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INTRODUCTION

A century and a half ago American Bison (Bison bison) were nearly extinct. The species’ remarkable recovery is due to the combined efforts of national park policy makers and private herd managers. As both publicly and privately owned herds expanded into areas formerly grazed by bison, national awareness of bison similarly increased.  A national demand developed, driven by a growing acceptance of bison meat as a healthy alternative to beef.  

The commercial bison industry grew rapidly during the late 1900's, but leveled off dramatically at the end of the century as the market began to saturate. Rapid growth of breeding herds during the industry’s expansion reduced the availability of females and encouraged high prices for slaughter animals. During the days of high prices, producer beliefs about how best to raise bison for a mature market went largely unchallenged. Most private producers believed that their product needed to approximate the characteristics of commercial beef to be acceptable. This led them to use feeding practices designed for domestic livestock – such as confined feeding of high concentrate cereal grains – and to initiate research based on the cattle feeding paradigm. These management practices contributed to poor performance and costly rates of gain. Bison possess a number of adaptations that allow them to be proficient in highly variable and harsh environments, but do not predispose them to do well in confined areas or where the diet is inflexible or inappropriate.

 With prices stabilizing at a much lower level, bison enthusiasts must re-think earlier assumptions if they are to remain profitable.  Even though the conditions they evolved under don’t exist anymore, ecological principles and processes can be used to manage bison in a way that is more consistent with their evolutionary history.  Managers who understand these concepts can devise strategies that simultaneously improve economic performance and ecological integrity. 

Ted Turner’s Flying D ranch near Bozeman Montana is a 113,000 acre ranch that runs 1,500-2,000 bison. The Flying D’s objective is to raise bison for meat while promoting native species and conservation. Areas of highly concentrated impact, excessive fencing, intensive farming of non-native plant species, and using large amounts of fossil fuels are incongruent with this mission. Improved range management, for example, using wintering calves to consume excessive forage, might result in better grazing uniformity, increased resistance to weed and poisonous plant invasion, and improved wildlife habitat. 

The more that management practices are consistent with Ted Turner’s conservation values, the more positive the public perception will be about his commitment to those goals. Furthermore, if he is successful at managing for both conservation and profitability, others are more likely to emulate his example and contribute to an even greater conservation effort, whereas if the management practices are economically unsound others will be reluctant to adopt them.

Methods

For this analysis, we use extrapolated data from a year-long feeding trial conducted at the Flying D to illustrate the potential for increasing profits while managing bison in a manner more consistent with their natural behavior and ecological history. In 2002, the Flying D’s ranch manager conducted a practical experiment based on work done by others (Atwood et al. 2001, 2005b) that indicated bison may perform better if fed a choice of foods and housed in areas larger than typical feedlots.  We used the General Economic Model (GEM) described in Utah Agricultural Experiment Station special report # 193 [www.agx.usu.edu/reports/2005/GEM/GEM4REMfinal.pdf] to compare the economic, ecological, social, and personal impacts of three bison feeding systems: traditional feedlot (TF), loose confinement (LC), and supplemented pasture (SP).

We used a stocker/feedlot archetype where animals are purchased at a given stage of development from another enterprise and fed to a specific end point or for a given period of time. We assumed 800 animals would be fed in each case and used the same beginning and end weights for all groups. To determine the cost of each feeding system we used data from Turner Enterprises to evaluate the cost effectiveness of each approach. 

Turner Experimental Design. In January of 2004, 433 bull calves (avg. 414 lb,  25 lb) were randomly assigned to one of two treatments – loose confinement (LC) or supplemented pasture (SP). The loose confinement group was housed in two equally sized paddocks allowing approximately 0.1 acres (4,000 ft2) per animal. Animals on supplemented pasture were free to graze dry winter forage in large (5,000 -10,000 acre) paddocks. Both groups had continuous access to water, salt, and minerals and were provided with ad libitum access to whole corn and pelleted wheat mids in self-feeders. In addition, LC animals were presented with a constant choice of two commercially harvested forages – alfalfa and oat hay. From the end of May through the end of September, SP animals rotationally grazed an irrigated pasture containing alfalfa, orchardgrass, and meadow brome. They were confined to approximately 30 acres at a time (6,000 ft2/animal) for periods of four to nine days using a single strand of electric tape. 

Animals in the TF treatment were fed in a commercial feedlot that charged a yardage fee ($0.35/hd/d) over and above feed costs. While the Flying D did not include TF in its 2004 study, the ranch has used TF in the past and other ranches in the Turner Enterprise system do use TF. We used data from Turner Enterprises to conduct the TF analyses. Rates of gain for bison fed in confinement (~250 to 420 ft2/hd) are often between 0.99 and 1.94 lbs/d depending on season and diet. The feed cost/lb gain reported by Che Hauer and Galbraith (2003) ranged between $1.22 and $1.34, while Anderson and Miller (2001) reported substantially lower costs (0.41 to 0.49 $/lb gain) using unusually low feed prices. 

Financial Considerations. The key assumptions in these analyses involve the change in value from the initial size and unit cost to the final weight and sale rate per unit. The beginning value was assessed at $0.75/lb live weight ($312), while the sale price at 1,020 lb averaged $0.86/lb ($877/hd). We assumed a 3% death loss among traditionally managed animals and 2% in each of the less constrained examples since crowding increases stress and results in high rates of death among bison. Dry pasture was charged at $2/month for each hundred pounds of live animal and irrigated pasture was charged at $11.14/animal/month for the first two months and $7.33/month for the following two months to reflect the proportion of their diet consumed as pasture. Interest was charged at 9% on the average value of the bison inventory ($566 x 800 hd = $453 038) and one-half of the feed, yardage, and health expenses ($5/hd) for the full term of each feeding program (TF=$55,824; LC=$54,794; and SP=$52,392). All expenses were treated as “variable” or direct costs in order to make the analysis easily scalable, quickly accommodating different numbers of animals for comparison.

Non-Market Considerations. Few decisions are made based on strictly financial considerations. Most people incorporate their personal and social values when assessing the impact choices will have on the physical and social environment and on individual or organizational goals and preferences. Feeding bison illustrates an example in which financial considerations can be paired with ecological, social, and personal criteria in evaluating potential outcomes. While non-market considerations used in this analysis are based upon the mission and goals of Turner Enterprises, any producer can incorporate their own non-market values into a similar analysis. 

Three categories of ecological criteria ─ vegetation and watershed health, wildlife species and habitat, and human influences ─ were considered along with social and individual considerations. A relative scale was used in which 0 = no impact, 1 = little impact, 2 = moderate impact, and 3 = substantial impact and positive numbers indicate improvement while negative numbers signal a decline in quality. 

Ecological. Human influences of interest to the Flying D include the use of fences, chemicals (fertilizers, herbicides, or insecticides), exogenous energy such as fossil fuels, and the degree to which natural processes are allowed to proceed. Fences create unnatural barriers affecting livestock, wildlife, and watersheds. Traditional feedlots are constructed of tall sturdy materials to block wind and minimize distractions, whereas the LC lot was constructed primarily of a pipe frame and woven wire, and SP pastures were enclosed with typical livestock fences already in place. Aspects of vegetation and watershed health that were considered included promoting native species, perennial vs. annual plants, noxious weed or poisonous plant expansion or susceptibility, and uniformity of grazing impacts. Wildlife issues related not only to native, but game and non-game species were included and took both population and habitat suitability characteristics into account. 

Social. Public perception is often of concern to high profile personalities and the people who work for them. Thus the aesthetic appeal of a project may be of importance and may or may not contribute to generating goodwill among neighbors and special interest groups such as environmentalists. 

Individual. Considerations of owners and managers may include both personal and organizational preferences and objectives. While these are often unstated, they impact the decision-making process. Bringing them to light can help provide important insight into why otherwise seemingly clear cut decisions might be avoided or enacted. 

Results

Financial Considerations. Revenues from the three management strategies differed as a result of the change in death loss (TF=$680 707; LC and SP=$687 725). Individual averages for each treatment are illustrated in Table 1. Throughout the trial, LC gained only slightly faster than SP (1.62  vs. 1.49 lb/d). TF animals gained 1.5 lb/d. Harvested feed costs were highest in the commercial feedlot followed by LC and SP. However, animals on pasture also consumed standing forage and the cost of this feed was included in the yardage or housing fee assessed to that group ($0.36/hd/d on dry pasture and $0.49/hd/d on irrigated pasture). Applying these values to 800 head results in feed costs of $446,381, $408,814, and $329,121 for TF, LC, and SP respectively. Because more time was required to finish TF and SP animals, yardage costs were higher for these strategies (Table 1), resulting in total yardage costs of $126,607, $103 481, and $126,850 in the same order. Total non-purchase expenses for the period were $810, $721, and $646 per animal for TF, LC, and SP respectively.  Net profits were -$197,525 for TF, -$127,083 for LC, and -$68,224 for SP. Differences equated to a cost savings of $89/hd for LC and $164/hd for SP when compared to TF.

Non-Market Considerations. For the purpose of this analysis, scores in all categories were assumed to be roughly equally weighted such that a 1 under ecological considerations is of equal value to a 1 under social considerations (Table 2).

Ecological. Human Influences.  We assessed the treatments scores of -2, -1, and 0 for TF, LC, and SP respectively for fencing. Stress on the bison is expected to be less when area is increased, prompting use of fewer antibiotics, decreasing volumes of harvested feeds, and requiring fewer commercial chemicals than those applied in conventional farming practices. Thus, we assessed values of -1, 0, and +1 for synthetic chemicals in the same order. The use of fossil fuels and the promotion of natural processes were expected to follow a similar pattern and were evaluated to be identical to that described for fences (for both: TF = -2, LC = -1, SP = 0). Fewer equipment and energy inputs are needed when self-feeders are refilled periodically rather than using mills and mix trucks on a regular basis and when animals on pasture consume much of their own forage, fossil fuel use is further decreased.


Vegetation and Watershed Health. Dedicating a higher proportion of land to grazing and less to farming provides opportunities to promote native plant species and perennials instead of annual crops. For both of these categories we assessed scores of -1, 0, and +1 for TF, LC, and SP. Not only are managers able to encourage more stable, natural vegetation with SP than TF or LC, but susceptibility to noxious weeds and poisonous plant incursions may be reduced as a result of increasing grazing uniformity and flexibility in the season of use and class of grazers. However, due to the uncertainty involved in this assumption, we considered all strategies neutral for this analysis. Assuming traditional grazing uniformity under the conventional feed lot system was neutral (0), we assessed a score of +2 for LC and +3 for SP. The impact of the LC lot is clearly far less profound than that found in modern feedlots, while a range feeding program involving mobile self-feeders results in very few, much more broadly distributed site impacts. 


Wildlife Populations and Habitat.  Wildlife species can benefit from changes in management. Alterations are generally good for some species and bad for others, therefore we elected not to emphasize any wildlife impacts in this analysis.

Social. We considered the public perception of aesthetics as well as the goodwill of neighbors and the environmental community (Table 2). Few people consider feedlots to be attractive, yet they can be concealed to some degree in many places, so we assessed TF a score of -1; LC, 0; and SP, +1. The environmental community is concerned with potential hazards of nutrient concentrations associated with feedlots and the un-sustainability of farming practices and governmental farm subsidy programs. Whether or not one agrees with them is unimportant in recognizing the logic behind scores of -2 for TF and -1 and 0 for LC and SP, respectively. Because SP still relies on a substantial contribution of feed from the commodity market we did not feel a positive score would be justified. The appeal of the different practices to the local community was estimated to be more benign because the traditional feedlot is assumed to be distant from this location, making its attendant problems of less concern. Thus local scores were assumed to be neutral (TF = 0) or slightly positive (LC and SP = +1).

Individual. Mr. Turner’s profile as a public figure makes him and his staff likely to be personally sensitive to publicity and to value peace and quiet (Table 2). Even though feedlots are the status quo, they have received negative press which can be linked to producers that use them. Thus, we assessed a score of -1 for TF and neutral scores (0) for the other two alternatives. In purchasing western ranchlands and choosing to raise bison instead of cattle Mr. Turner declared a bold vision for privately promoting conservation. The degree to which he is successful depends on the many choices that determine outcomes like those described in this analysis. Therefore, we assumed that under the TF system his project would be paradoxically successful in promoting native species and other conservation objectives, but also contributing to the intensive feedlot industry. As a result we assessed a score of 0 to TF, but a score of +1 to both LC and TF as they contribute more fully to his original vision and stated objective.

Based on the scores described above, the total non-market impact of ecological, social and organizational outcomes was -13 for TF, 0 for LC, and +10 for SP.

Evaluation

We evaluated financial and non-market outcomes to gain a better understanding of the combined implications of each type of practice. Net impacts in each category were tallied and a form of cost-effectiveness analysis was applied to the aggregate assessments. Both financial and non-market expectations were successively better for LC and SP than for TF which resulted in a simultaneous increased in profit of $5,419 for LC and $5,622 for SP with each unit improvement in non-market considerations. 

The breakeven purchase price indicated by this analysis for a calf to be fed in a TF system would be $88/hd or $0.21/lb, while a producer using the LC or SP system could afford to pay $0.40 or $0.56/lb, respectively, for the same animal. 

Many considerations can influence the decision to produce bison, yet once the decision to engage in bison production is made, an SP system can be financially and ecologically superior to LC and TF systems, although social and individual considerations may vary for other owners and situations. 

The primary financial benefits from the SP system are related to the lower overheads and lower direct costs of feeding mechanically harvested forages. For the purpose of this analysis we included a pasture cost that reflects the possibility that this forage could be harvested and marketed in another manner such as a larger breeding herd, contract grazing or haying, or wildlife. However, frequently changing the number of breeding animals in response to forage availability is even more problematic for bison producers than for cattlemen. Because they require little or no infrastructure, SP systems can be employed when desired without incurring ongoing facility depreciation whether or not they are used. Thus, in poor production years calves could be sent to LC or TF systems, while they could be kept in an SP system when sufficient excess forage is available on rangelands. 

During the 124 d summer period while consuming irrigated pasture and free-choice supplements, SP animals averaged almost 2.4 pounds of gain per day, while LC animals averaged only 2.0 lb/d. This period of compensatory rapid gain very nearly made up for slower gains during the winter and resulted in a much lower total cost under our assumptions. Nevertheless, productivity of irrigated pastures can vary greatly, and the efficiency of harvesting operations is similarly diverse. Such pastures may be self-harvested, custom-harvested, rented, or grazed. In this case, custom-harvesting or rental value of the pasture was used to assess a fair grazing cost because self-harvesting resulted in substantial losses due to high overheads. 

The difference for an entire land enterprise should consider not only the profit or loss of the feeding enterprise, but also the viability of the farming enterprise. In some cases, the savings to be gained by adopting a more economically viable harvesting method may very well outweigh the benefits of the feeding enterprise. The result of this analysis supports the notion that the goals of profitability and environmental stewardship can be compatible.

Bison production is an integrated series of enterprises of which the stocker-feeder phase is only one part. Cow-calf producers, feeder/finishers, and meat-marketers are vertically linked interdependent operations. Lack of profitability in the feeding segment means that more efficient methods of feeding should be used, the purchase price is too high, or the sales price is too low to sustain the industry. In this case, we set the purchase price for incoming calves based on an internal accounting figure used by Turner Enterprises, which resulted in the negative profit. This number may be unrealistically inflated because a stable bison calf market does not exist. The market for bison calves is much more variable than for beef calves because there are fewer buyers, and many producers are not profit-motivated. Thus, many bison producers retain ownership of their calves through the finishing phase to be sold at slaughter. This makes reported values for calf sales incongruent with the prices that might be fetched if substantially more animals were marketed as calves are in the beef industry. Since bison meat is already a niche product, further differentiation based upon healthy land management practices, such as described in the SP system, may provide additional dividends at the retail end.

Feeding livestock for slaughter is an expensive phase of the meat production cycle. For some producers, especially of bison, pasture-based multiple choice feeding systems may result in lower costs and higher profits while offering greater flexibility in land management and potentially generating additional non-market benefits. These findings may be of particular interest to bison owners that are primarily concerned with managing for ecological, social, or individual reasons, such as government agencies and non-profit organizations.
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TABLE 1. Financial outcomes of fattening bison in a traditional feedlot (TF), loose confinement (LC), or on supplemental pasture (SP).
	 
	 
	Individual Averages

	 
	
	Weight
	Days to
	Cost of
	Feed
	Yardage 
	Non-Purchase
	Gross

	 
	
	Gain
	Finish
	Gain
	Cost
	Cost
	Costs
	Margin

	Strategy
	(lb/hd/d)
	(d)
	($/lb)
	($/hd)
	($/hd)
	($/hd)
	($/hd)

	TF
	
	1.50
	404
	0.95
	412
	163
	802
	75

	LC
	
	1.62
	375
	0.86
	389
	132
	713
	164

	SP
	 
	1.49
	408
	0.69
	258
	162
	638
	239


Table 2. Non-market implications of fattening bison in a traditional feedlot (TF), loose confinement (LC), or on supplemental pasture (SP). Positive numbers suggest improvement, negative numbers signal decline. 

	Ecological
	 
	 
	 
	 
	TF
	LC
	SP

	 
	Human Influences
	
	
	
	
	

	 
	
	Fences
	
	
	
	-2
	-1
	0

	 
	
	Chemicals
	
	
	-1
	0
	1

	 
	
	Fossil Fuels
	
	
	-2
	-1
	0

	 
	
	Natural Processes
	
	-2
	-1
	0

	 
	Vegetation and Watershed Health
	
	
	
	

	 
	
	Native Species
	
	
	-1
	0
	1

	 
	
	Perennial vs Annual Species
	-1
	0
	1

	 
	
	Weed/Pois Plant Expansion
	0
	0
	0

	 
	
	Grazing Uniformity
	
	0
	2
	3

	 
	Wildlife Populations and Habitat
	
	
	
	

	 
	
	Game
	
	
	
	0
	0
	0

	 
	
	Non-Game
	
	
	0
	0
	0

	Social
	
	
	
	
	
	
	
	

	 
	Aesthetics
	
	
	
	-1
	0
	1

	 
	Goodwill
	Environmental
	
	-2
	-1
	0

	 
	
	
	Local
	
	
	0
	1
	1

	Individual
	
	
	
	
	
	
	

	 
	Publicity
	
	
	
	-1
	0
	0

	 
	Legacy/Accomplishment
	 
	 
	0
	1
	2

	Total Scores
	
	
	
	
	-13
	0
	10


