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Abstract
We characterized spatial patterns of decline of cougar (Puma concolor) and wolf (Canis lupus) 
in response to exploitation at the county level and estimated rates of decline using generalized 
linear models derived from historical bounty data collected in early 20th century Montana. 
Cougar bounty payments (n = 1457) declined at a rate of 7 percent/year from 1902 to1920.  
Wolf bounty payments (n = 33,121) declined at a rate of 15 percent/year from 1902 to1910 and 
33 percent/year from 1911 to 1920. Spatially, cougar populations declined in equal proportions 
across Montana with remnant populations located in areas of rugged, mountainous terrain in 
the northwest. Cougars may have avoided extirpation in Montana because remnant populations 
continue to survive in these rugged, mountainous areas far from areas of high human population 
density and agricultural expansion. In contrast, wolves initially declined directionally toward the 
eastern prairie. However, in the decade before their extirpation, wolf populations collapsed in 
equal proportions across Montana. Increased economic incentives between 1911 and 1920, and 
higher real and perceived conflict with humans and livestock may have increased hunter effort 
to kill the last remaining wolves.

Keywords:  Bounty, Canis lupus, carnivore, exploitation, generalized linear models, 
Montana, Puma concolor.

Introduction
Knowledge of population response to 

exploitation is a vital component of large 
carnivore management and conservation 
(Musiani and Paquet 2004). Historically, 
many large carnivores took decades 
or longer to recover from exploitation 
coincident with the westward expansion 
of European settlers across North America 
(Weaver et al. 1996). Wolves and cougars 
were once widely distributed across the 
continent, but both species were nearly 
driven to extinction in the western U.S. due 

to predator control programs and habitat 
destruction (Young and Goldman 1944, 
Mech 1970). Given current uncertainty 
over the response of recovering carnivore 
populations to potential management 
actions, a deeper understanding of the 
historical response of wolf and cougar 
populations to predator control programs 
may benefit conservation efforts.  However, 
few suitable records of large carnivore 
harvest from the early 1900s have survived.  

A previous study used historical bounty 
payment records to describe general patterns 
of regional population collapse of cougars 
and wolves in early 20th century Montana 
(Riley et al. 2004). Although cougars and 
wolves once occupied most regions of 
Montana, intense exploitation, prey loss, 
and habitat destruction nearly eradicated 
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cougars and wolves by 1930 (Curnow 
1969, Riley et al. 2004).  Statewide cougar 
bounty payments declined from almost 
200/year in the early 1900s to 2/year by 
1930; statewide wolf bounty payments 
declined from over 4000/year in the early 
1900s to 0/year by 1928.  Cougars were 
most abundant in the mountainous western 
region of Montana; in contrast, wolves were 
most productive and most abundant in the 
flat, eastern prairie (Riley et al. 2004). Over 
time, the relative concentration of wolves 
and cougars appears to have changed, 
indicating that each species exhibited 
different spatial responses to exploitation. 
The exact pattern of collapse, however, for 
cougars and wolves in Montana, and the 
implications of those patterns have not been 
previously investigated. Rates of decline and 
the potential contribution of anthropogenic 
factors to those patterns of decline also have 
not been estimated.  

To further elucidate the rate and 
spatial patterns of decline in Montana 
wolf and cougar populations in response 
to exploitation, we modeled spatial and 
temporal trends in historical bounty 
payments. Our objectives were to 1) 
estimate and compare rates of decline in 
cougar and wolf populations as both species 
neared extirpation, 2) compare small-scale 
(county) spatial patterns of decline between 
cougars and wolves, 3) examine the ability 
of anthropogenic data to explain variability 
in wolf and cougar bounty harvest data, and 
4) identify conservation implications for 
modern large carnivores. 

Study area
Montana has a land area of 381,086 

km2, and averages approximately 870 km 
from east to west and 450 km from north 
to south. The western third of Montana is 
mountainous and the eastern two–thirds are 
a mix of undulating prairie interspersed with 
rivers, breaks, and isolated mountain ranges 
of the Missouri and Yellowstone watersheds.  
Elevations range from 546 m where 
the Kootenai River exits the state in the 
northwest corner to 3898 m in the Beartooth 
Mountains of south central Montana.  

Methods
We used several data sources to 

model cougar and wolf bounty payments 
including landscape feature, European 
settlement, and bounty program data (see 
full descriptions below). Bounty payment 
records were collected at the county scale 
(Riley et al. 2004), so we included data 
sources in our models that could also be 
represented at the county scale. Statewide 
data on prey abundance were not available 
from the early 1900s; however, increases 
in human population size and number of 
farms (data included in our analyses) likely 
accounted for major statewide declines in 
prey abundance given that range contraction 
and population collapse of many ungulates 
has been attributed to exploitation and 
settlement of Europeans in North America 
(Mussehl and Howell 1971, Laliberte and 
Ripple 2004).  

Bounty harvest records from 1902 to 
1923 and 1925 to 1930, initially recorded 
by county clerks, were transcribed from 
surviving ledgers (Riley et al. 2004). 
Records report number of bounty payments 
for adult cougar and wolf pelts submitted 
by individuals in the county where 
animals were killed. Complete accounts of 
Montana’s bounty programs and associated 
records appear in Curnow (1969) and Riley 
et al. (2004). Reported number of wolves 
killed may be somewhat inaccurate because 
bounty hunters occasionally attempted to 
substitute cheaper coyote pelts for wolf 
pelts, and many cougars and wolves killed 
by humans were not claimed for their 
bounties (Curnow 1969). However, we do 
not believe that either of these issues poses 
serious problems for interpretation of the 
data. We restricted our analysis to records 
collected prior to 1920 because excessive 
zeros obscured spatial patterns of range 
collapse in later years as wolves approached 
extirpation and cougars became scarce.  

We used a measure of terrain 
ruggedness to account for regional variation 
in habitat suitability that might have affected 
wolf and cougar rates of decline. This 
allowed us to determine if cougars and 
wolves declined at different rates in areas 
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with different amounts of suitable habitat. 
Terrain ruggedness was chosen because 
the physical landscape of Montana has not 
changed markedly since the early 1900s 
and because no data on the land cover or 
prey abundance were available from that 
period. In addition, terrain ruggedness 
reliably predicts modern (1975-1995) 
cougar abundance in Montana (Riley and 
Malecki 2001). Cougars, being solitary 
ambush predators, prefer highly rugged 
terrain. In addition, previous analysis of 
Montana bounty harvest records indicated 
that density of cougars was likely highest 
in the mountainous west and wolf densities 
were highest in the flat, eastern prairie 
(Riley et al. 2004).  Using a 1:24,000 digital 
elevation map, Riley et al. (1999) created 
a terrain ruggedness index that represented 
the average difference in elevation between 
each 1-km2 pixel and its 8 neighboring 
pixels within a county.  We calculated the 
mean terrain ruggedness index value for 
each county in Montana in each U.S. census 
period (Fig. 1) and used this value as a 
covariate, Tri (Table 1), in our models.  High 
Tri indicated largely mountainous terrain, 
whereas low Tri indicated flat, prairie terrain.

We included the covariate Year (Table 
1) in our analysis to account for overall 
decreases in wolf and cougar abundance 
and to represent the rate of decline in the 
population over time. We assumed that, 
on average, wolf and cougar populations 
experienced an exponential decline in 
population size in each county, which 
seemed reasonable given the pattern of 

decline in bounty payments described by 
Riley et al. (2004).

We included the area of each county as 
a covariate, Area (Table 1), in our analyses 
to standardize the number of bounty 
payments for differences in county size. 
Also, about 75 percent of Montana counties 
changed size with redrawing of county 
boundaries after the 1910 census of which 
most decreased in area.

To capture potential changes in 
hunter effort due to economic incentives, 
we included bounty price as a covariate, 
Bountyprice (Table 1), in our cougar models.  
Cougar bounty prices changed from $7 in 
1902 to $10 in 1905. Adult wolf bounty 
prices changed from $5 in 1902 to $10 
in 1906 and $15 in 1912. However, this 
variable was highly correlated with Year 
and Decade factors and ultimately was not 
incorporated into our wolf models because 
of multicolinearity issues. The effect of 
increasing bounty price was confounded 
with Year and Decade and could not be 
separated. Total value of wolf bounty 
payments made in Montana between 1902 
and 1920 was calculated and plotted against 
changes in bounty price/pelt to explore 
changes in economic incentives over time.  

We included human population 
by county and U.S. decennial census 
period (Forstall 1995) as a covariate, 
Humanpopsize (Table 1), in our models as 
a potential indicator of hunter effort and 
habitat change due to human development. 
We represented population size during 
1902–1910 with the value from the 1900 

Table 1.  Definitions of cougar and wolf model factors and range of values of the factor.

Variable	 Variable definition	 Range

Wbounty	 Annual number of wolf bounty payments in a county	 0-1209
Cbounty	 Annual number of cougar bounty payments in a county 	 0-115
Tri	 Mean terrain ruggedness index value for each county by census period 
	 (100 m)	 1.1-11.5
Year	 Year of data	 2-20
Area	 Area of each county by census period (100 km2)	 18.2-419.5
Bountyprice	 Dollar value of cougar and wolf pelts in each year	 7-10
	 	 5-15
Humanpopsize	 Human population size by county from the U.S. 
	 census (in 1000s)	 2.0-60.3
Farms	 Number of farms by county from the U.S. census (100s)	 1.0-42.3
Decade	 Decade of data, 1902–1910 or 1911–1920	 0 or 1
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census and 1911–1920 from the 1910 
census. We also included the number of 
farms (all types) in each county and census 
period, Farms (Table 1), as another potential 
index of human–carnivore conflicts. We 
included a dummy variable, Decade (Table 
1), in our models to represent census periods 
1902–1910 and 1911–1920 and account 
for changes in scale of data collection, i.e., 
changing county boundaries. Also, this 
dummy variable allowed us to estimate 
separate model intercepts for the first and 
second decades.  

We examined four first order 
interactions: Tri by Year, and Tri by Decade 
allowed the effect of terrain ruggedness to 

change over time; Tri by Area accounted for 
the possibility that larger counties contained 
more microhabitats than smaller counties; 
Year by Decade allowed for different rates 
of decline between the first and second decades. 

Model Development
We developed a series of generalized 

linear models to predict the mean number 
of bounty payments reported in each 
county and year. This approach was ideal 
for modeling count data with extensive 
zero occurrences (McCullagh and Nelder 
1989). For each species, the full model 
contained eight main covariates (Table 
1) and four interaction terms. Every 

Figure 1.  Mean terrain ruggedness index value for each county by census period (a. 1902–
1910, and b. 1911–1920).  
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model included an intercept, year, and 
area, and a parameter that described the 
overdispersion. We considered all possible 
subsets of the remaining main covariates. 
Models containing interaction terms were 
only considered if the factors included in 
those interaction terms were also present 
as main factors in the model, e.g., Tri by 
Year was only included if the model already 
contained Tri and Year.  Altogether, we fitted 
368 models to cougar bounty payments 
(Cbounty) and 184 models to wolf bounty 
payments (Wbounty).  Model fitting was 
performed using SAS® Version 9.1 for 
PC (SAS Institute Inc., Cary, NC, USA) 
PROC GENMOD with a negative binomial 
distribution and a log link function. We used 
a negative binomial distribution because 
variances of the models were higher than 
expected under the assumption of a Poisson 
distribution (McCullagh and Nelder 1989).  
One would expect overdispersion for these 
data because cougars maintain territories 
and are unlikely to be distributed randomly 
across the landscape; also wolves, live 
in packs and may be captured in groups. 
The best model was chosen by comparing 
quasi–Akaike Information Criterion values 
(QAIC, Burnham and Anderson 2002). We 
estimated the overdispersion parameter 
for the full model and used that estimate 
to calculate the QAIC values and standard 
errors for all subsequent models (Burnham 
and Anderson 2002).  

Correlations among model factors 
ranged from R = 0.01 between Wbounty and 

Cbounty to R = 0.9 between Bountyprice 
(for wolves) and Year (Appendix 1). Due 
to high correlations between Wbounty and 
Year and Wbounty and Decade, we did not 
consider Wbounty in our models. Most pairs 
of variables were correlated at R < 0.5, and   
most variables exhibited tolerances > 0.4 
(Appendix 2), indicating multicolinearity 
was not a serious problem in our analyses 
(Allison 1991). We expected moderately low 
tolerances for Year and Decade (0.222 and 
0.240, respectively) because these factors 
were fairly highly correlated. However, we 
kept both factors in our analyses to account 
for overall declining trends in cougar and 
wolf bounty payments. Multicolinearity 
between Year and Decade did not affect 
estimated values or standard errors of other 
model parameters.

Results
Year, Area, and Tri explained much of the 

variation in wolf and cougar bounty payments.  
However, our best generalized linear models 
for these large carnivores differed in two 
important ways: 1) direction of influence 
of Tri on number of bounty payments, and 
2) inclusion of anthropogenic explanatory 
factors and interaction terms. We did not 
find evidence of interspecific competition 
between wolves and cougars in our models as 
suggested by Riley et al. (2004).  

Patterns of cougar decline.—The best 
cougar model included five factors and one 
interaction term (Table 2). The effect of each 
model factor can be inferred by examining 

Table 2.  Parameter estimates and standard errors for the best models describing the mean 
number of cougar and wolf bounty payments in Montana, 1902–1920.

	 Cougar model	 Wolf model

Name	 Value	 Standard error	 Value	 Standard error

Intercept	 –2.558	 0.395	 7.817	 0.569
Tri	 0.220	 0.055	 –0.579	 0.088
Year	 –0.073	 0.016	 –0.403	 0.032
Area	 -0.002	 0.002	 0.004	 0.002
Farms	 0.077	 0.013	 –	 –
Decade	 –	 –	 –3.263	 0.497
Tri by Area	 0.002	 0.0004	 0.002	 0.0005
Tri by Year	 –	 –	 0.029	 0.005
Year by Decade	 –	 –	 0.241	 0.047
Dispersion	 2.476	 0.299	 2.457	 0.147
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the coefficient sign and coefficient estimate 
compared to its standard error (Burnham 
and Anderson 2002). Mean number of 
cougar bounty payments declined over time 
as indicated by the negative coefficient 
for Year and the large effect relative to the 
standard error. Cougar bounty payments (n 
= 1457) declined at a rate of 7 percent/year 
throughout the study period.  

Spatially, cougar bounty payments 
declined across the state in proportion to 
their abundance at the beginning of the 
study period as indicated by the positive 
effect of Tri on mean number of cougar 
bounty payments made in each county and 

year. Thus, higher numbers of cougar bounty 
payments were reported in the more rugged 
(western) counties where cougars were in 
higher abundance.  Cougar populations 
were rapidly extirpated in the eastern prairie 
regions where initial populations were low 
(Fig. 2); remnant populations were restricted 
to the mountainous western third of the state.   
Because of the positive interaction between Tri 
and Area, larger counties had higher numbers 
of predicted cougar bounty payments than 
smaller counties with similar mean terrain 
ruggedness index values.  Mean number of 
bounty payments also was higher in counties 
with a high number of farms (Farms).  

Figure 2.  Total wolf and cougar bounty payments reported in Montana by county and census 
period (a. 1902–1910, and b. 1911–1920).  
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The QAIC difference between the 
best model and the second best model was 
1.52 (Appendix 3) that indicated moderate 
evidence favoring the best model. Other 
models with QAIC values close to the best 
model did not indicate qualitatively different 
patterns of range collapse than the best 
model (Appendix 3).

Patterns of wolf decline.—Our best wolf 
model consisted of five covariates and three 
interaction terms (Table 2). Mean number 
of wolf bounty payments declined through 
time as indicated by the negative coefficient 
for Year. However, decline was less rapid 
during 1902–1910 than during 1911–1920 as 
indicated by the positive interaction between 
Year and Decade. Wolf bounty payments (n 
= 33,121) declined at a rate of 15 percent/
year from 1902-1910 and 33 percent/year 
from 1911-1920.

In contrast to cougars, declines in wolf 
bounty payments were disproportionate 
across the Montana landscape. High numbers 
of wolf bounty payments were associated 
with flat terrain in the beginning of the time 
series, but the effect of terrain ruggedness 
lessened through time (Fig. 2).  Tri had an 
overall negative effect on the mean number 
of wolf bounty payments made in each 
county and year indicating that the number of 
wolf bounty payments was higher in counties 
with low terrain ruggedness than in counties 
with high terrain ruggedness. Yet, the effect 
of terrain ruggedness on number of bounty 
payments decreased over time as indicated by 
the positive interaction between Tri and Year. 
By 1920, the effect of terrain ruggedness was 
nearly zero.  The negative effect of terrain 
ruggedness on the number of wolf bounty 
payments was lower in large counties than 
in small counties as indicated by the positive 
interaction between Tri and Area.  

The QAIC difference between the best 
model and the next best model was 0.7 
(Appendix 4). The top two models were 
the same except that the second best model 
contained the factor Humanpopsize. Other 
models that had QAIC values close to the 
best model did not indicate qualitatively 
different spatial patterns of collapse than the 
best model (Appendix 4).

Discussion
Plausible reasons why wolves were 

extirpated in Montana although cougars 
were not include 1) regions of Montana with 
high wolf abundance were also heavily used 
by humans for settlement and agriculture, 
increasing their vulnerability to harvest 
and habitat destruction, 2) higher real and 
perceived conflict between carnivores and 
humans (and their livestock) was higher for 
wolves than for cougars, and 3) economic 
incentives for bounty hunters to harvest 
wolves were greater than for cougars.

Our analyses indicated that resilient, 
remnant cougar populations occupied 
favorable habitat (high terrain ruggedness); 
such rugged terrain likely provided additional 
protection from human disturbance. Our 
models showed that cougars declined 
proportionately across their range such that 
small prairie populations were extirpated first 
whereas larger remnant populations persisted 
in the rugged, sparsely settled, western 
region of the state (Table 2, Fig. 2). That 
cougar populations persisted in areas not 
easily accessed by humans likely afforded 
enough protection to survive exploitation 
and eventually recover after World War II 
(Mussehl and Howell 1971). Thus, cougars 
were less vulnerable to hunters than wolves 
in which highest abundance occurred in 
the more flat, open riverine habitats of the 
prairie.  In addition, cougars may have been 
more resilient than the highly social wolf 
to demographic problems that arose from 
low population size (Allee effects). The 
cougar’s natural tendency toward solitary 
behavior, low productivity, and dispersal may 
have better equipped them to deal with low 
remnant population size in the early 1900s 
and rebound as predator control subsided 
after World War II.

In contrast, wolves thrived in the flatter, 
prairie habitats (Riley et al. 2004), which 
put them in direct conflict with humans 
who also preferred the prairie for ranching 
and farming. Following extirpation of 
bison from the prairie, wolf depredation 
on livestock likely increased, thus creating 
greater economic incentives for humans 
to kill wolves than cougars in agricultural 
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areas. Compared with cougars that preferred 
rugged terrain, wolves likely were easier 
to find and kill than cougars given their 
preference for less rugged terrain and their 
easily accessed dens along the banks of 
rivers. Also, scavenging behavior of wolves 
left them vulnerable to widespread use of 
poison and disease as predator control tools 
(Young 1942).   

Another factor that may have led to a 
disproportionately higher harvest pressure 
on wolves than cougars was wolves 
higher perceived conflict with humans and 
livestock. Specialized cougar bounty hunters 
existed (Curnow 1969), and humans likely 
could have harvested enough cougars from 
western Montana to cause extirpation.  
However, contemporary studies indicate 
wolves are generally perceived a greater 
threat to humans and agriculture than 
cougars (Kellert 1985, Kellert et al. 1996) 
despite higher livestock depredation rates by 
cougars and higher incidences of cougar–
caused human fatalities (Curnow 1969, 
Beier 1991). Historical human attitudes 
were likely similar as indicated by stories of 
famous wolves that appeared in the popular 
press of the late 1800s and early 1900s 
(Gipson et al. 1998); as wolves became 
more rare and difficult to catch, these stories 
may have provided additional incentive to 
remove remaining animals. Overall, lower 
exposure to humans and less negative 
human attitudes towards cougars may have 
prevented their extirpation in Montana.  

Finally, we believe that economic 
incentives in the form of increased bounty 
prices likely served as the final driving force 
extirpating wolves. Our models indicated 
that  wolves collapsed directionally toward 
areas of highly suitable habitat in the 
eastern prairie at first and then declined 
to extirpation in a fragmented manner 
across the entire state (Table 2, Fig. 2). We 
speculate bounty hunters sought areas of 
high wolf abundance in the eastern prairie 
first to achieve highest profits and then 
hunted other regions of the state as bounty 
prices increased in the second decade of our 
study, i.e., it became profitable to bounty 

hunt everywhere. Myers and Worm (2003) 
observed a similar pattern in decline of the 
world’s large fish species in that declines 
were briefly directional (toward the Indian 
Ocean), then occurred more evenly across 
the world’s oceans.  

Also, increased rates of wolf decline in 
the second decade (33% decline/year, 1911–
1920 versus 15% decline/year, 1902–1910) 
might indicate that increased hunter effort 
driven by increased bounty price led to more 
rapid wolf declines in the second decade. 
Although wolf bounty programs began in 
Montana in the 1880s, the number of wolves 
harvested did not decline precipitously until 
the price/wolf pelt reached $15 (Fig. 3).  A 
bounty price of $15 represents a tripling 
of the original bounty price that would be 
worth nearly $300 today accounting for 
inflation (U.S. Department of Labor, Bureau 
of Labor Statistics). Additionally, five of 
our 10 best-fit models included human 
population size as a factor. This was likely 
due to the fact that human population and 
settlement of the prairie nearly doubled in 
the second decade of this study, which likely 
increased demand for wolf control.

A large increase in rate of decline was 
not apparent in our models of cougar bounty 
payments despite an increase in bounty 
price from $7 to $10 in 1905. Economic 
incentives for bounty hunters may not have 
been high enough to induce eradication 
of cougars in Montana. Bounty hunters 
likely recognized the benefits of pursuing 
wolves as opposed to cougars, which 
are more difficult to capture than wolves 
without specialized dogs, given that the 
total value of the cougar harvest (sum of 
annual total values during 1902-1920) was 
only $13,631 compared with $158,670 for 
wolves. Several recent fisheries studies have 
also demonstrated that economic incentives 
promote exploitation and population 
collapse in commercial fisheries (Myers 
et al. 1996, Baum et al. 2003, Myers and 
Worm 2003, Safina et al. 2005). Even highly 
fecund fishes have experienced population 
collapse in response to intense fishing 
pressure (Sadovy 2001, Myers and Worm 2003).  
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Conservation Implications
In general, Weaver et al. (1996) 

considers wolf populations more resistant to 
exploitation relative to other large carnivores 
because of high annual productivity and 
capabilities for long-distance dispersal. 
Populations have recovered from intense 
harvests as high as 80 percent (Hayes 
and Harestad 2000). In contrast, cougar 
populations are generally thought to be less 
resilient to disturbance than wolves (Weaver 
et al. 1996) because they are solitary 
predators and require large areas of rugged 
terrain for hunting (Riley and Malecki 
2001). Also, cougars are poor competitors 
with other carnivores such as wolves (White 
and Boyd 1989, Boyd and Neale 1992, 
Bangs and Fritts 1996, Kunkel et al. 1999) 
and have lower productivity than many other 
carnivores (Weaver et al. 1996).  

That cougars persisted in Montana 
while wolves were extirpated implies 
cougars may be better able to withstand 
exploitation than wolves. However, our 

results complicate this interpretation 
because overall depletion of wolves was 
much greater than that of cougars. Without 
considering private bounty programs and 
unreported kills (Curnow 1969), in < 20 
years a minimum of 1457 and 33,121 
bounty payments were made for cougars 
and wolves, respectively, in Montana as 
part of the state’s predator control program. 
Wolf populations declined at a much higher 
rate than cougars throughout the study 
period (15-33 percent/year for wolves vs. 
7 percent/year for cougars).  Given these 
rates of decline, we estimated that in 1920 
cougar populations were at 25 percent of 
the 1902 levels and wolf populations were 
at 0.5 percent of the 1902 levels. Yet, Riley 
et al. (2004) reported evidence that wolves 
maintained high reproduction in the face of 
exploitation even in the final years before 
extirpation as indicated by the ratio of pups 
to adult wolves (>1 from 1902-1920). Even 
high apparent productivity (Riley et al. 
2004) could not prevent their extirpation. 

Figure 3.  Total value of wolf bounty payments made in Montana between 1902 and 1930 is 
shown on the left ordinate.  Temporal correspondence of wolf bounty payments with changes 
in bounty price per pelt is shown on the right ordinate.  Note the sharp decline in wolf bounty 
payments with the increase in bounty price from $10 to $15 in 1912.  
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Cougar survival and recovery may be 
attributed to the fact that rugged regions 
of northwestern Montana provided refuge 
from harvest pressure. Weaver et al. (1996) 
argued for the need in conservation plans 
for refugia for both wolves and cougars. 
Ideally, refugia (either man-made or natural) 
help sustain source populations (Weaver 
et al. 1996). In Montana, wolves were not 
afforded refugia because their preferred 
habitat (undulating/flat prairies of eastern 
Montana) was also preferred for ranching 
and other agricultural development.  

Wildlife managers in North America 
have traditionally believed bounty harvest 
programs cannot cause extirpation of species 
(Wilman 1996, Pauly et al. 2002). Yet, this 
study and others (Woodroffe 2000, Logan 
and Sweanor 2001, Laliberte and Ripple 
2004, Riley et al. 2004) present evidence 
that bounty programs have contributed 
greatly to the extirpation of wolves 
and cougars in many regions of North 
America. The case of wolf extirpation in 
Montana demonstrates how even a highly 
productive terrestrial species can succumb 
to exploitation if economic incentives and 
negative human attitudes are strong enough. 
Until most government–sponsored bounty 
programs ceased and human attitudes 
toward large carnivores became more 
favorable (Kellert et al. 1996, Woodroffe 
2000), wolves did not begin their recovery 
in Montana or elsewhere.

Acknowledgements
We thank two anonymous reviewers 

for their constructive and insightful 
comments and suggestions. The Cinnabar 
Foundation, and Montana Fish, Wildlife and 
Parks provided financial support for data 
collection. Barbara Cliff transcribed original 
databases of bounty records. Preparation 
of this paper was partially supported by the 
Michigan Agriculture Experiment Station 
through state project MICL02031, the Great 
Lakes Fish and Wildlife Restoration Act, 
Michigan Sea Grant, and Michigan State 
University.  

Literature Cited
Allison, P. D. 1991. Logistic regression 

using the SAS system: theory and 
application. SAS Institute Inc., Cary, NC. 
304 pp.

Bangs, E. E., and S. H. Fritts. 1996. 
Reintroducing the gray wolf to central 
Idaho and Yellowstone National Park. 
Wildlife Society Bulletin 24:402-413.

Baum, J. K., R. A. Myers, D. G. Kehler, B. 
Worm, S. J. Harley, and P. A. Doherty. 
2003. Collapse and conservation of shark 
populations in the Northwest Atlantic. 
Science 299:389-392.

Beier, P. 1991. Cougar attacks on humans in 
the United States and Canada. Wildlife 
Society Bulletin 19:403-412.

Boyd, D. K., and G. K. Neale. 1992. An 
adult cougar, Felis concolor, killed by 
gray wolves, Canis lupus, in Glacier 
National Park, Montana. The Canadian 
Field Naturalist 106:524-525.

Burnham, K. P., and D. R. Anderson. 
2002. Model selection and multimodel 
inference: a practical information-
theoretic approach. Second edition. 
Springer-Verlag, New York, New York. 
496 pp.

Curnow, E. E. 1969. The history of the 
eradication of the wolf in Montana. M.S. 
thesis, University of Montana, Missoula.

Forstall, R. L. 1995. U.S. Census Bureau; 
“Population of Counties by Decennial 
Census: 1900 to 1990; http://www.
census.gov/population/cencounts/
mt190090.txt.

Gipson, P. S., W. B. Ballard, and R. M. 
Nowak. 1998. Famous North American 
wolves and the credibility of early 
wildlife literature. Wildlife Society 
Bulletin 26:808-816.

Hayes, R. D., and A. S. Harestad. 2000. 
Demography of a recovering wolf 
population in the Yukon. Canadian 
Journal of Zoology 78:36-48.

Kellert, S. R. 1985. Public perceptions of 
predators, particularly the wolf and coyote. 
Biology of Conservation 31:167-189.



Rates and Spatial Patterns of Decline in Historical Cougar and Wolf Populations in Montana          73

Kellert, S. R., M. Black, C. Reid Rush, and 
A. J. Bath. 1996. Human culture and 
large carnivore conservation in North 
America. Conservation Biology 10:977-
990.

Kunkel, K. E., T. K. Ruth, D. H. Pletscher, 
and M. G. Hornocker. 1999. Winter prey 
selection by wolves and cougars in and 
near Glacier National Park, Montana. 
Journal of Wildlife Management 63:901-
910.

Laliberte, A. S., and W. J. Ripple. 2004. 
Range contractions of North American 
carnivores and ungulates. Bioscience 
54:123-138.

Logan, K. A., and L. L. Sweanor. 2001. 
Desert puma: evolutionary ecology and 
conservation of an enduring carnivore. 
Island Press, Washington D.C. 390 pp.

McCullagh, P., and J. A. Nelder. 1989. 
Generalized Linear Models. Second 
edition. Chapman and Hall/CRC, Boca 
Raton, Florida. 532 pp.

Mech, L. D. 1970. The wolf: the ecology 
and behavior of an endangered species. 
The Natural History Press, Garden City, 
New York. 384 pp.

Musiani, M., and P. C. Paquet. 2004. The 
practices of wolf persecution, protection, 
and restoration in Canada and the United 
States. Bioscience 54:50-60.

Mussehl, T. W., and F. W. Howell. 1971. 
Game management in Montana. Montana 
Fish and Game Department, Helena, 
Montana.

Myers, R. A., J. A. Hutchings, and N. J. 
Barrowman. 1996. Hypotheses for the 
decline of cod in the North Atlantic. 
Marine Ecology Progress Series 
138:293-308.

Myers, R. A., and B. Worm. 2003. Rapid 
worldwide decline of predatory fish 
communities. Nature 423:280-283.

Pauly, D., V. Christensen, S. Guenette, T. J. 
Pitcher, U. R. Sumaila, C. J. Walters, R. 
Watson, and D. Zeller. 2002. Towards 
sustainability in world fisheries. Nature 
418:689-695.

Riley, S. J., S. D. DeGloria, and R. Elliot. 
1999. A terrain ruggedness index that 
quantifies topographic heterogeneity. 
Intermountain Journal of Sciences 5:23-27.

Riley, S. J., and R. A. Malecki. 2001. A 
landscape analysis of cougar distribution 
and abundance in Montana, USA. 
Environmental Management 28:317-323.

Riley, S. J., G. M. Nesslage, and B. A. 
Maurer. 2004. Dynamics of early 
wolf and cougar eradication efforts in 
Montana: implications for conservation. 
Biology fo conservation119:575-579.

Sadovy, Y. 2001. The threat of fishing to 
highly fecund fishes. J Fish Biol 59:90-108.

Safina, C., A. A. Rosenberg, R. A. Myers, T. 
J. Quinn, II, and J. S. Collie. 2005. U.S. 
ocean fish recovery: staying the course. 
Science 309:707-708.

Weaver, J. L., P. C. Paquet, and L. F. 
Ruggiero. 1996. Resilience and 
conservation of large carnivores in the 
Rocky Mountains. Conservation Biology 
10:964-976.

White, P. A., and D. K. Boyd. 1989. A 
cougar, Felis concolor, kitten killed and 
eaten by gray wolves, Canis lupus, in 
Glacier National Park, Montana. The 
Canadian Field Naturalist 103:408-409.

Wilman, E. A. 1996. Pests: sustained 
harvest versus eradication. Journal of 
Environmental Management 46:139-147.

Woodroffe, R. 2000. Predators and people: 
using human densities to interpret 
declines of large carnivores. Animal 
Conservation 3:165-173.

Young, S. P.  1942.  The war on the wolf.  
American Forests 552-555.

Young, S. P., and E. A. Goldman. 1944. The 
wolves of North America. The American 
Wildlife Institute, Washington, D.C., USA.

Received 24 July 2006
Accepted 9 December 2006



74         Nesslage et al.

A
pp

en
di

x 
2.

  T
ol

er
an

ce
s 

fo
r 

va
ri

ab
le

s 
in

 M
on

ta
na

 w
ol

f 
an

d 
co

ug
ar

 b
ou

nt
y 

pa
ym

en
ts

 m
od

el
, 

19
02

-1
92

0.

	V
ar

ia
bl

e	
To

le
ra

nc
e

	
In

te
rc

ep
t	

—
	

Tr
i	

0.
69

4
	

Y
ea

r	
0.

22
2

	
A

re
a	

0.
46

4
	

D
ec

ad
e	

0.
24

0
	

H
um

an
po

ps
iz

e	
0.

83
5

	
F

ar
m

s	
0.

50
3

	
B

ou
nt

yp
ric

e 
(c

ou
ga

rs
)	

0.
59

8
	

B
ou

nt
yp

ric
e 

(w
ol

ve
s)

	
0.

73
6

 A
pp

en
di

x 
1.

  C
or

re
la

tio
ns

 a
m

on
g 

va
ri

ab
le

s 
us

ed
 to

 m
od

el
 w

ol
f 

an
d 

co
ug

ar
 b

ou
nt

y 
pa

ym
en

ts
 m

ad
e 

in
 M

on
ta

na
, 1

90
2-

19
20

.  
V

ar
ia

bl
e 

na
m

es
 a

nd
 d

e-
sc

ri
pt

io
ns

 a
re

 li
st

ed
 in

 T
ab

le
 1

.  
D

ue
 to

 h
ig

h 
co

rr
el

at
io

ns
 a

m
on

g 
W

bo
un

ty
, D

ec
ad

e,
 a

nd
 Y

ea
r,

 W
bo

un
ty

 w
as

 n
ot

 in
cl

ud
ed

 in
 o

ur
 m

od
el

s.

	
Va

ria
bl

e 
	

Y
ea

r	
C

bo
un

ty
	W

bo
un

ty
	

Tr
i	

A
re

a	
H

um
an

po
ps

iz
e	

F
ar

m
s		

B
ou

nt
yp

ric
e 

(c
) 

   
   

B
ou

nt
yp

ric
e 

(w
) 

   
   

D
ec

ad
e

Y
ea

r	
1.

00
									













C
bo

un
ty

	
-0

.1
3	

1.
00

	
	

	
	

	
	

	
	

W
bo

un
ty

	
-0

.2
8	

0.
01

	
1.

00
	

	
	

	
	

	
	

Tr
i	

-0
.2

0	
0.

32
	

-0
.1

5	
1.

00
	

	
	

	
	

	
Ar

ea
	

-0
.3

2	
0.

12
	

0.
46

	
-0

.2
5	

1.
00

	
	

	
	

	
H

um
an

po
ps

ize
	

-0
.1

0	
0.

12
	

0.
05

	
0.

09
	

0.
09

	
1.

00
	

	
	

	
Fa

rm
s	

0.
11

	
0.

05
	

0.
14

	
-0

.4
6	

0.
48

	
0.

28
	

1.
00

	
	

	
Bo

un
ty

pr
ic

e 
(c

ou
ga

rs
)	

0.
63

	
-0

.0
8	

-0
.2

5	
-0

.1
2	

-0
.1

9	
-0

.0
6	

0.
06

	
1.

00
	

	
Bo

un
ty

pr
ic

e 
(w

ol
ve

s)
     

	
0.

90
	

-0
.1

4	
-0

.2
6	

-0
.2

0	
-0

.3
3	

-0
.1

0	
0.

11
	

0.
70

	
1.

00
	

D
ec

ad
e	

-0
.8

5	
0.

14
	

0.
22

	
0.

24
	

0.
38

	
0.

12
	

-0
.1

3	
-0

.5
0	

-0
.8

6	
1.

00



Rates and Spatial Patterns of Decline in Historical Cougar and Wolf Populations in Montana          75

A
pp

en
di

x 
3.

 T
en

 b
es

t m
od

el
s 

of
 c

ou
ga

r 
bo

un
ty

 p
ay

m
en

ts
 in

 M
on

ta
na

, 1
90

2-
19

20
.  

Pa
ra

m
et

er
 e

st
im

at
es

, s
ta

nd
ar

d 
er

ro
rs

, l
og

-l
ik

el
ih

oo
d,

 q
ua

si
-A

ka
ik

e 
In

fo
rm

at
io

n 
C

ri
te

ri
on

 (
Q

A
IC

) 
va

lu
es

, a
nd

 Q
A

IC
 d

if
fe

re
nc

es
 b

et
w

ee
n 

ea
ch

 m
od

el
 a

nd
 th

e 
be

st
 m

od
el

 a
re

 p
re

se
nt

ed
. V

ar
ia

bl
e 

na
m

es
 a

nd
 d

es
cr

ip
tio

ns
 a

re
 

lis
te

d 
in

 T
ab

le
 1

.  

R
an

k	
In

te
rc

ep
t	

Y
ea

r	
A

re
a	

Tr
i	

D
ec

ad
e	

H
u

m
an

	
F

ar
m

s	
B

o
u

n
ty

  	
W

b
o

u
n

ty
	   

T
ri

*	
Tr

i*
	

Tr
i*

	
D

is
pe

rs
io

n	
Lo

g  
	

Q
AI

C	
Q

AI
C 

di
ff

	
	

	
	

	
	

  p
o

p
si

ze
	

	
p

ri
ce

	
                  








Y

ea
r   

D
ec

ad
e       




A
re

a	
                      










L
ik

el
ih

oo
d

	
1	

-2
.5

58
13

	
-0

.0
73

	
-0

.0
02

	
0.

22
0	

	
	

0.
07

7	
	

	
	

	
0.

00
2	

2.
53

1	
22

07
.5

75
	

-5
96

.4
59

	
0.

00
0

	
	

(±
0.

40
4)

	
(±

0.
01

6)
	

(±
0.

00
2)

	
(±

0.
05

6)
	

	
	

(±
0.

01
4)

	
	

	
	

	
(±

0.
00

05
)	

(±
0.

30
5)

	
	

	
	

2	
-3

.2
85

57
	

-0
.0

28
	

-0
.0

02
	

0.
21

5	
0.

60
8	

	
0.

07
9	

	
	

	
	

0.
00

2	
2.

50
4	

22
09

.3
10

	
-5

94
.9

39
	

1.
52

0
	

	
(±

0.
56

7)
	

(±
0.

02
9)

	
(±

0.
00

2)
	

(±
0.

05
6)

	
(±

0.
32

6)
	

	
(±

0.
01

4)
	

	
	

	
	

(±
0.

00
05

)	
(±

0.
30

2)
	

	
	

	
3	

-1
.8

78
41

	
-0

.1
21

	
-0

.0
03

	
0.

11
9	

	
	

0.
08

4	
	

	
0.

00
7	

	
0.

00
3	

2.
53

0	
22

08
.3

54
	

-5
94

.6
75

	
1.

78
4

	
	

(±
0.

67
8)

	
(±

0.
04

2)
	

(±
0.

00
2)

	
(±

0.
09

7)
	

	
	

(±
0.

01
5)

	
	

	
(±

0.
00

6)
	

	
(±

0.
00

05
)	

(±
0.

30
5)

	
	

	
	

4	
-2

.6
18

98
	

-0
.0

70
	

-0
.0

02
	

0.
22

3	
	

	
0.

07
9	

	
0.

00
2	

	
	

0.
00

2	
2.

52
9	

22
08

.0
37

	
-5

94
.5

87
	

1.
87

2
	

	
(±

0.
41

)	
(±

0.
01

6)
	

(±
0.

00
2)

	
(±

0.
05

6)
	

	
	

(±
0.

01
4)

	
	

(±
0.

00
2)

	
	

	
(±

0.
00

05
)	

(±
0.

30
5)

	
	

	
	

5	
-2

.3
85

65
	

-0
.0

70
	

-0
.0

02
	

0.
21

9	
	

	
0.

07
7	

-0
.0

21
	

	
	

	
0.

00
2	

2.
53

1	
22

07
.5

98
	

-5
94

.4
66

	
1.

99
4

	
	

(±
0.

9)
	

(±
0.

02
)	

(±
0.

00
2)

	
(±

0.
05

6)
	

	
	

(±
0.

01
4)

	
(±

0.
09

6)
	

	
	

	
(±

0.
00

05
)	

(±
0.

30
5)

	
	

	
	

6	
-2

.5
48

	
-0

.0
73

	
-0

.0
02

	
0.

22
1	

	
-0

.0
02

	
0.

07
8	

	
	

	
	

0.
00

2	
2.

53
2	

22
07

.5
93

	
-5

94
.4

64
	

1.
99

5
	

	
(±

0.
40

7)
	

(±
0.

01
6)

	
(±

0.
00

2)
	

(±
0.

05
6)

	
	

(±
0.

00
9)

	
(±

0.
01

5)
	

	
	

	
	

(±
0.

00
05

)	
(±

0.
30

5)
	

	
	

	
7	

-3
.8

57
08

	
-0

.0
75

	
0.

00
5	

0.
50

5	
	

	
0.

09
9	

	
	

	
	

	
3.

03
9	

21
93

.1
06

	
-5

94
.4

58
	

2.
00

1
	

	
(±

0.
36

3)
	

(±
0.

01
7)

	
(±

0.
00

2)
	

(±
0.

03
1)

	
	

	
(±

0.
01

5)
	

	
	

	
	

	
(±

0.
33

9)
	

	
	

	
8	

-3
.3

94
63

	
-0

.0
29

	
-0

.0
06

	
0.

23
0	

1.
61

1	
	

0.
09

0	
	

	
	

-0
.1

43
	

0.
00

3	
2.

48
7	

22
11

.7
72

	
-5

93
.6

20
	

2.
83

9
	

	
(±

0.
57

7)
	

(±
0.

02
9)

	
(±

0.
00

2)
	

(±
0.

56
7)

	
(±

0.
01

5)
	

	
(±

0.
07

9)
	

	
	

	
(±

0.
05

7)
	

(±
0.

00
05

)	
(±

0.
3)

	
	

	
	

9	
-1

.8
46

56
	

-0
.0

42
	

0.
00

1	
0.

09
7	

	
	

	
	

	
	

	
0.

00
3	

2.
82

0	
21

89
.5

31
	

-5
93

.4
70

	
2.

99
0

	
	

(±
0.

38
6)

	
(±

0.
01

5)
	

(±
0.

00
2)

	
(±

0.
05

1)
	

	
	

	
	

	
	

	
(±

0.
00

05
)	

(±
0.

33
7)

	
	

	
  	1

0	
-2

.5
42

47
	

-0
.0

80
	

-0
.0

04
	

0.
09

6	
0.

66
1	

	
0.

08
7	

	
	

0.
00

8	
	

0.
00

3	
2.

50
1	

22
10

.3
83

	
-5

93
.2

36
	

3.
22

3
 	

	
(±

0.
75

8)
	

(±
0.

04
7)

	
(±

0.
00

2)
	

(±
0.

09
8)

	
(±

0.
32

8)
	

 	
(±

0.
01

5)
	

	
	

(±
0.

00
6)

	
 	

(±
0.

00
05

)	
(±

0.
30

1)
	

 	
 	

 



76         Nesslage et al.

A
pp

en
di

x 
4.

  T
en

 b
es

t m
od

el
s 

of
 w

ol
f 

bo
un

ty
 p

ay
m

en
ts

 in
 M

on
ta

na
, 1

90
2-

19
20

.  
Pa

ra
m

et
er

 e
st

im
at

es
, s

ta
nd

ar
d 

er
ro

rs
, l

og
-l

ik
el

ih
oo

d,
 q

ua
si

–A
ka

ik
e 

In
fo

rm
at

io
n 

C
ri

te
ri

on
 (

Q
A

IC
) 

va
lu

es
, a

nd
 Q

A
IC

 d
if

fe
re

nc
es

 b
et

w
ee

n 
ea

ch
 m

od
el

 a
nd

 th
e 

be
st

 m
od

el
 a

re
 p

re
se

nt
ed

. V
ar

ia
bl

e 
na

m
es

 a
nd

 d
es

cr
ip

tio
ns

 a
re

 
lis

te
d 

in
 T

ab
le

 1
.  

Ra
nk

	In
te

rc
ep

t	
Ye

ar
	

A
re

a	
Tr

i	
D

ec
ad

e	
H

um
an

	
Fa

rm
s	

C
bo

un
ty

	      


Tr
i*

           



T

ri
*	

Tr
i*

	
Ye

ar
*	

Di
sp

er
si

on
	

Lo
g 

	
Q

AI
C	

Q
AI

C 
di

ff
	

	
	

	
	

                






p

o
p

si
ze

	
	

       


Y
ea

r       



D

ec
ad

e      


A
re

a        



D

ec
ad

e	
              





L

ik
el

ih
oo

d

	
1	

7.
81

7	
-0

.4
03

	
0.

00
4	

-0
.5

79
	

-3
.2

63
	

	
	

	
0.

02
9	

	
0.

00
2	

0.
24

1	
2.

49
8	

55
25

4.
34

6	
-3

74
41

.9
15

	
0.

00
0

	
	

(±
 0

.5
75

)	
(±

0.
03

3)
	

(±
0.

00
2)

	
(±

0.
08

9)
	(

±0
.5

03
)	

	
	

	
(±

0.
00

5)
	

	
(±

0.
00

05
)	

(±
0.

04
8)

	
(±

0.
14

9)
	

	
	

	
2	

7.
65

5	
-0

.4
01

	
0.

00
4	

-0
.5

82
	

-3
.2

42
	

0.
01

2	
	

	
0.

02
9	

	
0.

00
2	

0.
23

4	
2.

48
3	

55
25

6.
26

8	
-3

74
41

.2
18

	
0.

69
7

	
	

(±
0.

58
1)

	(
±0

.0
33

)	
(±

0.
00

2)
	

(±
0.

08
9)

	(
±0

.5
02

)	
(±

0.
00

6)
	

	
	

(±
0.

00
5)

	
	

(±
0.

00
05

)	
(±

0.
04

8)
	

(±
0.

14
8)

	
	

	
	

3	
5.

99
3	

-0
.2

82
	

0.
00

4	
-0

.1
35

	
-2

.1
79

	
	

	
	

	
-0

.3
01

	
0.

00
2	

0.
29

4	
2.

50
3	

55
25

3.
18

3	
-3

74
41

.1
27

	
0.

78
8

	
	

(±
0.

45
7)

	(
±0

.0
27

)	
(±

0.
00

2)
	

(±
0.

55
5)

	(
±0

.0
73

)	
	

	
	

	
(±

0.
04

9)
	

(±
0.

00
05

)	
(±

0.
04

8)
	

(±
0.

14
9)

	
	

	
	

4	
7.

15
4	

-0
.3

56
	

0.
00

3	
-0

.4
16

	
-2

.6
30

	
	

	
	

0.
01

8	
-0

.1
49

	
0.

00
2	

0.
26

2	
2.

48
3	

55
25

5.
96

2	
-3

74
41

.0
11

	
0.

90
4

	
	

(±
0.

67
4)

	(
±0

.0
41

)	
(±

0.
00

2)
	

(±
0.

12
8)

	(
±0

.6
02

)	
	

	
	

(±
0.

00
8)

	
(±

0.
08

2)
	

(±
0.

00
05

)	
(±

0.
04

9)
	

(±
0.

14
8)

	
	

	
	

5	
7.

04
1	

-0
.3

57
	

0.
00

3	
-0

.4
28

	
-2

.6
49

	
0.

01
1	

	
	

0.
01

9	
-0

.1
40

	
0.

00
2	

0.
25

5	
2.

46
9	

55
25

7.
71

7	
-3

74
40

.2
01

	
1.

71
5

	
	

(±
0.

67
6)

	(
±0

.0
41

)	
(±

0.
00

2)
	

(±
0.

6)
	

(±
0.

00
6)

	(
±0

.0
08

)	
	

	
(±

0.
09

)	
(±

0.
12

7)
	

(±
0.

00
05

)	
(±

0.
04

9)
	

(±
0.

14
7)

	
	

	
	

6	
5.

85
1	

-0
.2

81
	

0.
00

4	
-0

.1
38

	
-2

.1
88

	
0.

01
1	

	
	

	
-0

.2
96

	
0.

00
2	

0.
28

8	
2.

49
1	

55
25

4.
73

8	
-3

74
40

.1
81

	
1.

73
4

	
	

(±
0.

46
5)

	(
±0

.0
27

)	
(±

0.
00

2)
	

(±
0.

55
3)

	(
±0

.0
06

)	
(±

0.
07

3)
	

	
	

	
(±

0.
04

9)
	

(±
0.

00
05

)	
(±

0.
04

8)
	

(±
0.

14
9)

	
	

	
	

7	
7.

79
9	

-0
.4

01
	

0.
00

4	
-0

.5
79

	
-3

.2
69

	
	

	
-0

.0
08

	
0.

02
8	

	
0.

00
2	

0.
24

1	
2.

49
6	

55
25

4.
53

0	
-3

74
40

.0
40

	
1.

87
5

	
	

(±
0.

57
5)

	(
±0

.0
33

)	
(±

0.
00

2)
	

(±
0.

08
9)

	(
±0

.5
03

)	
	

	
(±

0.
01

2)
	

(±
0.

00
5)

	
	

(±
0.

00
06

)	
(±

0.
04

8)
	

(±
0.

14
9)

	
	

	
	

8	
7.

81
0	

-0
.4

03
	

0.
00

4	
-0

.5
79

	
-3

.2
56

	
	

0.
00

1	
	

0.
02

9	
	

0.
00

2	
0.

24
0	

2.
49

8	
55

25
4.

35
0	

-3
74

39
.9

18
	

1.
99

7
	

	
(±

0.
58

)	
(±

0.
03

3)
	

(±
0.

00
2)

	
(±

0.
08

9)
	(

±0
.5

08
)	

	
(±

0.
01

)	
	

(±
0.

00
5)

	
	

(±
0.

00
05

)	
(±

0.
04

8)
	

(±
0.

14
9)

	
	

	
	

9	
7.

68
5	

-0
.3

96
	

0.
00

4	
-0

.5
77

	
-3

.3
21

	
0.

01
6	

-0
.0

12
	

	
0.

02
7	

	
0.

00
2	

0.
23

7	
2.

47
9	

55
25

6.
77

5	
-3

74
39

.5
62

	
2.

35
3

	
	

(±
0.

57
9)

	(
±0

.0
33

)	
(±

0.
00

2)
	

(±
0.

08
9)

	(
±0

.5
07

)	
(±

0.
00

7)
	(

±0
.0

12
)	

	
(±

0.
00

5)
	

	
(±

0.
00

05
)	

(±
0.

04
8)

	
(±

0.
14

8)
	

	
	

	1
0	

7.
62

1	
-0

.3
98

	
0.

00
3	

-0
.5

81
	

-3
.2

48
	

0.
01

2	
	

-0
.0

11
	

0.
02

8	
	

0.
00

2	
0.

23
4	

2.
47

9	
55

25
6.

61
7	

-3
74

39
.4

55
	

2.
46

0
	

 	
(±

0.
58

1)
	(

±0
.0

33
)	

(±
0.

00
2)

	
(±

0.
08

9)
	(

±0
.5

02
)	

(±
0.

00
6)

	
 	

(±
0.

01
2)

	
(±

0.
00

5)
	

 	
(±

0.
00

06
)	

(±
0.

04
8)

	
(±

0.
14

8)
	

 	
 	

 




