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Executive Summary2 
Wildlife has coexisted with agriculture since humans first cultivated crops. Many times this 
relationship is harmonious.  But in some cases agriculture and wildlife compete for the same 
resources, which can lead to conflicts.  People can’t farm and ranch without some interaction 
with wildlife.  This leaves agricultural producers with three choices: to cut off access to wildlife, 
to tolerate limited access, or to provide or even promote full access.  Conceptually, no access 
would be like farming under a protective dome, where wildlife could not feed on producer’s 
crops.  At the other end of the spectrum is full access, where producers make no attempt to 
restrict wildlife access at all.  In some cases it makes sense to permit wildlife access, or even 
encourage it, to support beneficial relationships, such as hunting or viewing. In the middle is 
limited access, which balances these extremes by allowing access to areas where damages would 
be low or where the costs to restrict wildlife are prohibitively high.   
 
The purpose of this report is to estimate what it costs agriculture to coexist with wildlife in 
Colorado.  These costs influence the size and health of wildlife populations in Colorado, which 
ultimately affects the welfare of both wildlife and agricultural producers.  No one interviewed for 
this report excused agriculture from having some responsibility for some of the costs to coexist 
with wildlife, nor did anyone suggest that agriculture should bear the entire cost burden.   The 
first part of this report provides an overview about what it costs agriculture to support wildlife in 
Colorado.  The methods used to compute these costs, and references, are described in full detail 
in Part 2.  Readers are invited to reflect upon any computation in order to promote healthy dialog 
about what these costs are and what they mean for both wildlife and Colorado’s agricultural 
producers.  
 
Wildlife cost to agriculture is measured as the sum of three components: 

1) Opportunity costs – lost profits from products that cannot be produced when wildlife are 
allowed access (e.g., forage, crops, or livestock deaths)  

2) Damages - the cost to repair any related damages (e.g., fencing) 
3) Prevention and Management - the cost to prevent or manage wildlife access 

 
A producer’s cost is the amount spent on prevention and management plus any remaining 
damage and opportunity costs that occur.  Not all costs could be measured and included.  For 
example, while reported crop damages were included, unreported damages to crop fields are not 
accounted for because that data was not available.   
 
This information is reported in a series of three tables.  The values presented in each table reflect 
2007 as a baseline year.  Many of the studies cited already used data from 2007.  However, in 
order to ensure continuity, other values were adjusted to reflect 2007 prices by using the 
Consumer Price Index (CPI).  Each cost estimate is referenced by a “comment number”.  
Comments are numerically ordered and further details about how that estimate was made, 
including the project investigators and data gathering techniques used, can be found in Part 2.    

                                                            
1 This research was conducted by Dr. Dana L Hoag and paid for by the Colorado Farm Bureau.  Dr. Hoag is the principle 
owner of Decision Analytics and a Professor in the Department of Agricultural and Resource Economics at Colorado State 
University.  Acknowledgements are presented at the end of Part 1 
2 References are omitted in Part 1 to enhance readability.  They are provided in detail in Part 2. 
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Part 1:  Summary 

 
Government Expenditures on Wildlife Management 
The first thing considered is what the state of Colorado and the Federal government spent on 
wildlife issues related to agriculture.   These expenditures are shared by partners, such as hunters, 
other government agencies and private landowners.  Governmental expenditures are relatively 
well documented especially from the two major government agencies that assist agricultural 
producers with wildlife, the Colorado Division of Wildlife (CDOW) and the US Department of 
Agriculture, Wildlife Services (WS).  While both agencies have many programs that deal with 
wildlife, the CDOW manages at least two that are important to agriculture.  First, the Habitat 
Partnership Program concentrates on management and prevention, with the assistance of 19 
locally-based partnerships throughout the state.  The second is the Game Damage Program, 
which compensates producers for applicable damages and provides funding for prevention 
materials, such as fencing to prevent damage to haystacks from elk.  The WS focuses on 
prevention.  Through formal and informal agreements and cooperation, CDOW focuses more on 
game wildlife and the WS puts more effort on non-game species, especially livestock predators.   
 
Opportunity costs, damages, and prevention or management costs from WS and CDOW give 
only a partial picture of what wildlife cost agriculture, since many private landowners choose not 
to involve the government.  However, available data do provide information about all three types 
of costs.   In total, these government agencies, and their partners, spend $14,478,523 per year 
helping Colorado producers manage wildlife (bolded cell in Cumulative Costs in Table 1).   As 
shown under comment number 1 in Table 1, a small part, about 4 percent of the total cost 
($514,679), is paid to directly compensate producers for damages3.  WS also reports damages 
when they provide assistance, but do not pay producers for losses.  Some of the losses reported 
to WS could have been compensated by CDOW.  However, compensation is only provided for 
bear and mountain lion, while most WS loss reports are from coyotes.  The cost of bear and 
mountain lion damages, about $167,000, could be subtracted from the total cost estimate if 
desired, as shown in the last row of Table 1.  The total cost of damages reported, when including 
WS reports in comment line 2, is $908,283 (about 7 percent of total cost), as shown in the last 
column of Table 1, labeled Cumulative Costs.  Individual costs are summed in the Cumulative 
Cost column as you move from the top of the table to the bottom to make it easy for the reader to 
sum costs by category.  
 
Comments 3 and 4 provide an estimate of prevention dollars spent by WS and CDOW.  
Altogether, about 10 percent of total costs are provided in the form of prevention materials and 
assistance.    By far, the largest expense was on prevention and management through the Habitat 
Partnership Program operated by the CDOW.  The CDOW spends about $2 million directly and 
$10 million through private and public partners, which totals about 83 percent of the total 
government cost, as shown on lines 5 and 6.

                                                            
3  Comment numbers correspond to computational explanations in Part 2 
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Table 1. Government Expenditures on Wildlife Management for Agriculture (2007 base 
year) 

 
Comment 
Numbera 

 

Description 
 

Item Cost 
(2007 $) 

% of 
Total 
Cost 

Cumulative 
Costsb 

(2007 $) 

 
1 

CDOWc  
(Damage and 
Opportunity 
Cost) 

 
Game Damage Claims (elk, bear, deer, 
pronghorn, mountain lion)  

 
514,679 

 
4 

 
514,679 

 
2 

USDA-WSd  
(Damage and 
Opportunity 
Cost) 

 
Farmer/Rancher reported damages 

 
393,604 

 
3 

 
908,283 

 
3 

CDOW 
(Prevention 
Cost) 

Prevention Materials/Advice Provided 
(elk, bear, deer, pronghorn, mountain lion)

 
352,240 

 
2 

 
1,260,523 

 
4 

USDA-WS 
(Prevention 
Cost) 

Prevention Materials/Advice (Multiple 
species; primary species was Coyote)  

 
1,218,000 

 
8 

 
2,478,523 

 
5 

CDOW 
(Prevention 
Cost) 

 
Habitat Partnership Program 

 
2,000,000 

 
14 

 
4,478,523 

 
6 

CDOW – 
Partners 
(Prevention 
Cost) 

 
Habitat Partnership Program 

 
10,000,000 

 
69 

 
14,478,523 

 Alternative 
Calculation 

Subtract bear and mountain lion damages 
that might be double counted in lines 1 & 
2 above 

   
14,311,656 

a- Comment numbers correspond to explanations in Part 2 of this report  
b- Costs are added in order.  
c- Colorado Division of Wildlife 
d- US Department of Agriculture – Wildlife Services 
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Total Agricultural Costs to Coexist with Colorado Wildlife 
Since the government only documents a fraction of the total wildlife costs, total costs must be 
estimated by alternative means.  Using best available information, the agricultural cost to coexist 
with wildlife in Colorado is $67,520,860 million annually.  This is the sum of all costs 
previously identified: 1) the opportunity costs, 2) damages,  and 3) management and prevention.  
As shown above in Table 1, agricultural producers get help with some of these costs.  The 
government (CDOW and WS) provides about $2 million by helping pay for damages (comment 
1) and prevention  (comment 3 and 4); partners invest another $12 million (comment 5 and 
comment 6).  Agricultural producers therefore pay about $53.5 million (about 80 percent), and 
are helped by another $14 million from CDOW and WS (about 20 percent).     
 
Table 1 included only costs that farmers and ranchers chose to report to WS and CDOW.  An 
effort is made in Table 2 to capture a larger set of costs.  Total opportunity costs include 
predation of sheep, lambs, cattle and calves, and lost forage to wild ungulates (e.g. deer, elk, 
pronghorn) and prairie dogs.  Predation costs are based on sheep, lamb, cow and calf losses 
estimated by the National Agricultural Statistics Service (NASS).  Studies show that NASS 
records underreport losses by about five fold for sheep and lambs.  Therefore, the initial 
estimated losses for sheep on line 7 are multiplied by 5 to yield a total loss of $5,636,246 on line 
8.  No estimates about reporting errors were available for cattle and calves, so losses are adjusted 
by half the adjustment made for sheep and lambs; that is, actual cattle and calf losses were 
assumed to be 2.5 times what was reported (lines 9 and 10).  Another source of underreporting is 
associated, indirect costs, such as damaged fences or costs to dispose of carcasses.  One study 
found that actual losses were about 62 percent higher than the price of livestock lost.  Therefore, 
total livestock losses, of $11,909,121 in line 10, are multiplied by 1.6 to account for the indirect 
costs, yielding a total cost of $19,054,594 per year in line 11.  Sheep and lamb losses are about 9 
percent of total losses, and cattle and calf losses are about 10 percent of total losses, before 
adjusting for indirect costs.  Total predation is about 30 percent when accounting for indirect 
losses, split roughly equally between sheep and cattle.   
 
Crop losses are another cost that should be considered.  Unfortunately, data were not available to 
account for losses by crop type.  Therefore, as a proxy for all ungulate competition,  ungulate 
consumption was estimated using detailed GIS maps of land ownership, available forage, and 
wildlife and livestock “offtake”.  Offtake is forage consumed, which serves as a lower-bound 
estimate of all wildlife consumption.  It is a lower bound since it assumes all consumption is 
forage, when wildlife actually consume more expensive crops like corn as well.  The cost of 
wildlife offtake is the sacrificed weight gain that beef calves could have produced with forage 
that was instead consumed by wildlife.   Wild ungulate competition was estimated to be almost 
$23 million, or about 34 percent of total costs (comment line 12).  Prairie Dogs are another 
competitor for forage.  The opportunity cost from Prairie Dogs was based on CDOW estimates 
of the number of colonies on private land and a study that showed how much less beef cattle 
gained when colonies were present.  Prairie Dogs cost producers the equivalent of over $10 
million per year, or about 15 percent of total costs (line 13).  Finally, prevention costs are added.  
Prevention includes state and federal costs (lines 3 and 4 in Table 1) and private costs that are 
based on surveys from other studies.  Prevention is about 23 percent of total costs (line 14). 
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Table 2. Estimated Agricultural Costs to Support Wildlife in Colorado (2007 base year) 

a – Values do not sum to 100 due to rounding. 
 

 
Comment 
Number 

 

Description 
 

Item Cost 
(2007 $)

% of 
Total 
Costa 

Cumulative 
Total 

(2007 $) 

7 Predation 
Losses 
 
(Opportunity 
and damage 
cost) 

Sheep and Lambs 1,127,249 2 1,127,249 
8  5x Multiplier for 

underreporting  
Multiply item 
cost in line 7 
by 5 

7 5,636,246 

9 Cows and Calves 2,509,150 4 8,145,396 
10  2.5x Multiplier for 

underreporting  
Multiply item 
cost in line 10 
by 2.5

6 11,909,121 

11 1.6 x Indirect Cost Multiplier Multiply Cum. 
Costs by 1.6

11 19,054,594 

 
12 

Ungulate 
Competition 
(Opportunity 
Cost) 

Elk, deer, pronghorn, moose, 
bighorn sheep & mountain 
goats 

 
22,877,861 

34  
41,932,455 

13 Prairie Dog 
Competition 
(Opportunity 
Cost) 

 
Competition for forage 

10,289,664 15 52,222,119 

14 (Prevention 
Cost) 

Producers + State + Federal 15,297,741 23 67,519,860 
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Estimated Costs Based on Previous Surveys 
 One way to determine how accurate estimated costs are is to find alternative ways to compute 
them, then compare them to the original estimate.  Table 3 below provides estimates based on 
methods used in two published studies that surveyed farmers and ranchers about their private 
costs.  The first study interviewed about 2,000 people across the nation to determine agricultural 
expenditures for wildlife damage and prevention.  For the purposes of the current report, values 
from that study were adjusted to Colorado conditions and 2007 dollars (using the Consumer 
Price Index).  In comment number line 15, the average cost per producer for all sources of 
wildlife damage, adjusted from a previous study, was $2,082, which was multiplied by the 
13,364 Colorado producers that gross over $10,000 annually.  In addition, participants in that 
survey said they spent over 85 hours per year preventing and managing wildlife.  Colorado 
producers were assumed to spend the same amount of time, valued at a labor cost of $12/hour 
(line 16).  The second study, conducted in Montana, used a similar approach, although the 
Montana study targeted hay, haystacks and pasture competition. The first line of the Montana 
estimate, comment line 17, replaces the ungulate estimate in Table 2.  It did not include 
predation, prairie dog competition and prevention, so these costs were added back in to get a 
valid comparison (lines 18 – 20).  By way of comparison, these two studies total about $49 
million and about 62 million, respectively, this suggests that estimated Colorado cost of about 
$67.5 million is reasonable. 
 
 Table 3. Estimated Costs Based on Previous Surveys 

 
a – Values do not sum to 1 due to rounding. 

Comment 
Number Description 

Item Cost 
(2007 $) 

% of 
Total 
Costa 

Cumulative 
Total 

(2007 $) 
15 National Survey 

(Damage and Opportunity Cost) 
Damage to farms and 
ranches 

35,321,861 72 35, 321,861 

16 (Prevention Costs) Preventive 
management 

13,727,501 28 49,049,362 

17 Montana Survey 
(Opportunity Cost) 

Forage competition – 
consumption 

17,060,503 28 17,060,503 

18 (Opportunity Cost) Predation 19, 054,594 31 36,115,097 
19 (Opportunity Cost) Prairie Dogs 10,289,664 17 46,404,761 
20 (Prevention Costs) Prevention  15,297,741 25 61,702,502 
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Summary and Future Steps Needed 
While the estimated costs in this study are reasonably supported, more could be done to calibrate 
the estimates to Colorado’s unique characteristics. A more detailed study is strongly 
recommended that: 
 

1) includes major stakeholder input, including, but not limited to, CDOW, WS, farmers 
and ranchers, farm representatives like the Colorado Farm Bureau, hunters, 
environmental groups and wildlife enthusiasts. 

2) utilizes professional, research-based University surveys of Colorado stakeholders to 
gain a comprehensive understanding of how wildlife is managed on private lands. 

3) includes public land used by agriculture. 
4) includes a major GIS study to measure wildlife impacts. 
5) includes a professional, research-based University survey about the benefits of 

wildlife to agriculture 
6) is sufficiently funded and allowed enough time to make more  

rigorous assessments, including the collection of primary data. 
7) includes a public education and comment component. 
8) utilizes information from CDOW and WS to estimate crop damage and adjust for 

wild ungulate forage competition accordingly. 
 

Finally, it is important to remind the reader that this report only measured the costs of wildlife to 
agriculture.  Another future goal might be to measure the benefits of wildlife to agriculture, such 
as income from hunting and tourism.  It might also be desirable to measure agricultural impacts 
on wildlife and wildlife habitat. 
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Part 2 - Comments by Number 
 

Estimated costs presented in Part 1 involve secondary data.  In this section, each cost in each 
table is described in detail. 

 
1. Damage claims were provided by the Colorado Division of Wildlife.  The values were not 

available on the website but were supplied by request.   2007 estimates of damage claims are 
best shown in the figure below, “Game Damage Claim Expenditures by Species,” which is 
found in:.   
 
Game Damage Claim Expenditures by Species, FY 078 Game Damage Claims Annual 
Report, Printed August, 2008 by Game Damage Program, Colorado Division of Wildlife.  
Received from Don Masden, Game Damage Program Manager, July, 2009.   Mr. Masden, 
through personal communication, reported that 2008 expenses were abnormally high 
compared to previous years due to high snow levels. 

 
 
2.  The US Department of Agriculture, Wildlife Services, conducted a thorough environmental 

assessment in 2005.  According to the study, “WS also collects information on losses on 
those properties where WS conducts PDM [predator damage management] or provides 
advice.  WS personnel respond to reports from resource owners of losses to predators which 
may or not be verified.  Verified losses are defined as those losses examined by a WS 
Specialist during a site visit and identified to have been caused by a specific predator. “   (pg. 
11-12).   There is a possibility of some overlap between these damages and CDOW damages 
in 1 above, since bear and mountain lion damages could be claimed in Colorado.    

 
Source:  Five-year, 2000-2004, average.  Table 2: Livestock lost to predators in Colorado 
recorded by WS Specialists responding to requests for assistance from FY 00 to FY04.  
Environmental Assessment: Predator Damage Management in Colorado, US Department of 
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Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, October, 2005. 
(See Exhibit, Table 2, from the report below.  The quality could not be improved. ) 
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3. Game damage prevention expenditures are provided by the Colorado Division of Wildlife 

and USDA Wildlife Services.  CDOW expenditures are found in the “Game Damage 
Preventative Materials Report.”  The 2007 value used in here is shown in their 12-year 
summary table below.   Note that 2008 includes $290,796 for elk panels delivered to area 
offices for distribution to landowners.  Pyrotechnics are not included. 

 
Source:  Game Damage Claim Expenditures by Species, FY 078 Game Damage Preventive 
Materials Annual Report, Game Damage Program, Colorado Division of Wildlife.  Received 
from Don Masden, Game Damage Program Manager, July, 2009.    
 
 
 
Game Damage Preventive Deliveries – 12 year overview 

 
 
 

 
 

4.  Prevention expenditures by Wildlife Services are found on their website, by state  
(http://www.aphis.usda.gov/wildlife_damage/state_report_pdfs/FY_2008_State_Reports/18-
colorado_report.pdf).  The estimate in line 4 assumes 58 percent of $2.1 million funding was 
spent on agriculture.  (Confirmed by personal communication with Mike Yeary, Colorado 
Wildlife Services State Director, August, 2009).  
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5-6. The estimated prevention expenses for the CDOW come from their Private Lands Handbook 
on their website.  Specifically, “in the fiscal year 2006-2007, the Habitat Partnership Program 
spent approximately two million sportsmen dollars and leveraged over 5 times that amount 
from other partners to implement solutions between wildlife and livestock.”  

 
Source: Private Land Habitat Programs, 2008: Colorado Division of Wildlife: 
http://wildlife.state.co.us/NR/rdonlyres/85E9F95F-FB3B-4F36-9AB1-
C34BCAFBE33F/0/privatelandhandbook08.pdf. 
 

7.  Sheep and lambs are susceptible to predation by coyote, bears and mountain lions.  Coyotes 
are the number one predator in Colorado.  Predation losses of 2,200 and 8,000, respectively,  
are based on National Agricultural Statistics Service (NASS) Table: Losses of Sheep and 
Lambs: By all Causes, Predators and Non-Predators, Number by State and United States, 
2004.  The value of losses is based on $136.00/head for sheep and $91.00/head for lambs, per 
the NASS Table: Losses of Sheep and Lambs from Predators and Non-Predators: Total 
Value per Head and Total Value, by State and United States, 2004.  Values are adjusted by 
the Consumer Price Index  for 2007 (US Department of Labor and Bureau of Labor 
Statistics, All Urban Consumers, CPI, 1913-2009) of 207.3/188.9 (1.0974) 

 
8. A few studies report that NASS estimates of sheep and lamb losses are underreported (e.g. 

Conover, G.E. 1992.  Sheep and goat losses to predators in the United States. Proceedings of 
the Eastern Wildlife Damage Control Conference 5: 75-82).  The 2005 Environmental 
Assessment done by Wildlife Services states that the Colorado NASS Office conducted its 
own study and confirmed this to be true in Colorado.  The more detailed study found that 
predators killed 28,000 head, valued at over $2 million in 2002, as compared to the 10,200 
head valued at just over $1 million reported on line 7.  Conover (1992) estimated that only 19 
percent of sheep and 23 percent of lamb losses were reported (USDA-WS Environmental 
Assessment, 2005: page 8).  Therefore, line 7 populations were multiplied by 5 (1/.19) . 

 
9.  Cattle and Calves population predation losses of 700 and 4,000, respectively, are based on 

National Agricultural Statistics Service (NASS) Table: Losses of Cattle and Calves: By All 
Causes, Predators and Non-Predators, Number by State and United States, 2005.  The value 
of losses is based on $1,045/head for cattle and $408/head for calves, per the NASS table: 
Losses of Cattle and Calves from Predators and Non-Predators: Total Value per Head and 
Total Value, by State and United States, 2005.  Values are inflated by the Consumer Price 
Index  to 2007 (US Department of Labor and Bureau of Labor Statistics, All Urban 
Consumers, CPI, 1913-2009): 207.3/195.3 (1.0614) 

 
10. As stated in line 8, predation losses may be under reported.  No specific studies about 

reporting error could be found for cattle.  Therefore, the cattle multiplier was estimated at 
half of sheep and  lamb under reporting, or 2.5x.   
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11. Jahnke, et al (1987) estimated that producers have to spend 162 percent of the direct costs to 
replace their losses.  That is, there is an indirect expense of 62 percent for activities such as 
carcass disposal and fence repair.  Accordingly, the total cost of predation is multiplied by 
1.6 to account for indirect costs not included in damages reported to NASS. 

 
 Source: Jahnke, L, C. Philips, S. Anderson and L. McDonald.  1987.  A methodology for  

identifying sources of indirect costs of predation control: a study of Wyoming sheep 
producers.  Pages 159-169, in S. A. Shumake and R. W. Bullard (editors) Vertebrate Pest 
Control and Management Materials. Volume 5.  American Society for Testing and Materials, 
Philadelphia, PA.  
 

 
12. Deer, elk, moose, pronghorn, sheep and goats consume forage on private lands and also eat 

haystacks and cultivated crops, such as wheat and corn.  Only a fraction of crop and haystack 
damage was observable (from claims to the CDOW); a complete accounting would require a 
survey.  Therefore, I worked with Dr. Randall Boone, at the Natural Resource Ecology 
Laboratory,  to use GIS maps and data to estimate the amount of forage offtake that wild 
ungulates and livestock would consume from private lands, assuming that their food source is 
proportional to forage availability on private and public land.   That is, the contribution from 
agriculture is the cost of lost forage (which we measure in lost cattle production), assuming 
that, on average, offtake is proportional to its availability on private land.  This method could 
considerably underestimate the full costs to agriculture since there is currently no data on 
damage to crops.  Damage to a potato field in the San Louis Valley, for example, could 
exceed $1,000,000.  This method also significantly simplifies the dynamic distribution of 
wildlife, which are influenced by habits, weather, hunters and efforts by agriculture to deter 
or encourage access.   

 
We sought an approximate estimate of annual forage consumed (i.e., offtake) by wildlife in 
public and private lands of Colorado.  That estimate may be made based only on the 
abundance and distribution of wildlife, but we also sought to: 1) adjust offtake estimates 
based on the distribution of rangeland production; and 2) ensure that offtake was reasonable 
when forage eaten by both wildlife and livestock were considered.  In general, we used 
estimates of wildlife abundances, and assigned offtake to the ranges of elk (Cervus 
canadensis), mule deer (Odocoileus hemionus) and white-tailed deer (O. virginianus) 
combined, moose (Alces alces), pronghorn (Antilocapra americana), bighorn sheep (Ovis 
Canadensis), and mountain goat (Oreamnos americanus).  We also estimated offtake within 
counties for cattle, sheep, goats, and horses.  Rangeland vegetation production was derived 
from long-established databases (i.e.…..) created by rangeland experts and merged with a 
recent land cover map of Colorado.  These data sources were used in analyses that quantified 
the percent offtake by wildlife in public and private lands.   
 
Production 
Rangeland production estimates were taken from high resolution (i.e., county-level) soils 
maps produced by the Natural Resource Conservation Service, known as SSURGO data 
(USDA 2009a).  For each polygon in the maps, three rangeland productivity measures (lbs 
ac-1 yr-1) are available, for years where pre-season precipitation is wet, dry, or normal.  
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(English units are used predominately, as those are most often used in management.)  In 
these analyses, we used the estimates for a normal precipitation year.  The many maps that 
comprise Colorado were collated and merged by a graduate student in Civil Engineering at 
CSU and provided to Boone with the geographic properties we used throughout, i.e., spatial 
grids with 1 acre resolution (square cells 63.61 m on a side), UTM 13, NAD27.  Zero-valued 
data are difficult to distinguish from missing data in SSURGO and were not used.  Non-zero 
production estimates from SSURGO were available for ca. 64% of the state.  For areas not 
mapped by SSURGO, we used a related statewide database known as STATSGO (USDA 
2009b), which has rangeland production estimates analogous to SSURGO data but for far 
larger mapping units.   
 
A fine resolution (30 m) statewide land cover map (CVM v8; Theobald et al. 2004) was used 
to modify forage production.  We assigned zero forage production to areas classified as 
water, ice and snow fields, urban grassy areas and high-density residential areas, commercial 
and industrial areas, quarries and mines, and sand dunes.  For row crops, we also showed 
them as having zero forage production.  Livestock are sometimes allowed to feed on stubble 
and wildlife may feed in agricultural fields, but it is discouraged, and the magnitude of use 
was unknown to us.  In contrast, we included irrigated pasture lands at 3000 lbs ac-1 yr-1, 
typical for that land cover type.  A final production map was created by merging the three 
sources cited for each acre in the state, with production set within CVM taking precedence 
over the NRCS data, and SSURGO favored over STATSGO. 

 
Wildlife Offtake 
The Colorado Division of Wildlife uses various methods (e.g., aerial counts, mark/resight, 
population modeling) to estimate post-hunt wildlife populations.  Populations are estimated 
for spatial units called data analysis units, which that are unique to each species (CDOW 
2009a).  We joined these estimates to the spatial digital analysis units, which we acquired 
from Natural Diversity Information Source (CDOW 2009b).   
 
Estimates of animal equivalents based on forage needs were from Wyoming Fish and Game 
(1998), except for mountain goats, with their conversion (8.2 animals per standardized 
animal unit) inferred from information from CDOW personnel (CITE 
http://home.windstream.net/ bsundquist1/og6.html).  Forage offtake within each digital 
analysis unit was estimated by converting the estimated animal populations by the species 
conversion value, then multiplying by 800 lbs used by each animal unit each month, then by 
12 to yield annual forage offtake for the digital analysis unit. 
 
In some cases the data analysis units included more area than is occupied by species (e.g., 
mountain goats inhabiting steep slopes).  We therefore acquired spatial maps of the ranges of 
each of the species (CDOW 2009b).  We restricted offtake to areas within the digital analysis 
units and within each species’ range.  Lastly, we distributed offtake within these areas using 
a linear relationship to forage production, so that the areas with no production received no 
offtake, those with average production were assigned average offtake, and those with twice 
the average production, for example, received twice the average offtake.  For each species, 
we summarized offtake in these spatial layers and compared it to that expected based on the 
overall animal counts, to confirm the appropriateness of our general methods. 
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Livestock Offtake 
Livestock populations were taken from the recently released 2007 US Census of Agriculture 
(NASS 2009).  Inventories were acquired for each Colorado county for cattle, sheep, goats, 
and horses.  For cattle, we also acquired the number of animals on feed lots which are 
numerous in some Colorado counties.  Feed provided to those animals comes from both local 
and remote sources, but the ratio is unknown to us.  We therefore assumed those animals 
received feed from remote sources, and we removed them from our county-level estimates of 
cattle feeding locally.  We used the conversions cited to convert cattle, sheep, goats, and 
horses to animal units.  Their offtake in each county was calculated as for wildlife. 

  
Detailed livestock distribution is not available to us, so we defined what may be extremes in 
their distributions.  In one case, we created spatial data for each species with their offtake 
distributed through each county, linearly related to productivity as for wildlife.  In the second 
case, we distributed livestock offtake within private lands only, still related to forage 
production.  These spatial data therefore included the maximum offtake from private lands by 
livestock, and a set that included offtake from both private and public lands, which is likely 
closer to reality.  We could therefore compare total offtake by wildlife and livestock to forage 
production in a more conservative case, and a case where offtake on private lands was 
maximized. 
 
Ownership 
Land ownership was classified broadly into two categories, publicly owned and privately 
owned.  We were provided a recent ownership database for the state (Theobald et al. 2008).  
A field within that spatial database identified areas as private or belonging to other land 
owners or managers, which we combined to represent public ownership. 
 
Analyses 
Each acre in the state was assigned public or private land status, then overlaid upon our 
estimate of wildlife offtake.  From that, we estimated the proportion of wildlife offtake 
within public and private lands.  We then calculated similar metrics for livestock, distributed 
across counties.  Finally, we calculated estimates of offtake on private lands for livestock 
when their entire offtake was restricted to private lands.  Summary analyses calculated the 
amount of forage available throughout the state following removal by both wildlife and 
livestock. 
  
Results 
We estimated that in a year of average precipitation and with wildlife populations from 2008, 
offtake would be  975,041 tons.  Of that, about half (477,477 tons yr-1;  49%) came from 
private lands, the rest from public lands.  Note that this estimate is sensitive to the seasonal 
distributions of wildlife, not included here.  We estimated that total livestock offtake was 
8,961,807 tons yr-1, so wildlife offtake was 9.8% of the total offtake in the state.  Of this, 
4.8% of offtake by wildlife was from animals feeding in private lands.   
 
Overall, we showed that offtake by wildlife and livestock combined left 72% of total 
rangeland production remaining on the landscape, when livestock were distributed 
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throughout counties.  If livestock were confined to privately owned lands, 75% of total 
rangeland production remained uneaten.  Two of the 64 counties in Colorado had significant 
negative values that imply a forage deficit, Weld and Morgan Counties.  These results 
suggest that for the bulk of Colorado, analyses of wildlife offtake were insensitive to 
livestock offtake distribution.  
 
To put these results in further context, if wildlife were completely prevented from using 
private lands, an additional 477,477 tons yr-1 would be available for livestock, which would 
support  99,474 additional animal units.  That would increase the statewide livestock 
holdings by about 5.2%,   Declines in wildlife would presumably be something greater than 
the 49% suggested by forage availability alone, given that private lands dominate low 
elevation areas important to wildlife in winter. 
 

 The economic opportunity cost of wildlife competition is computed as follows (all 
information is from the data layers above, unless otherwise specified): 
• There are 1,922,034 livestock AU’s available; 87.45 percent are cattle and calves, 

meaning there were 1,632,736 cattle and calves.   
• The estimated 2007 calf crop in Colorado was 790,000, according to NASS Table: Cattle 

and Calf Crop: Number by State and United States, 2008.  According to the NASS Table: 
Cattle and Calves: Number by Class, State, and United States, January 1, 2008-2009, 
there were 724,000 beef cows that calved and 126,000 milk cows that calved; beef calves 
are 85.18 percent of the calf crop.  The beef calf crop was therefore 672,894.   

• If 5.2 percent of forage was not available, the loss would be the calf crop lost, since cows 
are on forage to produce calves.   There is a 99,474 opportunity cost as measured in cow 
and calf production.  This would support 53,718 cows and 45,755 calves, based on the 
ratios in the bullet above (assuming calves are 85.18 percent of cows).  By comparison, 
5.18 percent of the 790 calf crop in 2007 would be 40,886.  Our estimated loss is slightly 
higher since we compute cost in calf loss equivalents, when about 15 percent of the actual 
livestock herd was not cattle. 

• Average weight sold is assumed to be 500 pounds/head.  The price is assumed to be 
$100/cwt.   

• The opportunity cost of calves not sold is 5x100x45,755 = $22,877,861 
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Map 1: Public and Private Ownership in Colorado 

 
 

Map 2: Forage Production  in Colorado 
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Map 3: Wildlife Estimated Offtake in Colorado 
 

 
 

Map 4: Livestock Estimated Offtake on Private Land in Colorado 
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13. Prairie dogs compete for forage.  The private acres affected by Prairie Dogs was taken from 
“Active Towns” in Table 8, County-by-County Summary of Black-tailed Prairie Dog 
Acreage, published by the CDOW (Final Report: Black-Tailed Prairie Dog Study of Eastern 
Colorado. Prepared by: EDAW, Inc., October, 2000).    There were 174,549 acres hosting 
active towns on private lands.    The opportunity cost of lost forage was found in the report: 
Justin Derner, James Detling and Michael Antolin. 2006.  “Are livestock weight gains 
affected by black-tailed prairie dogs?”, Frontiers in Ecology and the Environment, Vol 4: pg 
459-464.  Using data from a site near Nunn, Colorado, they estimate that the weight gain for 
cattle grazing in pastures with Prairie Dogs, as compared to cattle grazing where there are no 
Prairie Dogs is Y = 98.71 – 0.21X, where Y is the percent weight gain when there are Prairie 
Dogs compared to gains when there are not, and X is the percentage of the pasture colonized.  
I assumed X=50 for each acre reported colonized by the CDOW.  For example, Y = 98.71 – 
0.21 x 50 = 88.21 when 50 percent of a field is colonized.   Therefore, the opportunity cost 
was acres x (1-Y:X=50) x weight x price, or, 174, 549 x (1-.8821) x 500 x 1, respectively, = 
$10,289,664.   

 
14 Prevention is the sum of private, state and federal prevention efforts.  The $13,727,501 

prevention dollars spent by the private sector are explained in line 16 below.  State dollars, 
$352, 240, are from the CDOW (line 3) and Federal dollars, $1,218,000, are from the USDA 
Wildlife Services (line 4); total prevention cost is $15,297,741 when private, state and federal 
values are summed.  Habitat Partnership Program funds are not included since they account 
for both prevention and promotion to reduce conflicts between wildlife and livestock.  In 
addition, these costs could have already been included in the private estimate. 

 
15. Conover (1998) surveyed US agricultural producers about wildlife perceptions.  Based on 

2,000 surveys distributed across the US, he found the following (Table 3): 
 
 Respondents reporting that   Respondents (%) in  
 Their Wildlife Damage losses last year: the Western Rregion 
  <$100 19.3 
  $100-$500 20.0 
  $500-1,000 27.4 
  $1,000-$5,000 20.7 
  $5,000-$10,000 3.0 
  >$10,000 9.6 
 
 I used this information, with a benefit transfer method, to compute losses in Colorado by 

applying the percentages to the number of farms and ranches that produce at least $10,000 in 
annual sales (13,364).   I assumed the median value for each category.  That is, I summed 
(19.3 x $50), (20 x 300), (27.4 x 750), (20.7 x 3,000), (3 x 7500) and (9.6 x 10,000) to 
compute the average loss per farm of $2,081.65 and multiplied it by the number of farms to 
arrive at $27,812,489.   I then inflated the value from 1998 to 2007 using the CPI as 
described in 7 above (207.3/163 = 1.27) to get the final adjusted impact of $35,321,861 

 
 Conover, Michael. 1998.  Perceptions of American agricultural producers about wildlife on 

their farms and ranches.  Wildlife Society Bulletin, Vol. 26: 597-604. 
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16. Private prevention cost ($13,727,501) is based on 85.6 hours (reported in Table 2, Conover, 

1994) at $12/hour for each producer, for 13,364 producers.  The number of producers was 
based on those that had annual sales over $10,000, according to the 2008 State Agriculture 
Overview for Colorado from the 2007 Agricultural Census, NASS website, July, 2009.   

 
17. I used the benefit transfer method described in 15 above for an alternative to compare, based 

on a Montana study (Irby et al., 1996) that utilized an approach similar to Conover (1994) but 
asked about different damages.  The study found that the average producer in 1992 
experienced an average loss of $864 (+/- 143):  $174 for haystack damage (+/- 35), $344 (+/- 
75) for growing hay and $347 (+/- 81) for forage consumed in pastures.    Inflating the loss to 
2007 (207.3/140.3 = 1.48) resulted in a loss of $1,277 lost per producer.  Accounting for 
13,364 producers, the total losses to ungulates using this method is $17,060,503.   

 
 Irby, Lynn, Walter Zidack, James Johnson, and John Saltiel.  1996.  Economic Damage to 

Forage Crops by Native Ungulates as Perceived by Farmers and Ranchers.  Journal of Range 
Management, Vol. 49: pp 375-380. 

 
18-20  These calculations were described above. 
 
 
 
 
 
 
 


