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Preface

Lao-tzu, The Way of Lao-tzu

The above quotation has been translated most commonly as “A journey of a thousand
miles begins with a single step” and, alternatively, as “Even the longest journey must begin
where you stand.” In both interpretations, there is relevance to moving forward to improve
management of free-ranging horses and burros on public lands in the western United States.
Although there is a broad spectrum of public opinion regarding how horses should be managed
on the land, there is also common ground as to the goal of sustaining healthy equid populations
managed on healthy rangeland. In light of the charge to our committee and in the course of our
public engagement, it is clear that the status quo of continually removing free-ranging horses and
then maintaining them in long-term holding facilities, with no foreseeable end in sight, is both
economically unsustainable and discordant with public expectations. It is equally evident that
the consequences of simply letting horse populations, which increase at a mean annual rate
approaching 20 percent, expand to the level of “self-limitation”—bringing suffering and death
due to disease, dehydration, and starvation accompanied by degradation of the land—are also
unacceptable. Those facts define the point from which we must begin the journey. However, it
also provides a direction for the next steps: how can the natality be effectively managed so as to
ensure that genetically viable, physically and behaviorally healthy equid populations are
maintained on the land while preserving the ecosystem itself?

The committee has endeavored to examine the full array of options to meet that goal by
reviewing prior National Research Council reports on the Wild Horse and Burro Program,
studying existing data and current program procedures used by the Bureau of Land Management,
and inviting experts to present evidence related to equid behavior, genetics, and reproduction as
well as management approaches. Importantly, the committee did not limit itself to free-ranging
horses and burros in the western United States but incorporated knowledge derived from the
study of equid populations as diverse as donkeys in Sicily, zebras in Africa, and horses on
Assateague Island and other barrier islands of the eastern United States. In a similar vein, the
committee included studies of diverse ecosystems in which multiple species overlap, such as
Yellowstone and the Serengeti, and lessons learned in resolution of environmental issues in
which different sectors of the public held views that once seemed irreconcilable. The committee
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took seriously the public’s valuation of free-ranging horses and burros on public lands, the
importance of promoting a healthy multiple-use ecosystem, and the economic consequences of
simply continuing the status quo. On behalf of the committee, | want to express my appreciation
to each and every person who took the time, effort, and expense of providing public comment
and to those who shared their “citizen science” data with the committee.

A study of this magnitude requires a tremendous commitment from the committee
members. All have sacrificed evenings, weekends, and vacations—without financial
compensation—in this commitment and in their desire to bring the best possible science to bear
on a challenging issue. Individually and collectively, they brought a wealth of experience and
knowledge and engaged in vigorous intellectual debate to meet the challenge. On behalf of the
committee, | express our thanks and appreciation to the study director, Kara Laney; to Robin
Schoen, director of the Board on Agriculture and Natural Resources; to Janet Mulligan, senior
program associate for research; and to Kati Reimer, senior program assistant. Without their
planning, organization, and editing expertise, this report would not have been possible. | also
want to recognize the valuable contributions of Dr. Irwin Liu, who provided expertise on equid
fertility.

Science alone, even the best science, cannot resolve the divergent viewpoints on how best
to manage free-ranging horses and burros on public lands. Evidence-based science can, however,
center debate about management options on the basis of confidence in the data, predictable
outcomes of specific options, and understanding of both what is known and where uncertainty
remains. | am confident that this study provides a centerpoint and hope that it will serve as a
guide for the first step in the journey toward ensuring that genetically viable, physically and
behaviorally healthy equid populations can be maintained while preserving a thriving, balanced
ecosystem on public lands.

Guy Hughes Palmer

Chair, Committee to Review the Bureau of
Land Management Wild Horse and Burro
Management Program
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Summary

Since 1971, the Bureau of Land Management (BLM) of the U.S. Department of the
Interior has been responsible for managing the majority of free-ranging horses and burros on arid
federal public lands in the western United States. In the Wild Free-Roaming Horses and Burros
Act of 1971 (92 P.L. 195), the U.S. Congress charged BLM with the “protection, management,
and control of wild free-roaming horses and burros on public lands.” However, the agency is also
tasked with managing the land for multiple uses. Public lands provide habitat for horses and
burros, but they are also used for recreation, mining, forestry, grazing for livestock, and habitat
for wild ungulates and other species. Therefore, although the act stipulated that free-ranging
horses and burros were “an integral part of the natural system of the public lands,” it limited their
range to “their known territorial limits” in 1971. The land was to be “devoted principally but not
exclusively to their welfare in keeping with the multiple-use management concept of public
lands.” Horses and burros were to be managed at “the minimal feasible level.” In addition,
management was to “achieve and maintain a thriving natural ecological balance on the public
lands,” protect wildlife habitat, and prevent range deterioration.

The goal of managing free-ranging horses and burros to achieve the vaguely defined
thriving natural ecological balance within the multiple-use mandate for public lands has
challenged BLM’s Wild Horse and Burro Program since its inception. When BLM
commissioned the National Research Council to conduct a study of the program in 2011, budget
costs for managing the animals were mounting. To sustain healthy populations on healthy
rangeland and to maintain a thriving natural ecological balance, BLM attempts to manage herds
within population-size ranges that it deems appropriate management levels (AMLS) for
designated regions known as Herd Management Areas (HMAS). However, because there are
human-created barriers to dispersal and movement and no substantial predator pressure,
maintaining a herd within an AML requires removing animals in roundups, also known as
gathers. Adoption demand does not balance the number of animals removed, and there is no
political support for culling unadopted animals. Therefore, BLM pays for animals removed from
the range to live in long-term holding pastures for the remainder of their lives. At the time the
committee’s report was prepared, long-term holding costs consumed about half the Wild Horse
and Burro Program’s budget.

BLM is subject to ardent criticism from various stakeholders regarding its approach to
management of free-ranging equids. Some parties express concern that the health of the range
and the condition of other species that inhabit the land are adversely affected by populations of
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2 BLM WILD HORSE AND BURRO PROGRAM

horses and burros that often exceed AMLs. Other members of the public think that horses and
burros are unfairly restricted and are concerned that AMLSs are too low to maintain genetically
healthy herds and that horses and burros are confined to too little public land. They are also
concerned about the stress placed on animals during gathers and in holding facilities.

To improve the sustainability and public acceptance of the program, BLM asked the
National Research Council Committee to Review the Bureau of Land Management Wild Horse
and Burro Program to build on previous Research Council reports on the program and to provide
BLM with a scientific evaluation of the program’s pressing challenges (Box S-1).

BOX S-1
Statement of Task

At the request of the Bureau of Land Management (BLM), the National Research Council (NRC)
will conduct an independent, technical evaluation of the science, methodology, and technical decision-
making approaches of the Wild Horse and Burro Management Program. In evaluating the program, the
study will build on findings of three prior reports prepared by the NRC in 1980, 1982, and 1991 and
summarize additional, relevant research completed since the three earlier reports were prepared. Relying
on information about the program provided by BLM and on field data collected by BLM and others, the
analysis will address the following key scientific challenges and questions:

1. Estimates of the wild horse and burro populations: Given available information and methods, how
accurately can wild horse and burro populations on BLM land designed for wild horse and burro use be
estimated? What are the most accurate methods to estimate wild horse and burro herd numbers and
what is the margin of error in those methods? Are there better techniques than BLM currently uses to
estimate population numbers? For example, could genetics or remote sensing using unmanned
aircraft be used to estimate wild horse and burro population size and distribution?

2. Population modeling: Evaluate the strengths and limitations of models for predicting impacts on wild
horse populations given various stochastic factors and management alternatives. What types of
decisions are most appropriately supported using the WinEquus model? Are there additional models
BLM should consider for future uses?

3. Genetic diversity in wild horse and burro herds: What does information available on wild horse and
burro herds’ genetic diversity indicate about long-term herd health, from a biological and genetic
perspective? Is there an optimal level of genetic diversity within a herd to manage for? What
management actions can be undertaken to achieve an optimal level of genetic diversity if it is too low?

4. Annual rates of wild horse and burro population growth: Evaluate estimates of the annual rates of
increase in wild horse and burro herds, including factors affecting the accuracy of and uncertainty
related to the estimates. Is there compensatory reproduction as a result of population-size control (e.g.,
fertility control or removal from herd management areas)? Would wild horse and burro populations self-
limit if they were not controlled, and if so, what indicators (rangeland condition, animal condition,
health, etc.) would be present at the point of self-limitation?

5. Predator impact on wild horse and burro population growth: Evaluate information relative to the
abundance of predators and their impact on wild horse and burro populations. Although predator
management is the responsibility of the U.S. Fish and Wildlife Service or State wildlife agencies and
given the constraints in existing federal law, is there evidence that predators alone could effectively
control wild horse and burro population size on BLM land designed for wild horse and burro use?

6. Population control: What scientific factors should be considered when making population control
decisions (roundups, fertility control, sterilization of either males or females, sex ratio adjustments to
favor males and other population control measures) relative to the effectiveness of control approach,
herd health, genetic diversity, social behavior, and animal well-being?

PREPUBLICATION COPY




SUMMARY 3

7. Fertility control of wild horses: Evaluate information related to the effectiveness of fertility control
methods to prevent pregnancies and reduce herd populations.

8. Managing a portion of a population as non-reproducing: What scientific and technical factors should
BLM consider when managing for wild horse and burro herds with a reproducing and nonreproducing
population of animals (i.e., a portion of the population is a breeding population and the remainder is
nonreproducing males or females)? When managing a herd with reproducing and nonreproducing
animals, which options should be considered: geldings, vasectomized males, ovariectomized mares, or
other interventions? Is there credible evidence to indicate that geldings or vasectomized stallions in a
herd would be effective in decreasing annual population growth rates, or are there other methods BLM
should consider for managing stallions in a herd that would be effective in tangibly suppressing
population growth?

9. Appropriate Management Level (AML) establishment or adjustment: Evaluate BLM's approach to
establishing or adjusting AML as described in the 4700-1 Wild Horses and Burros Management
Handbook. Based upon scientific and technical considerations, are there other approaches to
establishing or adjusting AML BLM should consider? How might BLM improve its ability to validate
AML?

10. Societal considerations: What are some options available to BLM to address the widely divergent and
conflicting perspectives about wild horse and burro management and to consider stakeholder
concerns while using the best available science to protect land and animal health?

11. Additional Research Needs: Identify research needs and opportunities related to the topics listed
above. What research should be the highest priority for BLM to fill information and data gaps, reduce
uncertainty, and improve decision-making and management?

KEY FINDINGS

FINDING: Management of free-ranging horses and burros is not based on rigorous
population-monitoring procedures.

At the time of the committee’s review, most HMAs did not use inventory methods or
statistical tools common to modern wildlife management. Survey methods used to obtain
sequential counts of populations on HMAs were often inconsistent and poorly documented and
did not quantify uncertainty related to estimates. The committee concluded that many
methodological flaws identified in previous reviews of the program have persisted.

However, improvements in population monitoring have been implemented in recent
years, and the committee supports these efforts. Aggregating neighboring HMAs, on which free
movement of horses or burros is known or likely, into HMA complexes to coordinate population
surveys, removals, and other management actions can improve data quality and interpretation
and enhance population management (Figure S-1). The committee commends the partnership
between BLM and the U.S. Geological Survey to develop rigorous, practical, and cost-effective
survey methods that account for imperfect detection of animals. The committee strongly
encourages continuing this collaborative research effort to develop a suite of survey methods
effective for the variety of landscapes occupied by free-ranging equids. Transferring this
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4 BLM WILD HORSE AND BURRO PROGRAM

knowledge to managers responsible for monitoring populations is essential if the reforms are to
be institutionalized.

BLM should develop protocols for how frequently surveys are to be conducted and
ensure that the resources are available to field personnel to maintain a standardized survey
schedule. Consideration should be given to identifying sentinel populations in a subset of
HMAs that represent the diverse ecological settings throughout western rangelands.
Detailed, annual demographic studies of sentinel populations could be used to improve
assessment of population dynamics and responses to changes in animal density, management
interventions, seasonal weather, and climate. Record-keeping needs to be substantially
improved; the committee recommends the development of a uniform relational database
that is accessible to and used by all field offices for recording all pertinent population
survey data.
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FIGURE S-1 Herd Management Areas managed together or with Wild Horse (or Burro)
Territories as complexes.
NOTE: Blank Herd Management Areas are not managed as part of a complex.

DATA SOURCE: Mapping data and complex information provided by the Bureau of Land
Management.
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SUMMARY 5

FINDING: On the basis of the information provided to the committee, the statistics on the
national population size cannot be considered scientifically rigorous.

The links between the statistics on the national population size and actual population
surveys, which are the foundational data of all estimates, are obscure. The procedures used for
developing annual HMA population-size estimates from counts are not standardized and often
not documented. Therefore, it seems that the national statistics are the product of hundreds of
subjective, probably independent, judgments and assumptions by range managers and
administrators about the proportion of animals counted during surveys, population growth rates,
effects of management interventions, and potential animal movements between HMAs.

Development and use of a uniform and centralized relational database, which captures all
inventory and removal data generated at the level of the field offices and animal processing and
holding facilities, to generate annual program-wide statistics would provide a clear connection
between the data collected and the reported statistics. The committee also suggests that the
survey data at the HMA level and procedures used to modify the survey data to generate
population estimates be made readily available to the public to improve transparency and
public trust in the management program.

In the committee’s judgment, the reported annual population statistics are probably
underestimates of the actual number of equids on the range inasmuch as most of the individual
HMA population estimates are based on the assumption that all animals are detected and counted
in population surveys. A large body of scientific literature on techniques for inventorying horses
and other large mammals clearly refutes that assumption and suggests that the proportion of
animals missed on surveys ranges from 10 to 50 percent. An earlier National Research Council
committee and the Government Accountability Office also concluded that reported statistics
were underestimates.

FINDING: Horse populations are growing at 15-20 percent a year.

The committee concluded that the age-structure data of horses removed from the range
can provide a reasonable assessment of the general growth rate of the free-ranging horse
populations in the western United States. The population growth-rate index derived from those
data is generally consistent with the herd-specific population growth rates reported in the
literature. On the basis of the published literature and the additional management data reviewed
by the committee, the committee concluded that most free-ranging horse populations managed
by BLM are probably growing at 15-20 percent a year.

FINDING: Management practices are facilitating high horse population growth rates.

Free-ranging horse populations are growing at high rates because their numbers are held
below levels affected by food limitation and density dependence. In population ecology, density
dependence refers to the influence of density on such population processes as population growth,
age-specific survival, and natality. Effects of increased population density are manifested
through such changes as reductions in pregnancy, fecundity, percentage of females lactating,
young-to-female ratios, and survival rates. Regularly removing horses holds population levels
below food-limited carrying capacity. Thus, population growth rate could be increased by
removals through compensatory population growth from decreased competition for forage. As a
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6 BLM WILD HORSE AND BURRO PROGRAM

result, the number of animals processed through holding facilities is probably increased by
management.

FINDING: The primary way that equid populations self-limit is through increased
competition for forage at higher densities, which results in smaller quantities of forage
available per animal, poorer body condition, and decreased natality and survival.

Density dependence, due to food limitation, will reduce population growth rates in equids
and other large herbivores through reduced fecundity and survival. Case studies show that animal
responses to density dependence will include increased numbers of animals that are in poor body
condition and are dying from starvation.

Rangeland health is also affected by density dependence. Equids invariably affect
vegetation abundance and composition. Reduced vegetation cover, shifts in species composition,
and increased erosion rates often occur on rangelands occupied by equids. However, no case
study has reported that the changed vegetation cannot persist over a long period of time or that
complete loss of vegetation cover is an inevitable outcome. The results are consistent with
theoretical predictions that when a herbivore population is introduced, vegetation cover will
initially change and productivity will often be reduced by herbivory. In some environments,
however, moderate levels of herbivory have little adverse effect or even have favorable effects
on plant production. Vegetation production may decline, but it may stabilize at a lower level as
herbivore populations come into quasiequilibrium with the altered vegetation. Whether such a
system can persist over the long term is unknown.

FINDING: Predation will not typically control population growth rates of free-ranging
horses.

A large predator, when abundant, can influence the dynamics of free-ranging ungulates.
However, the potential for predators to affect free-ranging horse populations is limited by the
absence of abundance of such predators as mountain lions and wolves on HMAs. Mountain lions
are ambush predators and require habitats that have broken topography and tree cover, whereas
equids favor habitats that have more extensive viewsheds. Wolves are capable of chasing prey
across open, flat topography and have substantial effects on a few horse populations on other
continents and certain areas in Canada. Despite evidence that wolves prey on equids elsewhere,
the committee was unable to identify any examples of wolf predation on free-ranging equids in
the United States. The distribution of wolves in the western United States has been severely
reduced by humans, and few habitats of free-ranging horses were occupied by wolves at the time
the report was prepared; in addition, there had been little study of the overlap between burros and
predators.

FINDING: The most promising fertility-control methods for application to free-ranging
horses or burros are porcine zona pellucida (PZP) vaccines, GonaCon™ vaccine, and
chemical vasectomy.

The criteria most important in selecting promising fertility-control methods for free-

ranging equids are the delivery method, availability, efficacy, duration of effect, and potential
physiological and behavioral side effects. Considering those criteria, the methods judged most
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promising are PZP and GonaCon vaccination of females and chemical vasectomy in males. Each
method has advantages and disadvantages (Table S-1). Of the PZP vaccines, PZP-22 and
SpayVac® seem most appropriate and practical because of their longer duration of effect.
GonaCon can be used and has been tested in males, and its effects are similar to those of
chemical castration. Preserving natural behaviors is important, so GonaCon seems more
appropriate for use in females in that some research has suggested that female sexual behavior
continues. However, further studies on behavioral effects of this product are needed. Chemical
vasectomy is promising as an alternative to or in combination with treating females. The effects
of surgical vasectomy, and presumably of chemical vasectomy, on sexual behavior closely
parallel those of the PZP vaccines and possibly of GonaCon.

No method that does not affect physiology or behavior has been developed. The most
appropriate comparison in assessing the effects of any fertility-control method is with gathering.
That is, to what extent does the prospective method affect health, herd structure, and the
expression of natural behaviors compared with the effects of gathering? The selected methods
are considered the most promising because they have the fewest and least serious effects on
those parameters. Their application requires handling the animals (gathering), but this process is
no more disruptive than the current method for controlling numbers and does not entail the
further disruption of removal and relocation to long-term holding facilities. Considering all the
current options, these three methods, either alone or in combination, offer the most acceptable
alternative for managing population numbers.
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TABLE S-1 Advantages and Disadvantages of the Most Promising Fertility-Control Methods

Method Advantages Disadvantages

PZP-22 and | Research and application in both Capture needed for hand injection of
SpayVac®® | captive and free-ranging horses PZP-22

Allows estrous cycles to continue | Extended breeding season requires males

so natural behaviors are to defend females longer

maintained

High efficacy With repeated use, return to fertility

becomes less predictable

Can be administered during Out-of-season births are possible

pregnancy or lactation
Chemical Simpler than surgical vasectomy Requires handling and light anesthesia
Vasectomy Permanent Permanent

No side effects expected Only surgical vasectomy has been

studied in horses, so side effects of the
chemical agent are unknown

Normal male behaviors maintained | Extended breeding season requires males
to defend females longer and may result
in late-season foals if remaining fertile
males mate

Should have high efficacy Only surgical vasectomy has been
studied in horses, so efficacy rate is
unknown

GonaCon™ Capture may be needed for hand
for Females injection of initial vaccine and any
boosters

Effective for multiple years Lower efficacy than PZP-vaccine
products, especially after first year

Sexual behavior exhibited Sexual behavior may not be cyclic,
inasmuch as ovulation appears to be
blocked

Social behaviors not affected in Should not be administered during early
the single field study pregnancy because abortion could occur

Few data on horses

4PZP-22 and SpayVac® are formulated for longer efficacy and require further documentation of continued efficacy
and of rate of unexpected effects.
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FINDING: Management of equids as a metapopulation is necessary for the long-term
genetic health of horses and burros at the HMA or HMA-complex level.

The committee reviewed the results of genetic studies of 102 horse HMAs that were
based on samples collected during 2000-2012 and found that the reported levels in genetic
diversity for most populations were similar to those in healthy mammalian populations, although
that could change in time. Little is known about the genetic health of burros; the few studies that
have been conducted reported low genetic diversity compared with that in domestic donkeys.
Management actions to achieve optimal genetic diversity may involve intensive management of
individual animals in HMAs, translocations of free-ranging horses and burros among HMAs or
holding areas to effect genetic restoration, or some combination of these. The committee
recommends routine monitoring at all gathers and the collection and analysis of a sufficient
number of samples to detect losses of diversity. The committee also recommends that BLM
consider at least some animals on different HMAs as a single population and use the
principles of metapopulation theory to direct management activities that attain and
maintain the level of genetic diversity needed for continued survival, reproduction, and
adaptation to changing environmental conditions. Although there is no minimum viable
population size above which a population can be considered forever viable, studies suggest that
thousands of animals will be needed for long-term viability and maintenance of genetic diversity.
Few HMA s are large enough to buffer the effects of genetic drift and herd sizes must be
maintained at prescribed AMLs, so managing HMAs as a metapopulation will reduce the rate of
reduction of genetic diversity over the long term. Movement of individual animals among HMAs
to maintain genetic diversity will need to be guided by genetic, demographic, behavioral, and
logistical factors.

FINDING: Phenotypic data have not been recorded and integrated into genetic
management of free-ranging populations. Recording the occurrence of diseases and clinical
signs and the ages and sexes of the affected animals would allow BLM to monitor the
distribution and prevalence of genetic conditions that have direct effects on population
health.

Ten or 11 conditions in horses are known to be caused by genetic mutations. Some are
not lethal, so it is possible for the mutations to increase in frequency in HMAs, especially if
inbreeding occurs. Few conditions present clinical signs that would be unambiguous and readily
discernible during a gather. However, because many of the conditions can be diagnosed via
genetic screening of blood or hair samples, surveillance of the genetic mutations underlying them
is possible in HMAs. Screening samples from gathered horses could generate frequencies of the
alleles involved in the disorders, and the frequencies could be monitored during later gathers to
determine whether a particular HMA has a higher occurrence of a given mutation that might
affect the fitness of the herd. Although there are no known clinical issues in burros, the
committee recommends that BLM routinely monitor and record any morphological
anomalies in burros that may indicate the deleterious effects of inbreeding.
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FINDING: Input parameters used in the WinEquus model are not transparent, and it is
unclear whether or how results are used in management decisions.

BLM includes results of WinEquus population modeling in its gather plans and
environmental assessments of horse HMAs. WinEquus uses an individual-based approach (each
animal is tracked individually as opposed to the use of aggregated age-sex or life-stage classes)
to simulate population dynamics and management of free-ranging horses in the framework of
age-structured and sex-structured population models. Given appropriate data, it can incorporate
the effects of environmental and demographic stochasticities, density dependence, and
management actions and can simulate population dynamics for up to 20 years. There are no
similar modeling studies of burros.

The committee found that, given appropriate data, WinEquus can adequately simulate
horse population dynamics under alternative management actions (no treatment, removal, female
fertility control, and the combination of removal and fertility control). However, the WinEquus
results depend heavily on values of input parameters and on the WinEquus options selected by
the user when setting up the simulations. Values of input parameters and data used to estimate
the values were rarely provided, and the WinEquus options selected often were not described.
Most gather plans and environmental assessments simply copied and pasted WinEquus output
and gave no explanation or interpretation of the results. Those results cannot be adequately
interpreted without knowledge of the input parameter values and WinEquus options selected by
the user.

It appeared that one of the default datasets was used to model population dynamics of
most or all HMAs or HMA complexes. It is therefore not surprising that most plans and
assessments arrived at identical conclusions regarding the potential effects of the management
alternatives considered.

The majority of gather plans conveyed nothing about whether or how results of
population modeling were used to make management decisions, so the committee could not
determine with certitude whether or how BLM uses WinEquus results. Specifically, it was
difficult to determine whether results were used to make management decisions or were offered
as justification for management decisions that were made independently of modeling results.
Furthermore, in the absence of at least some site-specific data and relevant information regarding
input parameters and WinEquus options, model results would be difficult for a critical reader to
accept as pertinent and meaningful. A clear description of input parameters, including those
needed for various management alternatives, and a detailed description of various WinEquus
options selected by the user would help the general public to determine the reliability of
WinEquus modeling results. In addition, a clear explanation of whether or how results of
population modeling were used would improve transparency with the public.

FINDING: A more comprehensive model or suite of models could help BLM to address
and adapt to challenges related to management of horses and burros on the range,
management of animals in holding facilities, and program costs.

The adequacy of a population model depends on how (and for what purpose) BLM plans
to use it, characteristics and processes included in it, management alternatives to be simulated,
and availability of data to assign values to parameters of the model. If BLM plans to use a
population model for short-term horse population projection and to evaluate potential effects of
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such management alternatives as female fertility control, removal, or a combination of the two,
WinEquus is probably sufficient.

However, a suitable modeling framework could inform short-term and long-term
management plans. Such a framework would simulate life history, social behavior, mating
system, genetics, forage limitation, use of habitat, climate variation, and effects of alternative
management actions throughout horse or burro life spans. The usefulness of the information
obtained from population modeling is directly related to the reliability of the data used to assign
values to parameters and depends on how adequately the model structure reflects life history of
the study organisms and whether and to what extent deterministic, stochastic, and management
actions that affect the study population are considered. The committee recognizes that HMA
managers often do not have adequate input information to estimate model parameter
values for most HMAs. Therefore, efforts should be made to ensure that future modeling
exercises use data from the target HMA or HMA complex or a sentinel population that
closely resembles the target population being modeled.

A comprehensive modeling study that evaluates the population dynamics of horses or
burros in the western rangelands and in short-term and long-term holding facilities and the costs
and consequences of management alternatives, including those not yet available to BLM, would
help in evaluating whether and to what extent stated management objectives are achievable
under current or projected funding situations. Such a study could help to identify the most
effective or cost-effective management options to achieve the objectives or the achievable goals
given available funding and policy constraints.

FINDING: The Wild Horses and Burros Management Handbook lacks the specificity
necessary to guide managers adequately in establishing and adjusting appropriate
management levels.

The Wild Horses and Burros Management Handbook, issued by BLM in 2010, provides
some degree of consistency in goals, forage allocation, and general habitat considerations and
should help to improve consistency in how AMLs are set. However, it does not provide detail
related to monitoring and assessment methods. The resulting flexibility allows managers to
decide what specific approaches fit local environmental conditions and administrative capacity
but makes it difficult to review the program’s on-the-ground methods. The handbook would be
more informative if it provided guidelines on how to conduct various kinds of assessments, even
if there were various appropriate methods available, or referenced appropriate sources, linking
them to particular settings or situations. The handbook lacks clear protocols for evaluating
habitat components other than forage availability. Without clear protocols specific enough to
ensure repeatability, the monitoring organization cannot determine whether observed change is
due to changes in condition or to changes in methods. Protocols should also include
establishment of controls when the goal is to distinguish treatment or management effects
from other causes of change.

FINDING: The handbook does not clarify the vague legal definitions related to
implementing and assessing management strategies for free-ranging equids.

Managing equid populations as free-ranging with the minimal management called for in
the legislation entails conceptual challenges associated with defining what constitutes land
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deterioration or health, thriving natural ecological balance, and rangeland condition. For
example, the concept of a thriving natural ecological balance does not provide guidance for
determining how to allocate forage and other resources among multiple uses, which ecosystem
components should be included and monitored in the “balance,” or how to decide when a system
is out of “balance.” It brings up arguments over whether such a balance exists in nature or is
even possible. Furthermore, it is easily conflated with the forage allocation process, which is a
policy decision. Similarly, rangeland health and setting of land health standards may be seen as a
problem of developing specific ecological measurements and standards or as a matter of arriving
at a consensus about how rangelands should be maintained. Without precise definitions, those
concepts are uninformed by science and open to multiple interpretations. The handbook does not
provide assistance in dealing with this dilemma.

An alternative approach for setting AMLs would address the challenge of defining terms
used as management criteria, including appropriate, thriving, natural, in balance, healthy, and
deteriorated. The approach would involve the development of a conceptual model for ecosystem
functioning relative to management objectives and of indicators to measure the degree of
departure from a scientifically informed conceptual model of an “appropriately” functioning
free-ranging equid ecosystem.

FINDING: How AMLs are established, monitored, and adjusted is not transparent to
stakeholders, supported by scientific information, or amenable to adaptation with new
information and environmental and social change.

AMLs are a focal point of controversy between BLM and the public. It is therefore
necessary to develop and maintain standards for transparency, quality, and equity in AML
establishment, adjustment, and monitoring. Research suggests that transparency is an important
contributor to the development of trust between agencies and stakeholders. The public should be
able to understand the methods used and how they are implemented and should be able to access
the data used to make decisions. Transparency will also encourage high quality in data
acquisition and use. Data and methods used to inform decisions must be scientifically defensible.
Resources are allocated to horses or burros in a context of contending uses for BLM lands, all of
which have some standing in the agency’s charge for multiple-use management.

Environmental variability and change, changes in social values, and the discovery of new
information require that AMLSs be adaptable. Adaptive management, an iterative decision-
making process, can incorporate development of management objectives, actions to address
these objectives, monitoring of results, and repeated adaptation of management to achieve
desired results. A key tenet of adaptive management is treating management actions as testable
hypotheses. Maximizing long-term knowledge of the system and thereby improving
management hinge on several fundamental tenets of research and monitoring design,
including the use of controls and replication and controlling for variability over time.
Uncertainty should be explicitly incorporated into estimated measures (such as herd size or
utilization rate on an HMA). The committee concludes that the above principles could be more
thoroughly integrated into the Wild Horse and Burro Program to increase the defensibility and
scientific validity of management actions.
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FINDING: Resolving conflicts with polarized values and opinions regarding land
management rests on the principles of transparency and community-based public
participation and engagement in decision-making. Decisions of scientific content will have
greater support if they are reached through collaborative, broadly based, integrated, and
iterative analytic-deliberative processes that involve both the agency and the public.

There are several well-developed processes for encouraging public participation in
public-lands decision-making and management. To reduce conflict and improve the transparency
and quality of decisions, the committee suggests using the analytic-deliberative approach to
public participation. Participatory decision-making processes foster the development of a shared
understanding of the ecosystem, an appreciation for others’ viewpoints, and the development of
good working relationships. Thus, BLM should engage with the public in ways that allow
public input to influence agency decisions, develop an iterative process between public
deliberation and scientific discovery, and codesign the participatory process with
representatives of the public. Finding ways to involve citizens in data-gathering or other
scientific practices may help to build relationships and understanding. Because there are also
concerns about horses and burros among the national—not just the local and regional—public, it
would be appropriate for BLM to support research that uses survey methods that go beyond
opinion polls to capture tradeoffs in public concerns to improve understanding of perceptions,
values, and preferences regarding horse and burro management, as was recommended by the
National Research Council in 1980 and 1982.

FINDING: Tools already exist for BLM to use in addressing challenges faced by its Wild
Horse and Burro Program.

The continuation of “business-as-usual” practices will be expensive and unproductive for
BLM. Because compelling evidence exists that there are more horses on public rangelands than
reported at the national level and that horse population growth rates are high, unmanaged
populations would probably double in about 4 years. If populations were not actively managed
for even a short time, the abundance of horses on public rangelands would increase until animals
became food-limited. Food-limited horse populations would affect forage and water resources
for all other animals on shared rangelands and potentially conflict with the multiple-use policy of
public rangelands and the legislative mandate to maintain a thriving natural ecological balance.
Fertility-control agents have been pursued to enhance efficacy of population management, with
the potential to reduce population growth rates and hence the number of animals added to the
national population each year. The potential effects of fertility control, however, are limited by
the number and proportion of animals that must be effectively treated with contraceptive agents.
The committee’s conclusions that there are considerably more horses and possibly burros on
public lands than reported and that population growth rates are high suggest that the effects of
fertility intervention, although potentially substantial, may not completely alleviate the
challenges BLM faces in the future in effectively managing the nation’s free-ranging equid
populations, given legislative and budgetary constraints.

However, the tools already exist for BLM to address many challenges. Given the nature
of the situation, a satisfactory resolution will take time, resources, and dedication to a
combination of strategies underpinned by science. In the short term, intensive management of
free-ranging horses and burros would be expensive, but addressing the problem immediately
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with a long-term view is probably a more affordable and satisfactory answer than continuing to
remove animals to long-term holding facilities. Investing in science-based management
approaches would not solve the problem instantly, but it could lead the Wild Horse and Burro
Program to a more financially sustainable path that manages healthy horses and burros with
greater public confidence.
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Free-Ranging Horses and Burros in the Western United States

Since 1971, the Bureau of Land Management (BLM) of the U.S. Department of the
Interior has been responsible for managing the majority of free-ranging horses and burros on arid
federal public lands in the western United States. In the Wild Free-Roaming Horses and Burros
Act of 1971 (92 P.L. 195), the U.S. Congress charged BLM* with the “protection, management,
and control of wild free-roaming horses and burros on public lands.” BLM was charged to
protect the equids because, the legislation noted, “wild free-roaming horses and burros are living
symbols of the historic and pioneer spirit of the West . . . and [they] are fast disappearing from
the American scene.” In the mid-20th century, horse and burro populations were affected by
competing uses for the land, including livestock grazing, and by roundups, from which the
animals were often sold for slaughter (GAO, 1990). The protection provided in the 1971
legislation built on the “Wild Horse Annie Act” (86 P.L. 234), passed in 1959, which prohibited
the use of motorized vehicles, including aircraft, to hunt free-ranging horses and outlawed the
poisoning of watering holes on public lands.

The agency was also tasked with managing and controlling the population because of the
multiple uses of public lands. Public lands provide habitat to horses and burros, but they are also
used for recreation, mining, forestry, grazing for livestock, and habitat for wildlife, including
mule deer, pronghorn, and bighorn sheep. Therefore, although the act stipulated that free-ranging
horses and burros were “an integral part of the natural system of the public lands” and were to be
managed “as components of the public lands,” it limited their range by definition to “their known
territorial limits” in 1971. Such public lands were to be “devoted principally but not exclusively
to [horse and burro] welfare in keeping with the multiple-use management concept of public
lands.” In addition, horses and burros were to be managed at “the minimal feasible level.”
Management should “achieve and maintain a thriving natural ecological balance on the public
lands,” protect wildlife habitat, and prevent range deterioration.

The goal of protecting free-ranging horses and burros while managing and controlling
them to achieve a vaguely defined thriving natural ecological balance within the multiple-use
mandate for public lands has challenged BLM’s Wild Horse and Burro Program since its

The Wild Free-Roaming Horses and Burros Act of 1971 also pertains to free-ranging horses and burros
found on public lands administered by the U.S. Forest Service. This report focuses on animals managed by BLM,
which is responsible for over 90 percent of the equid population on public lands in the western United States (GAO,
2008).
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inception. Amendments to the Wild Free-Roaming Horses and Burros Act have not diminished
the difficulty. BLM is to monitor the population size to determine where there is an excess of
horses and burros; such a situation is to be identified when “a thriving natural ecological balance
and multiple-use relationship” is threatened (92 P.L. 195 as amended by the Public Rangelands
Improvement Act of 1978, 95 P.L. 514). It is BLM’s responsibility to determine when that
relationship is under threat and to remove animals to achieve balance. The legislation allows the
destruction of old, sick, or lame animals. Excess animals removed from the range may be
adopted. Those for which there is no adoption demand are to be “destroyed in the most humane
and cost efficient manner possible”; however, the destruction of healthy, unadopted free-ranging
horses and burros has been restricted either by a moratorium instituted by the director of BLM or
by the annual Congressional appropriations bill for the Department of the Interior in most years.
Free-ranging horses and burros have successfully sustained populations in North America for
over 300 years, and no large predator widely overlaps with their territory. Since 1989, adoptions
have seldom exceeded the number of animals removed from the range; in the 2000s, the
discrepancy neared a 2:1 ratio of animals removed to animals adopted (GAO, 2008). Thus,
BLM’s effort to control horse and burro numbers by removing animals from the range has led to
the stockpiling of “excess” horses and burros in holding facilities (Figures 1-1 and 1-2). In fiscal
year 2012, more than 45,000 animals were in holding facilities, and their maintenance consumed
almost 60 percent of the Wild Horse and Burro Program’s budget (BLM, 2012a).

With holding costs in 2010 projected to nearly double those in 2004 (Bolstad, 2011), the
U.S. Senate Committee on Appropriations in 2009 instructed BLM to “prepare and publish a
new comprehensive long-term plan and policy for management of wild horses and burros” (U.S.
Congress, Senate, 2009). BLM responded with a proposed strategy designed around seven
topics. With respect to science and research, one method for improving the use of science in its
management of horses and burros was to “commission the [National Academy of Sciences] to
review earlier reports and make recommendations on how the BLM should proceed in light of
the latest scientific research” (BLM, 2011a).
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FIGURE 1-1 Horse population reported by the Bureau of Land Management (BLM), horses
removed from the range, and horses in holding facilities, 1996-2012 (for years available).

DATA SOURCE: Horse population data from BLM (1996, 1997, 1998, 1999, 2000, 2001, 2002,
2003, 2005a, 2005h, 2006a, 2007a, 2008a, 2009a, 2010, 2011b, 2012b); horse removal data
provided by BLM; holding-facilities data from BLM (2004, 2006b, 2007b, 2008b, 2009b, 2011c,
2012c).
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FIGURE 1-2 Burro population reported by the Bureau of Land Management (BLM), burros
removed from the range, and burros in short-term holding facilities, 1996-2012 (for years
available).

NOTE: There are no long-term holding facilities for burros.

DATA SOURCE: Burro population data from BLM (1996, 1997, 1998, 1999, 2000, 2001, 2002,
2003, 2005a, 2005h, 2006a, 2007a, 2008a, 2009a, 2010, 2011b, 2012b); burro removal data
provided by BLM; holding-facilities data from BLM (2004, 2006b, 2007b, 2008b, 2009b, 2011c,
2012c).

COMMITTEE CHARGE AND APPROACH

The committee formed by the National Research Council of the National Academy of
Sciences in response to BLM’s request was given a long statement of task that required a variety
of expertise (Box 1-1). The charge called on the Committee to Review the Bureau of Land
Management Wild Horse and Burro Management Program to investigate the annual rates of
growth in the animal populations, the implications of genetic diversity for their long-term health,
and how they interact with the environment. It also asked the committee to assess the effects of
management actions, such as treating animals with contraceptives or removing animals from the
range, and to evaluate BLM’s tools for measuring the effects. Agency methods for determining
the number of animals living on the range and the number of animals appropriate for the range
were also to be examined. Finally, the committee was tasked to identify options that could
address stakeholder concerns making use of the best available science.
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To accomplish the committee’s comprehensive charge, members were appointed on the
basis of their scientific research and experience with the questions involved in the statement of
task. Experts were selected from the fields of behavioral ecology, conservation biology, genetics,
natural-resources management and range ecology, population ecology, reproductive physiology,
sociology, veterinary medicine, and wildlife ecology. (The committee members’ biographies are
in Appendix A.) The committee also retained a consultant who had expertise in equine
reproduction.

The committee’s study was the first examination of BLM’s Wild Horse and Burro
Program by the National Research Council in over 20 years. The National Research Council had
published three reports on free-ranging horses and burros under BLM’s jurisdiction. The first
two reports, Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended
Research, Phase | Final Report (1980) and Wild and Free-Roaming Horses and Burros: Final
Report (1982), completed the first and third phases of a three-phase study mandated by Congress
in the Public Rangelands Improvement Act of 1978 (95 P.L. 514).2 Those reports were the
product of one study committee, the Committee on Wild and Free-Roaming Horses and Burros,
which was convened from 1979 to 1982. The third report, Wild Horse Populations: Field Studies
in Genetics and Fertility (1991), was undertaken by a separate committee, the Committee on
Wild Horse and Burro Research, in accordance with congressional appropriations in fiscal year
1985 to fund another study. The Committee to Review the Bureau of Land Management Wild
Horse and Burro Management Program was asked to build on the findings in those three reports.
Appendix B contains a summary of findings of the earlier studies that overlap with the statement
of task for the Committee to Review the Bureau of Land Management Wild Horse and Burro
Management Program.

“The second phase of the study consisted of research projects recommended by the committee in its first
report.
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BOX 1-1

Statement of Task

At the request of the Bureau of Land Management (BLM), the National Research Council (NRC)
will conduct an independent, technical evaluation of the science, methodology, and technical decision-
making approaches of the Wild Horse and Burro Management Program. In evaluating the program, the
study will build on findings of three prior reports prepared by the NRC in 1980, 1982, and 1991 and
summarize additional, relevant research completed since the three earlier reports were prepared. Relying
on information about the program provided by BLM and on field data collected by BLM and others, the
analysis will address the following key scientific challenges and questions:

1. Estimates of the wild horse and burro populations: Given available information and methods, how
accurately can wild horse and burro populations on BLM land designed for wild horse and burro use be
estimated? What are the most accurate methods to estimate wild horse and burro herd numbers and
what is the margin of error in those methods? Are there better techniques than BLM currently uses to
estimate population numbers? For example, could genetics or remote sensing using unmanned
aircraft be used to estimate wild horse and burro population size and distribution?

2. Population modeling: Evaluate the strengths and limitations of models for predicting impacts on wild
horse populations given various stochastic factors and management alternatives. What types of
decisions are most appropriately supported using the WinEquus model? Are there additional models
BLM should consider for future uses?

3. Genetic diversity in wild horse and burro herds: What does information available on wild horse and
burro herds’ genetic diversity indicate about long-term herd health, from a biological and genetic
perspective? Is there an optimal level of genetic diversity within a herd to manage for? What
management actions can be undertaken to achieve an optimal level of genetic diversity if it is too low?

4. Annual rates of wild horse and burro population growth: Evaluate estimates of the annual rates of
increase in wild horse and burro herds, including factors affecting the accuracy of and uncertainty
related to the estimates. Is there compensatory reproduction as a result of population-size control (e.g.,
fertility control or removal from herd management areas)? Would wild horse and burro populations self-
limit if they were not controlled, and if so, what indicators (rangeland condition, animal condition,
health, etc.) would be present at the point of self-limitation?

5. Predator impact on wild horse and burro population growth: Evaluate information relative to the
abundance of predators and their impact on wild horse and burro populations. Although predator
management is the responsibility of the U.S. Fish and Wildlife Service or State wildlife agencies and
given the constraints in existing federal law, is there evidence that predators alone could effectively
control wild horse and burro population size on BLM land designed for wild horse and burro use?

6. Population control: What scientific factors should be considered when making population control
decisions (roundups, fertility control, sterilization of either males or females, sex ratio adjustments to
favor males and other population control measures) relative to the effectiveness of control approach,
herd health, genetic diversity, social behavior, and animal well-being?

7. Fertility control of wild horses: Evaluate information related to the effectiveness of fertility control
methods to prevent pregnancies and reduce herd populations.

8. Managing a portion of a population as non-reproducing:3 What scientific and technical factors should
BLM consider when managing for wild horse and burro herds with a reproducing and nonreproducing

A mare is a mature female horse. A stallion is a mature male horse. A gelding is a castrated male horse.
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population of animals (i.e., a portion of the population is a breeding population and the remainder is
nonreproducing males or females)? When managing a herd with reproducing and nonreproducing
animals, which options should be considered: geldings, vasectomized males, ovariectomized mares, or
other interventions? Is there credible evidence to indicate that geldings or vasectomized stallions in a
herd would be effective in decreasing annual population growth rates, or are there other methods BLM
should consider for managing stallions in a herd that would be effective in tangibly suppressing
population growth?

9. Appropriate Management Level (AML) establishment or adjustment: Evaluate BLM's approach to
establishing or adjusting AML as described in the 4700-1 Wild Horses and Burros Management
Handbook. Based upon scientific and technical considerations, are there other approaches to
establishing or adjusting AML BLM should consider? How might BLM improve its ability to validate
AML?

10. Societal considerations: What are some options available to BLM to address the widely divergent and
conflicting perspectives about wild horse and burro management and to consider stakeholder
concerns while using the best available science to protect land and animal health?

11. Additional Research Needs: Identify research needs and opportunities related to the topics listed
above. What research should be the highest priority for BLM to fill information and data gaps, reduce
uncertainty, and improve decision-making and management?

Six information-gathering meetings took place during the study process (Appendix C). In
addition to a presentation from BLM, the committee heard from experts in fertility control,
predation, behavioral ecology, and genetics of free-ranging horses and burros. It also received
presentations of research on free-ranging horses and burros by the U.S. Geological Survey and
the U.S. Fish and Wildlife Service, on the use of adaptive management to address natural-
resources issues, on tools for communicating science effectively, and on methods for engaging
the public in assessment and decision-making on scientific issues. The committee heard from
many interested parties at four public-comment sessions and received numerous written
submissions on research and stakeholder concerns related to free-ranging horses and burros and
to BLM’s management of the animals (Box 1-2).
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BOX 1-2
Divergent Opinions on Appropriate Management of Free-Ranging Horses and Burros

The management of free-ranging horses and burros on public lands is a long-standing source of
contention among stakeholder groups. During the course of its review, the committee heard from BLM
and from many interested parties about the struggle of managing horses and burros in accordance with a
thriving natural ecological balance and the multiple-use mandate. The intent of the Wild Free-Roaming
Horses and Burros Act was interpreted differently by various stakeholders, and many critiques of BLM'’s
implementation of the law were offered.

In a presentation to the committee, BLM outlined its mandate under the current law. Among the
law’s stipulations are that animals are to be managed on land on which they were found in 1971, the land
is to be managed for multiple uses, and excess animals are to be removed immediately if appropriate
management levels are exceeded.

Some parties who participated in public-comment sessions expressed concern that rangeland
health was adversely affected because the population of horses and burros often exceeded appropriate
management levels. This perspective considered competition between equids and wildlife to be
detrimental to wildlife. It was also pointed out that livestock, which have grazing rights on public lands, do
not remain on the land all year, unlike horses.

Other participants in the public sessions of committee meetings communicated that horses and
burros were unfairly limited in their range and in their numbers. From that point of view, appropriate
management levels were too low to maintain genetically healthy herds, and horses and burros were
restricted to too few acres of public land. For example, the number of acres on which livestock are
allowed is much greater than that of the Herd Management Areas (the land allocated to horses and
burros). Many participants asserted that the horse is a reintroduced wildlife species and fills a niche in its
ecosystem. Concern was also expressed about the stress placed on animals during gathers (roundups)
and in holding. There were many requests for BLM to provide more robust and transparent evidence to
support its management decisions.

Most commenters agreed that the operation of the program was excessively expensive and that
management could be improved to reduce costs and increase the welfare of all animals on the range.

The committee based its findings and conclusions on a number of sources. In addition to
the information gathered at its meetings, committee members examined peer-reviewed scientific
literature on free-ranging horses and burros, particularly literature published since the previous
National Research Council reports were completed. The committee analyzed data on free-
ranging horse and burro populations and genetics that it received from BLM and from E. Gus
Cothran of Texas A&M University, respectively, in response to submitted inquiries (Appendix
D). It also synthesized responses from BLM, Stephen Jenkins, and Charles de Seve regarding
population modeling and from BLM on establishing herd population levels. When it was
relevant, the committee also consulted gray and unpublished literature to inform its analysis.

The committee did not limit itself to research and data on free-ranging horses and burros
in the western United States. It also consulted studies on free-ranging horses and burros on the
barrier islands off the East Coast of the United States, particularly the herds on Assateague Island
and Shackleford Banks.* Those populations are not under BLM management and are not subject
to the Wild Free-Roaming Horses and Burros Act of 1971, but results of research on the herds,

“Several free-ranging horse and burro herds are resident on barrier islands off the East Coast of the United
States and Canada. The herds on Assateague Island (Maryland) and Shackleford Banks (North Carolina) are
managed by the U.S. Department of the Interior’s National Park Service (NPS). There are free-ranging equid
populations in the United States that are not under the jurisdiction of BLM. Some are managed by other federal
agencies, such as NPS and the U.S. Fish and Wildlife Service; Indian reservations, state agencies, and local entities
are also responsible for some herds.
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which in many cases have been studied much more often and thoroughly than BLM herds, were
relevant to the conclusions drawn by the committee. Germane studies of the biology, physiology,
and behavioral ecology of domestic horses and burros, Przewalski’s horses (wild horses native to
central Asia), free-ranging horse and burro populations in other countries, native equid species
on other continents, and free-ranging ungulates in the United States and elsewhere were also
assessed (Box 1-3).

BOX 1-3
Describing Horses and Burros Under Different Management Regimes

In the literature that the committee reviewed, there were many nuances regarding the
management regimes of horse and burro populations and other animals. To clarify the differences, the
committee defines the terms that are used in the report here.

Free-Ranging. Although the 1971 legislation calls horses and burros in the western United
States free-roaming, the committee chose to use the term free-ranging to reflect the purposeful and
spatially adaptive uses of the rangelands that the horses and burros inhabit. Such populations are
allowed to use spatially extensive habitats in ways that increase access to forage, improve their
physiological condition, and increase the probability of their own and their population’s viability. (In many
of the contraceptive studies reviewed by the committee, treatments were applied to free-ranging horses
that had been gathered from the range and held captive for study.)

Semi—Free-Ranging. The committee uses this term to refer to populations of horses and burros
that are confined to limited areas, for example, in fenced reserves or protected areas that are
nevertheless expansive enough for the animals to move freely over larger areas than typical farms or
ranches.

Domestic. For the purposes of the report, domestic describes an animal that is kept by humans,
typically as a companion animal or as livestock. This is different from definitions based on presumed
inherited effects of domestication in ancestral blood lines. The report terminology distinguishes between
domestic donkeys and free-ranging burros.

BOUNDS OF THE STUDY

The committee’s statement of task was extensive but did not encompass all issues and
challenges pertaining to the Wild Horse and Burro Program. The committee’s tasks pertained to
management issues related to horses and burros on the range. It was not asked to examine BLM
procedures and actions related to gathers—the roundups that BLM conducts to administer such
management actions as adjusting sex ratios on the range, treating animals with contraceptives,
and removing animals from the range. The committee’s tasks did not include investigation of the
effects of gathers on the welfare of gathered horses and burros. The welfare of animals in
holding facilities or of animals that leave the program through adoption or sale was also not part
of the study’s charge. A critique of the legal framework under which the horses and burros are
managed (including the number of acres on which BLM manages the animals), an examination
of BLM’s legal authority to use euthanasia, and specific recommendations for program budget
allocations were similarly not within the scope of the study.

The committee was not tasked with examining issues within BLM that may affect how
the Wild Horse and Burro Program functions. One example is related to livestock grazing. The
agency’s multiple-use mandate includes administering grazing allotments on public lands to
private owners of livestock. Whether livestock or equids do or should receive preferential
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treatment by BLM when rangeland is allocated or when the number of animals on the range is
adjusted to keep rangelands healthy was not within the study’s scope. Another example is
BLM’s internal organizational structure. The committee was not asked to examine how the
organizational hierarchy of national, state, and field offices and the responsibilities of and
working relationships between these levels pertain to BLM’s effectiveness in managing horses
and burros.

In addition, as became evident from public comments at information-gathering sessions
and submitted written comments, the statement of task did not include questions that are of
concern to many stakeholders. The study did not investigate such topics as the relevance of the
evolutionary origin of the horse species in North America and the logistical and economic
feasibility of establishing ecosanctuaries for horses and burros. The study did not examine the
procedures that BLM uses to gather horses and burros, so it did not explore whether alternative
methods of gathering equids could be used. Furthermore, the report does not comment on
whether the number of free-ranging horses and burros deemed appropriate by BLM or the area of
range available to equids should be increased or decreased.

As a committee established under the auspices of the National Research Council, the
Committee to Review the Bureau of Land Management Wild Horse and Burro Management
Program was constituted to answer science-based questions. Although the answers to science-
based questions inform policy decisions, it is the role of decision-makers to weigh the values
associated with the possible outcomes of management actions. National Research Council
committees are also not constituted to be bodies of legal review or critique.

Therefore, many of the questions alluded to above were not within the prerogative of the
committee. Horses and burros removed from the range by culling or by gathering and moving
them to long-term holding are not managed on the range and thus were not within the
committee’s statement of task. The report’s findings on the effects of population control on herd
health, genetic diversity, and social behavior (Chapters 4 and 5) would apply to horses and
burros remaining on the range if a herd were culled; in contrast, policy decisions to cull on or
near the range or to remove animals to long-term holding facilities permanently to control animal
populations are value judgments. Similarly, the answers to questions related to the numbers of
animals of any species on the range are determined by the public’s values, both economic and
emotional, concerning not only equids but livestock, wildlife, rangeland conditions, and other
natural resources. Science can inform what effects different combinations of species and
population levels may have on the range, but science cannot say what decisions should be made.

Acts of Congress are policy decisions. The committee recognized that a complicated
legal framework affects how free-ranging horses and burros are managed and that the complexity
of the framework may create an impediment to effective management. However, it is the role of
members of Congress, as representatives of their constituents, to promulgate or amend laws. In
the report, the committee commented only by way of description on the legal framework under
which horses and burros are managed.

Because of the existing legal framework that protected horses and burros at the time of
the study, the committee did not investigate whether the horse should be considered a
reintroduced species because of its evolution in North America. Previous National Research
Council reports (NRC, 1980, 1982) examined the question and reported that the dearth of
information regarding changes in the horse, Equus caballus, since domestication, which occurred
after the species crossed the land bridge into Eurasia, and changes in the environment and the
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complex of species in North America since the Pleistocene epoch,” when E. caballus inhabited
the continent, made the designation of the horse as a reintroduced species difficult to assess.
Discoveries about the evolutionary and genetic history of the horse have been made since those
reports (see Weinstock et al., 2005), but uncertainty remains regarding the degree of similarity or
change in the morphology and behavior between modern horses and ancestral horses from
Pleistocene North America. In the context of the committee’s study, free-ranging horses and
burros under BLM management, whether or not they are considered a species reintroduced into
North America, are protected by the Wild Free-Roaming Horses and Burros Act and therefore
have the protection stipulated in the law, that is, to their known territorial limits as of 1971.

Regarding evaluations of gather techniques, the effects of gathers on horses and burros,
and the condition of animals placed in long-term holding facilities, such a study would be better
conducted by a committee specifically constituted with the expertise to assess animal welfare.
The treatment of animals during gathers and in holding facilities has been studied by the
Government Accountability Office (2008) and by a task force of the American Association of
Equine Practitioners (2011). Investigating the circumstances of animals that leave the program
through sale or adoption is more appropriate for a body that has auditing authority. The
committee was not asked to assess the viability of ecosanctuaries, so such expertise was not
included in the committee’s makeup.

Though the committee did not address the aforementioned issues directly, it recognized
that increasing costs of gathering animals and holding them indefinitely drove Congress to ask
BLM to develop a long-term plan for managing free-ranging horses and burros. The committee
was also aware that concerns for animals gathered and placed in holding or released from the
program through adoption or sale cause much of the stakeholder frustration with the Wild Horse
and Burro Program. In fulfilling its statement of task, which sets forth how BLM can use science
to improve management of animals on the range, the committee had the goal in this report to
provide BLM with tools that could help the agency to decrease the use of and spending on
contentious practices and to manage healthy populations on the range.

STATUS OF FREE-RANGING HORSES AND BURROS UNDER BUREAU OF LAND
MANAGEMENT JURISDICTION

At the time the committee conducted its review, BLM reported that 31,453 horses and
5,841 burros were on the range (BLM, 2012b). The animals live on Herd Management Areas
(HMALS),° rangeland that they inhabited in 1971 and that BLM has found to have adequate
forage, water, cover, and space to support them. In 2012, there were 179 HMAs, 171 of which
contained equids. Figure 1-3 shows HMAs designated by BLM for use by horses, burros, or
both. Recognizing that the proximity of some HMAs to one another allows animals to move
from one HMA to another, BLM began to manage some groups of HMAs as complexes, or
larger units, in the late 2000s. In 2012, 93 HMAs were parts of complexes (Figure 1-4).

HMASs are in 10 states; almost half the 179 are in Nevada (Table 1-1). BLM reported in
2012 that almost 60 percent of the free-ranging horse population was in Nevada, followed by
Wyoming and Utah, at 11 and 10 percent, respectively. Over 50 percent of the burros on the
range were in Arizona and 25 percent were in Nevada (Figure 1-5).

>The Pleistocene epoch ended 11,700 years before the present.
®U.S. Forest Service herd areas are referred to as Wild Horse (or Burro) Territories.
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FIGURE 1-3 Herd Management Areas (HMAS) in 2012.

NOTE: The HMAs are categorized by the species that the Bureau of Land Management (BLM) manages in an area. Burros may live
in some HMAs that are managed only for horses and vice versa. HMAs discussed often in the report are circled on the map.

DATA SOURCE: Mapping data provided by BLM. Species data from BLM (2012b).
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FIGURE 1-4 Herd Management Areas (HMASs) managed together or with Wild Horse or Burro Territories as complexes.
NOTE: Blank HMAs are not managed as part of a complex. The complex codes in the legend correspond to the following HMAs:
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Buckhorn, Coppersmith

Round Mountain (managed by the U.S. Forest Service with the Devil’s Garden Plateau Wild Horse Territory)

Fort Sage (California), Fort Sage (Nevada)

High Rock, Nut Mountain, Wall Canyon, Bitner, Fox Hog

Black Mountain, Hard Trigger

Four Mile (Idaho), Sand Basin

Carracas Mesa (managed by the U.S. Forest Service)

Stone, Cabin, Saulsbury, Hot Creek, Reveille (managed by the Bureau of Land Management with Monitor Wild Horse Territory)
Pancake, Sand Springs West (managed by the Bureau of Land Management with Monte Cristo Wild Horse Territory)
Johnnie, Red Rocks, Wheeler Pass (managed by the Bureau of Land Management with Spring Mountain Wild Horse Territory)
Fish Lake Valley (managed by the Bureau of Land Management with U.S. Forest Service Wild Horse Territory)

Triple B, Maverick-Medicine (managed by the Bureau of Land Management with Cherry Springs Wild Horse Territory)
Antelope, Antelope Valley, Goshute, Spruce-Pequop

Owyhee, Little Owyhee, Little Humboldt, Rock Creek, Snowstorm Mountain

Blue Wing Mountains, Seven Troughs, Lava Beds, Nightengale Mountains, Kamma Mountains, Shawave Mountains
Diamond, Diamond Hills North, Diamond Hills South

Callaghan, Rocky Hills, Bald Mountain

Buffalo Hills, Fox-Lake Range

Seven Mile, Fish Creek, Little Fish Lake, North Monitor (managed with Butler Basin and Little Fish Lake Wild Horse Territories)
Roberts Mountain, Whistler Mountain

Montgomery Pass (managed by the U.S. Forest Service)

Hickison Summit (managed by the U.S. Forest Service with the Hickison Wild Burro Territory)

Calico Mountains, Black Rock East, Black Rock West, Granite Range, Warm Springs Canyon

Coyote Lake, Alvord Tule Springs, Sand Springs, Sheepshead/Heath Creek

Kiger, Riddle Mountain

Murderer’s Creek (managed by the U.S. Forest Service with Murderer’s Creek Wild Horse Territory)

Choke Cherry (Utah), Mt. Elinor (Utah), Eagle (Nevada)

Bible Springs, Four Mile (Utah), Tilly Creek

North Hills (managed by the Bureau of Land Management with the North Hills Wild Horse Territory)

Adobe Town, Salt Wells Creek

Divide Basin, Lost Creek, Stewart Creek, Antelope Hills, Green Mountain, Crooks Mountain

Dishpan Butte, Muskrat Basin, Conant Creek, Rock Creek Mountain

White Mountain, Little Colorado

DATA SOURCE: Mapping data and complex information provided by the Bureau of Land Management.
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TABLE 1-1 Herd Management Areas, by State, 2012
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State Number of Herd Number of Herd

Management Areas  Management Areas
with Free-Ranging
Equids

Arizona 7 7

California 21 19

Colorado 4 4

Idaho 6 6

Montana 1 1

Nevada 85 79

New Mexico 2 2

Oregon 18 18

Utah 19 19

Wyoming 16 16

Total 179 171

SOURCE: Bureau of Land Management (2012b).
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FIGURE 1-5 Number of equids reported by the Bureau of Land Management (BLM) for each Herd Management Area in 2012.
DATA SOURCE: Mapping data provided by BLM. Population data from BLM (2012b).
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As required by the Wild Free-Roaming Horses and Burros Act (as amended), BLM sets
an appropriate management level (AML) for each HMA, the numeric population range at which
the agency has determined a herd can be maintained in healthy condition without adversely
affecting a thriving natural ecological balance. When establishing an AML, BLM must also
consider other federal acts pertaining to public lands, including the Federal Land Policy and
Management Act of 1976 (94 P.L. 579), the Wilderness Act of 1964 (88 P.L. 577), the National
Historic Preservation Act of 1966 (89 P.L. 665), the Clean Water Act of 1972 (92 P.L. 500), the
Endangered Species Act of 1973 (93 P.L. 205), and the Forest and Rangeland Renewable
Resources Planning Act of 1974 (93 P.L. 378). The requirements of these acts as they pertain to
free-ranging horse and burro management are discussed in Chapter 7 (see “The History of
Appropriate Management Levels”).

Table 1-2 shows the upper bounds of AMLs and the estimated population of each species
in each state. Often, when populations exceed the upper bound of AML, BLM conducts a gather.
After a gather, a healthy animal may be released back to the range, released back to the range
after being gelded or treated with a contraceptive, or removed to a short-term holding facility.
Animals removed from the range may be put up for adoption.” An animal that is not adopted is
ultimately moved to a long-term holding facility, where it remains. In 2010, BLM removed 9,042
animals from the range (BLM, email communication, December 11, 2011). As of September
2012, it held 14,238 animals in short-term holding facilities and 33,623 in long-term holding
facilities (BLM, 2012c).

TABLE 1-2 Upper Limits of Appropriate Management Levels and Population Estimates of
Horses and Burros by State, 2012

State Appropriate Population
Management Levels Estimates
Horse Burro Horse Burro
Arizona 240 1,436 502 3,194
California 1,585 478 1,965 939
Colorado 812 0 967 0
Idaho 617 0 640 0
Montana 120 0 170 0
Nevada 11,964 814 18,425 1,456
New Mexico 83 0 108 0
Oregon 2,690 25 2,093 35
Utah 1,786 170 3,040 217
Wyoming 3,725 0 3,543 0
Total 23,622 2,923 31,453 5,841

SOURCE: Bureau of Land Management (2012b).

"At times during the lifetime of the law, BLM has had the authority to sell animals without limitation.
During 2005-2010, it sold roughly 650 animals a year (Bolstad, 2011). At the time the study was conducted, BLM
had authority to sell animals, although legislation to remove the authority had been proposed.
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ORGANIZATION OF THE REPORT

Because a thorough review of the literature on horse and burro biology was conducted in
the 1980 National Research Council report, this report begins with questions pertinent to the
statement of task. Information from the 1980 report on the social organization of free-ranging
horses and burros is summarized briefly in Box 1-4, and equid life history is explained further in
later chapters. Although burros are discussed in this report, the management of horses is featured
more comprehensively as more studies have been conducted on free-ranging horses than on
burros. Also, at the time this report was published, BLM estimated that it managed over 30,000
horses and fewer than 6,000 burros on the range. Thus, the committee inferred that managing
horses was the more pressing issue for BLM and that its review should devote more attention to
horses than to burros.

BOX 1-4
Social Organization of Free-Ranging Equids

Equids organize themselves socially in a variety of forms. Two dominant forms are harem
organization and territorial organization. A harem, also known as a band, consists of a dominant stallion,
subordinate adult males and females, and offspring. The group is strongly bonded, although bands are
not entirely stable. Typically, adults in the group are not close genetic relatives. Movement among bands
is not uncommon; it often occurs when a stallion is displaced, when a stallion defeats a competitor for a
mare, or when females reach maturity. Harem organization is common in free-ranging horses; an average
band size is five animals. Occasionally, bands come together to form temporary aggregations or herds. In
territorial organization, a male typically defends a territory and mates with females that enter the area.
The mother-offspring relationship is the only stable bond. Burros typically display this form of social
organization. Temporary groups of bachelor males exist in both organization patterns.

Successful management of horses and burros requires knowing how many animals live
on the range. BLM often receives criticism about the validity of the reported number of animals
and therefore asked the committee to review its methods for estimating the size of the population
of free-ranging horses and burros under its jurisdiction. The committee was also charged with
evaluating the estimated population growth rate that BLM uses, another issue that is highly
contentious between some stakeholders and BLM. Chapter 2 analyzes data provided to the
committee by BLM and reviews the literature on population survey techniques to address this
task.

Population processes, such as population growth and self-limitation, affect population
size. They can be influenced by the density of a population or by independent factors, such as
climate or, in the case of free-ranging horses and burros, management decisions. Chapter 3
examines how density-dependent and density-independent factors and management actions may
affect the population processes of free-ranging horses and burros. Changes in the size of a
population due to density, climate, predation, and management actions are specifically studied.

BLM has used the contraceptive porcine zona pellucida in mares since 2004, but it has
been administered to so few animals that it has had no effect on population size. Since the earlier
National Research Council reports were published (NRC, 1980, 1982, 1991), considerable
progress has been made in developing and testing fertility control for wild animal populations,
both free-ranging and captive. Chapter 4 investigates the fertility-control options for mares and
stallions that are available to BLM. The on-the-range feasibility and efficacy of each method is
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assessed, and the effect of potential widespread application of these methods on population
processes is evaluated.

Chapter 5 summarizes the research on genetic diversity in free-ranging horse and burro
populations in the western United States. Much work has been conducted since the earlier
National Research Council reports were published, and genetic-testing capabilities have
advanced. The chapter examines the relevance of genetic diversity to long-term herd health of
ungulates in general and of free-ranging horses and burros in particular. It presents methods for
maintaining healthy levels of genetic diversity. It also reviews the science on the minimum
population size needed for viability and explores the different ways in which free-ranging horse
and burro populations could be managed for genetic diversity, for example: In terms of genetics,
should a population be defined as the animals on an HMA, the animals on an HMA complex, or
the entire population of free-ranging horses or burros?

Anticipating the effects of a management action can help decision-makers to select the
most efficient and productive course of action when managing animal populations. Chapter 6
reviews population models that are or could be used by BLM to project the effects of
management actions (such as removals from the range, contraceptive treatments, and changes in
the sex ratio) on the population dynamics of a herd or a larger population. The components
necessary for a modeling framework that would comprehensively address the Wild Horse and
Burro Program’s challenges are detailed.

The Wild Free-Roaming Horses and Burros Act charges BLM with establishing AMLs
and managing populations to protect and restore a thriving natural ecological balance of all
wildlife species, particularly endangered species, and to protect rangelands from deterioration.
The agency must also consider the capacity of an area to support equids in a healthy condition
and the multiple-use objective of BLM management when determining AMLs. In Chapter 7, the
committee examines the process that BLM has designed for establishing and adjusting AMLs, as
published in its Wild Horses and Burros Management Handbook in June 2010. The chapter also
reviews alternative approaches that BLM might use to set and validate AMLSs.

As alluded to in Box 1-2, there are strong and often divergent stakeholder opinions
regarding the management of horses and burros, and BLM has often been criticized for its
procedures by parties holding conflicting opinions and values. Chapter 8 explores ways in which
BLM can use participatory approaches to find greater convergence on management objectives
and actions that use the best science available. The issue of the horse as native to North America
is also addressed in the chapter.

Chapter 9 uses the report’s findings to suggest a sustainable path forward for the Wild
Horse and Burro Program built on scientific research.
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Estimating Population Size and Growth Rates

Understanding the number and distribution of free-ranging horses and burros on their
range is explicitly part of the mandate to the Bureau of Land Management (BLM) in the Wild
Free-Roaming Horses and Burros Act of 1971 (92 P.L. 195). That act, as amended by the Public
Rangelands Improvement Act of 1978 (95 P.L. 514), states that BLM “shall maintain a current
inventory of wild free-roaming horses and burros on given areas of the public lands” to, in part,
“make determinations as to whether and where an overpopulation exists and whether action
should be taken to remove excess animals.”* Thus, nearly all the management actions that BLM
takes on Herd Management Areas (HMAS) are predicated on the population-size estimates of
equids on the range. Population estimates aid in allocation and management of forage and habitat
and underlie the establishment of appropriate management levels (AMLS). In addition, data on
changing horse and burro abundance provide information that can be used to estimate population
growth rates; aid in accruing knowledge to understand population and evolutionary processes
(Chapters 3 and 5); assess the effectiveness of such management actions as removals, sex-age
class manipulations, and contraceptive treatments to reduce population growth rates (Chapter 4);
provide important information for assigning values to parameters of population models (Chapter
6); determine whether AMLs are being maintained and meeting their objectives (Chapters 5 and
7); and inform all those who have an interest in free-ranging horses and burros (Chapter 8). This
chapter responds to the BLM request for a review of free-ranging horse and burro population
estimates, techniques to improve those estimates, and population growth rates.

In fiscal year 2011, BLM spent about $641,250 to estimate the abundance of horses and
burros on HMAs; that is about 1 percent of the Wild Horse and Burro Program’s annual budget
(BLM, 2011). However, maintaining a current, accurate, and robust inventory of horses and
burros living on land under its jurisdiction has been a continuing struggle for BLM. Because
accurate estimates of free-ranging horse and burro populations are the foundation of
scientifically based management of these animals, third parties have paid considerable attention

L“Excess animals” are ones that “must be removed from an area in order to preserve and maintain a thriving
natural ecological balance and multiple-use relationship in that area” (95 P.L. 514). Chapter 7 discusses the concept
of thriving natural ecological balance and the multiple-use mandate of the act.
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to assessments of BLM’s methods for inventorying horses and burros over the history of the
program (NRC, 1980, 1982; GAO, 1990, 2008). The committee received unfavorable comments
during the study process from many members of the public regarding BLM’s reports of equid
population estimates and assumed or reported population growth rates.

This chapter focuses initially on estimation of free-ranging horse and burro populations.
It first distinguishes the difference between counting animals and estimating population size and
discusses why this methodological distinction is important for management and transparency. It
then reviews several classes of population-survey methods and their strengths, weaknesses, and
applicability to free-ranging horses and burros. The section that follows evaluates information
available on the methods used by BLM to inventory equid populations and report the results to
the public and Congress when this study was conducted. Recent initiatives to improve BLM’s
inventory procedures are then described with recommendations for strengthening the scientific
validity and accuracy of the inventory program and enhancing communication of these important
statistics to stakeholders. The second topic addressed in the chapter deals with population growth
rates. A number of data sources that provide insight into growth rates of horse and burro
populations are reviewed, and the results critiqued and synthesized. The chapter ends with a
summary of the committee’s conclusions regarding BLM’s horse and burro inventory and
reporting procedures and an assessment of typical population growth rates realized on western
rangelands. The conclusions are then interpreted in the context of the challenges faced in
managing free-ranging equid populations in the future.

ESTIMATING THE SIZE OF FREE-RANGING EQUID POPULATIONS

Since the inception of the Wild Horse and Burro Program, BLM’s population inventory
program has involved attempting to survey completely the fixed areas occupied by free-ranging
equids, known as HMAs, and to count all the animals detected. Those inventory surveys are
commonly referred to as censuses in BLM reports; however, a census involves the perfect
enumeration of every animal that occupies a given area of interest; that is, every animal is
detected and counted. That is ideal, but counting free-ranging animal populations is an imperfect
exercise. Topography, the extent of survey areas, vegetation structure, weather, animal behavior
and coat color, the size of areas used by individual animals, the performance of aircraft used by
observers, the skill and condition of observers, sun angle, cloud cover, and wind speed are some
of the major factors that can influence the detectability of animals, which in turn affects the
accuracy, efficiency, and effectiveness of survey methods (MacKenzie et al., 2006). For any
given set of survey conditions, those factors can result in observers’ failure to detect animals that
are present in a survey area or their unknowing detection and counting of the same animals on
multiple occasions. Although animals can be missed or double-counted during the same survey,
a large body of scientific literature on techniques for inventorying large mammals has
demonstrated that failure to detect animals is overwhelmingly more common (Caughley, 1974a;
Pollock and Kendall, 1987; Samuel et al., 1987). The first studies of probabilities of detection of
free-ranging horses on western rangelands reported that in typical surveys only 7 percent of
horses were undetected in flat, treeless terrain, but 50-60 percent were undetected in more rugged
terrain with tree cover (Frei et al., 1979; Siniff et al., 1982). More recent studies of inventory
techniques have reaffirmed those conclusions (Walter and Hone, 2003; Laake et al., 2008;
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Lubow and Ransom, 2009; Ransom, 2012a). Overcounting horses has only been reported for a
relatively high-density population in New Zealand where the systematic flight pattern of the
helicopter, with closely spaced flight lines and routinely low altitude above ground, resulted in
bands of horses unknowingly being counted several times (Linklater and Cameron, 2002).

Thus, the animal counts (the total number of animals tallied in a given survey) derived
from BLM’s typical inventory procedures do not reflect the true number of animals in an HMA
but instead represent what is more appropriately termed a population estimate, that is, an
approximation of the true population that is based on the data collected (the count). The counts
themselves represent the minimum number of animals occupying the HMA, but how closely the
counts approximate the true number of animals occupying a given HMA depends on the
proportion of the animals that are undetected and thus are not counted. For example, if a BLM
aerial survey counted 180 horses on an HMA and 90 percent of the animals were detected, the
count was a reasonably accurate population estimate in that the true number of horses occupying
the HMA was 200. However, if only 50 percent of the animals were detected, the count would
represent a poor population estimate in that the true population size was actually 360 horses.
There is a large body of methodological and statistical literature on the development and testing
of techniques for obtaining accurate and precise estimates of animal abundance (Seber, 1982;
Pollock et al., 1990; Lancia et al., 1996; Nichols and Conroy, 1996; Krebs, 1999; Williams et al.,
2001; Mills, 2007; Conroy and Carrol, 2009). It provides insights on how to detect and count
animals better, procedures for estimating detection probability, and techniques for “adjusting” or
statistically extrapolating count data collected in various ways to produce more accurate
population estimates and measures of the precision of estimates.

Population Survey and Detection Methods

Scientifically robust surveying techniques are essential for obtaining accurate estimates
of the abundance of free-ranging horses and burros that are necessary for successful management
of herds on BLM-managed rangelands. As detailed above, horses and burros are imperfectly
detected for a number of reasons, but ground-based assessments, aerial surveys, remote-sensing
imagery, genetic techniques, or some combination of these can be effective for locating animals
and estimating the size of a population of equids in a target domain, such as an HMA or an HMA
complex. This section reviews selected survey methods that were supported by scientific
research and in use as of late 2012. It also describes methods that may have potential for
detecting free-ranging equids in a logistically and fiscally feasible manner.

Ground-Based and Aerial Survey Methods

To prevent undercounting or double counting of free-ranging ungulates, especially in
heterogeneous or topographically complex landscapes, several techniques have been developed
that allow explicit quantification of sampling uncertainty and detectability of animals. The
following methods have been applied effectively to estimate detectability and uncertainty in
estimating the abundance of free-ranging horses and burros.

Strip and Line Transects. A target domain is sampled by traveling along lines that are often
placed systematically across relatively homogeneous landscapes and, in more heterogeneous
landscapes, may be distributed in more complex arrangements to ensure adequate coverage
(Caughley, 1974a; Buckland and Turnock, 1992). The lines, known as transects, are typically
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traveled by aircraft that carry one or more observers to record animals detected. In strip-transect
surveys, the observer constrains recording of animals to a relatively narrow width of the transect
to try to fulfill the assumption that all animals in the transect are detected. The resulting data are
used to estimate a density of animals in the areas covered by the strip transects, and this density
is extrapolated to the entire area that was sampled to obtain an estimate of the number of animals
in the sampled area (Burnham et al., 1980; Marsh and Sinclair, 1989).

In line-transect surveys, observers record all animals spotted while they traverse the
transect, typically using distance sampling (Buckland et al., 2004, 2005), in which all groups of
animals detected are recorded with their perpendicular distance from the transect. Such data
aggregated across many transects are then used to estimate a detection probability function,
which assumes that all groups of animals on the transect line are perfectly detected, and
detectability declines for groups of animals at increasing distances from the transect line. The
primary advantage of this technique for free-ranging horses is that distance sampling can
accommodate large spatial areas of high topographic and vegetative heterogeneity (J. Ransom,
National Park Service, personal communication, August 10, 2012), and detection probability is
explicitly modeled and estimated. Assumptions of the approach are that lines are placed
randomly with respect to the distribution of the objects (such as equids) sampled, that equids do
not move because of the aircraft (that is, they are detected at their initial locations), that
perpendicular distances from the transect line to each equid group are measured accurately, and
that detections are statistically independent events. U.S. Geological Survey biologists were as yet
unable to find a distance-measuring device that worked satisfactorily, but they were developing
such a tool (J. Ransom, National Park Service, personal communication, August 10, 2012).
Ransom et al. (2012) used distance sampling and minimally trained local observers in Mongolia
to estimate the abundance of wild asses (Equus hemionus).

Mark-Recapture and Mark-Resight. In mark-recapture studies, animals are uniquely marked (or
identified individually on the basis of unique markings or characteristics) and later recaptured
(either physically or with visual recapture methods) so that a detection history of each marked
animal can be compiled. Population size can be estimated by applying open-population or
closed-population mark-recapture models to detection-history data (Schwarz and Arnason, 1996;
Williams et al., 2001). Software packages, such as Program MARK (White and Burnham, 1999),
provide a flexible framework for implementing closed-population and open-population models in
estimating abundance and related parameters.

Whereas conventional capture-recapture methods for estimating population size (e.g.,
Otis et al., 1978; Williams et al., 2001) generally require animals to be uniquely marked in such
a way that a detection history for each marked animal can be compiled, more recent mark-resight
approaches can also incorporate sightings of unmarked animals into the estimation framework
(McClintock and White, 2009). Mark-resight efforts can often be less expensive and less
invasive (Minta and Mangel, 1989; McClintock and White, 2007) than traditional mark-
recapture methods (Otis et al., 1978). In particular, animals need to be captured only one time
(capture is often the most hazardous, stressful, and expensive aspect of these estimation
techniques); after initial marking periods, additional data can be collected with sighting surveys,
which do not necessitate physical capture of animals and thus are less invasive (McClintock et
al., 2009). However, mark-resight methods assume that animals are sampled and resighted in a
closed population (that is, no immigration, emigration, births, or deaths occur) and that the
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number of marked animals available for resighting is known exactly or can be reliably estimated
(McClintock et al., 2009). Those assumptions can be approximated by conducting sighting
surveys soon after the initial marking (to ensure a closed population), by using radio collars with
mortality sensors on all captured animals (McClintock and White, 2007), or by using other mark-
resight models that do not require that the number of marked animals be exactly known (Arnason
et al.,1991; McClintock et al., 2009). McClintock et al. (2009) provided an estimation framework
that addresses both constraints by using Poisson-log (PNE) and zero-truncated Poisson logit-
normal (ZPNE) mixed-effects models. Various versions of mark-resight models are available in
the freeware Program MARK (White and Burnham, 1999).

Mark-resight techniques using natural distinguishing characteristics of horses have been
used in Australia and New Zealand (Linklater and Cameron, 2002; Dawson and Miller, 2008),
and Lubow and Ransom (2009) used a photograph-based form of mark-resight methods for
enumerating free-ranging horses in the western United States by identifying each group of horses
(via such markings as blaze, socks, and coat color) and determining how many groups were
resighted on later flights. Transects should be widely spaced so that an HMA can be completely
covered multiple times with differently oriented transects (Lubow and Ransom, 2009). Lubow
and Ransom (2009) reported that the advantages of the photographic mark-resight technique for
free-ranging horses are that it can be performed with only one observer, it does not matter if
horses are displaced by the aircraft or if a group is encountered repeatedly on the same survey,
the technique works in areas with tree cover and complex terrain, and most covariate data are
captured in each photograph, so the need to write them down is eliminated. Lubow and Ransom
(2009) suggested that the method is likely to produce negatively biased (but quantified) estimates
of abundance, and bias probably would increase as the visibility of the horses decreases (for
example, more complex topography or more tree cover). Lubow and Ransom noted that it might
take several visits to obtain reliable estimates; validation of photographic mark-resight data
suggested that it would take six or more occasions in areas that have complex topography and
heavy tree cover. According to data collected by Lubow and Ransom (2009) at McCullough
Peaks, Little Owyhee, and Pryor Mountain HMAs, the approach provided consistent and reliable
estimates of total horse numbers (within 3-9 percent of exact counts). The limitations are that
helicopters (which are more expensive to use than fixed-wing aircraft) are usually needed to
observe markings in photographs, a high-resolution digital camera with an image-stabilized lens
must be used, and it may be difficult to separate horses that have similar coat colors or that are in
HMAs that have large numbers of animals (J. Ransom, National Park Service, personal
communication, August 10, 2012). This method will probably perform poorly for burros (J.
Ransom, National Park Service, personal communication, August 10, 2012).

Simultaneous-Double Count. Two observers independently record the number of animals seen
from a given location at the same time. Records are compared to inform population estimates by
assessing how many animals or groups of animals are detected by both observers and how many
are detected by only one observer or the other (Caughley, 1974a; Ransom, 2012b). The
technique can also be used in combination with distance sampling (Kissling and Garton, 2006). It
is assumed that observers do not communicate during the observations, that observations are
recorded honestly (i.e., it is not a competition), and that transects traveled are uniform, are
predetermined, and cover the entire area of interest. The advantages of this method for free-
ranging horses are that it provides an estimate of abundance with quantified error and does not
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require any special equipment. The limitation is that, even with two observers, it is unlikely that
it will be sufficient to overcome large biases due to high landscape heterogeneity.

Pre-Gather and Post-Gather Counts. The number of animals captured or removed from the land
is used to inform population estimates. This technique can be used when a count has been
conducted and is followed soon thereafter by a gather, in which a relatively large proportion of
the horses are removed and the quantity is known. Another count is conducted soon after the
gather. The difference between the two counts can be used to estimate the detection probability
(Eberhardt, 1982).

All the methods except removals or captures can be conducted from the ground or from
the air. In ground-based surveys, observers might traverse transects on foot, in vehicles, on
horseback, or a combination of the three. Ground-based observers may be in prepositioned,
stationary blinds to count animals with the mark-resight or double-observation methods.
Cameras can be used to photograph animals at places of common congregation, such as watering
holes (Cao et al., 2012; Petersen et al., 2012), and animals can be identified in a series of
photographs over time by their markings; this procedure is typically used in a mark-resight
analytical framework. Given the sizes of HMASs and their varied topography, it is usually
practical and cost-effective to conduct surveys of horses and burros from the air. Helicopters and
fixed-wing aircraft are the two aerial survey platforms typically used. In some cases, fixed-wing
aerial surveys, which are less expensive than helicopter surveys, are adequate to locate and count
animals, especially in areas dominated by sagebrush or other low-growing vegetation. In areas
that have higher canopy and cover, however, helicopters may be needed for slower and more
careful searching patterns. In aerial surveys, survey methods may be combined. For example,
more than one observer may count animals as an aircraft follows a transect pattern by using
distance sampling. Transect patterns can also be flown more than once during a survey to
increase accuracy of population estimation, assuming that animals do not move substantially
relative to flight paths between surveys.

Similarly, the Wild Horse Identification Management System (Osborn, 2004) was
established in the Pryor Mountains to enumerate free-ranging horses by using unique coat-color
markings and morphological characteristics in photographs. Lubow and Ransom (2009) used this
approach in three HMAs (whose horse populations were of known size and were each smaller
than 400) that were monitored weekly. Before correcting for detection probability, population
size was biased (undercounted) by as much as 32 percent, but estimates accounting for
heterogeneity of sighting probability (detection probability) were within 3-29 percent of the true
number of animals known to be occupying the areas at the time of the surveys (Lubow and
Ransom, 2009). The authors considered the cost of the more accurate models that quantified
uncertainty in population-size estimates to be comparable with the costs of raw counts typically
used by BLM (Lubow and Ransom, 2009), although the post-processing staff time required can
be greater for this technique (Ransom, 2012b).

Remote-Sensing Methods

Remote-sensing technology can be used effectively to locate and count free-ranging
horses and burros with a wide variety of sensors on satellites or manned and unmanned aircraft.
The sensors can obtain high-resolution images at user-defined times and locations and can
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capture surface-reflectance characteristics at various spatial resolutions. Manned and unmanned
aircraft can also take high-resolution videography that can be used to count horses and assess
condition. New technology, including videography that detects movement patterns and measures
speed of travel, can sense features with tremendous detail and accuracy. These methods will
continue to be developed and improved and will allow even higher-resolution information with
decreased costs. The development of remote-sensing technology to be used with unmanned
(drone) aircraft also reduces the risk associated with flying planes and helicopters.

High-resolution remote-sensing imagery can be used to observe unique coat patterns and
to detect identifying marks or scars for horse identification. Aerial images taken from manned
and unmanned aircraft can produce images with centimeter-level resolution. In addition to color
or color-infrared imagery, forward-looking infrared (FLIR) cameras can detect body heat from
more than one-fourth of a mile above the ground (Millette et al., 2011). Those cameras have the
potential to distinguish horses from the surrounding environment and provide an accurate
method for counting animals. Quickbird and Ikonos are satellite sensors that acquire data with
resolution of 0.5 to 1 m. These midlevel resolution sensors may be effective for detecting horses
and for monitoring change in population densities. Higher-resolution satellite images have been
developed and in time will be more readily available.

There are limitations that should be considered when selecting the appropriate remote-
sensing platform with respect to estimating populations of free-ranging horses and burros
(Millette et al., 2011). First, the spatial resolution of the data must be fine enough to detect
individual animals (especially when animals are moving or in a herd) and reduce
misidentification with other animal species. Insufficient resolution can be a problem with many
satellite-based sensors. Second, data acquisition may be untimely because some technologies
rely on orbiting satellites that pass over a given landscape only at intervals of a few days to a few
weeks. Third, many remote-sensing technologies are expensive. Fourth, some cameras have too
small a field of view and may need to pan back and forth (such as FLIR and handheld cameras).
Fifth, the detectability of animals may depend on weather, time of day, vegetation composition
and structure, or local topography in a survey area, and quantification of detection probability
can be difficult. For example, radiant heat from the Earth’s surface (in particular during the
daytime) can camouflage the heat produced from a horse or burro when FLIR sensors are used.
Sixth, weather patterns, particularly cloud cover, can preclude data collection with many remote-
sensing technologies and can add risk to aircraft operators. Finally, current Federal Aviation
Administration restrictions limit the use of unmanned aerial vehicles.

Genetic Techniques

A number of studies have used molecular markers to identify animals in noninvasively
collected samples to estimate population size. That approach is particularly effective for
populations in which individuals are difficult to detect because of vegetative cover or elusive
behavior. Traditionally, such populations were surveyed with indirect methods, or indexes, such
as sign counts (e.g., feces and tracks), which were corrected for estimates of the rates at which
the signs are deposited and decay. In many cases, however, those estimates have relatively large
confidence intervals, which limit their usefulness in managing or monitoring populations
(Barnes, 2002). For such populations, multilocus genotypes derived from noninvasively
collected samples (e.g., feces, hair, and scent marks) have been used as genetic tags for
individuals. With a capture-mark-recapture design, populations have been surveyed and the
resulting data have been analyzed to estimate population sizes. Genetic tags have advantages
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over traditional tagging systems in that animals retain their genotypes throughout their lives
(thus, tags cannot be lost), and there is no reason to believe that a noninvasively assigned tag will
affect the ability to resample the animal (the animals cannot become trap-happy or trap-shy). For
dangerous or difficult-to-observe species—such as bears (Woods et al., 1999; Sawaya et al.,
2012), mountain lions (Ernest et al., 2000), tigers (Sugimoto et al., 2012), wolves (Stenglein et
al., 2010), coyotes (Kohn et al., 1999), and mountain gorillas (Guschanski et al., 2009)—qgenetic
surveys have provided information about not only population sizes but sex ratios, levels of
genetic diversity, and relatedness.

Although to the committee’s knowledge the genetic-tag method has not been used for
free-ranging horses, the necessary preliminary work to develop methods of preserving and
genotyping DNA from horse dung has been done. There was no need to estimate population size
for the Assateague Island National Seashore herd because individual horses are carefully
monitored by park management, but the National Park Service sought information about
relatedness among individuals to assess and inform its management regime. In a collaborative
study with scientists at the Smithsonian Institution, methods of preserving horse dung were
tested, and a representative set of microsatellite loci was optimized (Eggert et al., 2010).
Potential disadvantages of this method include the time needed for genotyping and data analysis
and the difficulties that may be encountered in finding a laboratory willing to conduct the work
at a reasonable cost.

Herd Management Area Survey Information Requested and Received by the Committee

The committee initially requested the most recent 12 years of records (2000-2011) on all
HMASs so that it could evaluate the methods and procedures used by BLM to estimate sizes of
free-ranging horse and burro populations at the time of its study. Because BLM publishes annual
national statistics on the numbers of horses and burros on western public rangelands, the
committee assumed that requested records would include an estimate of the population of each
HMA for each year. Actual surveys of the number of animals occupying a given HMA are
usually not conducted annually (BLM, 2010), so the committee expected only a subset of years
for each HMA to include records of actual animals counted on the basis of some survey
procedure and estimates for the intervening years to be based on previous inventories. For years
when counts were conducted, the committee requested the approximate date of the count, the
survey platform used (e.g., ground, fixed-wing aircraft, helicopter), and whether the inventory
covered the entire HMA or used some sort of sampling regimen whereby a portion of the HMA
was surveyed and the results were extrapolated to obtain a population estimate for the entire
HMA.

Previous research on techniques for surveying free-ranging horses and burros (Frei et al.,
1979; Siniff et al., 1982; Walter and Hone, 2003; Laake et al., 2008; Lubow and Ransom, 2009)
and many other large mammal species (Caughley, 1974a; Pollock and Kendall, 1987; Samuel et
al., 1987) has demonstrated that not all animals are detected on surveys. Thus, survey results
require the estimation of detection probability and adjustment of the number of animals counted
to account for the proportion of animals that were undetected. The committee also asked whether
the number of animals counted was adjusted to produce the population estimate for a given year.
The committee was informed that populations in years in which no counts were conducted were
estimated by multiplying the previous year’s population estimate by some assumed population
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growth rate until another count was conducted (Box 2-1; BLM, personal communication,
December 2011). If the HMA had experienced a gather and removal of horses in the intervening
year, the number of animals removed was incorporated into the later year’s population estimate.
Thus, for years in which no count was performed for the HMA, the committee requested that
BLM report the growth rate that was applied to obtain the population estimate with the removal
data provided in a separate master database.
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BOX 2-1
Converting Counts to Population Estimates

BLM biologists obtain counts of free-ranging horses and burros to inform management decisions
and to monitor equid populations. Counts can be reported directly as a “population estimate” of the
animals occupying a given area, or they may be altered on the basis of other information in an attempt to
make the estimate more accurate. Research has consistently shown that not all animals are detected and
counted when biologists conduct surveys to count them, whether from the ground or with the use of
aircraft. If an estimate of the percentage of animals detected is available, the count can be adjusted by
that value to obtain an estimate that is a more accurate reflection of the number of animals in the
population. For example, if 80 percent of the horses in an area are assumed to have been detected and
counted in an aerial survey, this value can be converted into a proportion (0.80) and the count divided by
the proportion to obtain a population estimate. The appropriate calculations for the 2 years depicted in
Figure 2-1 in which counts were conducted would be

Estimated
Proportion of Population
Year Count Animals Detected Calculation Estimate
2001 422 0.80 422/0.80 528
2004 722 0.80 722/0.80 903

If a count is not conducted in a given year but a population estimate is still needed, an estimate
can be obtained by multiplying the previous year’s population estimate by an estimate of the growth rate
of the population. For example, if the horse population is assumed to be growing by 20 percent a year,
this value can be converted into a A value (finite population multiplier) of 1.20 and multiplied by the
previous year's population estimate to project the size of the population in the following year when a
count was not conducted. The appropriate calculations for the 2 years depicted in Figure 2-1 in which a
count was not conducted would be

Previous Year's Estimated
Population Population Projected
Year Estimate Growth Rate (A) Calculation Population Size
2002 528 1.20 (528)(1.20) 634
2003 634 1.20 (634)(1.20) 761

If a detection probability or growth rate is used to adjust counts without empirically measuring
either quantity, the values may simply be assumptions or “best guesses,” and the adjusted counts would
be reported as population estimates with no associated measure of precision. The accuracy of such
estimates depends on how closely the assumed detection probability and growth rate reflect the truth,
which is probably unknown. There are, however, statistical procedures for obtaining quantitatively
rigorous estimates of detection probability, population size, and growth rate on the basis of data, and
there are measures of precision of each estimate. When values derived from such rigorous methods are
used to adjust counts to obtain a population estimate, the precision of the population estimate can also be
determined. Measures of precision are extremely valuable in interpreting estimates of population size and
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growth rate. A common way to convey precision of a population parameter (population size or growth
rate) is to report a 90-percent confidence interval (Cl) for the parameter such that there would be 90-
percent probability that the real value of the parameter lies within the interval (Williams et al., 2001). For
example, one population estimation method (method 1) may provide a population-size estimate of 700
horses with an associated 90-percent Cl of 680—720 horses. A second method (method 2) may yield the
same population-size estimate of 700 horses, with an associated 90-percent ClI of 500-900 horses. In
that hypothetical example, the estimate of population size obtained with method 1 is said to be more
precise than that obtained with method 2 because method 1 provides a relatively narrow Cl. Whenever
possible, a population estimation method that provides a more precise estimate is desirable in that one
can have more confidence that the population estimate is a better approximation of the true number of
animals occupying the survey area than a less precise estimate.

Year Pop. Est. Count
2001 ﬂ%
2002 Pﬂp Grﬂ\k
Rate Detection
m Estimate

2003 /

2004 903 D%

FIGURE 2-1 An example of how periodic counts of free-ranging horses on an individual Herd
Management Area could be converted to estimates of population size by applying estimates of detection
probabilities and the annual growth rate of the population.

NOTE: In this fictitious example, aerial counts conducted in 2001 and 2004 were used to obtain
population estimates on the basis of estimates of (or assumptions about) the detection probability
(proportion of horses detected on the surveys) and the growth rate of the horse population. The example
assumes no horse removals during the 4-year period. If a removal had occurred, the number of horses
removed would be subtracted for the appropriate year to obtain the next year’s population estimate.
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The committee was informed by the national Wild Horse and Burro Program office that
the HMA-specific data requested were not aggregated into a central database but were dispersed
among the BLM field offices. It was suggested that a more manageable request for BLM
personnel would be that the committee receive a sample of HMA data from a maximum of 40
HMAs. BLM provided a list of the 179 HMAs distributed among 10 western states, with
associated data on AML and the current population estimate for each HMA, to aid the committee
in selecting a sample of HMAs. The committee excluded HMAs for which the AML was zero,
current population estimates were zero, or where reported numbers reflected a mix of burros and
horses. To increase the uniformity of the data, HMAs that had burros (and no horses) were not
included. The remaining 142 HMAs contained only horses and were ordered by the current
population estimate, ranging from 5 to 1,355 (Figure 2-2; Appendix E, Table E-2). Of the 142
HMAs, the committee excluded the ones that had estimated populations of 50 or fewer, because
the small populations represent less than 3 percent of the horses on western rangelands. From the
remaining HMA list, every third one was then selected to obtain a sample distributed evenly over
the range of population sizes that occur on BLM-administered lands. That process resulted in a
sample of 36 HMAs. The committee subjectively added four other HMAs that had been included
in earlier research on population dynamics of free-ranging horses in the western United States
(Eberhardt et al., 1982; Garrott et al., 1991a), and that brought the sample to 40 HMAs (Table 2-
1; Appendix E, Table E-3). The committee received the data that it requested on all 40 HMA:s.
The assessment of methods used by BLM to obtain field counts of horses and estimates of
population size is based information on the 40 HMAs provided to the committee by BLM. The
committee sought to provide a synthetic overview of the horse inventory methods used by BLM;
nonetheless, it recognized that its assessment, summarized in the following, may not accurately
reflect how horses are counted or population sizes estimated on every HMA.

TABLE 2-1 Distribution of 142 Herd Management Areas (HMASs) among Western States That
Contained Only Horses and were Actively Managed by the Bureau of Land Management and
Distribution of the Sample of 40 HMAs Used by the Committee to Evaluate Wild Horse and
Burro Program Methods for Surveying Horse Abundance and Estimating Population Sizes

Number Number
of HMAs  of HMASs

State Available in Sample
Arizona 1 0
California 15 2
Colorado 4 3
Idaho 6 1
Montana 1 1
New Mexico 2 0
Nevada 63 21
Oregon 17 6
Utah 17 2
Wyoming 16 4
Total 142 40
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FIGURE 2-2 Distribution of 142 Herd Management Areas (HMAS) that contained free-ranging
horse populations of various herd sizes.

NOTE: Population estimates were based on survey records available as of February 2011.
DATA SOURCE: Based on information provided to the committee by the Bureau of Land
Management in December 2011.

Assessment of Horse-Count Data for the Sample of Herd Management Areas

The frequency with which surveys were conducted to count horses in each HMA in the
sample was highly variable. Among the 40 HMAs surveyed, four reported counting horses no
more than once a decade, nine counted horses an average of every 3-4 years, five counted horses
an average of 2 of every 3 years, 17 about every other year, and five every year. In HMAs in
which horses were not counted every year, there was no discernible pattern in the interval
between counts. Information on the methods used for each reported count was frequently
unreported (Tables 2-2 to 2-4).

Assuming that the reported data on the 40 sampled HMAs generally represent the
procedures routinely used by BLM to enumerate horses on all HMAs, the committee made
several generalizations about counts on all HMAs.? Most counts are obtained with aerial surveys
in which an entire area is surveyed in an effort to obtain a complete count of the horses
occupying an HMA with no attempt to apply sampling methods or to estimate the proportion of

*The data supplied by BLM for all 40 HMAs can be retrieved from the study’s public access file. To obtain
the information, contact the National Research Council’s Public Access Records Office at paro@nas.edu.
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animals that were undetected. A helicopter was the preferred aircraft, although fixed-wing
aircraft were also frequently used. Some surveys were conducted from the ground on foot, in
vehicles, on horseback, or with a combination of the three. Ground-based surveys appeared to be
performed primarily in states that had relatively few HMAs and in which the total number of
horses on an HMA was low (under 150). It was also common for reported counts to be attributed
to gather operations. Explanations were not provided for the individual gather-based counts, but
the committee’s best understanding of such counts was that a gather operation was conducted on
an HMA for the purpose of removing horses from the rangeland. The gathers were assumed to
have captured all horses on an HMA, and the reported count represented the number of captured
horses that were released back onto the rangelands. Although survey methods used for some
HMASs in the sample that the committee examined appeared to be consistent with respect to time
of year and survey platform, the timing of surveys on many of the reviewed HMAs were
inconsistent; they were often distributed over 6-9 months of the year, and this led the committee
to conclude that such practices are common. It was also relatively common in the sample of
HMASs that the committee examined for survey methods to differ from count to count on a given
HMA—some counts were performed from helicopters, others from fixed-wing aircraft, and
others from gathers.

It was difficult for the committee to understand the rationale for the timing and
distribution of counts for the sample of HMAs, but it did detect what appeared to be a pattern
related to timing of gathers and horse removals (provided to the committee in separate files by
the national office). A common pattern observed in the HMA records was a report of a complete
count followed by a variable period of years in which no counts were performed and then a
report of another count immediately before a major gather and horse removal. On some
occasions, a follow-up count was reported immediately after a removal. On the basis of
recommendations of the National Research Council Committee on Wild and Free-Roaming
Horses and Burros (NRC, 1982), BLM-published procedures for surveying and counting free-
ranging horses (BLM, 2010), correspondence with Wild Horse and Burro Program
administrators, and a review of a sample of HMA environmental assessment documents prepared
for horse removals, the committee interpreted that pattern as reflecting a need to have a recent
count of horses on an HMA before a removal. Thus, the committee speculates that after a period
of no counts, when a population was assumed to have increased, expertise of the local manager
indicated that the horse population needed to be reduced, and a count was conducted to
determine whether the population was over the AML. If the count was sufficiently higher than
the established upper bound of the AML, an environmental assessment was prepared, and a
gather and removal occurred. Post-removal counts were often recorded as gather counts; this
suggests that the gather was assumed to have captured all horses on the HMA and that the count
reflected the number of horses that were released back onto the HMA. Alternatively the post-
removal counts may have reflected a combination of the number of horses released and some
estimate of the number on the HMA that remained uncaptured. It was unclear from the data that
the committee received which of those assumptions was made by BLM managers for individual
records.
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TABLE 2-2 Example of Horse Inventory Data on Little Book Cliffs Wild Horse Range in Colorado, Showing Routine and

Methodologically Consistent Annual Surveys

Annual Percentage
Population Population Date of Type of of Area Adjustment
Year  Estimate Count Count Craft Inventoried Method of Count
2000 153 153 August  Vehicle/horse All Visual None
2001 169 169 August  Vehicle/Horse All Visual None
2002 195 195 August  Vehicle/Horse All Visual None
2003 154 154 August  Vehicle/Horse All Visual None
2004 178 178 August  Vehicle/Horse All Visual None
2005 132 132 August  Vehicle/Horse All Visual None
2006 144 144 August  Vehicle/Horse All Visual None
2007 165 165 August  Vehicle/Horse All Visual None
2008 122 122 August  Vehicle/Horse All Visual None
2009 133 133 August  Vehicle/Horse All Visual None
2010 138 138 August  Vehicle/Horse All Visual None
2011 142 142 August  Vehicle/Horse All Visual None

51

NOTE: The number of horses counted in complete surveys of the HMA is the same number reported for population estimates; thus, it
is assumed that all animals were detected during the surveys.
SOURCE: Survey response from the Bureau of Land Management, February 2012.
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TABLE 2-3 Example of Horse Inventory Data on Reveille Herd Management Area in Nevada, Showing Irregular and Inconsistent

Survey Methods
Annual Percentage
Population Population Date of of Area Adjustment

Year Estimate Count Count Type of Craft Inventoried Method  of Count
2000 164 190 November Helicopter 100 Grid None
2001 187

2002 96

2003 111 9 December 23 Fixed-wing 70 Grid None

airplane

2004 61 61 October 15 Helicopter 100 Grid None
2005 71

2006 135 119 January 6 Helicopter 100 Grid None
2007 57 79 January 7 Helicopter 100 Grid None
2008 66

2009 77 213 September 9 Helicopter 100 Grid None
2010 213 231 February 10 Helicopter 100 Grid None
2011 91

NOTE: These data provide an example of the difficulty of understanding how annual population estimates were derived from the

survey count data.
SOURCE: Survey response from the Bureau of Land Management, March 2012.
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TABLE 2-4 Example of Horse Inventory Data on Desatoya Herd Management Area in Nevada, Showing Irregular and Inconsistent
Survey Methods and Incomplete Records

Annual Percentage

Population Population Date of Type of of Area Adjustment
Year Estimate Count Count Craft Inventoried Method of Count
2000 304 August Jet Ranger 100% Direct
2001 294 December 1 80% Direct
2002
2003
2004 February 4
2005
2006
2007 238 April 7 Jet Ranger 100% Direct
2008
2009
2010 434 April 10 Jet Ranger 100% Direct
2011 543 July 11 Jet Ranger 100% Direct

NOTE: These data provide an example of the difficulty of understanding how annual population estimates were derived from the
survey count data.
SOURCE: Survey response from the Bureau of Land Management, March 2012.
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Relationship Between Direct Counts of Horses and Reported Herd Management Area
Population Estimates

All annual population estimates for the 2000-2011 period requested were provided for 24
of the sample of 40 HMAs; no estimates provided for five HMAs, and estimates for the other 11
were incomplete (generally, less than 50 percent of the estimates were provided). No reported
population estimates included associated measures of precision. The committee assumed that all
population estimates were derived in some fashion from survey count data (as described and
illustrated in Figure 2-1), and the description of the process used to develop annual population
estimates provided by the national Wild Horse and Burro Program office supports this
assumption.

When the data [annual HMA population estimates] are updated for any given year
the starting point is the previous year’s population estimate. These data are
updated based on the following: 1) removals (gathers) that have been conducted
since February 28th of the previous year, 2) new population surveys (census) that
have been conducted since February 28th of the previous year and 3) when no
population surveys were conducted in the previous year, the previous year’s data
are increased to account for the year’s foals based on historical experience
regarding annual population increase typical of that HMA (normally about 20% if
a gather/removal had not been conducted). When no population survey has been
conducted consideration is also given to the estimated effects of any fertility
control vaccines that have been previously administered. (BLM, email
communication, May 2, 2012)

As mentioned, most population estimates reported in years when counts were conducted
for the 40 sampled HMAs simply reported the number of animals counted without adjustment for
the proportion of undetected animals or measures of precision. In the few instances in which a
population estimate for a given year was higher than a count in the same year, there was little
notation to indicate that the difference was due to application of a detection probability
adjustment. In cases in which it seemed plausible that that occurred, the committee calculated the
assumed detection probability by dividing the annual count by the population estimate; the
resulting values of assumed detection probability generally ranged from 0.7 to 0.9. However,
there were substantial records for the sampled HMAs of reported population estimates that were
considerably smaller than the counts in those years when there were no records of horses being
removed. There were also instances in which population estimates were much higher than
reported counts but with no explanation for the differences.

The methods used to estimate population sizes in years in which no counts were
conducted were seldom noted in the records provided to the committee. When records clearly
stated that an assumed population growth rate was applied to the previous year’s population
estimate, an annual growth rate of 20 percent was generally used. As with detection probability,
when it seemed plausible that a population growth rate was used to project population estimates
for years in which no counts were conducted, the committee calculated the assumed growth rate
by dividing the second year’s annual population estimate by the previous year’s annual
population estimate to obtain an estimate of A, that is, the population growth rate. The resulting
values (reported as percent growth) were variable, generally ranging from 3 to 38 percent; values
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of 15 to 25 percent were most common. A substantial proportion of the population estimates
reported for years in which no counts or gathers were conducted, however, diverged enough
from the estimates reported both immediately before and after that without further explanations
the committee could not understand how such values were obtained. One plausible explanation
for at least some of those cases is that horses were freely moving on and off HMAs.

Relationship Between Direct Counts of Horses and National Population Estimates

National statistics that provide estimates of the total number of free-ranging horses and
burros on public rangelands are published annually in BLM reports and on the Wild Horse and
Burro Program website. Those are important statistics because they are interpreted by various
public constituencies to gauge the success of the program’s management, are used in formal
government reviews of the program (NRC, 1980, 1982; GAO, 2008; OIG, 2010), and are
foundational data for planning and budgetary documents, such as BLM’s Proposed Strategy:
Details of the BLM’s Proposed Strategy for Future Management of America’s Wild Horses and
Burros (BLM, 2011). The procedure used to generate the annual state and national estimates was
described to the committee as follows.

Each year shortly after February 28th, field offices submit updated estimates for
each HMA to the National Program Office. These field submissions are compiled
into one national report that lists new estimates for each HMA and that is
organized by state. (BLM, email communication, May 2, 2012)

Given the incompleteness of the counts and population estimates that the committee received for
the sample of 40 HMAs, which came from the field offices, it was not clear how the national
statistics could be calculated. Therefore, the committee requested the series of HMA estimates
that were reported to the national office from the field offices and used in generating the state
and national estimates for the most recent 5-10 years. In response to its request, the committee
was pointed to the national HMA-specific estimates for fiscal years 2005-2011 that were posted
on the program’s website.® The committee also received files with earlier national HMA
estimates from fiscal years 2000-2004. However, the corresponding information that the national
office received from the field offices to generate the published estimates was not provided to the
committee. The committee was informed that that information was discarded after the annual
national statistics were published (BLM, personal communication, May 2012). Thus, the
committee received no documentation linking the national statistics to information reported from
the field offices. It was not clear whether the information from the field offices was modified by
some procedure at the national office before publication on the program’s website, but various
correspondence with personnel at the national office suggested that some changes were made.
That impression was reinforced when the committee compared the national HMA-specific
population estimates with those reported by the field offices for the sample data on 40 HMAs
provided to the committee. The committee found that a substantial proportion of the HMA
estimates published by the national office did not correspond to the ones the committee received

*Available online at http://www.blm.gov/wo/st/en/prog/whbprogram/herd_management/Data.html/.
Accessed November 20, 2012.

PREPUBLICATION COPY



56 BLM WILD HORSE AND BURRO PROGRAM

from the field offices; discrepancies ranged from modest to many hundreds of animals. In
addition, all HMAs in the reported national statistics had a population estimate for all years,
whereas a substantial proportion of the HMA records that the committee received from the field
offices had no population estimates reported for some of the years.

Evaluation of Current Methods for Enumerating Free-Ranging Horse Populations

The sample of HMA records made available to the committee and examined with the
evaluation of the national population statistics indicates that robust inventory procedures were
adhered to on few HMAs during the most recent decade of population monitoring. The
committee identified five primary weaknesses in inventory procedures: inconsistent methods,
likely movement of horses among HMAs, little or no effort to quantify detection probability and
apply corrections accordingly, no attempt to quantify precision of abundance estimates, and
inadequate record keeping and database management. It is reasonable to expect that different
survey techniques may be optimal in inventorying animals depending on attributes of individual
HMASs, such as the size of the equid population and of the area, accessibility, distinctiveness of
individual horses, ruggedness of topography, and presence of tree cover. Once a survey method
is determined for an HMA or HMA complex, however, it should be used consistently so that
variation in the number of animals counted from one survey to the next can be reasonably
attributed to population changes and is not confounded by the use of different techniques. The
most prevalent problems that the committee identified in that regard were inconsistency in the
timing of surveys and in the survey platform used (fixed-wing, helicopter, ground-based, or
gathers). Movement of horses across HMA boundaries can seriously confound interpretation of
changes in the numbers of animals counted from one survey to the next. Although there appear
to be few data on this issue, field personnel recognize it as a common problem, and relatively
large changes in the numbers of animals counted in consecutive surveys may be reasonably
attributed to movement of animals on and off HMAs. It was not clear to the committee whether
data on spatial distribution of animals are routinely collected during inventory surveys.
Information on where animals are observed can provide important insights into habitat use and
resource selection by free-ranging equids, which in turn would contribute to a better
understanding of competition with livestock and wildlife and assist in decisions on forage
allocation and other issues related to rangeland health (see Chapter 7).

It is also well documented that the types of survey methods used for counting free-
ranging horses and burros are imperfect in that various proportions of animals will not be
detected in any given survey and detection probability can vary over time and space. Evidence
clearly indicates that, under some conditions that are common for rangelands occupied by free-
ranging horses and burros, the proportion of animals missed can be substantial. Thus, the routine
reporting of the uncorrected counts as population estimates results in inventory numbers that are
systematically biased low. Finally, the apparent difficulty of meeting data requests from the
committee, the incompleteness of many of the records provided to the committee, and the lack of
data supporting the national population statistics indicate deficiencies in the routine
documentation of survey efforts and results and in database management. Many of the same
issues were also identified by the National Research Council Committee on Wild and Free-
Roaming Horses and Burros, which reviewed similar records near the start of the Wild Horse and
Burro Program over 30 years ago (NRC, 1980, 1982).
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Initiatives to Improve Methods for Enumerating Free-Ranging Horse Populations

At the time this report was written, BLM had initiated a number of actions aimed at
improving the rigor, reliability, and utility of the procedures used to estimate the abundance of
free-ranging horses and burros. First, in its Wild Horses and Burros Management Handbook
(BLM, 2010), BLM provided guidelines for survey techniques used to enumerate free-ranging
horses and burros, stating

The target interval for conducting population surveys is every 2 years, as
recommended by the National Research Council Committee on Wild and Free-
Roaming Horses and Burros (NRC, 1982).

Techniques that provide sightability and detection corrections are to be used.
Survey methods and timing are to be consistent.

All details of each survey are to be recorded and permanently on file.

Survey data are to be entered into a centralized database (the Wild Horse and
Burro Program System).

The committee readily endorses those guidelines. Adherence to them will greatly improve the
utility of equid population estimates.

Second, in response to the widely held perception that free movement of animals among
adjacent HMAs confounds inventory procedures and reduces the ability to interpret counts,
managers have subjectively assessed their knowledge of equid movements among adjoining
HMAs and aggregated 93 of 179 HMAs into HMA “complexes.” Each complex is composed of
two to six areas managed for equids; many HMAs are managed with adjacent U.S. Forest
Service Wild Horse (or Burro) Territories. The goal is to coordinate surveys, gathers, removals,
and other management actions among HMAs within a designated complex and thus to manage
all horses in a complex as a single biological population (BLM, 2010). The committee thinks that
that procedural change has the potential to improve interpretation of counts substantially,
although the degree of improvement hinges critically on how often and how many animals move
across HMA boundaries. Conducting aerial inventories over large areas, however, has its own set
of challenges. The committee had no knowledge of implementation at the field level with respect
to the coordination of population surveys and management actions (removals) among HMAs
within designated complexes.

Third, for over a decade, scientists from the U.S. Geological Survey (USGS) Fort Collins
Science Center have conducted research and provided scientific support to the Wild Horse and
Burro Program. In 2004, an Aerial Survey Work Plan was developed and field research was
implemented to develop and test improved techniques for inventorying free-ranging horses from
both helicopter and fixed-wing survey platforms. Several methods were evaluated including
various mark-resight techniques, distance sampling (transects), and sightability models. The
research reaffirmed that substantial proportions of horses are not detected in aerial surveys and
that detection is poorer in more rugged and tree-covered terrain than in flatter, more open
landscapes (Lubow and Ransom, 2009). Several of the mark-resight techniques evaluated were
successful in accounting for varied detection probability and for providing estimates close to the
known number of horses in the experimental populations. Less successful techniques that were
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evaluated included distance sampling, forward-looking infrared technology, and remote sensing.
In addition, GPS mapping technologies were incorporated into all aerial survey procedures and
provided data on animal distributions and patterns of resource selection. At the time this report
was written, the USGS team had trained eight BLM personnel in the new survey methods, and
they had started to conduct rigorous surveys on 35 HMAs in seven states. In August 2012, BLM
hired a national aerial-survey coordinator to continue to implement reforms in the inventorying
procedures (BLM, 2012).

The committee encourages BLM to continue such collaboration and reform of its
procedures. Those actions and adherence to the survey guidelines in the 2010 handbook will
improve the accuracy and defensibility of its population estimates. More robust and transparent
data may also improve its relationship with stakeholders (see Chapters 7 and 8).

EQUID POPULATION GROWTH RATES

The change in abundance of a population over some period is generally known as a
growth rate. Understanding growth rates is important for efficient and effective management of
free-ranging equid populations. Knowing population growth rates gives managers the ability to
project how quickly populations will increase and when management actions (such as removals
or fertility treatments) need to be applied. They are also key information for determining the
magnitude of fertility treatments needed to reduce population growth rate to some desired level
and, after treatment, to evaluate whether the intervention had the expected effect. Growth-rate
estimates are used to estimate the size of populations in years in which counts will not be
conducted (Figure 2-1), as estimates are needed for inventory, management, and planning
purposes.

Like populations of most other terrestrial mammals in North America, free-ranging horse
population dynamics have a seasonal cycle in which animals are added to the population by
births during a relatively short interval in the spring and animals are removed from the
population through deaths (and management removals) throughout the year. The natural interval
for estimating population growth rates is the year. Each species has an inherent maximum
population growth rate that is dictated by its life-history characteristics, including how often
animals can reproduce, the number of young produced per reproductive event, the age at which
animals become reproductively mature, and the death rates for the various age classes of animals.

There was essentially no knowledge of free-ranging horse population dynamics and
growth rates when the populations received federal protection in 1971. During the decade that
followed, federal land-management agencies, primarily BLM and the U.S. Forest Service, began
to inventory horse and burro populations, and a number of studies of horse demography were
undertaken. Scientific demographic investigations of free-ranging horses, however, were limited
to three 1- to 2-year studies of western herds (Feist and McCullough, 1975; Nelson, 1979; Boyd,
1980), two studies of herds on barrier islands on the Atlantic coast (Welsh, 1975; Keiper, 1979),
and a study of ponies in Britain (Tyler, 1972). A review of the studies by the National Research
Council Committee on Wild and Free-Roaming Horses and Burros (NRC, 1980) and novel
analyses conducted by that committee revealed ambiguities. The committee noted that the 16- to
22-percent annual growth-rate estimates derived from direct counts conducted by management
agencies were notably higher (by up to 10 percent) than estimates obtained with population
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models (Conley, 1979; Wolfe, 1980; NRC, 1980, 1982) that used the best available survival and
fecundity data on domestic horses and from the few studies of free-ranging horse populations. A
good understanding of demographic processes can contribute substantially to the effectiveness of
programs designed to manage wildlife populations; the 1980 National Research Council report
recommended additional research on demography, and considerable progress has been made on
horses. There have been a few studies of feral burro demography in Australia (Freeland and
Choquenot, 1990; Choquenot, 1990, 1991), but little is known about the demography of free-
ranging burros in the western United States. Because key aspects of burro life-history
characteristics and their ecological niche differ from those of horses, this committee recommends
separate studies on burro population growth rates.

Population Growth Rate Estimates Based on Counts

The most direct method for estimating growth rate of a population is to obtain counts or
population estimates over multiple years. If the population is growing at a relatively constant rate
over the period for which counts or estimates of abundance are available, the abundance values,
when log-transformed, will be approximately linear. Linear-regression techniques can be used to
fit a line to the data, and the estimated slope of the line provides an estimate of the instantaneous
growth rate of the population, denoted by r (Caughley, 1977; Eberhardt, 1987). The procedure
also provides an estimate of the precision of r. The slope estimate can be back-transformed
(exponentiated) to obtain the finite population growth rate, denoted by A. The A value is also
referred to as the population multiplier in that one can multiply a population estimate (or count)
in a given year by A to obtain an estimate of the number of animals in the population a year later
(see Box 2-1 for an example). When A is 1, the population is stable or unchanging; when A is
over 1.0, the population is increasing; and when A is under 1.0 the population is decreasing.
Thus, a A of 1.03 indicates that a population is growing by 3 percent a year, and a A of 1.20
indicates that a population is growing by 20 percent a year. For consistency in reporting growth
rates, the committee used the convention used in BLM documents: reporting growth rates as
annual percentages.

A number of studies have used log-linear regression of time series of counts of free-
ranging horse populations in the western United States to estimate annual growth rates. The
National Research Council Committee on Wild and Free-Roaming Horses and Burros (NRC,
1980) calculated a weighted mean of 16 percent for aerial count data on 25 HMAs in five states.
Wolfe (1980) used count data on 12 HMAs in six states and calculated values ranging from 8 to
30 percent and an unweighted mean of 22 percent but in a later publication suggested a typical
growth rate of 15 percent for western U.S. herds (Wolfe, 1986). Counts of two Oregon horse
herds were used by Eberhardt et al. (1982) to estimate growth rates ranging from 20 to 22
percent. Similarly, Garrott et al. (1991a) estimated growth rates ranging from 15 to 27 percent
with a mean of 21 percent for 12 HMAs in four states. Since those studies were published, a
number of additional analytical methods have been developed to estimate population growth
rates, and associated measures of precision, on the basis of a time series of counts or abundance
estimates that can provide enhanced insight into population processes (Dennis et al., 1991, 2006;
Humbert et al., 2009). The techniques would be useful in future studies of Wild Horse and Burro
Program inventory data.

The Pryor Mountain herd in Montana is perhaps the most well-studied free-ranging horse
population in the western United States. The herd’s size (100-200) and the small and traversable
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geography of the HMA have been conducive to a number of estimates of this population’s
growth rate over the last 3 decades. Nearly all animals have been individually identified in the
population because of unique color and marking patterns and have been closely monitored each
year, so reproduction, mortality, and total number of horses on the range have been known with
considerable certainty, and this allows each annual growth increment to be approximated
relatively precisely. Under those special conditions, it is reasonable to estimate an annual A by
dividing the count obtained in a given year by the count obtained in the preceding year.
Estimating annual growth rates from counts conducted in two consecutive years is not reliable
for most free-ranging equid populations because variation in the proportion of animals detected
from one count to the next and movement of animals between adjacent HMAs can dramatically
bias A estimates either upward or downward. Those problems are not prevalent in the small,
isolated, and intensively studied Pryor Mountain herd, in which annual estimates from
consecutive counts can be considered reliable.

Garrott and Taylor (1990) reported an average annual growth rate of about 18 percent in
1977-1986 in the Pryor Mountain herd, and a similar growth rate was reported by Singer et al.
(2000) in 1992-1997. More recently, Roelle et al. (2010) reported a temporary decline in the
herd’s annual growth rate to about 11 percent. The lower growth rate was attributed at least
partly to lower foal survival due to mountain lion predation and possibly the effects of
contraceptive treatment of a modest number of mares, but growth had returned to higher rates
near the end of their studies (2005-2007) coincident with hunters harvesting several mountain
lions from the range. Similar individual-based studies of horse demography conducted in a
number of populations occupying barrier islands along the Atlantic coast have documented
annual growth rates of 4.3 percent in the Cumberland Island, Georgia, population (Goodloe et
al., 2000), about 10 percent in the Assateague Island, Maryland, population (Keiper and Houpt,
1984), and 16 percent in the Shackleford Banks, North Carolina, population (Wood et al., 1987).

Population Growth Rate Estimates Based on Models

A more indirect method for investigating population growth rates of free-ranging horse
populations is the construction of population models that use age-specific estimates of horse
survival and fecundity rates obtained from field studies. Model-based approaches provide
asymptotic or long-term population growth rate estimates that are based on input parameters as
opposed to the abundance-based approaches discussed in the previous section that provide
estimates of realized growth rates. Such exercises were initially conducted about 3 decades ago
when little demographic information was available to provide a basis for assigning values to
parameters in such models (Conley, 1979; Wolfe, 1980; NRC, 1980, 1982). During the decade
after those studies, additional information on survival and reproductive rates was published (Seal
and Plotka, 1983; Keiper and Houpt, 1984; Berger, 1986; Siniff et al., 1986; Wolfe et al., 1989;
Garrott and Taylor, 1990; Garrott, 1991a; Garrott et al., 1991a). Garrott et al. (1991b) used
insights from those studies to parameterize the Lotka/Cole equation with a variety of age-specific
fecundity and survival schedules to model western free-ranging horse population growth rates.
The modeling exercise yielded growth-rate estimates of 11-27 percent. Later published studies
have provided additional estimates of the range of survival and fecundity rates in specific free-
ranging and fenced-in horse populations on western U.S. rangelands (Greger and Romney, 1999;
Turner and Morrison, 2001; Roelle et al., 2010) and Atlantic barrier islands (Goodloe et al.,
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2000) and herds in France (Monard et al., 1997; Cameron et al., 2000), New Zealand (Linklater
et al., 2004), Argentina (Scorolli and Lopez Cazorla, 2010), and Australia (Dawson and Hone,
2012). Those studies generally reported survival and fecundity rates within the ranges of those
used in earlier population modeling efforts.

When capture-recapture data collected on individually marked horses are available,
Pradel’s temporal symmetry models can also be used to estimate realized population growth rate
(Pradel, 1996; Williams et al., 2001). That approach allows the estimation of other useful
demographic parameters (such as apparent survival and recruitment rates) and the modeling of
these parameters as functions of covariates. However, application of the approach requires that
horses be individually marked and recaptured (physically or visually) in such a way that the
capture history of each animal can be compiled. BLM does not regularly mark horses, and the
effort required to describe and catalog unique identifiable natural markings of individual horses
in most situations is not practical. Data on several intensively studied horse populations on
Atlantic barrier islands and in the western United States are being collected and can be used in
those types of models (Goodloe et al., 2000; Turner and Kirkpatrick, 2002; Lubow and Ransom,
2009; Roelle et al., 2010).

Population Growth Rate Estimates Based on Horse Age-Structure Data

Another source of data that was available to the committee to help in gaining insight into
the average growth rates of free-ranging horse populations was the age structure of the horses
captured and removed from western rangelands. Those data are routinely collected on all horses
captured and removed during management gathers; irruption and wear of teeth are used to
estimate the age of each horse removed from public rangelands as it was processed before
transfer to adoption or holding facilities. The age structure of a population is the result of many
interacting population processes, and this complicates interpretation of age-ratio data on
individual populations (Caughley, 1974b). However, as discussed earlier in this chapter, analysis
of inventory data on free-ranging horse populations and population modeling approaches
provided relatively consistent results with respect to the average growth rate of horses on western
rangelands. Thus, it is reasonable to use the aggregate age-structure data on horses captured and
removed from the rangelands, which are collected independently of the inventory data, in an
attempt to corroborate horse population growth rates derived from inventory data.

The committee had access to age data on 167,927 horses captured and removed during
1989-2011; the number of animals captured and removed each year varied from 2,468 to
11,416.* A reasonable index of the average growth rate of horses on western rangelands can be
calculated by dividing the number of young-of-the-year horses (that is, horses less than 1 year
old) by the total number of horses 1 year of age and older in a captured and removed sample and
multiplying the result by 100 to obtain a percentage. The committee used a 5-year moving
average with the 1989-2011 dataset of ages of captured and removed horses when calculating the
index to have a large sample of captured and removed horses that would be characteristic of the
diverse ecological settings of western rangelands and to reduce variation due to the particular
subset of horse populations gathered in any given year. The growth rate index generally was 20-

*The data supplied by BLM for the removed animals can be retrieved from the study’s public access file.
To obtain the information, contact the National Research Council’s Public Access Records Office at paro@nas.edul.
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25 percent with some indication of a modest increase during the 1990s; but during the most
recent decade, the growth rate index was relatively stable or perhaps experienced a slight decline
(Figure 2-3).
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FIGURE 2-3 An index of population growth rate of free-ranging horses based on data on ages
of 167,927 horses captured and removed from western rangelands in the United States to manage
their abundance. @

NOTE: Age-structure data were available for 1989-2011; the number of horses captured and
removed each year ranged from 2,468 to 11,416. The index was calculated by dividing the
number of young-of-the-year horses by the total number of horses 1 year of age and older in a
sample of horses captured and removed from rangelands and then multiplying the result by 100
to obtain a percentage. A 5-year moving average was used to calculate a growth rate index; the
annual values plotted in the graph were derived from the age data from a given year, the 2
preceding years, and the 2 following years.

The age-structure data would need to have come from horses captured and removed
immediately before the birth pulse for the index to reflect realized growth rates of the free-
ranging horse populations accurately and thus to account for all deaths of horses over the year
after the birth pulse. Gathers, however, occurred throughout the year and were most concentrated
in August-February. The index therefore probably overestimates growth rates to some extent. It
is difficult to estimate the magnitude of the bias, but, on the basis of the available literature on
timing and extent of mortality of horses, the committee believes that the bias is modest.

The index also assumes that the age distributions of horses captured and removed from
rangelands were representative of the age structure of the free-ranging populations. A bias could
have been introduced into the age-structure data of captured and removed horses if managers
tended to remove the youngest horses, which were more easily adopted, and to return older, less
adoptable horses to the rangelands. Such a practice, if widespread, would inflate the index and
suggest that population growth rates were higher than what were actually realized. The
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committee had no way to evaluate such a potential bias directly. It did, however, review
preliminary environmental assessments of a sample of recent HMA gather plans to gain some
insight into the potential bias in the age-structure data. Age-selective removals were nearly
always considered in the gather plans that the committee reviewed, but the preferred (proposed)
actions often did not involve age-selective removals. The committee also noted that in a number
of the environmental assessments that presented the history of gathers, usually no captured
horses were returned to the rangelands. For gathers in which some captured horses were released,
the number of horses returned to the rangeland generally constituted a small proportion of the
total number of animals captured. In addition, diverse reasons for the selection of horses to be
released were stated, including considerations of conformation, coat color and marking patterns,
and the release of mares that were treated with a contraceptive vaccine. It was also stated that
horses were selected for release to “maintain a diverse age structure.” Thus, the committee found
little evidence to suggest an overt and consistent bias in the age structure of horses that were
removed from rangelands and concluded that the age-structure data can provide a reasonable
assessment of the general growth rate of the free-ranging horse populations on public rangelands
in the western United States.

The committee concludes that the population growth rate index derived from the age
structure of captured and removed horses is generally consistent with the herd-specific
population growth rates reported in the literature. That suggests that a mean annual population
growth rate in the free-ranging western horse population approaching 20 percent is a reasonable
approximation.

CONCLUSIONS

From its review of the information provided by BLM on population-survey methods,
approaches to data collection and population estimation, and records on horse removals and the
committee’s review of the relevant literature on estimating ungulate populations and population
growth rate, the committee draws the following conclusions.

Estimating the Size of Free-Ranging Equid Populations

Management of the nation’s free-ranging horses and burros should be based on rigorous
population monitoring procedures that are consistently applied by all BLM field offices. The
methods reviewed by the committee for monitoring animal numbers on a small subset of HMAs
may be adequate, but all reviews of the procedures routinely used by BLM to survey free-
ranging horses and burros since the inception of the Wild Horse and Burro Program have
identified substantial methodological flaws. On the basis of the information that was reviewed,
the committee concluded that many of the shortcomings identified in previous reviews have
persisted. At the time that the committee completed its review, inventory methods and statistical
tools common to modern wildlife management were used to count horses on only a few HMAs.
In addition, survey methods used to obtain sequential counts of horse populations on an HMA
were often inconsistent and generally poorly documented.

Initiatives to improve population monitoring have, however, been implemented in recent
years. Aggregating neighboring HMAs on which free movement of horses is known or likely
into HMA complexes for the purposes of coordinating population surveys, removals, and other
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management actions is an important step that can improve data quality and interpretation and
enhance population management. The committee commends the partnership between BLM and
USGS to develop rigorous, practical, and cost-effective survey methods that account for
imperfect detection of animals. The committee strongly encourages BLM to continue that
collaborative research effort to identify and refine a suite of survey methods that are effective for
the varied landscapes occupied by horses and burros. Transferring the resulting knowledge to
those in the field offices responsible for routine monitoring of populations is essential if the
reforms are to be institutionalized.

Once more rigorous survey methods are adopted, they need to be standardized and
consistently used, as dictated in the Wild Horses and Burros Management Handbook (BLM,
2010). The committee reaffirms the recommendations of a previous National Research Council
committee that annual population surveys are not required to adequately monitor and manage
free-ranging horse and burro populations. BLM, however, should develop protocols for how
frequently surveys are to be conducted and ensure that the resources are available to field
personnel to maintain a standardized survey schedule. Consideration should also be given to
identifying a subset of HMAs that typify the diverse ecological settings throughout western
rangelands that can be used as sentinel populations in which detailed demographic studies are
conducted annually to assess population dynamics and responses to changes in animal density, to
management interventions, and to variation in seasonal weather and potential trends in climate.
Record-keeping needs to be substantially improved; the committee recommends that the Wild
Horse and Burro Program develop a uniform relational database—that is accessible to and used
by all field offices—for recording all pertinent population survey data.

On the basis of the information provided to the committee, it cannot consider the national
statistics scientifically rigorous. The data used in the national statistics are the HMA counts that
the committee assumes are converted to population estimates for each year in which counts are
conducted, and the counts are extrapolated to produce population estimates in later years in
which counts are not conducted (Figure 2-1). The procedures used for developing annual HMA
population estimates from counts are not standardized and often are not documented, but it
seems clear that the national statistics are the product of many hundreds of subjective and
probably independent judgments and assumptions by range managers and administrators about
the proportions of horses counted in surveys, population growth rates, effects of management
interventions, and potential animal movements between HMAs. Perhaps most important, the
links between the national statistics and actual population-size surveys, which are the
foundational data of all estimates (whether derived at the field-office or national level), are
obscure. Thus, the procedures and processes used by the Wild Horse and Burro Program to
generate the national statistics impart a large measure of uncertainty in the numbers and their
interpretation. Development of a uniform and centralized relational database that captures all
inventory and removal data generated at the level of the field offices and animal processing and
holding facilities and that is used by the national office to generate annual program-wide
statistics would provide a clear connection between the data collected and the reported statistics.
The committee also suggests that the survey data at the level of the HMA and any procedures
used to modify the survey data to generate population estimates be made readily available to the
public to improve the transparency of and public trust in the management program (see Chapters
7 and 8).
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In addition to the methodological shortcomings of BLM’s current animal inventory and
data-management procedures, it is the committee’s judgment that the reported annual population
statistics are probably substantial underestimates of the actual number of horses occupying
public lands inasmuch as most of the individual HMA population estimates are based on the
assumption that all animals are detected and counted in population surveys—that is, perfect
detection. A large body of scientific literature focused on inventory techniques for horses and
many other large mammals clearly refutes that assumption and shows estimates of the proportion
of animals missed on surveys ranging from 10 to 50 percent depending on terrain ruggedness and
tree cover (Caughley, 1974a; Siniff et al., 1982; Pollock and Kendall, 1987; Garrott et al. 1991a;
Walter and Hone, 2003; Lubow and Ransom, 2009). The committee has little knowledge of the
distribution of HMAs with respect to terrain roughness and tree cover, but a reasonable
approximation of the average proportion of horses undetected in surveys throughout western
rangelands may be 0.20 to 0.30. If those proportions are applied to the 2012 population estimate
of 31,453, the national statistic would need to be adjusted to 39,316-44,933. The conclusion by
this committee that there are considerably more horses on public rangelands in the western
United States than reported in the Wild Horse and Burro Program national statistics was also
reached by an earlier National Research Council committee (NRC 1980, 1982) and by the
Government Accountability Office (2008).

Population Growth Rates

The earlier National Research Council committee questioned claims of population growth
rates in free-ranging horses on western rangelands exceeding 5-10 percent (NRC, 1980), but
adequate studies conducted since then have clearly demonstrated that growth rates approaching
20 percent or even higher are realized in many horse populations. That conclusion is
corroborated by studies of survival and fecundity rates and reinforced by population models that
integrated these estimates to project growth rates. It is more difficult to estimate the typical or
average population growth rate in western horse populations inasmuch as such an assessment
would require estimating growth rates in an adequate representative sample drawn from all horse
populations managed by BLM. Although the literature provides a relatively large number of
growth-rate estimates, the studied populations constitute a sample of convenience in that they
were selected simply because data for estimating growth rates were available or there was
specific scientific or management interest in particular populations. Those studies collectively
demonstrate that growth rates vary substantially from one population to another and may also
vary from one period to another in the same population.

The age-structure data on animals removed from the range probably provide the most
representative sample in that the data were collected over several decades, involved multiple
management gathers from a large proportion of HMAs, and involved large numbers of animals.
Those data also provided a relatively consistent estimate of the proportion of young-of-the-year
animals in free-ranging populations that is consistent with the generally high growth rates
documented for individual herds that were based on direct counts. It is also to be expected that
most free-ranging horse population growth rates are close to the biological potential for the
species, given the general management policy of periodically removing relatively large
proportions of populations to meet AML goals, which, in turn, were established at least partially
to ensure that horses were not routinely food-limited (see Chapters 3 and 7). On the basis of the
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published literature and the additional management data reviewed by the committee, the
committee concludes that it is likely that most free-ranging horse populations on public
rangelands in the western United States are growing at an annual rate of 15-20 percent.

Consequences for Management

The committee’s conclusions that there are substantially more horses on public
rangelands than reported and that horse populations generally are experiencing high population
growth rates have important consequences for management. Population growth rates of 20
percent a year would result in populations doubling in about 4 years and tripling in about 6 years.
Thus, if populations were not actively managed for even short periods, the abundance of horses
on public rangelands would rapidly increase until animals became resource-limited (see Chapter
3). Resource-limited horse populations would affect forage and water resources for many other
animals that share the rangelands with them and potentially conflict with the legislative mandate
that BLM maintain a thriving natural ecological balance. They would also increase the
possibility of conflict with the multiple-use policy of public rangelands (see Chapter 7). Thus,
BLM should diligently monitor and manage free-ranging horse populations to meet the
numerous congressional mandates in the Wild Free-Roaming Horse and Burro Act of 1971 and
the Public Rangelands Improvement Act of 1978.

The larger the population of horses on public lands and the higher the growth rate of the
populations, the larger the increment of new animals each year. BLM has been removing an
average of about 8,000 horses from rangelands each year for the last decade in an effort to
control horse populations and meet its legal obligations. Removing such a large number of
horses each year has substantially exceeded the capacity of BLM to place horses into private
ownership; a result is that many tens of thousands of unwanted horses are maintained in long-
term holding facilities until they die. Despite the aggressive program to remove horses from
public rangelands, BLM’s population-management program has not been able to reduce the free-
ranging horse population to the targeted AML. For 2012, the maximum AML for horses was
23,622 (the maximum AML for burros was 2,923).

Additional management interventions in the form of various fertility-control agents have
been pursued to enhance the efficacy of population management. The emerging technologies
have the potential to reduce population growth rates and hence the increment of animals added to
the national population each year (see Chapter 4); this might substantially increase the
opportunity for the removal program to attain management goals. The potential impact of
fertility control, however, is limited by the number and proportion of animals that must be
effectively treated with the contraceptive agents, and it is likely to affect the genetic makeup of
populations unless carefully monitored (see Chapter 5). All modeling studies exploring the
potential impacts of contraceptive treatments on horse population growth rates have
demonstrated that the higher the intrinsic growth rate of the population, the higher the proportion
of horses that must be treated to reduce population growth rates to a prescribed level (Garrott,
1991b; Garrott and Siniff, 1992; Garrott et al., 1992; Coughenour, 1999, 2000, 2002; Gross,
2000; Bartholow, 2007; Ballou et al., 2008). Thus, the potential implementation of broad-scale
fertility-control management to aid in curbing population growth rates will be confronted by the
challenge of treating the large number of horses that will probably be required to have
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appreciable affects on horse population demography. Studies specific to burro population
demography will be necessary to tailor similar management actions to that species.
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3

Population Processes

The Bureau of Land Management (BLM) asked the committee to address the following
questions as part of the discussion of potential rates of horse and burro population growth:
Would free-ranging horse and burro populations self-limit if they were not controlled? If so,
what indicators (such as rangeland condition, animal condition, and health) would be present at
the point of self-limitation? To address those questions, it is necessary to review the factors that
limit population growth in an unmanaged population® and that determine free-ranging horse and
burro population growth and dynamics aside from management removals. Population growth and
self-limitation are population processes in the sense that they involve a suite of underlying
functions that lead to the result. The underlying functions include changes in natality and
survival in response to environmental variables that affect forage availability, such as weather
and population density.

The committee was also asked to assess whether there is compensatory reproduction as a
result of population size control, such as fertility control or removal from Herd Management
Areas (HMAs). Compensatory reproduction is defined as an increase in reproduction as a direct
or indirect consequence of management reductions, including removals and contraception.
Indirect responses could include increased fertility, foal survival, or adult survival due to reduced
competition for forage.

For self-limitation to occur, it is necessary for population processes to respond to
population density (Figure 3-1). That is, population processes—such as population growth rates,
age-specific survival rates, natality, and age of bearing first offspring (primiparity)—must be
density-dependent. As density increases, population growth rate decreases because of increased
competition for resources. Population processes are also altered by density-independent factors,
particularly climatic conditions and vari