optimal habitat for at least 

part of the year?  What novel pressures do sedentary, 

non-migratory ungulates face and how do they cope 

with them?  Which species and ecosystems are best 

able to persist after migration routes have been lost? 

 

 Due to their specialized habitat requirements 

(i.e., proximity to escape terrain, good horizontal 

visibility) bighorn sheep (Ovis canadensis) have a 

naturally fragmented distribution, with habitat 

patches connected by traditional non-habitat 

movement corridors (Risenhoover et al. 1988; Bleich 

et al. 1990, Valdez and Krausman 1999).  This 

naturally fragmented distribution was exacerbated by 

the arrival of Euro-Americans to the West in the late 

1800s, which caused a catastrophic decline of 

bighorn sheep numbers due to the combined effects 

of disease (primarily scabies caused by the Psoroptes 

mite), overhunting, competition for forage with 

domestic livestock, and displacement from winter 

range (Buechner, 1960).  This decline resulted in 

many small, isolated populations and loss of 

traditional migration corridors (Risenhoover et al., 

1988).  More recent habitat losses from agricultural, 

industrial, and recreational developments, fire 

suppression, and anthropogenic barriers to movement 

such as roads and fences have led to further 

disruptions of historic bighorn sheep migrations and 

inter-population connectivity.  Since bighorn sheep 

are poor colonizers of new habitats (Risenhoover et 

al., 1988), they are particularly vulnerable to 

population decline and local extirpation from loss of 

traditional migration routes and seasonal range 

reduction.   

 

 Like many ungulates, most bighorn sheep 

populations undertake seasonal altitudinal migrations 

(Shackleton et al. 1999).  Seasonal altitudinal 

movements allow bighorn sheep to access the highest 

quality and most digestible forage available within 

their home range.  Bighorn sheep are able to take 

advantage of low elevation vegetation growth in 

spring and follow new growth to higher elevations, 

accessing nutritious forage into mid and late summer 

(Klein 1965).  Hebert (1973) concluded that 

altitudinal migration was essential to maintaining 

seasonal bighorn sheep nutrition.   

 

 The Teton Range bighorn sheep herd in 

northwest Wyoming is an example of a sheep 

population that has abandoned its historic migration 

to low-elevation winter range.  Prior to the arrival of 

Euro-American settlers to Jackson Hole and Teton 

Valley in the late 1800s, bighorn sheep wintered in 

the foothills and valleys surrounding the Teton 

Range.  However, due to a number of factors 

including human development, widespread domestic 

sheep grazing, fire suppression, and construction of 

roads and fences, bighorn sheep abandoned their 

historic migration routes and by the mid-1900s 

became a non-migratory, isolated population 

summering and wintering at high elevations in the 

Teton Range (Whitfield 1983, Reid and Cain 1996).  

Nevertheless, the herd continues to persist and 

provides us an opportunity to investigate how an 

ungulate population responds to migration loss.  

 

The main objectives of this study are to: 1) 

compare bighorn sheep habitat selection during 

summer and winter, and 2) evaluate bighorn sheep 

avoidance of suitable winter habitats where human 

recreation occurs.  These objectives will be addressed 

mainly with data from GPS-collars and winter field 

work.  However, we are also gathering supplemental 

information during summer seasons about relatively 

unknown vital rates for this population (i.e., adult 

mortality and lamb survival), forage selection, and 

time-budgets (time spent foraging vs. time spent 

vigilant) to compare with data from migratory sheep 

populations.  We hypothesize that in order for this 

non-migratory population to persist year-round on 

high elevation summer range, they may exhibit 

different foraging strategies and anti-predator 

behaviors than migratory sheep populations in similar 

habitats.   

 

STUDY AREA 

 

 The Teton Range bighorn sheep herd resides 

year-round at high elevations in Grand Teton 

National Park (GTNP), Bridger-Teton National 

Forest (BTNF), and Caribou-Targhee National Forest 

(CTNF) (Figure 1).  The Teton herd is Wyoming‘s 

smallest and most isolated native herd – a remnant 

population of perhaps 100-150 sheep derived from a 

much larger bighorn sheep complex that historically 

occupied northwest Wyoming.  Unlike many other 

bighorn sheep herds in the Rocky Mountain West, the 

Teton herd has yet to experience a transplant to 

augment population size (Hurley, 1996). 
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Figure 2. Bighorn sheep capture locations in the Teton 

Range, February 2008 (red) and March 2009 (blue). 

Figure 1. Project study area.  

 

 Growing recognition of the tenuous status of 

the Teton bighorn sheep population and the need for 

interagency cooperation in managing the herd led to 

the formation of the Teton Range Bighorn Sheep 

Working Group (TRBSWG) in 1990.  This group 

identified a number of threats to the herd‘s future 

persistence including small population size, genetic 

isolation from surrounding herds, limited and poor 

quality winter range, and disturbance from increasing 

winter backcountry recreation (Teton Range Bighorn 

Sheep Working Group 1996).  Wildlife biologists and 

managers in the area are striving to develop effective 

strategies to manage this herd without having to 

augment numbers with a transplant. 

 

 

  METHODS 
 

Capture and GPS-collaring  

 

 To evaluate bighorn sheep seasonal habitat 

selection, Telonics GPS store-on-board collars 

(Telonics, Inc., Mesa, Arizona, U.S.A.) were 

deployed on 20 ewes in February 2008.  Ewes were 

captured by net-gunning from a helicopter (Leading 

Edge Aviation, Lewiston, Idaho) throughout the 

Teton Range (Figure 2).  The GPS collars are 

programmed to collect a GPS fix every five hours 

during the winter (15 November – 15 April) and 

summer (15 June – 15 September) and every 25 

hours during the fall (16 September – 14 November) 

and spring (16 April– 14 June).  The collars are 

programmed to drop off on 15 July 2010, yielding 

about 2 ½ years of data.  During captures, blood (20 

cc) was collected from all ewes for pregnancy and 

disease analysis, and ear swabs for mite testing.  

Fecal, tissue, and an additional blood sample were 

collected from all ewes for contribution to a genetic 

study being implemented by Grand Teton National 

Park.  In addition, we estimated age with horn ring 

counts, and we recorded capture and release times.   

 

 In March 2009, we captured and GPS-

collared an additional 8 bighorn ewes, implementing 

the same capture techniques as in the previous year 

(Figure 2).  We collected the same biological samples 

for pregnancy, disease, and genetic testing, recorded 

horn rings, capture and release times, and weighed 

individuals. 

Monitoring adult mortality 

 

 In order to monitor for GPS-collared sheep 

mortalities and obtain general locations of sheep 

throughout the study period, monthly telemetry 

flights were conducted with a fixed-wing aircraft 

(Sky Aviation, Driggs, Idaho).  These flights were 
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increased to two times per month during the summer 

season (June – August) to assist field crews in 

locating GPS-collared sheep from the ground.  All of 

the GPS collars contain an activity sensor, which is 

programmed to switch the collar to mortality mode 

after 6 hours of inactivity (VHF pulse rate switches to 

100 beats per minute instead of 45 BPM for an active 

animal).  Mortalities were investigated as soon as 

possible on the ground with standard necropsy 

procedures.     

 

Summer field data collection 

 

 During summers 2008 and 2009, we 

collected data in the field to enhance our 

understanding of bighorn sheep demography, diet, 

and time-budgets in the Teton Range.  After the 

completion of data collection in summer 2010, we 

will compare the forage selection, time-budgets, and 

lamb survival of the non-migratory Teton bighorn 

sheep population with findings from studies of 

migratory sheep populations in similar habitats.  

 

Lamb survival 

 

 During summers 2008 and 2009, field crews 

monitored lamb survival for GPS-collared ewes from 

June to August.  Field crews spent 4-5 days in the 

backcountry at a time, and located and observed each 

GPS-collared ewe at least four times to determine the 

presence or absence of a lamb.  We identified 

lamb/ewe pairs by observing suckling behavior.  In 

bighorn sheep, it is rare for a ewe to allow a lamb 

other than her own to suckle (Valdez and Krausman 

1999).  In addition to lamb survival, we also recorded 

bighorn sheep group sizes and composition.   

 

Diet composition 

 

 We collected bighorn sheep fecal samples 

from June to August 2008 and 2009 for diet 

composition analysis at the Washington State 

University Wildlife Habitat and Nutrition Laboratory 

in Pullman, Washington.  Fresh samples from 2008 

were combined into three composite samples to 

represent bighorn sheep diets in June, July, and 

August.  Fecal samples from 2009 were combined 

into three composite samples to represent diets in 

July for the southern group, July for the northern 

group, and August for the southern group.  Our aim 

was to compare diet composition between months 

and between the northern and southern groups.  

Major forage plants (>5% of diet) and the percent 

content of forage classes (grass, shrub, forbs, etc.) 

were identified.  These data will be compared to 

other bighorn sheep foraging studies to determine 

whether this herd selects summer forage differently 

than migratory sheep herds.   

 

Time-budgets 

 

 Non-migratory and migratory ungulates may 

exhibit different seasonal patterns of foraging and 

vigilance behaviors.  Non-migratory bighorn sheep 

that winter at high elevations may have to spend 

more time foraging and less time being vigilant 

during the summer in order to consume enough 

calories to survive on relatively marginal forage 

during the winter.  Bighorn sheep in the Teton Range 

may be forced to rely on their fat reserves during 

winter to a larger extent than migratory populations.  

During summer 2008 and 2009, field crews located 

groups of bighorn sheep and conducted time-budget 

observations to determine percent of time spent 

foraging vs. percent of time spent vigilant for 

predators.  After locating a group, we observed each 

individual in the group for 15 minutes, and calculated 

the proportion of time spent foraging, vigilant, 

moving, standing, and bedded.  We began individual 

observations only when an animal was actively 

feeding or searching for food (Frid 1997).  In 

addition, a group scan was conducted every 5 

minutes during each 15-minute observation period 

and behaviors were recorded for all individuals in the 

group.  For each focal individual, we recorded sex, 

approximate age, and presence of lamb, as well as 

group size, composition, and estimated distance from 

escape terrain, all of which have been found to 

influence anti-predator behavior in ungulates (Berger 

1978, Frid 1997, Lung and Childress 2006).   

 

 

  RESULTS & DISCUSSION   

 

Captures 

 

 The average estimated age of captured ewes 

was 4.35 years (min = 1 year, max = 8 years) in 2008 

and 3.25 years (min = 2 years, max = 4 years) in 

2009.  The average weight of ewes in 2009 was 59 kg 

(min = 50 kg, max = 66 kg).  Average processing 

time for captured ewes in 2008 was 10 minutes (min 

= 5 minutes, max = 13 minutes), and 16.5 minutes 

(min = 9 minutes, max = 28 minutes) in 2009.  The 

increase in 2009 was due to extra time needed for 

weighing individuals.      

 

Pregnancy and disease testing 

 

 Pregnancy testing revealed that 17 of 19 

ewes of reproductive age (90%) were pregnant in 
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Figure 3. GPS location data downloaded from ewe 543.  The GPS-collar was retrieved after the ewe died in an 

avalanche in December 2009, 10 months after capture.   

2km 

2008.  In 2009, 100% of ewes were pregnant.  These 

percentages suggest sheep are gaining sufficient fat 

during summer on high-elevation range to become 

pregnant and maintain reproductive status through 

late-winter.     

 

 In 2008 and 2009, captured ewes tested 

negative or had extremely low titers for 12 common 

bighorn sheep diseases: caprine arthritis encephalitis, 

ovine progressive pleuropneumonia, infectious 

bovine rhinotracheitis, bovine viral diarrhea, 

parainfluenza virus, respiratory synctial virus, 

bluetongue, Johne‘s disease, Brucella ovis, wildlife 

brucellosis serology, epizootic hemorrhagic disease 

virus, and Psoroptes mites.  These results indicate 

very low previous disease exposure for this isolated 

population.  Mannheimia haemolytica was isolated 

from tonsil and nasal swabs from one captured ewe, 

although she remains alive and show no visual signs 

of being affected by the bacteria.  Of special note are 

the low titers results for parainfluenza virus, to which 

nearly 100% of Wyoming ungulates have been 

exposed (H. Edwards, pers. comm.).   

 

 For the time being, these results are 

reassuring because they do not indicate any 

immediate disease threat to the Teton herd.  

However, the low titers suggest that this population is 

naïve to many diseases, which puts it at risk of a 

severe population decline if a disease does turn up in 

the future.  Also, the tradeoff of benefits and risks of 

a potential transplant will have to be seriously 

considered by wildlife biologist and managers.  The 

risk of introduction of disease into the Teton herd 

through a transplant may outweigh the benefit of 

increasing population numbers and genetic diversity.      

   

Adult mortality and lamb survival 

 

 Thus far, 8 GPS-collared bighorn ewes have 

died during the study period.  Three were killed in 

spring avalanches, 1 died in a winter avalanche, 1 

was predated by a mountain lion, and 3 died of 

unknown causes (Figure 3).  This mortality rate for  

adult females appears high especially for a relatively 

small population, however, our sample at this time 

remains low.  

 

 We observed each GPS-collared ewe at least 

4 times throughout the summer field seasons and 

determined that 50% of lambs from GPS-collared 

ewes survived until at least mid-summer in 2008 and 

60% in 2009, which is a typical summer survival rate 

(Geist 1971, Valdez and Krausman 1999).  Very little 

is known about the demography of this isolated, non-

migratory herd, so even though our sample size is 

small, gathering information on lamb survival and 

adult mortality is informative to managers in 

determining the need for a future demographic study 

or monitoring efforts.  We will continue to collect 

lamb survival data during summer 2010. 

 

Summer observations and movement 

 

 In summer 2008, we observed 229 bighorn 

sheep (many are repeat observations) on 42 different 

occasions.  In summer 2009, we observed 356 sheep 

on 81 different occasions.  The increase in summer 

2009 in observations likely is a reflection of 

increased knowledge of the study area and efficiency 

in finding and observing sheep groups.  The average 

group size observed in 2008 was 5.5 individuals (min 

= 1, max = 16) and in 2009 it was 4.4 individuals 

(min = 1, max = 20).  Between monitoring flights and 
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Figure 5. Time-budget observations for summer 2009, 

depicting average proportion of time spent for different 

behaviors (n = 60 sheep). Most time is spent feeding or 

licking mineral deposits from rocks.  
Figure 4. Flight (red) and ground (blue) observations of 

bighorn sheep groups during summer 2009.  

ground observations, we documented different 

movement tendencies between GPS-collared ewes 

during the summer seasons.  Movements ranged from 

5 km throughout the summer, up to a maximum of 15 

km.  Once we are able to collect the GPS-collars in 

July 2010 and download locations for each sheep, we 

will be able to gain a better understanding of the 

habitat selection strategies driving these movement 

differences (Figure 4).    
 

 

Diet composition 
 

 During summer 2009, we conducted 20 

vegetation surveys at locations where bighorn sheep 

were observed foraging.  Over summers 2008 and 

2009, we collected 72 fresh bighorn sheep fecal 

samples, which were analyzed for diet composition.  

We are currently working on determining forage 

selection be comparing forage availability in 

vegetation plots and forage selection in fecal 

samples.  In general, it appears that bighorn sheep in 

the Teton Range rely most heavily on sedges, 

grasses, and shrubs early in the summer, and then 

switch to more forbs later in the summer (while 

sedges and shrubs decrease in the diet over the 

summer, grasses are consistent).  Major forage plants 

(>5%) include bluegrass (Poa spp.), brome (Bromus 

spp.), sedges (Carex spp.), milk-vetch (Astragalus 

spp.), geranium (Geranium spp.), desert parsley 

(Lomatium spp.), lupine (Lupinus spp.), penstemon 

(Penstemon spp.), buttercup (Ranunculus spp.), 

willow (Salix spp.), and snowberry (Symphoricarpos 

spp.).  In total, 36 plant genera were identified in the 

composite fecal samples. We plan to continue our 

collection of fecal samples and vegetation surveys in 

summer 2010. 

 

Time-budgets 

 

 During summer 2008, we completed time-

budget observations on 53 individuals within 21 

groups.  During summer 2009, we completed 

observations on 60 individuals within 30 groups.  We 

began time-budget observations when groups were 

foraging.  Bighorn sheep spent most of their time 

feeding (42%) or licking mineral deposits (15%) 

during summer 2009 (Figure 5).  
 

 

  MANAGEMENT IMPLICATIONS 

  

 The Teton Range bighorn sheep population 

has lost access to its historical winter range and 

migration patterns, which are threats facing many 

ungulate populations today.  Results from this study 

will shed light on how this bighorn sheep population 

has adapted to wintering at high-elevations year-

round and how the habitat selection strategies are 

different from migratory populations.  This study will 

expand our understanding of the consequences of loss 

of migration on ungulate populations, the strategies 

that some may develop in order to persist, and the 

taxa and ecosystems that may more easily support 

non-migratory populations.   
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 The results from this project will 

immediately contribute to decision-making by local 

wildlife managers at GTNP, BTNF, CTNF, and the 

WGFD and inform effective future bighorn sheep 

conservation and management strategies in the Teton 

Range.  Knowledge of the foraging and habitat 

selection strategies use by this population to cope 

with living year-round on summer range will inform 

future management efforts to sustain this small sheep 

herd.  This study will be completed in 2010 and 

results will be published in peer-reviewed scientific 

literature and presented at various national and 

regional scientific conferences.     
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 INTRODUCTION 

 
 Biological diversity results from speciation, 

which generally involves the splitting of an ancestral 

species into descendant species due to adaptation to 

different niches or the evolution of reproductive 

incompatibilities (Coyne and Orr 2004). The diverse 

flora and fauna of the world, including the native 

inhabitants of the Greater Yellowstone Area (GYA), 

exist as a result of the speciation process. The central 

role speciation plays in generating biological 

diversity imbues importance to our understanding of 

this process. The general importance of a thorough 

understanding of speciation is amplified because of 

the current high rates of extinction on the planet. This 

is because a long term solution to the present 

extinction crisis will require maintaining the 

processes that create species (speciation) not simply 

preventing extinction. However, many central 

questions regarding speciation remain to be 

answered. One fundamental question in speciation 

research is whether diverging species are isolated 

(i.e., prevented from interbreeding) due to differences 

in one, a few, or many characters and whether each 

of these character differences results from different 

alleles at a few or many genes. For example, 

speciation and reproductive isolation might involve 

divergence along multiple phenotypic axes, such as 

mate preference, habitat use or preference, and 

phenology (the timing of life-cycle events). 

Alternatively, isolation could result from 

differentiation of a single character. I propose to 

address this question by assessing patterns of 

variation for a suite of characters across a hybrid 

zone between two butterfly species. This is possible 

because patterns of character variation across hybrids 

zones allow for inferences about reproductive 

isolation (Barton and Hewitt 1985).  

 

 The habitat diversity and geographic 

location of Grand Teton and Yellowstone National 

Parks provide an ideal opportunity to study speciation 

and hybrid zones. The topographic diversity of these 

parks allows a variety of different habitats (e.g. 

mountain forests, arid plains, meadows, alpine zones, 

etc.) to occur in close physical proximity. This 

feature allows for incipient species that have adapted 

to different habitats to come into contact, which 

provides the opportunity to study the morphological, 

behavioral, and genetic changes that partially isolate 

incipient species. The situation for studying 

speciation in Grand Teton and Yellowstone National 

Parks is further improved because these parks occupy 

a geographic region of North America where the 

ranges of many recently or incompletely 

reproductively isolated species overlap. This is 

because many incipient species that diverged in 

eastern and western glacial refugia during Pleistocene 

ice ages have since shifted their ranges to the Rocky 

Mountains.  

 

 My project focuses on a specific pair of 

incipient butterfly species, the Northern Blue 

butterfly (Lycaeides idas) and the Melissa Blue 

butterfly (Lycaeides melissa), that have come into 

contact in the GYA following the retreat of 

Pleistocene glaciers (Gompert et al. 2010). These are 

small butterflies in the Lycaenid family that are 

notable for the iridescent blue color on the dorsal 

surface of male wings. The Northern Blue is found in 

moist meadows and forest clearings from Alaska to 

the Rocky Mountains, whereas the Melissa Blue is 

found in more arid environments such as prairies and 

shrub-land throughout the western United States. 

These butterflies have several subtle differences in 

morphology and feed on different larval host-plants 
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(Gompert et al. 2010). In the GYE, Northern Blue 

populations have a single generation per year with 

adults active from mid-July to early August; Melissa 

Blue populations have at least two generations per 

year with adults active in June or early July and again 

in late July or August (Z.G. personal observation, 

summer 2008 and 2009). My previous work 

demonstrated that Northern Blue and Melissa Blue 

butterflies interbreed in this region and have formed a 

hybrid zone (Gompert et al. 2010). This hybrid zone 

between the Northern and Melissa Blue is an ideal 

system to address the question of whether a few or 

many characters are typically involved in 

reproductive isolation.  

 

 The objective of this project is to identify 

specific characters that contribute to isolation 

between Northern Blue and Melissa Blue butterflies 

and determine whether these constitute a few or 

many characters. I will be focusing on the following 

characters: male genitalic morphology, wing pattern 

morphology, male mate preference, female 

oviposition preference, diapause emergence 

conditions, and diapause initiation conditions. Data 

from morphological characters have been previously 

reported and published (see Gompert et al. 2010 for 

details). For each character, I will first determine 

whether differences exist between Northern and 

Melissa Blue butterfly populations. Characters that 

do not differ are unlikely to contribute to 

reproductive isolation. Character differences will be 

assessed using a series of field and lab experiments 

coupled with Bayesian parameter estimation. For 

those characters that differ between Northern and 

Melissa Blue populations, we will also collect 

experimental data across the hybrid zone. We will 

contrast the geographic pattern of variation across the 

hybrid zone for each of these characters with the 

pattern of variation for neutral genetic markers using 

analytical methods derived from geographic cline 

theory (Barton and Hewitt 1985). Characters with 

significantly narrower geographic transitions between 

Northern Blue-like and Melissa Blue-like than 

expected given patterns of neutral molecular markers 

will be identified as likely being involved in 

reproductive isolation. The number of characters with 

geographic patterns of variation that indicate a 

potential contribution to reproductive isolation will 

provide a preliminary answer to the question of 

whether these species are isolated by a few or many 

characters. Because these butterfly species still 

hybridize, the estimate of the number of characters 

involved in isolation will underestimate the number 

of characters necessary for isolation between these 

species to be complete. The proposed research will be 

followed by extensive genetic mapping of these 

characters and population genetic analyses to verify 

these results. 

 

 

  METHODS 
 

 I intend to assay male mate preference, 

female oviposition preference, and diapause initiation  

in two Melissa Blue populations (Lander, WY lat: 

42.65°N long: 108.36°W; Victor, ID lat: 43.66°N 

long: 111.11°W), two Northern Blue populations 

(Bunsen Peak, WY lat: 44.93°N long: 110.72°W; Siyeh 

Creek, MT lat: 48.77°N long: 113.72°W), and five 

populations from the Rocky Mountains hybrid zone 

(Bull Creek , WY lat: 43.30°N long: 110.55°W; 

Blacktail Butte, WY lat: 43.64°N long: 110.68°W; Mt. 

Randolf, WY lat: 43.86°N long: 110.40°W; Shadow 

MT., WY lat: 43.70°N long: 110.61°W; Hayden Valley, 

WY lat: 44.68°N long: 110.50°W). We will estimate 

male mate preference for Northern Blue and Melissa 

Blue female wing patterns by assaying approximately 

25 male butterflies from each of these populations. 

This will be done by placing pairs of model females 

(made by printing high quality wing patterns from 

photographed butterflies) with Northern Blue and 

Melissa Blue wing patterns at each population in the 

presence of males searching for mates. The behavior 

of individual males will then be recorded, specifically 

we will record which model individual males 

approach. Similar experimental designs have been 

effective for testing male mate preference in 

butterflies (Jiggins et al. 2001, Fordyce et al. 2002). 

Approaching males will be captured using insect nets 

and retained for future morphological and genetic 

analyses. We will use Bayesian statistical models to 

estimate mate preference for each population and test 

for differences in this preference between Northern 

Blue and Melissa Blue populations.  

 

 I will also test for variation in female 

oviposition preference (i.e., female preference for 

laying eggs on alternative larval host plants). 

Approximately 25 females will be collected from 

each of the 11 populations. Each female will be 

placed in a small oviposition arena (made from 

plastic cups) with equal amounts of plant material 

from a Northern Blue host plant (Astragalus miser) 

and a Melissa Blue host plant (Medicago sativa). 

Females will be allowed to lay eggs on these plants 

for 48 hours. I will then remove each female and 

count the number of eggs laid on each host plant 

species. Eggs will be retained for the next set of 

experiments (see next paragraph) and female 

butterflies will be retained for future morphological 

and genetic analyses. This experimental design has 

been used previously to assess oviposition preference 
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in the Northern and Melissa Blue. Females generally 

lay between 10 and 100 eggs. As above we will use 

Bayesian statistical models to estimate oviposition 

preference for each population and test for 

differences in this preference between Northern Blue 

and Melissa Blue populations.  

 

 Finally, I will conduct two experiments to 

test for potential causes of differences in adult flight 

season and number of adult broods (i.e., two 

components of phenology) between Northern Blue 

and Melissa Blue populations. The first of these 

experiments will test for differences in the number of 

cold days required for eggs to complete their dormant 

stage (diapause emergence), which should affect the 

onset of the adult flight. The second experiment will 

test for differences in whether eggs laid by adults 

enter diapause or directly develop as larvae (diapause 

initiation), which should affect the number of adult 

broods per year. The diapause emergence experiment 

will involve maintaining the collected eggs (from the 

oviposition preference tests, above) at 2-4° C to 

simulate winter beginning in mid-September. 

Monthly, from February to May of the following year 

we will place five eggs from each female in a growth 

chamber kept at 25° C with 16 hours of light and 8 

hours of dark and record the proportion of larvae 

from each female hatching after being removed from 

winter conditions. We will use Bayesian models to 

estimate the effect of family and population on the 

proportion of larvae emerging after 5, 6, 7, or 8 

months of simulated winter. All larvae that hatch will 

be reared to adults for the diapause initiation 

experiment. We will rear larvae at 25° C under either 

16 hours of light and 8 hours of dark or 10 hours of 

light and 14 hours of dark to determine sensitivity of 

entering diapause to photoperiod. Individuals from 

each family will be split evenly between the two 

treatments. Adults from each treatment will be mated 

and we will record the proportion of each reared and 

mated females' eggs that develop directly into larvae 

versus entering diapause. Similar to diapause 

emergence experiment, we will use Bayesian models 

to estimate the effect of family, population, and 

environmental treatment on the proportion of eggs 

entering diapause. These results will be contrasted 

between Northern and Melissa Blue populations.  

 

 

 Geographic patterns of hybridization (i.e., 

geographic clines) provide insight into the processes 

affecting hybridization dynamics and can be used to 

identify characters involved in reproductive isolation. 

We will estimate parameters for geographic cline 

models using maximum likelihood for each of the 

characters above using the software Cfit7. We will 

then test whether these clines can be explained well 

by a model in which they are constrained to be 

concordant with the geographic cline in overall 

genomic composition based on neutral genetic 

markers (e.g., Gompert et al. 2010); models will be 

compared using the Akaike Information Criterion. 

Clines in morphological characters from our previous 

research will also be included in this comparative 

analysis. Characters involved in reproductive 

isolation should not be concordant with the genomic 

composition cline, but should instead be more 

narrow.  

 

 

  RESULTS  
 

Data analysis from the 2009 field season is 

on-going, and the following preliminary patterns 

should not yet be cited. Preliminary mate preference 

data have been collected from three hybrid zone 

populations and one Northern Blue population. These 

data have been analyzed using Quade tests, which are 

rank-based non-parametric tests. Males from the 

three hybrid zone populations failed to discriminate 

between Melissa Blue and Northern Blue female 

wing patterns (BCR: N = 27, P = 0.793; BTB: N = 

20, P = 0.417; MRF: N = 23, P = 0.931). Conversely 

males from the Northern Blue population at Bunsen 

Peak preferred Northern Blue female wing patterns 

relative to Melissa Blue wing patterns (N = 14, P = 

0.0499). 

 

 I have obtained preliminary oviposition 

preference from three hybrid zone populations and 

one Northern Blue populations. Females from the 

Blacktail Butte and Bull Creek populations failed to 

distinguish between M. sativa and A. miser (BTB: N 

= 28, P = 0.237; BCR: N = 23, P = 0.236), however, 

females from the Shadow Mountain population 

preferred A. miser relative to M. sativa (SHA: N = 

27, P = 0.011). Females from the Kings Hill Northern 

Blue population had a marginally significant 

preference for A. miser relative to M. sativa (KHL: N 

= 21, P = 0.061). We have not yet obtained data for 

the diapause experiments, nor do we have data for 

Melissa Blue populations. 





  DISCUSSION 

 

 More data are necessary before any 

definitive conclusions can be made. These data are 

being collected during the summer of 2010. The 
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current results suggest that admixed populations do 

not discriminate between Northern and Melissa Blue 

wing pattern, but that a weak preference for Northern 

Blue female wing patterns might exist in Northern 

Blue populations. Without data from Melissa Blue 

populations or multiple Northern Blue populations 

these data are difficult to interpret, however, this 

pattern might suggest that preference exists in the 

parental populations but has broken down in the 

admixed populations following hybridization. 

Similarly, I found little evidence for oviposition 

preference in admixed or Northern Blue populations 

(with the sole exception of the Shadow Mountain 

admixed population). However, with so little data 

from parental populations it is hard to say whether 

this represents a lack of oviposition preference in 

Northern and Melissa Blue populations or a break-

down of preference following admixture in the hybrid 

zone.  

 

  My previous results show clear genetic and 

morphological (male genitalia size and to a lesser 

extent wing pattern elements) differences between 

Northern and Melissa Blue populations in the Rocky 

Mountains with a broad geographic transition 

between the character states from these parental 

populations across the hybrid zone in the GYA 

(Gompert et al. 2010). I also know that differences in 

host-plant use and habitat exist between these species 

(Scott 1986, Gompert et al. 2010). Whether 

differentiation is limited to these phenotypic axes or 

includes mate preference, oviposition preference, and 

aspects of diapause physiology cannot be answered at 

this time, but should be clearer following my field 

work during the summer of 2010.  
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 ABSTRACT 
 

Understanding how climate, disturbances, 

and carbon storage interact in subalpine forests is 

critical for assessing the role of this ecosystem in the 

global carbon budget under altered climate scenarios. 

Most research to date in western North American 

forests has focused on wildfire effects on carbon 

storage and net ecosystem productivity (NEP). The 

current extensive insect outbreak in this region, 

however, suggests that insects such as the mountain 

pine beetle (MPB) are an important driver of carbon 

dynamics and may determine whether western 

landscapes are carbon sinks or sources. The overall 

objective of this study is therefore to understand how 

MPB outbreaks affect forest carbon storage at stand 

and landscape scales under multiple climate 

scenarios.  Specific objective include examining how 

carbon storage changes with stand development 

following beetle outbreaks, how variability in 

outbreak extent, frequency, and post-outbreak stand 

development affect landscape-scale carbon storage, 

and how beetle outbreaks and climate interact.  This 

research will, for the first time, provide data 

documenting post-outbreak carbon dynamics under 

current and altered climate scenarios. These data will 

provide the basis for developing a carbon-based, 

ecological rationale for future outbreak management 

in western forests.  

 

 

 

 INTRODUCTION  
 

Subalpine forests in western North America 

sequester and store significant amounts of carbon (C) 

whose storage and release is regulated by 

disturbances correlated to climate (Kashian et al. 

2006).  Insect outbreaks are second only to wildfires 

as the largest source of tree mortality in western 

North America (Samman and Logan 2000); about 

40% of lodgepole pine forests in the western U.S. are 

currently susceptible to MPB attack (Hicke and 

Jenkins in press).  Mortality associated with 

outbreaks clearly affects forest structure, particularly 

tree regeneration and canopy cover and live and dead 

biomass, as well as processes including productivity 

(Romme et al. 1986) and stand recovery (Fleming et 

al.  2002). These changes may significantly influence 

forest C balances in ways very different than fires 

(Kurz and Apps 1999), but understanding how C 

storage in western forests responds to MPB outbreaks 

under current and altered climates represents a 

substantial knowledge gap. 

 

Climate is a major driver of insect outbreaks 

in western North America (Carroll et al. 2004, Fastie 

et al. 1995, Logan and Powell 2001). Projected 

climate change may influence the extent, severity, or 

frequency of future outbreaks (Fleming 2000, Hicke 

et al. in press, Logan et al. 2003), potentially 

affecting whether a regional forest gains or loses C to 

the atmosphere (Kurz and Apps 1999). Currently, a 

series of mountain pine beetle (MPB) outbreaks 
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unprecedented in extent are affecting nearly 10 

million ha of forests in the western United States and 

Canada (USDA Forest Service 2005). Despite their 

potential implications for C storage, the impacts of 

insect outbreaks on forest productivity and C cycling 

are poorly quantified and poorly understood. This 

lack of baseline data represents an important problem 

because it prevents meaningful predictions of the rate 

and direction of post-outbreak changes in C cycling 

in forests under the current climate. These predictions 

are critical for assessing future inputs of carbon to the 

atmosphere via natural disturbances under altered 

climate scenarios.   

 

The proposed research will provide 

currently missing data describing the potential for 

western North American forests to be converted from 

C sinks to C sources following MPB outbreaks. This 

contribution is significant because it will provide the 

basis for understanding outbreak influences on forest 

ecosystem processes and for modeling future C 

dynamics in the context of continued environmental 

stresses on forests, including climate change.  The 

overall objective of this research is to understand 

how MPB outbreaks affect forest C storage at 

landscape scales under multiple climate scenarios. 

The central hypothesis of this work is that by 

reducing net primary production and increasing 

decomposition at stand and landscape sales, MPB 

outbreaks will cause forests to act as a short-lived C 

source to the atmosphere before returning to a C sink 

weakened by the outbreak. Furthermore, climate 

change leading to larger, more frequent, or more 

severe outbreaks will exacerbate this trend.  I am 

testing this central hypothesis by addressing the 

following three specific questions: 

 

1. How does carbon storage vary with forest stand 

development following a beetle outbreak?  

 

 The working hypothesis for this objective is 

that an outbreak creates a short-lived C source to the 

atmosphere followed by a weaker but long-lived C 

sink as stands recover because it reduces stand net 

primary production and increases decomposition. 

 

2. How do beetle outbreak extent, frequency, and 

post-outbreak stand development patterns interact to 

influence C storage at landscape scales?  

 

 I am hypothesizing that the landscape will 

act as a short-lived C source following an outbreak 

before returning to a C sink, but that the C stored and 

sequestered on the landscape as a sink will be 

substantially reduced.   

 

3. What is the potential for climate change over the 

next 50-100 years to strengthen the feedback between 

beetle outbreaks and climate?  

 

My working hypothesis is that climate 

change will reduce C storage on forested landscapes 

because it will increase severity, extent, and/or 

frequency of outbreaks, and that changes in forest 

structure following outbreaks will affect future 

outbreak events. 

 

This work will build upon an existing, 

extensive data set that describes changes in C cycling 

following wildfire along replicated, long-term 

chronosequences (Kashian et al. in preparation). 

Using this approach, Question #1 will provide 

empirical-based modeling of stand development and 

C storage following MPB outbreaks, and the quanti-

fication of the effects of MPB-induced tree mortality 

on C storage and loss. Question #2 will use stand 

measurements to quantify landscape-level changes in 

C storage following MPB outbreaks and will provide 

the basis for understanding the implications of 

climate-induced changes in MPB outbreaks for C dy-

namics. Question #3 will predict the effects of 

potential climate change scenarios on MPB outbreaks 

and associated C storage in subalpine forests over the 

next 50 to 100 years.  The work will be applicable at 

local and regional scales because it will provide 

information to managers about the natural variability 

in insect-related disturbances across landscapes; this 

information is applicable to most subalpine 

landscapes in the Rocky Mountains.  At national 

scales, the research will increase our understanding 

of landscape carbon storage following broad-scale 

disturbances (in this case insect outbreaks), which is 

important knowledge that may contribute to the 

formulation and revision of policies affecting the 

global carbon cycle and climate change. 
 

 

 METHODS 
 

In the field, four separate chronosequences 

were identified based on their age when attacked and 

percent mortality of overstory trees due to beetle kill, 

each including a control and four time-since-attack 

classes (undamaged, 1-2 years, 3-5 years, 15-25 

years, and 25-35 years) for a total of 72 stands.  

Because Yellowstone National Park has experienced 

relatively little beetle mortality, most stands in the 

first two age classes (12 years and 3-5 years since 

attack) were located in the Bridger-Teton National 

Forest, with a few in Grand Teton National Park.  A 

majority of stands in the two oldest age classes were 

located within Yellowstone National Park.  Stands 
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were used to quantify all forest carbon pools (above- 

and belowground vegetation, snags, coarse woody 

debris, forest floor, and soil). 

 

Stands were readily accessible by road or 

trail (i.e., within 1 kilometer of a road or trail).  Each 

stand (cluster) includes three 10 x 50 m plots, spaced 

20-50 meters apart depending on the size of the 

polygon, with plots located at equal distances along a 

baseline.  Each plot includes two belt transects along 

each of its long-axis borders.  Belt transects were 

used to measure standing live and dead trees, stumps, 

and saplings, with transect width differing for 

overstory trees and saplings based on density.  The 

center line of each belt transect was also used to 

select trees and saplings for allometric measurement 

and to select locations for sampling soil and forest 

floor.  Twenty-five randomly selected saplings in 

each plot were measured at the base (total = 75 per 

cluster).  Ten mature trees were randomly selected 

for further sampling in each plot along the center line 

of each plot.  For each tree, an increment core was 

extracted at breast height and the sapwood marked on 

the core, and tree height, height to crown base, and 

crown depth was measured.  Finally, three dominant 

(oldest) live overstory trees were selected in each plot 

and an increment core extracted at the base for age 

determination.   

 

Coarse woody debris was measured using 

eight 50-foot transects run due east from each plot; 

CWD was tallied in five size classes, and classified 

for decay for the largest size class.  For sampling 

forest floor and soil, five forest floor samples 

approximately 900 cm
2
 in area were collected along 

the center line of each plot; all forest floor material 

was collected to the top of the mineral soil and 

composited by plot.  Composite samples were 

weighed in the field, and then subsampled.  A soil 

core was extracted to 30 cm from the top of the 

mineral soil within the area the forest floor was 

collected and separated into a 0-15 cm sample and a 

15-30 cm sample.  Nine litter traps were deployed per 

stand to estimate annual litterfall, deployed 3 per 

subplot.  Litter traps will be collected in July 2009 

and 2010. 

 

Soils and forest floor samples and increment 

cores were transported to the laboratory under 

refrigeration. For each soil sample, fine roots were 

separated from soil, classified into live and dead 

roots, and weighed.  A subsample of soil was then 

taken, rocks and non-root organic matter removed, 

and weighed, dried, and weighed again to determine 

bulk density.  Live and dead roots were ground in a 

Wiley mill and analyzed for percent carbon.  Soil 

samples were ground on a roller mill and also 

analyzed for percent carbon.  Forest floor litter 

subsamples were weighed, dried to constant mass, 

and weighed again.  Excess soil will be sorted from 

litter samples, and the litter will be ground in a Wiley 

mill, subsampled again, and analyzed for percent 

carbon.  
 

 

 PRELIMINARY RESULTS AND 

PROGRESS 
 

Six crew members were hired for the 

summer of 2009, and a total of 61 stands have now 

been located and sampled in the field.  In each stand, 

litter traps were deployed and plots were set out and 

flagged for re-location during the next field season.  

A potential trouble spot with this design is the 

difficulty in predicting the mortality (outbreak 

severity) in a stand currently being attacked; thus 

much of the 2009 field season was spent re-

measuring stands in the 1-3 year and 3-5 year classes 

to account for any changes in mortality class that had 

occurred, and many of the stands in these classes 

were different enough to ―switch‖ classes in the 

sampling matrix.  A total of 13 additional plots were 

sampled during the 2009 field season.  All have been 

completely sampled, including all vegetation, soil, 

and forest floor samples.  The remaining 3 stands in 

the 64-stand study design will be located on adjacent 

National Forests in 2010. 

 

Two work-study students were hired for the 

winter of 2009 and one full-time assistant was hired 

during summer 2009 to process samples in the lab 

collected during the 2008 field season, and all 

samples have been processed.  Given an increased 

number of samples (due to the addition of the shrub 

biomass component), four work-study students were 

hired in January 2010 to process samples from the 

2009 field season.  As of March, all soil, forest floor, 

ground cover, and litter trap samples have been 

processed and sent for CHN analysis.  All tree 

increment cores have been mounted and sanded, and 

are ready for analysis to be completed before 

September 2010. 

 

The primary goal for the field season of 

2010 is to complete plot sampling for all plots.  We 

will re-sample ground cover biomass in all plots to 

estimate inter-annual variability and to ensure that 

collection was completed during peak biomass.  Like 

last year, we will also collect material accumulated in 

litter traps in the 61 plots sampled last year.  At 

present, we plan to hire six crew members to work a 

five-week field season during July and August to 
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accomplish these goals.  Preliminary data analysis 

from summers 2008-09 will be completed for 

presentation at the Ecological Society of America 

Annual Meeting in Pittsburgh in early August. 
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 INTRODUCTION  
 

 Introduced, non-native predators often 

impact native species and ecosystems.  These effects 

can be particularly devastating to native organisms 

because they are often naïve to the effects of non-

native predators (Park 2004, Lockwood et al. 2007).  

Interestingly, naïve prey are more common in 

freshwater than in terrestrial ecosystems (Cox and 

Lima 2006).  For example, introduced predators in 

lakes have caused local extinctions of native animals 

(e.g., Brooks and Dodson 1965, Witte et al. 1992) 

and altered food webs (e.g., Witte et al. 1992; 

Tronstad, Hall, Koel, in review). Because predators 

eliminate a prey's fitness, predation is an important 

selective force. Selection on prey can occur directly 

on morphology, behavior and life-history traits by 

altering the mean expression of a trait in a 

population.  Selection on prey can also act indirectly, 

favoring phenotypic plasticity which ameliorates the 

effects of predation. Thus, among the many impacts 

of non-native predators in their introduced range, 

these animals can alter the morphology, behavior and 

life-history traits of their prey (e.g., Reznick and 

Endler 1982, Crowl and Covich 1990, Skelly and 

Werner 1990, Krist 2002).  

 

 Evolutionary consequences of invasive 

predators should be widespread because invasive 

species often alter natural selection on native species 

(Sakai et al. 2001).  When introduced predators select 

prey based on body size, selection on life-history 

traits may be altered for one or more organisms in the 

food web because size-selective predation typically 

causes mortality rates to differ between adults and 

juveniles. Size-selective predation is a powerful 

selective agent on life histories.  Many studies have 

shown shifts in life-history traits from size-specific 

mortality as a result of fishing and hunting practices 

(e.g., Coltman, O‘Donoghue et al. 2003, Law 2007) 

and in many natural systems (e.g., Reznick and 

Endler 1982; Reznick et al. 1990, Fisk et al. 2007). 

 

 Assuming that size-selective predation is 

age-specific, theoretical and empirical work on life-

history evolution predicts that mortality of large 

individuals should select for earlier maturity  (Stearns 

and Koella, 1986, Kozlowski and Uchmanski 1987, 

Kozlowski, Wiegert 1987, Kawecki and Stearns 

1993), higher reproductive effort (Gadgil and Bossert 

1970, Schaffer 1974, Charlesworth and Leon 1976, 

Law 1979, Michod 1979, Kozlowski and Uchmanski 

1987) and smaller offspring  (Reznick and Endler 

1982, Reznick et al. 1990).  Furthermore, when early 

maturity occurs at a smaller size, mature adults can 

have smaller body sizes in species with determinate 

or asymptotic growth. 

 

 Predator-induced phenotypic plasticity is 

another common consequence of predation. For 

example, zooplankton in lakes use kairomones to 

detect potential predators (Dodson 1989b). In 



108 

 

 

zooplankton, predator-induced responses can alter 

morphology, behavior or life-histories traits (Larsson 

and Dodson 1993, Lass and Spaak 2003) and often 

protect the animals from predation. For example, 

within 11 years after the introduction of a size-

selective predator, body size, size at first 

reproduction, and clutch size of Daphnia spp. and 

Bosmina longirostris changed relative to pre-

introduction (Amundsen, Siwertsson, Primicerio, and 

Bohn, 2009).  These traits are likely beneficial to 

zooplankton in the presence of predators, because 

they reduce the chance of being consumed. For 

example, in cladocerans, smaller clutch sizes and a 

smaller size at first reproduction (which leads to 

smaller adult body sizes) decreased their visibility to 

predators (Gliwicz 1981, Latta et al. 2007).  

Similarly, female Cyclops (Copepoda) carrying large 

numbers of eggs are more susceptible to predation by 

planktivorous brook trout (Dawidowicz and Gliwicz 

1983).  Thus, another possible outcome of the 

introduction of non-native predators is adaptive 

(beneficial; sensu Gotthard and Nylin 1995) changes 

in life-history traits resulting from phenotypic 

plasticity.  

 

 The introduction of predaceous lake trout 

may have indirectly altered the life histories of 

zooplankton in Yellowstone Lake, Yellowstone 

National Park, Wyoming.  Non-native lake trout 

(Salvelinus namaycush) were illegally introduced to 

Yellowstone Lake (Kaeding et al. 1996) around 1985 

(Munro et al. 2005).  Following the introduction of 

this piscivorous fish, which primarily eat native 

Yellowstone cutthroat trout (Oncorhynchus clarki 

bouvieri) in Yellowstone Lake (Ruzycki et al. 2003), 

the abundance of cutthroat trout declined.  In fact, 

cutthroat trout abundance decreased by 60% in 

Yellowstone Lake and 99% in Clear Creek, a 

spawning stream since 1990 (Koel et al. 2005). 

Presently indices of cutthroat trout abundance are the 

lowest in the historical record (Koel et al. 2007).  

This decline is of grave concern because Yellowstone 

Lake is the largest remaining stronghold of 

Yellowstone cutthroat trout (Varley and Gresswell 

1988).  

 

 The extreme decline in Yellowstone 

cutthroat trout abundance has severely reduced 

predation on zooplankton in Yellowstone Lake 

because a large proportion of the diet of these fish 

consists of zooplankton. For example, Jones et al., 

(1990) found that 80% of the volume of food in 

cutthroat trout stomachs were zooplankton.  

Furthermore, Tronstad et al. (in prep) discovered that 

cutthroat trout ate more zooplankton when these fish 

were abundant.  However, cutthroat trout consumed 

more benthic invertebrates when these fish were less 

abundant.  Cutthroat trout primarily consume large 

zooplankton because they are retained in their gill 

rakers while small individuals pass through uneaten.   

Longer cutthroat trout have wider inter-gill raker 

spaces and can filter only larger zooplankton.  Thus, 

cutthroat trout are size-selective predators of 

zooplankton in Yellowstone Lake.  Consequently, 

after the introduction of lake trout and decline of 

cutthroat trout, zooplankton in Yellowstone Lake 

were largely released from size-selective predation. 

Therefore, after the decline of cutthroat trout, 

zooplankton should have experienced relaxed 

selection for life-history traits that were favored by 

size-selective predation. We addressed whether life-

history traits differed between pre-lake trout and 

post-lake trout invasion in Leptodiaptomus ashlandi, 

the most common copepod species in Yellowstone 

Lake. 

 

 Changes in life-history traits between 

copepods from before and after the introduction of 

lake trout could be either genetically based or 

phenotypically plastic shifts or a combination of 

both. Genetically based changes are possible because 

of changes in selection pressure from the recent 

release of zooplankton from size-selective predation. 

Plasticity is possible because the number of cutthroat 

trout releasing cues have changed between the past 

and recent.  For either changes in genotype 

frequencies or phenotypically plastic traits, size-

selective predation is predicted to lead to a smaller 

size at first reproduction, larger clutch sizes, and 

smaller offspring.  First, under adult-specific 

mortality, life-history theory predicts earlier maturity 

(Stearns and Koella 1986, Kozlowski and Uchmanski 

1987, Kozlowski and Wiegert 1987, Kawecki and 

Stearns 1993).  Because copepods do not grow after 

they become mature (Williamson and Reid 2001), 

earlier maturity should also lead to a smaller adult 

size.  Likewise, if adaptive plasticity is occurring, 

smaller size at first reproduction is predicted because 

smaller cladocerans are less conspicuous to predators 

(Gliwicz 1981, Latta et al. 2007).  Presumably 

smaller copepods are also less conspicuous to visual 

predators like cutthroat trout. Second, both selection 

for genetically based traits and for adaptive 

phenotypic plasticity predict larger clutch sizes. 

Under adult-specific mortality, life-history theory 

predicts higher reproductive effort (Gadgil and 

Bossert 1970, Schaffer 1974, Charlesworth and Leon 

1976, Law 1979, Michod 1979, Kozlowski and 

Uchmanski 1987).  Larger clutch sizes are one metric 

of greater investment in reproduction. Likewise, with 

adaptive plasticity, larger clutches are predicted 

under size-specific predation of large individuals. In 
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this case, larger clutch sizes are a side effect of small 

size at maturity.  In cladocerans, small Daphnia 

produce smaller offspring (Lampert 1993).  

Assuming a trade-off between number and size of 

offspring (Stearns 1992), organisms producing 

smaller offspring make more of them.  Finally, 

several empirical studies have shown that selection 

by adult-specific mortality leads to smaller offspring 

(Reznick and Endler 1982, Reznick et al. 1990).  

These differences persist in common environments, 

so they are the result of evolved changes in trait 

means among populations rather than adaptive 

plasticity. As discussed above, phenotypic plasticity 

resulting from size-selective predation also can lead 

to smaller offspring. 

 

 To examine these predictions, we compared 

size of reproducing individuals, clutch size, and egg 

size of L. ashlandi copepods that were collected 

before the introduction of lake trout with recent 

samples collected after the decline of cutthroat trout. 

Because copepods do not grow after maturity 

(Williamson and Reid 2001), the size of reproducing 

individuals indicates the size at first reproduction. 

We did not examine body size because size-selective 

predation on large individuals in the past resulted in a 

smaller mean size in the samples. Conversely, release 

from size-selective predation led to larger mean 

individual size in the recent samples. Hence, any 

changes due to possible evolutionary shifts or 

phenotypic plasticity in body size are not detectable 

with these data.  
 

 

 METHODS  
 

Study ecosystem 

 

Yellowstone Lake is on the Yellowstone 

Plateau in Wyoming and is the largest high-elevation 

(2,357 m) lake in North America (Gresswell, Liss, 

Larson, and Bartlein, 1997), with a surface area of 

341 km
2
, shoreline length of 239 km, and average 

depth of 43 m (Kaplinksi 1991).  Yellowstone Lake 

is mesotrophic (Kilham, Theriot, and Fritz, 1996) and 

is ice-covered from December through May 

(Gresswell and Varley, 1988). 

 

In Yellowstone Lake, there are only a few 

species of plankton. Phytoplankton are dominated by 

diatoms (Stephanodiscus spp., Cyclotella bodanica, 

Aulacoseira subarctica, and Asterionella formosa; 

Interlandi et al. 1999).  The crustacean zooplankton 

in Yellowstone Lake consist of 3 species of copepods 

(Diacyclops bicuspidatus thomasi, Leptodiaptomus 

ashlandi, and Hesperodiaptomus shoshone) and 2 

species of cladocerans (Daphnia schødleri and D. 

pulicaria).  We chose to study L. ashlandi, because 

this species is much more abundant than the other 

copepods.  Also, for both past and present samples, 

we had an adequate number of reproducing 

individuals that we could analyze for total length, 

number of eggs, and egg size.  We did not measure 

the response of cladocerans because previous 

preservation methods may have caused eggs to be 

expelled from the brood chamber (Prepas 1978). 

 

The fish assemblage in Yellowstone Lake 

includes 2 native species and 1 dominate non-native 

species.  Yellowstone cutthroat trout and the less 

abundant longnose dace (Rhinichthys cataractae; 

Gresswell et al. 1997) are native to Yellowstone 

Lake.  Juvenile cutthroat trout in Yellowstone Lake 

are thought to be pelagic and feed on zooplankton, 

whereas adult fish (>325-mm total length) consume 

both benthic macroinvertebrates and zooplankton 

(Benson 1961).  Lake trout were illegally introduced 

into Yellowstone Lake in about 1985 (Munro et al. 

2005) and cutthroat trout are the main food of these 

invasive predators (Ruzycki et al. 2003). 

 

The cutthroat trout population in 

Yellowstone Lake faces several threats.  Based on 

bioenergetics modeling, predation by lake trout is a 

serious threat to native cutthroat trout in Yellowstone 

Lake (Ruzycki et al. 2003).  Also, Myxobolus 

cerebralis, the parasite that causes whirling disease, 

was discovered in Yellowstone Lake in 1998 and 

mainly affects young-of-the-year cutthroat trout in 

certain spawning streams (Koel et al. 2006).  Recent 

drought also affects young-of-the-year cutthroat trout 

in small tributary streams by stranding individuals 

(Koel et al. 2005).  However, because the decline of 

cutthroat trout is widespread, most of the loss has 

been attributed to lake trout predation. 
 

Sample collection 

 

We borrowed zooplankton samples from 

Yellowstone National Park from 1976-1981 to 

analyze the characteristics of copepods prior to the 

invasion of lake trout.  These samples from the past 

were collected during the ice-free season at 4 

locations in Yellowstone Lake (east of Stevenson 

Island, West Thumb, South East Arm, and South 

Arm; Figure 1).  Zooplankton were collected by the 

U.S. Fish and Wildlife Service using 20-m, vertical 

hauls with a plankton net (80-µm mesh size) between 

23 May and 19 October 1976-1981.  Past samples 

were preserved in formalin.  
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Figure 1.  Map of Yellowstone Lake showing the 4 

collection sites (closed circles). 

 

 For our recent (2004) samples, we collected 

2 samples on 9 dates between 21 May and 19 

October (the ice-free season) at the same 4 locations  

in Yellowstone Lake (east of Stevenson Island, West 

Thumb, South East Arm, and South Arm). We 

collected zooplankton using the same procedures and 

nets that were used to collect the samples from the 

past.  Zooplankton samples were preserved in cold 

sugared formalin.  We enumerated and measured past 

and recent zooplankton samples under a dissecting 

microscope.   

 

Sample analysis 

 

We collected two separate sets of data to 

address our questions. For the first data set, we 

measured all individuals to assess the probability of 

reproducing. For each individual, we measured the 

total body length (length of prosome and urosome) of 

all individuals in a subsample and recorded whether 

or not the individual was carrying an egg sac.  The 

second data set included only individuals that were 

reproducing. This dataset was used to assess the 

clutch size and egg size. For this dataset, we 

arbitrarily analyzed 43 of the 72 recent samples and 

all of the past samples. We searched whole samples 

for reproductive females and analyzed up to 10 

individuals with egg sacs. For each female with a 

clutch of eggs, we measured body length (length of 

prosome because the clutch of eggs obscured the 

urosome from the ventral side), counted the number 

of eggs in an egg sac, and measured the diameter of 5 

haphazardly selected eggs. For both sets of data, we 

measured length using an ocular micrometer on a 

dissecting microscope. 

 

Data analysis 

 

 For all analyses, sample sizes were larger in 

2004. For clutch size and egg size, there were 43 

reproductive individuals from the past and 220 in the 

recent samples. To determine the variables that 

predicted clutch size and egg size of L. ashlandi 

copepods, we used multiple regression analysis to 

compare samples from the past (1976, 1977, 1981) 

with samples from 2004. To increase the 

homogeneity of variances between past and recent 

samples, we log transformed the values of individual 

clutch size. To determine the variables that predicted 

reproductive status, we used logistic regression 

analysis to compare past (1977- 1980) and recent 

(2004) samples. Because we have fewer samples 

from the past and characteristics of zooplankton 

among years were similar (Tronstad et al. in press), 

we analyzed all of the past samples together 

(combined years). 

 

 To select models for multiple and logistic 

regression analyses, we developed a set of a priori 

candidate models that included all of the potentially 

relevant effects and all likely causal mechanisms 

(Burnham and Anderson 2002).  By comparing the 

candidate models using Akaike‘s information criteria 

(AIC), we chose the best models based on the lowest 

AIC value. Our candidate models included time (past 

vs. recent), body length, water temperature, Secchi 

disk depth, collection site, and day length.  Because 

both egg size and the number of eggs per sac can 

vary by season in copepods (Hutchinson, 1951; 

Elbourn 1966, Kerfoot 1974), we included 

temperature and day length in the candidate models. 

Secchi disk depths were included as a proxy for 

phytoplankton concentrations because phytoplankton 

samples were rarely collected in the past.  However, 

Secchi disk depth is negatively correlated with 

chlorophyll a levels ( g/L) in the water column (r
2
 = 

0.44, p < 0.0001) and can be used as an index of 

phytoplankton biomass (Tronstad et al., in press). We 

included the site where the samples were collected 

because currently West Thumb has the highest 

density of lake trout (Koel et al. 2005) and the South 

Arm site is believed to be a refuge for Yellowstone 

cutthroat trout (Koel et al. 2003). Although samples 

were collected from four sites for both time periods, 

we only included three sites (South Arm, Stevenson 

Island, and West Thumb) in our analyses because at 

one site (South East Arm) Secchi disk depths were 

strongly affected by inputs from the Yellowstone 

River and hence were not proxies of phytoplankton 
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biomass (Theriot et al.1997). For all analyses, South 

Arm was the reference site. We included a time by 

site interaction in some of our candidate models 

because differences in lake trout densities among 

sites did not occur in the past before lake trout were 

introduced. For the models predicting measures of 

fecundity and reproductive status, we also included a 

time by body length interaction among the candidate 

models.  A significant time by body length 

interaction is possible, because natural selection 

could alter the relationship between fecundity and 

body length between past and recent copepods. 

 

 

 RESULTS  
 

Clutch size 

 

 Mean clutch sizes differed between the past 

and the present; the mean number of eggs per sac was 

11.4 in the past and 22.9 egg in the recent samples. 

However, the multiple regression model of ln of 

clutch size indicates that the differences in clutch size 

are not predicted by time (the date the samples were 

collected) but rather by body length, day length, 

Secchi disk depth, and site of collection (Table 1a).  

Each of these variables differed between past and 

recent samples. The average body length of copepods 

was smaller in the past (past: 1.4 mm, recent: 1.7 

mm; Figure 2) because size-selective predation of 

large copepods was very common when cutthroat 

trout were abundant. The average number of daylight 

hours differed between the two sampling times (past 

= 14.30 hr., recent = 15.06 hr.) as a result of uneven 

sampling of seasons between the two sampling 

periods. Average Secchi disk depth, an indicator of 

phytoplankton biomass (Tronstad et al. in press), 

were deeper in 2004 (past = 7.23 m, recent = 7.71 m) 

indicating lower phytoplankton biomass in recent 

time.   
 

Of these variables that affected the total 

number of eggs produced by copepods, body size had 

the largest effect. For every millimeter increase in the 

length of the copepod, the total number of eggs in the 

clutch increased by about 4 eggs. The number of 

daylight hours when the sample was collected had the 

second greatest effect on clutch size.  For every hour 

increase in day length, clutch size increased by 1.5 

eggs. Also, for every meter increase in Secchi disk 

depth, the clutch size decreased by about 1 egg. 

Finally, clutch sizes differed among collection sites; 

copepods collected from West Thumb had fewer eggs 

per clutch than at South Arm (reference site). For an 

average-sized clutch in the past (11.4 eggs), the 

predicted clutch size is 6% lower for West Thumb 

than for South Arm.  The predicted clutch size is 3% 

lower at West Thumb than for South Arm for an 

average-sized clutch in recent time (22.9 eggs). This 

difference is particularly interesting because within 

Yellowstone Lake, the South Arm area is considered 

a refuge for Yellowstone cutthroat trout and the West 

Thumb region has the highest density of lake trout. 

The significant time by site interaction indicates that 

clutch sizes differed over time between the West 

Thumb and South Arm sites (Table 1A). 
 

Table 1. Multiple regression tables for A.) clutch size and 

B.) egg size for L. ashlandi copepods. Values of clutch size 

were natural log transformed.  For both analyses, past is the 

reference category for time and South Arm is the reference 

category for collection site.  

 

A. Clutch size 

 Estimat

ed Std 

Error t-value P-value 

Intercept* -4.73 0.68  -6.91 <0.0001 

Time-recent 0.03     0.15 0.20 0.845 

Body length* 1.34 0.23 5.90 <0.0001 

Temperature -0.02 0.01 -1.34 0.182 

Stevenson Island -0.46 0.29 -1.60 0.115 

West Thumb* -0.39 0.20 -1.99 0.048 

Secchi disk 

depth* 

-0.09 0.03 -2.97   0.003 

Daylight* 0.42 0.05 8.18 <0.0001 

Recent x 

Stevenson Island 

0.32 0.32 1.00   0.319     

Recent x West 

Thumb* 

0.60 0.20 3.10 0.002 

 

B. Egg size  

 Estimated 

Std 

Error t-value P-value 

Intercept* 0.067 0.0072 9.29 <0.0001 

Time-

recent* 

0.016 0.0011 14.86 <0.0001 

Body length 0.00089 0.0023 0.38 0.702 

Temperature 0.00014 0.0001 1.01 0.314 

Secchi disk 

depth 

-0.00046 0.0003 -1.62 0.107 

Stevenson 

Island 

0.00079 0.0008 0.95 0.344 

West 

Thumb* 

0.0039 0.0010 3.84 0.0002 

Daylight 0.00066 0.0005 1.27 0.205 

  

Egg size 

 

 Egg sizes were significantly smaller in the 

past.  For an average-sized copepod (1.62 mm), the 

multiple regression model predicted that egg size was 

21.6% higher in recent than in past samples (Figure 

3). Collection site was the only other significant 

predictor of egg size (Table 1B). Similar to clutch 

size, egg sizes were significantly larger at West 

Thumb than South Arm. For an average-sized egg in 
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the past (0.077 mm), the predicted egg size is 5% 

higher for West Thumb than for South Arm.  The 

predicted egg size is 4% higher for an average-sized 

egg in recent time (0.94 mm) at West Thumb than 

South Arm.   

 

Reproductive status 

 

 Body length was the strongest predictor of 

whether or not a copepod was reproducing. With 

increased body size, the probability of reproducing in 

copepods increased steeply after copepods achieved a 

minimum size (Figure 4).  The minimum size at 

which copepods were reproducing was smaller in the 

past (Figure 4; significant effect of time in Table 2).  

For a probability of reproducing of 0.15, the 

predicted size of a reproductive copepod is ~10% 

higher in the present than in the past. Also, for any 

given sized copepod, the probability of reproducing 

was 2.6 times higher for copepods in the past than in 

the present (odds ratio, wpresent/wpast = 0.39). The 

probability of reproducing also increased with shorter 

day lengths and shallower Secchi disk depth (an 

indicator of higher phytoplankton biomass) 

suggesting a seasonal effect on reproductive status. 

However, temperature did not significantly affect 

reproductive status. Finally, the probability of 

reproducing did not differ between South Arm and 

the other sites (Table 2).  
 

Table 2. Logistic regression analysis for the probability of 

reproducing. Past is the reference category for time and 

South Arm is the reference category for collection site.  

 Estimated 
Std 

Error t-value P-value 

Intercept* -5.04 1.68 -3.01 0.003 
Time-recent* -0.93 0.32 -2.92 0.003 

Body length* 7.27 0.61 11.87 <0.0001 

Stevenson 

Island 

-0.41 0.26 -1.57 0.116 

West Thumb -0.43 0.36 -1.20 0.229 

Temperature 0.04 0.03 1.28 0.201 
Secchi disk 

depth* 

-0.22 0.10 -2.25 0.024 

Daylight* -0.33 0.10 -3.43 0.0006 

 

 

 DISCUSSION  
 

 Both size at first reproduction and egg size 

of L. ashlandi were smaller in the past (1976 - 1981) 

compared to recent (2004) zooplankton samples. 

These differences in life-history traits are consistent 

with rapid evolution, as predicted by life-history 

theory. If these copepods can differentiate between 

the cues from planktivorous and non-planktivorous 

fish, these differences may also be the result of 

adaptive plasticity in response to cues from 

planktivorous fish that have decreased over time.  

 

 Our results are consistent with rapid 

evolution of life-history traits in response to age-

specific mortality. In Yellowstone Lake, age-specific 

mortality occurred in the past when Yellowstone 

cutthroat trout were abundant. These trout primarily 

consume large zooplankton because they are retained 

in their gill rakers while small individuals pass 

through the gill rakers uneaten (Tronstad et al., in 

review). The introduction of piscivorous lake trout in 

Yellowstone Lake resulted in a 60% reduction in 

Yellowstone cutthroat trout and fewer individuals in 

the size classes that can consume L. ashlandi 

(Tronstad et al., in review). This large reduction of 

cutthroat trout caused a large change in selection on 

copepod life-history traits.  In a relatively short 

period of time, L. ashlandi experienced a change 

from high adult-specific mortality to very little 

mortality. 

 

 Life-history theory predicts that age-specific 

mortality should favor individuals that mature early 

and have a greater investment in reproduction 

(Gadgil and Bossert 1970, Law 1979, Michod 1979). 

Because copepods from the past experienced strong 

age-specific mortality, we predicted that they would 

mature earlier and invest more in reproduction than 

copepods from recent samples. We found that 

copepods matured at a smaller size in the past than in 

recent time (Figure 4).  Size at first reproduction is a 

good proxy for age at first reproduction assuming 

individuals that mature early also mature at a smaller 

size. However, we did not find evidence that 

copepods invested more in reproduction in the past. 

In addition, empirical life-history studies have shown 

that small offspring result from adult-specific 

mortality (e.g., Reznick and Endler 1982, Reznick et 

al. 1990).  Consistent with these studies, we found 

that egg sizes were smaller in the past.  

 

Our results are also consistent with adaptive 

phenotypic plasticity.  For example, cladocerans can 

adjust their life-history traits in response to cues from 

planktivorous fish (Larsson and Dodson 1993). 

Several species of cladocerans mature at a smaller 

size in the presence of fish (Stibor 1992, Vonderbrink 

and Vanni 1993, Weber and Declerck 1997), as an 

effective way to reproduce before they achieve a size 

that is vulnerable to size-specific predation (Dodson 

1989a). Size-selective predation of large individuals 

by planktivorous fish can also induce the production 

of many, small eggs in cladocerans (Dodson 1989b; 

Stibor 1992). This plasticity is also thought to be 

adaptive because smaller eggs produce smaller  



113 

 

 

  

Figure 2. The number of eggs per clutch as a function of body length of L. ashlandi copepods. Note that in the multiple 

regression analysis (Table 1A), clutch size is natural log transformed.  Filled circles are clutch sizes from the past 

(1976, 1977, 1981) and open circles are from 2004  

 

 
Figure 3. Mean egg size per clutch as a function of body length of L. ashlandi copepods. Filled circles are clutch sizes 

from the past (1976, 1977, 1981) and open circles are from 2004.  
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Figure. 4. Probability of reproducing for past (closed circles; 1977-1980) and recent (open circles; 2004) L. ashlandi 

copepods. Expected values are the fitted line for the logistic regression 

offspring which mature at smaller sizes (Ebert et al. 

1993, Lampert 1993). In addition, we are aware of 

one study showing predator-induced life-history 

changes in calanoid copepods (Gutierrez et al. 2010). 

Also, copepods exhibit predator-induced defenses in 

swimming behavior (Ramcharan and Sprules 1991), 

and vertical migration (Ohman et al. 1983, Bollens 

and Frost 1989, Neill 1990). These studies suggest 

that some copepods can respond to predator cues, and 

consequently, that predator-induced shifts in life-

history traits are likely in copepods.  

 

The forms of adaptive phenotypic plasticity 

described above are a type of inducible defense 

because all of the life-history shifts increase 

individual fitness.  Inducible defenses are predicted 

to evolve under four conditions: 1) the defense is 

beneficial, 2) there are reliable cues indicating the 

future risk of attack, 3) the threat is variable or 

unpredictable, and 4) the defense is costly to 

maintain, otherwise a constitutive defense would be 

favored by evolution (Tollrian and Harvell 1998). In 

our system, these conditions are probably met. First, 

the shifts in life-history traits are beneficial because 

they increase fitness. If copepods are able to 

distinguish between the cues of cutthroat trout and 

lake trout then cues are likely to be reliable indicators 

of future risk of predation because induced defenses 

in copepods can be predator-specific (Ohman et al. 

1983). Second, because cutthroat trout have lived in 

Yellowstone Lake for thousands of years (Behnke 

2002), the presence of these fish is likely a reliable 

cue of the threat of predation. Third, the threat of 

predation is variable.  The number of spawning 

cutthroat trout has varied dramatically over the past 

65 years (Koel et al. 2005).  Over time, the variability 

was caused by collecting eggs from spawning 

cutthroat trout, changing angler regulations, and 

recently, by the introduction of lake trout.  Finally, 

under certain environmental conditions, some of 

these life-history traits may also be costly. For 

example, when resources are limited, small offspring 

can have lower survival because of lower energy 

reserves (J. Jokela, unpublished data on juvenile New 

Zealand mud snails). If these conditions are usually 

met in this ecosystem, then phenotypic plasticity is a 

likely explanation for the observed patterns in life-

history traits between the past and present samples.  
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 In contrast to predictions, clutch sizes did 

not differ in L. ashlandi between past and recent 

samples in Yellowstone Lake. Differences in mean 

clutch sizes were attributable to differences in body 

size, day length and phytoplankton biomass (as 

estimated by Secchi disk depths). First, perhaps the 

discrepancy between observed and predicted clutch 

sizes results from greater food availability in 2004 

(higher density of small phytoplankton <30 µm 

greatest axial linear dimension despite lower 

phytoplankton biomass overall; Tronstad et al. in 

review). With greater resources, clutch sizes of 

copepods can be larger (Hart 1996).  Second, we may 

not have found differences in clutch sizes between 

past and recent samples because we have data from a 

variety of clutches from different-aged copepods. In 

copepods, clutch size tends to decrease with age 

(Smyly 1970, Devreker et al. 2009).  Third, cutthroat 

trout may act as an opposing force of selection for 

decreased clutch sizes if larger clutch sizes increase 

the visibility of L. ashlandi to these visual predators.  

For example, copepods with larger clutch sizes suffer 

higher mortality from brook trout because of their 

increased visibility (Dawidowicz and Gliwicz 1983). 

The same phenomenon occurs in cladocerans with 

visually-feeding planktivorous fish (Mellors 1975, 

Gliwicz 1981, Latta et al. 2007).  Hence, clutch size 

may be experiencing opposing forces.  Size-selective 

predation on adult copepods favors large clutches, 

but visually-feeding predators should favor lower 

clutch sizes.  These opposing forces may be why we 

see no difference in clutch sizes between past and 

recent samples. In contrast, the forces shaping size at 

maturity are congruent. Size-selective predation of 

large copepods favors a smaller size at first 

reproduction and small size at maturity reduces 

visibility and increases survival in the presence of 

visually-feeding predators (Latta et al. 2007). Hence, 

it is not surprising that copepods were smaller in the 

past under size-selective predation by a visually 

feeding predator. Finally, differences in clutch size 

could be explained by size-selective predation. Since 

both cladocerans and copepods with large clutch 

sizes are more visible to predators (Gliwicz 1981, 

Dawidowicz and Gliwicz 1983), mean clutch sizes 

are predicted to decrease as individuals with large 

clutches are more likely to be eaten by planktivorous 

fish. Therefore, perhaps clutch sizes were in fact 

larger in the past, but we did not observe a difference 

because many of the large clutches had already been 

consumed when the copepods were collected.  

 

 In addition to the differences that we 

observed between past and recent copepods, we also 

found life-history shifts between sites that are 

consistent with either adaptive plasticity or rapid 

evolution. Both egg size and clutch size differed 

between West Thumb and South Arm. South Arm of 

Yellowstone Lake is a refuge for Yellowstone 

cutthroat trout (Koel et al. 2003) and West Thumb is 

where the highest density of lake trout occur (Koel et 

al. 2005). Therefore, as a result of either rapid 

evolution or adaptive plasticity, egg sizes are 

predicted to be lower and clutch sizes higher at South 

Arm where Yellowstone cutthroat trout are causing 

higher size-selective predation on adult L. ashlandi. 

Consistent with these predictions, egg sizes were 

significantly smaller (3%) and clutch sizes were 

significantly larger (4%) in current samples from 

South Arm than in West Thumb. These two sites are 

over 27 km apart, so these differences could be the 

result of adaptive phenotypic plasticity or local 

adaptation if movement and dispersal distances of L. 

ashlandi are less than 27 km.  Therefore, we have 

evidence for beneficial changes in life-history traits 

over time and space. 

 

 Changes in life-history traits in past and 

recent copepods may result from either rapid 

evolution of genotype frequencies or adaptive 

phenotypic plasticity. The elapsed time since the 

introduction of lake trout is likely sufficient for 

evolutionary changes. There was 19 years for 

evolutionary changes to occur between the 

introduction of lake trout (~1985) and the recent 

samples (2004). Given that freshwater copepods live 

for one to several months (Williamson and Reid 

2001), there are 2-4 generations of copepods per year 

or 38-76 generations between the past and recent 

samples. Also, rapid evolution of timing of diapause 

in another calanoid copepod occurred in only 4 years 

(Hairston and Walton 1986) suggesting that with 

ample selection pressure, 19 years is sufficient for 

evolutionary change to occur. Gene flow among 

lakes is also likely to be quite small in these aquatic 

animals. Additionally, shifts in life-history traits may 

be the result of adaptive phenotypic plasticity. As 

discussed above, the conditions for the evolution of 

inducible defenses in this ecosystem are likely to be 

met. However, in order for adaptive plasticity to 

explain temporal and spatial differences in L. 

ashlandi life-history traits, these copepods must be 

able to distinguish between kairomones produced by 

cutthroat trout and lake trout. If L. ashlandi cannot 

distinguish between the kairomones, then the total 

amount of trout kairomone may not have changed 

significantly over time because cutthroat trout 

declined in abundance but lake trout increased. 

However, if L. ashlandi can distinguish between 

these kairomones than they could detect the large 

decrease in the abundance of cutthroat trout over time 
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and alter their plasticity in response. To our 

knowledge it is not known whether freshwater 

copepods can distinguish between cues from 

planktivorous and non-planktivorous fish. Because 

cutthroat trout and lake trout are in the same family 

(Salmonidae), their kairomones may be too similar to 

be distinguished. Cladocerans may be able to 

distinguish between planktivorous and non-

planktivorous fish. Life-history traits of Daphnia 

responded differently to two fish species (perch and 

stickleback) in a laboratory experiment, indicating 

that Daphnia were able to differentiate between 

fishes (Weber 1999 as cited in Lass and Spaak 2003). 

In contrast, one study showed that the kairomones 

released by 3 fish species all exhibited the same 

chemical characteristics (von Elert and Loose 1996) 

and another study showed behavioral responses in D. 

magna were induced by both planktivorous and non-

planktivorous fish (Loose, Vonelert, and Dawidowicz 

1993). Therefore, whether zooplankton can 

differentiate between potential fish predators and 

other fish remains unclear.  If copepods cannot 

distinguish between kairomones from cutthroat trout 

and lake trout then the shifts in life-history traits that 

we observed are probably not explained by adaptive 

phenotypic plasticity.  

 

Life-history traits of L. ashlandi were 

also affected by phytoplankton biomass and the 

amount of daylight.  Our results showed that L. 

ashlandi had larger clutches at shallower Secchi disk 

depths (higher phytoplankton biomass) and longer 

daylight hours.  Similarly, clutch sizes tended to be 

larger when more food was available for 3 different 

species of copepods (Woodward and White 1981, 

Hart 1996).  Additionally, among seasons clutch size 

of copepods was smallest during summer, when 

phytoplankton levels were lower than in spring or fall 

(Hutchinson 1951, Elbourn 1966).  Higher food 

concentrations also increased the egg production rate 

(eggs per female
-1

 day
-1

) in calanoid copepods in 

laboratory experiments (Hart 1996).  In Yellowstone 

Lake, copepods were also more likely to reproduce at 

shallower Secchi disk depths (higher phytoplankton 

biomass) and with fewer hours of daylight.  In 

contrast to our results, female cyclops copepods were 

more likely to be carrying eggs with greater day 

lengths (Elbourn 1966).  Thus, abiotic factors cause 

seasonal difference in life-history traits of copepods. 

 

There are two possible alternative 

explanations for the shifts in life-history traits of 

copepods that we observed. First, the zooplankton 

assemblage changed from being dominated by small 

copepods in the past to being dominated by 

cladocerans in 2004. Because there were slightly 

fewer L. ashlandi in 2004, they may have 

experienced reduced intraspecific competition and 

perhaps higher growth rates resulting in a larger size 

at maturity and more eggs. However, cladocerans 

typically dominate the zooplankton assemblage in 

lakes with 2 and 4 trophic levels, because cladocerans 

out compete copepods for food (Brooks and Dodson, 

1965).  Therefore, we do not expect growth rates of 

copepods to be higher in recent times.  Second, 

climate change may have altered the zooplankton 

assemblage in Yellowstone Lake.  Water 

temperatures in Yellowstone Lake have increased by 

0.29°C/decade (Tronstad et al., in press). In Lake 

Washington, Washington, USA, water temperatures 

increased 0.35°C/decade (March – June) causing a 

mismatch between the phytoplankton and Daphnia 

blooms (Winder and Schindler 2004).  As a result, 

Daphnia densities declined and juvenile mortality 

increased because of low food resources.  However, 

in Yellowstone Lake Daphnia densities and size have 

increased (Tronstad et al., in review).  Also in 

copepods, female body size generally decreases with 

increasing temperatures (Williamson and Reid, 

2001). This is inconsistent with our finding that size 

of reproductive females increased over time as mean 

temperature increased. Thus, changes in life-history 

traits of copepods and the zooplankton assemblage in 

Yellowstone Lake are more likely a result of reduced 

size-selective predation than intraspecific 

competition or climate change. 

 

 We observed that size at first reproduction 

and offspring size increased in L. ashlandi copepods 

collected 19 years after the introduction of lake trout 

compared to copepods collected prior to the invasion.  

These shifts in life histories are consistent with both 

life-history theory, which predicts shifts in genotype 

frequencies, and with adaptive phenotypic plasticity. 

Based on our results, it is not possible to assess the 

relative contributions of changes in genotype 

frequencies and adaptive phenotypic plasticity.  

However, adaptive phenotypic plasticity is only 

likely if L. ashlandi can distinguish between the cues 

of cutthroat trout and lake trout. If these results are 

attributable to changes in genotype frequencies, then 

the life-history traits of L. ashlandi evolved rapidly 

(~ 19 years) in an indirect response to an invasive 

predator.  
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  INTRODUCTION 
 

 Population eruptions by native bark beetles 

are intermittent and can cause wide spread forest 

disturbance.  The mountain pine beetle (MPB), 

Dendroctonus ponderosae Hopkins, is one such bark 

beetle currently affecting all species of pine in the 

Greater Yellowstone Ecosystem (GYE).  MPB 

populations erupt after generating positive feedback 

once thresholds are surpassed.  Population eruptions 

require a combination of factors such as favorable 

weather, tree susceptibility, and the reduced 

competitors and predators.  

 

 Fire is also a major agent of disturbance 

throughout the GYE.  Not all affected trees are killed, 

as some are only injured.  Fire-injured trees may 

provide MPB with a suitably weakened host such that 

they could build-up their populations and reach 

eruptive population levels, subjecting healthy, 

vigorous trees to MPB caused mortality. 

  

 By conducting field work in Grand Teton 

National Park, Yellowstone National Park, and 

Bridger-Teton National Forest and working out of the 

UW-NPS Research Station, we are currently 

investigating the following question: 

 

Does fire injury in lodgepole pine affect colonization 

rates, reproductive success, and potential for 

population increase of mountain pine beetle?   

    

 

 

 

Objective #1:  Mountain pine beetle colonization 

of fire-injured lodgepole pine  

 

 Four sites in Yellowstone National Park, 

Grand Teton National Park, and Bridger-Teton 

National Forest that burned during summer 2006 

were studied in the summer of 2007, and four sites 

that burned during summer 2007 were studied in the 

summer of 2008 (Figure 1). Four 100m x 5m belt 

transects at each site were used to determine the 

number of lodgepole pines per fire injury category 

(none to low, moderate, high), the presence or 

absence of the mountain pine beetle in each tree, and 

the presence or absence of mountain pine beetle 

competitors.  Our results indicate that fire injury 

predisposes trees to mountain pine beetle 

colonization, but the extent to which this occurs 

varies in a nonlinear fashion with the severity of 

injury (Chi Square analysis, p <0.001). Analysis is 

ongoing, and the project will be completed in 2010. 

 

Objective #2:  Mountain pine beetle reproductive 

success and interspecific competition within fire-

injured lodgepole pine  

 

 A subsample of 30 lodgepole pines of each 

fire-injure category (as described in Objective #1) 

were designated for sampling in 2007 and 2008.  The 

holes of entry and exit for the mountain pine beetles 

from breast height to forest floor will be marked and 

counted for each pine.  The larval galleries for the 

mountain pine beetle and mountain pine beetle 

competitors will be measured.  Data collection and 

analysis will continue through 2010. 
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Objective #3:  Potential mountain pine beetle 

population increase in burned lodgepole pine 

 

 The relationship between tree mortality due 

to mountain pine beetle and proximity to burn 

perimeter is currently being tested.  To control for 

regional context, we will test different measures of 

beetle population dynamics derived from the remote 

sensing analysis and insect pheromone trapping at all 

8 burn sites as covariates in the logistic models.  

Analyses are underway, and the project will continue 

through 2010. 

 

Objective #4:  Host resistance and suitability 

 

 The resistance of fire-injured lodgepole pine 

to bark beetles was determined by measuring the 

amount of resin and the concentration and 

composition of monoterpenes present in constitutive 

and induced phloem from 50 lodgepole pines of each 

fire injury category (as described in Objective #1).  

Resin flow was measured by puncturing the bark of 

each pine and attaching a graduated centrifuge tube 

to the wound site.  Resin flow was found to differ 

across the categories (Kruskal-Wallis p = 2.674 x 10
-

9
).  Phloem (3 inch

2
) was removed from each pine, 

immediate frozen, and shipped to Wisconsin for 

monoterpene analysis.  Monoterpenes are currently 

being analyzed by gas chromatography.   

 

 The suitability of fire-injured lodgepole pine 

to bark beetles was determined by identifying the 

fungal composition, and the concentration of nitrogen 

in the phloem of the 50 lodgepole pines of each fire 

injury category.  Phloem (2cm diameter) was 

removed from each pine and plated onto malt extract 

agar.  The acquired fungus was allowed to grow on 

each plate.  Identification of the fungi is ongoing.  

Phloem (1 inch
2
) was removed from the pines and 

dried to determine the concentration of nitrogen.  

This analysis is also ongoing. 

 

 

 

 

 

 

 

 

 

  

July 19 2006 

Aug 20 2006 

Aug 19 2006 

50 km 

Aug 24 2006 

 July 11 2007 

 Aug 9 2007 

 June 27 2007 

 Sep 20 2007 

ID WY 

WY 
MT 

Figure 1.  Eight burns throughout the Greater 

Yellowstone Ecosystem.  All were sampled in 2007 and 

2008.  Dates indicate the date of burn. 
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  INTRODUCTION  

 

 A primary goal of invasion biology is to 

predict which introduced species become invasive 

and which systems are susceptible to invasion. 

Therefore it is vital to understand how invasive 

species sustain positive population growth rates in 

their introduced range and what environmental 

factors control population growth. The New Zealand 

mud snail (Potamopyrgus antipodarum) (Figure 1.) 

has spread throughout Europe, Australia, and North 

America, and has reached pest densities in many 

streams in the Greater Yellowstone Area (GYA) 

since their introduction in the 1980‘s. High rates of 

growth and secondary production have been 

documented for mud snails in its introduced range in 

the GYA, as have evidence of negative interactions 

between mud snails and native macroinvertebrates 

and higher trophic levels. However, little is known 

about how the availability of nutrients affects the 

invasion success of mud snails.  

 

 Laboratory experiments have shown that the 

growth and fecundity of mud snails is negatively 

affected when fed algae with a low phosphorus 

content. These experiments provided evidence that 

phosphorus availability, and potentially other 

nutrients such as nitrogen, could limit the population 

growth and spread of mud snails and help to explain 

their distribution with the GYA. 

 

 

 

 

 

 
Figure 1. Potamopyrgus antipodarum feeding on rock 

biofilm in Polecat Creek. Photo by Madeleine Mineau. 

 

  METHODS  

 

 In order to study how algal food quality 

affects mud snails in streams in the GYA, I first set 

out to study the P content of the rock biofilm that 

mud snails consume. In June of 2009, I conducted a 

field study to measure the carbon, nitrogen, and 

phosphorus content of the rock biofilm resources 

available to mud snails at Polecat Creek. I ―spiked‖ 

the algal biofilm to increase its P content by placing 

tea balls filled with stream gravel into a bucket full of 

stream water and varying levels of Potassium 

phosphate that mimicked high and low levels of 

phosphorus availability. I sampled the biofilm 

growing on the gravel at time 0 (initial), and again 

after 48 hours in the low and high P treatments.  
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  RESULTS  
. 

The initial samples had a mean % P of 

0.31%, which is typical for rock biofilm in Polecat 

Creek. After 48 hours in the P addition treatments, 

the low P treatment mean value was 0.15 % P, 

whereas the high P treatment was 0.33 % P (Figure 

2).   

Figure 2.  The rock biofilm in the low P treatment had a 

reduce P content compared to the initial and high P 

treatment after 48 hours. 

 

  DISCUSSION  

 

 These results were slightly surprising, since 

I had assumed both P treatments would increase the 

overall P content of the biofilm growing on the 

gravel. Instead, it appears that rapid biological uptake 

decreases the amount of P available over time to the 

biofilm in the buckets. Therefore, I can actually 

create a larger range of algal P content treatments 

since I can manipulate the mean P content of the 

biofilm to be lower than what is typical in the stream. 

These results will be very useful when I set up future 

growth and fecundity experiments at Polecat Creek to 

determine how nutrient availability affects mud snail 

success. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


