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WILD HORSE and BURRO FERTILITY MANAGEMENT
POLICY and PROCEDURES TASK GROUP, FINAL REPORT

April 21, 1992

Summary

Fertility control is a potentially powerful tool for managing wild horses and burros.
This approach to management is identified in the Strategic Plan for Management of
Wild Horses and Burros On Public Lands, and is authorized through the Wild Free-
Roaming Horse and Burro Act of 1971, as amended, and the Department of the
Interior and Related Agencies Appropriations Act of 1992. A number of new
contraceptive technologies can now be applied to wild horse populations including
selective removals, sterilization, steroid hormones, and immunocontraception.
Based on analysis of current technology, selective removals based on age or sex
parameters, and immunocontraception appear to provide potential fertility control
which is effective, safe, reversible, and cost effective. These two techniques are
recommended for implementation in a pilot study proposed for the Antelope/
Antelope Valley herd management areas. Implementation of a pilot project will
include methods for monitoring, tracking, and evaluation. Specific monitoring
methods were reviewed to ensure animal safety and health throughout the study,
while providing information concerning the effectiveness of the treatments.
Although selective removals and immunocontraception are recommended tech-
niques for incorporation in a pilot project, none of the techniques are rejected from
further consideration. The rapidly advancing nature of anti-fertility research
necessitates that yearly reviews be conducted to evaluate available technologies
and their potential for implementing the Strategic Plan for Management of Wild Horses
and Burros on Public Lands.




WILD HORSE and BURRO FERTILITY MANAGEMENT
POLICY and PROCEDURES TASK GROUP, FINAL REPORT

INTRODUCTION:

The use of fertility control has been identified in the Strategic Plan for Management of Wild Horses and
Burros on Public Lands as a management alternative for reducing the rate of wild horse population growth.
Managing wild horses and burros using fertility control measures is authorized by the following legislation:

s Wild Free-Roaming Horse and Burro Act of 1971 (Public Law 92-195), as amended by The Federal
Land Policy and Management Act of 1976 (Public Law 94-579) and The Public Rangelands
Improvement Act of 1978 (Public Law 95-514) Section 3 (a) "The Secretary shall manage wild free-
roaming horses and burros in a manner that is designed to achieve and maintain a thriving natural
ecological balance on the public lands. He shall consider the recommendations of qualified
scientists in the field of biology and ecology..."

Section 3 (b)(1) "...determine whether appropriate management levels should be achieved by the
removal or destruction of excess animals, or other options (such as sterilization, or natural controls
on population levels). In making such determinations the Secretary shall consult with...such other
individuals whom he determines have scientific expertise and special knowledge of wild horse and
burro protection, wildlife management and animal husbandry as related to rangeland manage-
ment."

s Department of the Interior and Related Agencies Appropriations Act of 1992 (Public Law 102-154)
43 USC 1474a, Conference Report 102-256, Making Appropriations for the Department of the
Interior and Related Agencies for the Fiscal Year Ending September 30, 1992, and for Other
Purposes. Monies specifically directed for research in the wild horse and burro program are:
Amendment No. 1: "...$100,000 for a population model, $200,000 for immuno-contraception
research, $100,000 for vegetation monitoring, $250,000 for mapping and census data, and
$200,000 for fertility control, all in Nevada and all in the wild horse and burro program.”

Finding socially, biologically, and economically acceptable solutions for the disposition of excess animals
has been difficult. Fertility control offers the management alternative of reducing the rate of population
growth, and in doing so reducing the number of excess animals to be removed.

The Pilot Fertility Project Team was established with the intent of addressing how fertility control
management could be initiated for wild horses. The group consists of representatives from a variety of
disciplines and interested parties. Group members met to discuss general concerns. Two sub-committees
were developed with the purpose of evaluating: 1. preliminary methods of application and/or treatment,
2. procedures for monitoring, tracking and evaluation. The final Wild Horse Fertility Control Study
Recommendations is a compilation of the two sub-committee reports. The recommendations are based
on the current technology.

I. GROUP ONE SUB-TASK DESCRIPTION: ,
PRELIMINARY METHODS OF APPLICATION/TREATMENT

Evaluate available fertility control methods and develop guidelines for their application to reduce the rate
of increase in wild horse populations.

II. DISCUSSION
The use of fertility control has been identified through the Strategic Plan for Management of Wild Horses

and Burros on Public Lands as a management alternative for reducing the rate of increase of wild horse
populations. Although fertility control has not been a widely prescribed management alternative for
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populations. Although fertility control has not been a widely prescribed management alternative for
inhibiting wild horse and burro population growth, sterilization and selective removals have been used to
eliminate physical abnormalities and improve the adoptability of excess animals. The potential for
expanding management into controlling the growth rate of wild horse populations has resulted from recent
advances in contraceptive research. Several methods now exist that are safe and humane, reversible, and
effective in slowing wild horse reproductive rates. The task group identified that the fertility control
methods which are currently available for field application should be evaluated for their adaptability to the
management of all Nevada's herd management areas (HMAs), as well as, to the pilot fertility control project.
The criteria used to select a fertility control procedure is to be based on several premises: 1. the method
must be effective in reducing reproduction in wild horse populations, with effectiveness of two or more
seasons constituting the ideal, 2. the procedures must be safe and humane for the animals receiving it,
including pregnant animals, and should minimize disruption to herd dynamics; 3. the effects of the
treatment should be reversible, 4. the fertility control measure should be cost effective, balancing the
measure of control, duration of effectiveness, with cost per animal treated.

Applying fertility control to the management of wild horses has raised concerns regarding numerous facets
of the procedures. The Task Group identified the following concerns:

A. Consider the two HMAs (Antelope and Antelope Valley) as one unit due to the interaction
between HMAs or consider other areas. '

B. What amount of participation will be provided by the University of Nevada, Reno (UNR)?

C. Conduct a literature search considering all forms of fertility control (unpublished research).

D. Identify new constraints and requirements as imposed by the fiscal year 1993 WH&B
requirements gather contract.

E. Develop alternatives for fertility control or population control.

F. Consider field treatment vs Palomino Valley Center (PVC) treatment, i.e., shipping long distance
portable vet lab, holding facility, etc.

&; Identify selective removal target group (age, sex, % treated, etc.).

H Provide qualified personnel to implement projects (implants/shots) eg., veterinarians (vets) vs.

WH&B specialist.
I Provide a sample of treated animals held at PVC for control on effects and available for UNR studies.

dJ. Has age in HMA already been manipulated? Consider in pilot project, should we suspend
policy to remove "selectivity"...gate cuts?

K. Consider intensive study vs. field study. A literature search will be one of the easiest/quickest
parts of the study.

L. Will the method chosen transmit the_ drug to the foal?

M. How will mares be selected: what is the target group?

N. Will permanent fertility control be used more than physical abnormalities?

0. Will vet technicians or vets do field p.rocedures?

P, Surgical implants are a common procedure.

Q. Balistavet™ is a new inoculation method which may be available in time release within one
application. :
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R. Equipment used should only be for use in the "field" to avoid transfer of disease (don't expose to
"carrier" horse).

S. For age selective removals, target mares, not stallions: look at studies/facts about ages mares
reproduce, most fertile, mortality at different ages, will age affect stress/abandonment of foals?
Even age population is ideal.

T, Portable vet labs easily available, upgrade portable chutes. (Oklahoma sanctuary has a good
example.)

u. Timing of injection, alteration of foaling season, minimize animals handling.
V. Selective removals should target sex, quality (deformations, etc.), and age.

w. What are the variations in treatments between stallions and mares: surgery, no surgery, death
loss, rehabilitation time from surgery, qualified personnel, testing % of animals (blood, etc.), ?

X. Develop guidelines for each alternative method of control for field implementation.
Y. Develop guidelines for selecting animals to be treated.
Z. What methods are available and what factors are to be considered in selecting a method(s)?

Several additional concerns have arisen since the January 16, 1992, Wild Horse Fertility Project Team
Meeting.

AA. Should the treated animals should be quarantined before release back into the herd?

BB. How should the holding facility be designed and should it be located within close proximity to the
capture site?

CC.  Should efforts be made to preserve band integrity upon animal release back into the HMA?

DD. What factors will be considered in locating a release point back into the
HMA (i.e., water, forage, concentration of animals)?

The concerns focus on the criteria for selection of a fertility control method (concerns E, L, N, V, X, Z),
selection of targeted animals (concerns G, J, M, S, U, Y), how and who would be administering the chosen
method (concerns H, O, P, Q, W), and the handling of animals during and after treatment (concerns F, I,
K, R, T, AA, BB, CC, DD). Concerns A, B, C, and D do not represent procedural concerns to be governed
by policy or manual guidance. As such, they will not be addressed in this analysis.

III. OPTIONS/ANALYSIS

The selection of a fertility control method is limited by the existing technology. There are currently three
principal types of fertility control which are applicable to wild horse management. The first is selective
removal to alter normal herd structures and disrupt breeding patterns, second is permanent sterilization,
and third is temporary inhibitors utilizing either surgical implants or intramuscular injection of control
agents to block pregnancy or prevent fertilization. The latter group is represented by two methods which
have been shown to be effective on wild horse populations: steroid implants, and immunoantifertility
agents.

AL ACTIONS COMMON TO ALL ALTERNATIVES

Evaluating available fertility control methods and developing procedures for implementing those methods
* involves certain actions which are common to all available methods.
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1 Capture animals following curreht Nevada capture policies and procedures.

2 Gathers and treatments will not occur during the peak foaling season time periods
of March 1 through June 30.

3. Sort animals by sex and age.

4. Remove excess animals by identified target group (age, sex). Only animals aged 1-3

(target group ages may be modified depending on population modeling) will be removed from
the.herd management areas should an excess be identified. Limiting removal of excess
animals to younger age groups will increase their adoptability.

5. Animals to be released back into the herd will be held until termination of the operation to
minimize the added stress of recapture.

6. Move animals to be returned to the range to holding facilities away from capture/shipping
facilities. Holding facilities may or may not be required depending on the number of trap
sites to be used, the number of animals to be removed, and the distribution of animals
throughout the gather area.

7. Animals to be returned to the range, which are in holding facilities servicing more than one
trap site, should be marked in correlation to the trap site where they were captured and if
possible by band to maintain band integrity. These animals, as marked, should then be
released in the general area where they were captured, and if possible, released by band.
Mares with foals should be separated from other animals and released last to ensure they
remain paired. Releasing animals should take into consideration fences, geologic barriers,
etc.

8. Excess animals should be shipped as soon as possible to avoid contracting diseases
associated with confinement.

9. Release animals as each trap site operation is completed or upon completion of all
gather operations. Effort should be made to minimize holding time to reduce disease
exposure to communicable diseases.

10. All methods will require additional monitoring to determine effects on.animal health,
herd structure, population dynamics, and the effectiveness of the treatment. The
method chosen will determine the additional monitoring requirements.

B. SELECTIVE REMOVAL

Selective removal is used to adjust the existing population dynamics of a herd in order to disrupt normal
breeding behavior and limit productivity. Selective removals may be used to adjust either the age structure
or the sex ratio within the herd.

Altering the age structure of the herd is aimed at reducing the
number of animals in the primary breeding age groups. The age
structure of wild horse populations is weighted heavily toward
younger animals. Data collected during removal operations
indicate that approximately 45 percent of the total population is
represented within age groups 1 through 3 with 90 percent in
groups 1 through 9. Wild horse mares are able to first conceive
at age 2 and continue producing into their late teen years. Peak
fertility is realized during ages 3 through 9. After that period,
mare cycling becomes less regular and more dependent on
fluctuating environmental and physiological factors which serve
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to restrict reproduction. Males are able to first breed at age 1 and will continue to do so until death or
preclusion through social interactions within the herd. Peak reproductive years for males are between ages
4 through 9. After that time, physical decline and loss of social dominance reduce participation in
reproduction. Targeting of young age wild horses would reduce the number of animals of prime breeding
age while allowing for the continued, although slowed, growth of the herd.

A proposed age specific selective removal program would target removing approximately 90 percent of the
1 to 3 year old animals with repeated removals every 3 years. Population modeling indicates that repeated
treatments may be able to slow foal recruitment from 18 percent of the total population downto 10 percent.
Normal age distribution would be achieved after approximately 12 years, following initial treatment.
Altering the age structure of the population could impact herd behavior. As the population ages and fewer
animals are available to fill dominant roles in the social structure, older animals would continue to
dominate and reduced competition for dominance could result in bands containing larger numbers of
animals.

Selective removal of wild horses to modify sex ratios would provide similar results to those described in
selectively removing age groups. Capture data shows wild horse populations are approximately 45 percent
male and 55 percent female. The skewed proportions are attributable to more males in the older age groups.
As with age specific selective removal, the premise of altering the sex ratio is to reduce the number of
breeding animals. By increasing the proportion of males to females, fewer animals are available to
reproduce. Population modeling has shown that a ratio of 70 males to 30 females may be able to slow foal
recruitment from 18 percent of the total population down to 12 percent.

A proposed selective removal project to alter sex ratios would target mares aged 1 through 6. Initial
population modelling indicates that a large proportion of the mares would require removal to successfully
limit reproduction through sex ratio manipulation. Ages 1 through 6 represents approximately 80 percent
of the female population. Male populations would remain intact.

Each of the selective removal procedures would be reversible over time. Discontinuing removals would
allow the population to achieve a normal balance. The time required to achieve a normal age structure or
sex ratio would be dependent on the size of the population and number of treatments administered prior
to termination.

1. Procedures

Sort animals by sex and age. Remove excess animals by identified target group (age, sex). Only
animals aged 1-3 (target group ages may be modified depending on population modeling) will be
moved from the herd management areas should anexcess be identified. Limiting removal of excess
animals to younger age groups will increase their adoptability.

2. Analysis
The following analyzes the positive and negative aspects of selective removals:

a. Positive
(1) No additional cost. There would be no additional costs associated with selective
removal gathers above those experienced during 1991-1992.

(2) No additional animal handling. The capture process already requires the aging
and sexing of captured animals at the trap site.

(3) No additional animal stress. The current capture procedures would be followed.
(4) Reversible and self-correcting. The treatments are easily reversible through
natural reproduction and discontinuation of the treatments. The animals would

not need to be captured or handled to reverse the process.

(5) No increased time requirement. The animals would not have to be held for
treatment or observation following treatment. The animals would only be held
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until completion of the gather. This would reduce treatment cost and animal
stress.

(6) No medical waste. There would be no accumulation of waste resulting from
medical procedures.

(7) No introduction of drugs into the environment. Since there are no implants or
injections involved in the procedure, no chemicals would be introduced into the
food chain.

(8) There would be no need to mark animals for tracking.

b. Negative
(1) Short term. For the treatment to be successful, it must be repeated every three
years for approximately three cycles. The term between cycles may be lengthened
only by removing animals from more age groups (i.e., removal of one to four year old
animals would create a four year cycle of removals). ;

(2) Disruptive to the social structure. The treatments will disrupt the social
structure of the herd. Either age or sex specific removals will skew the natural
balances. Current information regarding "normal” herd behavior is limited, thus
limiting the ability to predict the effects of altering the natural balance. Band
integrity could also be affected resulting in potential impacts to reproduction.

C. STERILIZATION

Sterilization is used to achieve as many years of reproduction inhibition as possible through a single
treatment. Either stallions or mares may be targeted for sterilization to control reproductive rates.

Studies by the University of Minnesota have produced mixed results when targeting stallions. Field trials
vasectomizing dominant stallions show that the fertility control is only effective over a short period of time.
Stallion dominance is transitionary, changing between years. The prospect of sterilization as a one time
population control measure is substantially diminished unless subordinate males are also treated.

For vasectomy to be effective several conditions must be met:

- The dominant stallion must do all, or the majority of, the breeding in the band. The role
of subordinate males in siring foals is unknown, especially when the dominant stallion is
vasectomized and sterile.

- Bands must be relatively stable with minimal exchange of animals between bands.
Significant exchange of intact stallions would render the technique ineffective.

- Vasectomized stallions must retain their dominance for several years even when not
intact. If dominance is transitionary, then one-time herd sterilizations will only provide
short-term effectiveness.

Although the cost of individual vasectomy is not prohibitive, the number of animals which would require
sterilization could become costly.

Many of the concerns limiting the effectiveness of vasectomizing stallions would not be applicable with
mares. Population modeling can predict the number of animals which would require treatment to suppress
reproductive rates within a population. The exchange of mares between bands would not affect the
inhibition of reproduction. Movement of animals from one herd management area to the next would
complicate the modeling process. The process would have to be repeated after approximately three
years to treat recruited animals.




Selection of stallions or mares for treatment would result in varying degrees of effectiveness. Of concern
in either case is the non-reversible nature of the treatment. The genetic pool in each population exists in
a dynamic state with each reproductively active animal influencing the diversity of the pool. Limiting the
reproduction and transferring of genetic variety to a select group of animals within each population would
impact the natural selection process.

1. Procedures
Sterilization of mares could be completed using one of several methods to surgically
alter the female reproductive organs.

a. Stallion Sterilization

(1) Vasectomy - Stallions would be anesthetized and restrained in dorsal
recumbency. The scrotal area would be surgically prepared and an incision made
at the head of each testicle. The vas deferens is located and a segment of ap
proximately one inch is removed. It is necessary to ligate both cut ends of the vas
deferens. Incisions are sutured appropriately, preferably with absorbable material.
Tetanus antitoxin and a long acting antibiotic are administered.

(2) Epididymectomy - This surgical procedure has not been reported in horses,
however, itis used successfully to sterilize bulls and rams. Anesthetic, restraint and
surgical prep are the same as vasectomy. A small incision is made through the skin
into the tail of the epididymis. A majority of the tail of the epididymis is removed.
The incisions are not sutured to allow for proper drainage. Tetanus antitoxin and
a long acting antibiotic are administered,

(3) Castration - Anesthetic, restraint and surgical prep is the same as for the vasectomy.
The testicles are removed through two skin incisions. An emasculator is used to
sever the spermatic cords and in older horses or at the discretion of the surgeon, the
cord would be ligated. Incisions are not sutured to allow for proper drainage.
Tetanus antitoxin and a long acting antibiotic are administered.

NOTE: The three surgical procedures to sterilize stallions would require the same materials: anesthetic, soft
cotton rope, soap, skin antiseptic, surgery pack, sutures, tetanus antitoxin, antibiotics and various needles
and syringes. The length of these operations would vary according to the skill and experience of the surgeon.
The anesthetic recovery time will vary with the type and amount of anesthetic used. Healing time for all these
operations would be approximately two (2) weeks. These are considered as minor surgical procedures and
would not require any special handling post surgery. All of these operations could be performed in the field.

b. Mare Sterilization

(1) Ovariectomy (Spay) - This surgical procedure to remove the ovaries can be
accomplished via two different approaches-(vaginally or through the side of the
abdomen). With both of these approaches it is simpler to perform if tHe mare
remains standing. Therefore, these operations could be done in a squeeze chute
with belly bands using a tranquilizer and local anesthetic. After the proper surgical
preparation, incisions are made on the side of the abdomen or through the
vaginal wall. The ovaries are located and removed with an ecrauser. Incisions are
sutured appropriately, preferably with absorbable suture materials. Tetanus anti
toxin and a long acting antibiotic are administered.

(2) Salpingectomy (Tubal ligation/separation) - This operation involves removal of a
portion of the oviduct and could be accomplished through an abdominal incision
or with endoscopy. Again the preferred method is to have the mare standing, so
restraint and anesthetic would be the same as for ovariectomy. After ertering
the abdominal cavity, the oviduct is located and a segment of approximately one
inch is removed. Both cut ends should be ligated. Invasions are sutured
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appropriately, preferably with absorbable suture material. Tetanus antitoxin and
a long acting antibiotic are administered.

NOTE: These surgical procedures in the mare are more invasive than any of the stallion surgeries, therefore,
mares would have to be held for at least two (2) weeks after surgery for observation. If no complications
develop, they could be released back to the range after this observation period. The materials needed for the
surgical procedures in the mare include: squeeze chute with belly bands, anesthetic, tranquilizer, hair
clippers, soap, skin antiseptic, surgery pack, ecrauser (for spay only), sutures, tetanus antitoxin, antibiotics
and various syringes and needles. The length of these operations will vary according to the skill and
experience of the surgeon. There would be no anesthetic recovery time if a general anesthetic is not used.
Recovery from the tranquilizer will vary with the type and amount administered. Healing time would be
approximately two (2) weeks.

2. Analysis
The following analyzes the positive and negative aspects of sterilization:

a. Positive

(1) Long-term effectiveness in mares. Although not shown to provide long-lasting
effectiveness when targeted at stallions, sterilization of mares would provide
permanent reproductive inhibition in those animals treated.

(2) Treatment would not require repeating on individual animals. The sterilization
procedure is permanent. The process would require addressing new recruits to
the population every three years for mares and more frequently for stallions.
Once treated, subject animals would not require follow-up treatments.

b. Negative .
(1) Non-reversible. The sterilization process is not reversible. This limits
management flexibility in dealing with emergency situations.

(2) Invasive surgery. The procedure would require that the animals undergo
surgical procedures. This would necessitate extensive field operations or the
transport of animals to special facilities.

(3) Labor intensive. The procedures will require additional personnel including
veterinarians. More time would be required to feed and care for treated
animals.

(4) Increased handling of animals. The procedure would require that the animals
be handled more both during the operations and recovery time.

(5) Increased stress. The increased handling and surgical operation would increase
stress on the animals above what is normal during gather operations.

(6) Increased death loss. Normal handling of animals during gather operations
results in some death loss (usually less than 1%). The increased handling,
surgical procedures, and recovery time will increase the potential for death loss.

(7) Increased equipment requirements. The procedure will require increased
equipment for conducting the surgery and additional holding pens for the
recovery period.

(8) Holding time will be increased. The procedure will require that the animals be
held longer until the operations are completed and recovery is ensured.
-

(9) Increased medical waste. The operations will result in medical waste which will
require proper disposal. Gathers conducted in remote portions of Nevada will
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not have immediate access to medical facilities where the waste may be properly
disposed of, necessitating prescriptive measures for storage until proper
disposal can be ensured.

(10) Impacts to population dynamics. The effect of sterilizing large percentages of the
wild horse population could have a detrimental affect on the social structure of
the herd. Band formation and integrity may be effected. There exists a lack of
knowledge of long term health effects of loss of ovarian hormonal secretion in
mares.

(11) Negative image. The use of sterilization has received considerable scrutiny due
to the process being non-reversible.

(12) High cost. Although the cost of preforming vasectomies is relatively inexpensive,
spaying mares would result in higher costs. Increased costs include: having a
veterinarian on site throughout the gather; additional equipment for the
operation; additional feed, man hours, inoculations to prevent the spread of
disease; and loss of opportunity resulting from increased time spent on the
gather site.

D. HORMONAL/STEROID IMPLANTS

The University of Minnesota conducted field trials of implanted steroids to inhibit reproduction. Two
implants were used with both achieving results lasting at least three years. Silastic rods impregnated with
either ethinylestradiol or ethinylestradiol and progesterone were used in the field studies conducted in
central Nevada. The implants are delivered to the targeted animals through surgical implanting in the
peritoneal cavity (intraperitoneal). The implants control ovulation and pregnancy in the targeted mares.

The effectiveness of the implants, as shown through the University of Minnesota research, allows for
accurate computer modeling. The number of mares to be targeted for implanting would be dependent on
the population size and the current reproductive rates. Preliminary modeling based on using implants
indicates that reproduction rates can be reduced for six to nine years.

Mares aged 5 to 9 years old would be targeted for implants. Excess animal removals would come from ages
1to3or 1to4. Modeling shows that targeting at least 50 percent of the mares in the 5 to 9 age group would
provide for a reduced rate of reproduction in the population. These figures would be modified for each
population depending on modeling and desired goals.

The steroid implants are effective for at least three years. After this time, the effectiveness declines. The
implants are reversible with time and would not require intervention to restore normal reproduction. It
would be possible to recapture the targeted animals and surgically remove the implants should the need
arise; however, this procedure would be costly and logistically difficult.

Concern over the use of a synthetic estrogen (ethinylestradiol) has centered around the effects of its
introduction into the food chain. The synthetic drug does not decompose as rapidly as natural estrogen.
These animals might be eaten by carnivores whose reproduction could be impaired. Although precautions
could be taken to ensure that the implanted animals never leave the range, the consumption of these
animals by carnivores presents a particular problem. Natural and unnatural (poaching, vehicle strikes,
etc.) mortality would invariably introduce some of the animals into the food chain. Although the National
Academy of Sciences reported low risk associated with the consumption of implanted mare flesh, it was
also recommended that study animals implanted with the steroids be confined to pens or sanctuaries and
not be released into the adoption program or left on the range.

Besides inhibiting reproduction, steroid implants are known to affect the animal in other ways. Use of
steroids also changes behavior and body conformation of the animal. Mares will become more muscular
and take on stallion-like characteristics (i.e., large swollen necks).
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1. Procedures -

The use of silastic impregnated implants for the control of conception in the mare requires those
implementing the procedure to address significant technical considerations. This procedure
appears to be most appropriate in small bands of horses.

a. Restraint
(1) Squeeze chute
(a) Manual operation with side delivery for use with anesthetized mares.

(b) Hydraulic operation with or without side delivery for use with
anesthetized mares or standing procedure.

(2) Chemical Restraint
Recumbent-Succinylcholine (Socostrin IM)
(a) Can be hazardous to personnel.

(b)  Requires experienced personnel with access to resuscitation equip-
ment (veterinarian).

(c) Its limited duration of action requires the operator to hasten operat-
ing time and increases risk of failure.

(3) Surgical Procedure - 10 to 15 minutes

(a) Preparation (preoperative)
1 Clipping (Surgical).
2 Skin preparation.
3 Local anesthetic.

(b) Surgery
1 Requires standard minor surgical sterile setup.
2 Trocarization success appears to be dependent onlength of trocar.
3 Wound closure. Requires heavy slow absorbing suture that

prevents wound dehiscence and contamination.

NOTE: Catgut suture is universally agreed to be unacceptable for skin closure. It is subject to desiccation and
breakage allowing wound dehiscence and contamination.

(c) Post Operative Procedure, Wound management
1 50% Betadine solution prior to closing.
2 Antibiotics - Benzathine Penicillin.

(4) Monitoring
(a) Minimum standards for one week appear insufficient to control
postoperative complications.

(b) Minimum standards for more than one week appear more suitable
to control postoperative complications.

2. Analysis
The following analyzes the positive and negative aspects of steroid implants:
a. Positive
(1) Long-term effectiveness in mares. Research has indicated that implants in
mares may provide from three to five years of reproductive inhibition.
(2) Reversible over time. The treatment is easily reversible with discontinuation

of the treatments; the effects of the implants wear off in three to five years.
The animals would not have to be handled again to reverse the process.
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b. Negative
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

9

(10)

(11)

(12)

Invasive surgery. The procedure would require that the animals undergo
surgical implants. This would necessitate extensive field operations or the
transport of animals to special facilities.

Labor intensive. The procedures will require additional personnel including
veterinarians. More time and money would be required to feed and care for
treated animals.

Increased handling of animals. The procedure would require that the
animals be handled more both during the operations and recovery time.

Increased stress. The increased handling and surgical operation would
increase stress on the animals above what is normal during gather opera
tions.

Increased death loss. Normal handling of animals during gather operations
results in some death loss (usually less than 1%). The increased handling,
surgical procedures, and recovery time will increase the potential for death
loss. :

Increased equipment requirements. The procedure will require increased
equipment for conducting the surgery and additional holding pens for the
recovery period.

Introduction of chemicals to the environment. The synthetic drug
ethinylestradiol, can neither be confirmed nor discounted as a threat to the
environment. Scavengers that may feed on wild horse carcasses could have
inhibited reproduction.

Holding time will be increased. The procedure will require that the animals
be held longer until the operations are completed and recovery is ensured.

Increased medical waste. The operations will result in medical waste which
will require proper disposal. Gathers conducted in remote portions of
Nevada will not have immediate access to medical facilities where the waste
may be properly disposed of, necessitating prescriptive measures for storage
until proper disposal can be ensured.

Impacts to population dynamics. The effect of inhibited ovulation could have
a detrimental affect on the social structure of the herd. Increased hormonal
imbalances could create negative long term health problems.

Negative‘lmage. The University of Minnesota study generated a considerable
amount of negative public opinion. The majority of the problems associated
with the study were in regard to monitoring equipment and practices.
Concern over introducing the steroid to the environment also generated
concern.

High cost. Increased costs include having a veterinarian on site throughout
the gather; additional equipment for the operation; additional feed; man
hours, and inoculations to prevent the spread of disease; and loss of
opportunity resulting from increased time spent on the gather site.

-
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E. IMMUNOCONTRACEPTION

Immunocontraception represents one of the most recent advances in fertility control methodology. The
general principle is that antibodies are raised in the target animal against some structure or functional
protein involved in the reproductive process. The antibodies hinder the fertilization process by preventing
the sperm from binding with the egg. Successful immunocontraception has been achieved in both sexes.
The most successful and studied method has been raising antibodies against ovarian zona pellucida.

Pen and field studies have been conducted on wild horses using porcine zona pellucida (PZP). PZP
immunocontraception in wild horse mares was found to be successful in reducing pregnancy. However,
the processrequires that the initial inoculations be repeated with a booster shot 14-21 days following initial
treatment. The contraceptive effectiveness only lasted one season. Studies by Turner and Kirkpatrick are
underway to develop a one shot vaccination which will have an effective life of two or more years.

Field studies on wild horses have shown over 90 percent success in preventing pregnancy. Population
models indicate that the current one year duration of control would be ineffective in the long-term
management of wild horse populations. Speculative modeling with a three year effective life indicates that
immunocontraception targeted at 5 to 9 year old mares would be feasible in controlling reproduction.

PZP has been shown to be reversible in only a short time frame. No side effects or environmental hazards
have been identified. Some animals have experienced allergic reactions to the agent during administration
of the booster; however, these cases have been extremely rare.

1. Procedures
a. Immunocontraceptive Inoculation - Procedural Steps:

(1) Enter squeeze chute.

(2) Determine and record signalment characteristics, including age, sex, color,
special markings, identifying marks, etc.

(3) Observe for and record any signs of health problems, conformation defects, etc.
(4) Determine if suitable for treatment or control group, i.e., mare, 4-9 years, healthy.

(5) Place identifying mark on mares. Need mark that will serve two functions:
1) identify each individual animal, recognizable at least upon recapture if not from
distance, and 2) identify treatment group or mare and be identifiable from long
range observation (field or airplane). Freeze brand probably best.

(6) Draw blood from neck vein into 2-3 red top tubes per horse. Identify blood
samples with labels indicating individual horse identity and which treatment
group she is in. Store blood for later analysis. (Refrigeration not necessary.
Samples should be centrifuged and serum drawn off and saved within 48 hours
after taking sample. Could be done on site with mobile lab or after return to lab
facility.)

(7) Inject bolus of long acting penicillin (Benzathine Penicillin) at 25 cc per horse.
Administer deep intramuscular into rear leg hamstring muscle with needle and
syringe or jab pole syringe mechanism. (Neck muscle should not be used.)

(8) Inject PZP vaccine into mares selected as the treatment group. (At least 100
mares.) Administer deep intramuscular in oppcsite rear leg hamstring muscle.
Direct needle and syringe, jab pole, or pellet gun (when available) could be used.

9) Inje::t sterile saline of equal volume to the vaccine into mares selected to be
control group, using same equipment and technique as that in treatment group.
(At least 25% of number of total mares treated, i.e., every fourth mare.)
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(10)

(11)

(12)

Inject other vaccines, if that is standard practice, or if planning to hold longer
than 24-48 hours (VEWT, Flu, Rhino). As combining vaccines could create
antigenic competition within the immune system, additional observation of the
animals will be required.

Release into holding pen where recapture into chute would be possible if
necessary. Observe for 30 minutes for allergic reactions to inoculations.

Mares could be released into herd or range within one hour of inoculations in
chute. Incidence of injection site abscess should be very low and not necessitate
holding for 3-4 days to observe. Complications from prolonged confinement
would be higher than the expected complication rate from abscess formation.

b. Immunocontraceptive Inoculations - Equipment Requirements:

(1)

(2)
(3

(4)

(5)

(6)

(7)

(8)
9)

(10)

(11)

(12)

Marking equipment to be decided based on monitoring plan (freeze branding
probably best).

18 g, 1 inch disposable, hypodermic needles, 2-3 per horse (not to be reused).
1-20 cc syringe and 1-60 cc syringe per horse (possible reuse).

Simple cleaning equipment (brushes, etc.) to remove gross contamination for
injection sites.

PZPvaccine requires being frozen until the day of us, and then it must be refrigerated
It should not be refrozen.

Injection jab poles could be helpful depending on chute arrangement.

Long acting penicillin - Benzathine Penicillin - 50-70 cc per horse. (Needs
refrigeration until within 48 hours of administration and should not be exposed to
extreme heat.)

PZP vaccine - 1 per horse, with 10-20% extra supply.

Other vaccines as warranted by standard procedures.

Squeeze chute and temporary holding facility - necessary only for 30-60 minutes
post injection.

Standard emergency veterinary medical supplies need to be on hand in case of
need, including additional antibiotics, medications for shock and allergic
anaphylactic reactions, supplies for treating wounds and other traumas, short
acting tranquilizer or anesthesia drugs, and euthanasia solution. Routine mobile
veterinary unit should be sufficient.

Portable lab would be helpful, but not absolutely necessary.

c. Immunocontraceptive Inoculations - Personnel Requirements:

(1)
(2)

(3)

Horse handlers as needed.
One veterinarian on site as supervisor and in case of emergency need.
One or two assistants, thoroughly instructed by veterinarian in administering

agents properly. Licensed veterinarian technician would be advisable, but not
required.
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(4) One BLM supervisor to oversee all treatment procedures to assure standard
technique, proper protocol and safety.

(5) Consideration might be given to having volunteers or BLM personnel with simple
video cameras to record all activities to verify humane treatment and application

of procedures.
2. Analysis :
The following analyzes the positive and negative aspects of immunocontraception:
a. Positive
(1) Low additional cost. There would be no additional costs associated with

specialized field equipment.

(2) Little additional animal handling. The capture process already requires the aging
and sexing of captured animals at the trap site. Injections would be conducted
during this process.

(3) Little increase in animal stress. The current capture procedures would be
followed and the animals injected with the agent.

(4) Reversible and self-correcting. The treatments are easily reversible through
natural reproduction and discontinuation of the treatments. The animals would
not need to be captured or handled to reverse the process.

(5) No increased time requirement. The animals would not have to be held for
observation following treatment. The animals would only be held until completion
of the gather. This would reduce treatment cost and animal stress.

b. Negative

(1) Short term. For the treatment to be successful, it currently must be repeated
every year with two injections spaced 14-21 days apart. Future developments may
improve this situation.

(2) Increased medical waste. The operations will result in medical waste which will
require proper disposal. Gathers conducted in remote portions of Nevada will not
have immediate access to medical facilities where the waste may be properly
disposed of, necessitating prescriptive measures for storage until proper disposal
can be ensured.

(3) Impacts to population dynamics. The effect of immunocontraception on large
percentages of wild horse populations could have a detrimental affect on the
social structure of the herd. Band formation and integrity may be affected and
contrary reproductive roles may be induced.

(4) Increased specialized labor. Inoculations would be given by a veterinarian or a
trained technician. This will increase costs.

(5) Increased equipment. Storage of the inoculant will require special handling.
(6) Current technology requires that a booster shot be administered 14-21 days after

the initial inoculations. This requires holding the animals for an extended
period of time and exposing them to communicable diseases




IV. RECOMMENDATIONS

Each alternative has its own merits and limitations. These merits may make each alternative ideal in
certain situations and less applicable in others. The committee was in agreement that the recommended
alternatives are based on available technology and that no alternatives should be excluded from future
consideration. As technology improves, other alternatives may become more desirable. The committee's
recommendation is divided into two categories. The first category is General Recommendations which
would be applicable for future management actions. The second category is Specific Recommendations
which are particular to research/management studies which will be conducted in the Antelope/Antelope
Valley Herd Management Areas.

A. GENERAL RECOMMENDATIONS

1,

Selective Removals

a. Selective removals targeting age or sex specific attributes should be considered as
a standard management action for all gathers.

b. Combining age and sex specific removals is not recommended.

C. The age classes targeted in age specific removals should be determined through
population modelling and not be limited solely to adoptability criteria.

d. Selective removals may be used as a singular technique or in conjunction with anti-
fertility drugs in fertility control management.

Fertility Control Practices

a. Utilize immunocontraception (PZP vaccine) for implementation in a pilot project
and for initial management considerations.

b, Continue to review literature and research alternative forms of
immunocontraception.

C. Fertility control practices which do not require surgical procedures are

preferred. Fertility control practices which require surgical procedures should
be considered if they can be implemented humanely and cost effectively.

d. Review and reconsider sterilization and implant alternatives as technology
improves or if technology would provide for non-surgical procedures.

e. Mark animals treated with anti-fertility agents to facilitate following them
throughout their life cycle.

£ Review these recommendations on a yearly basis and determine if revisions are
required. Revisions would be prompted by changes in technology.

Combine both selective removals and immunocontraception as a management -
strategy.

B. SPECIFIC RECOMMENDATIONS

13

Conduct selective removals based on either age or sex specific criteria.

a. Do not mix both age and sex specific selective removals.
b. The combination of both types of selective removal would confound research
analysis.
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2. Utilize immunocontraception for the pilot project research/management study.
a. If one-shot vaccine is available, conduct study on an HMA-wide basis.

b. If one-shot vaccine is not available, conduct research on a portion of the
population. Base the portion to be treated on research requirements and ability
to safely hold animals for 14-21 days.

c. Utilize control animals injected with saline solution and located within the same
areas as those animals treated with anti-fertility antigens.

d. When possible, conduct necropsy on all animals which have received anti-fertility
treatments or control treatments and die during the study.

e. The committee recommends that additional funding be provided to perpetuate
the proposed pilot project for two additional years and expand the study scope to
include additional treatment locations.

V. GROUP TWO SUB-TASK DESCRIPTION: PROCEDURES FOR MONITORING,
EVALUATION AND TRACKING

Develop procedures for monitoring, evaluation and tracking of selective removals and fertility control
projects.

VI. DISCUSSION

The task group identified that well defined guidelines and procedures would need to be developed for field
use in implementing any fertility control actions. In discussing these guidelines and procedures, certain
issues and/or constraints were identified: The following are constraints: safe and humane treatment of
the animals; minimal handling; providing the type of observation which reduces animal stress; and
minimizing permanent long lasting negative impacts from fertility control, monitoring and tracking
guidelines and procedures. Additional issues and/or constraints are as follows:

A Consider interactive HMAs as one for monitoring, tracking and evaluation.

B. Provide for placement of the treated animals back into the HMAs, with minimum impact to herd
integrity (animals must be released at the same area from which they were removed).

c. Monitoring animal condition for possible infection of other animals, upon return to the HMAs.

D, Provide for security for the animals within the HMAs after treatment.

E. Availability of money and equipment is needed after treatment for follow up monitoring, tracking

and evaluation.

', Existing Military Operations Areas (MOAs) and restricted airspace will constrain aerial observa-
tions. .

G. The ability is needed to mark treated animals for long term identification, while minimizing
stress from handling.

H. Inclement weather can have an effect on follow up actions.

L. Marked animals need to be visible from the ground and the air.

dJ. Aerial and ground observations during the foaling season may cause additional stress to
the animals.
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K. Habitat condition can have an effect on the results of the fertility control project (i.e.,
drought, ecological status).

L. Selective removals (skewing age distribution) may have effects on the results of other fertility
treatments.

These issues and/or constraints must be taken into consideration when selecting the chosen procedures

for monitoring, tracking and evaluation of the fertility control projects. This would then allow evaluation

of the results for future applications.

VII. OPTIONS/ANALYSIS

This task is broken down into three parts: monitoring, tracking and evaluation. Monitoring will evaluate
habitat condition, the condition of the animal upon release back to the public lands, and continued
monitoring of the animal for the effects of the fertility treatment, with the primary purpose of determining
changes from baseline data in animals and herds alike. Tracking will provide the ability to relocate marked,
treated animals for identification at a later date while monitoring. Evaluation will compare the results from
the fertility study to each individual HMA's baseline data.

To adequately conduct an evaluation at the end of the fertility studies, sufficient data must be collected
and/or documented as baseline data. This baseline data can then be compared to subsequent data
collected after the implementation of the study. Therefore, the following information must be collected
and/or documented as each HMA's baseline data for future reference.
Required HMA Baseline Data (standard in Nevada):
A. Condition of animals.

1. Physical condition.

(i.e., weight, fleshiness, coat, stress)
2. Behavior.

3. Disease.

B. Band structure.
1. Size, composition, distribution and number of bands.

2. Historical band characteristics.

8 Age structure at time of capture (adults to foals).

D. Recruitment rates.

E. Seasonal movement patterns and interaction between HMAs.
B Grazing habits.

G. Habitat condition.

H. Total number of animals in population.

-

Additional data and/or studies available or determined required for each individual HMA (i.e.,
ingress/egress; where possible band intermixing; genetic studies; social behavior; etc.).

The following are the proposed methodologies for monitoring, tracking and evaluation of population control
alternatives. Activity plans must be developed or amended to incorporate these methodologies.
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SELECTIVE REMOVALS, FERTILITY CONTROL TREATMENTS
(sterilization, steroid implants, immunocontraception)

A. Monitoring.
1. Short-term monitoring for condition of animals upon release.

Minimum standards will be to monitor a horse's condition by ground and/or air within 24 hours
of their release. Aerial observation should be scheduled for no later than 72 hours after release to
assure no animals are trapped on a fence or other obstacle, or are without access to water. Ifneeded,
ground checks following the aerial observations should be used. The collection of this data will be
used for a comparison to the baseline data elements for the HMA.

Each district must conduct advance coordination with the military for activities within Military
Operations Areas (MOAs). Planned aerial flights will resume as soon as possible after aviation
restrictions are revoked by the military. Sufficient ground observations must be completed to
substitute for the lack of aerial observations during restrictions.

2. Long-term Monitoring for effects of the population control on the animals.

a. Aerial and ground observation will be conducted on a yearlong basis to collect
monitoring data related to the baseline data elements. This may include a census
flight after each foaling season to collect monitoring data on recruitment rates, age
structure (adult-yearling-foal), seasonal movement patterns, and grazing habits.
Foal count after the foaling season and then again before the next foaling season will
provide foal survival information.

b. Collect those additional studies determined to be necessary for each individual HMA
(i.e., ingress/egress; where possible band intermixing; genetic study; social
behavior).

C. The pilot project will establish a monitoring program which will be dictated by the

specific objectives of the research and the project duration. At a minimum, long-
term monitoring will follow those criteria stated above.

B. Tracking
1. Temporary marking.

Animals held and removed from the trap site must be marked to assure their return back to
the capture site. This will be done through temporary marking using grease pencil, paint, etc.
Type of marking would depend on their length of stay in a holdingfacility.

2. Permanent marking.
a. Visible from the field.

(1) Freezemark. Marking must be large and placed on the animal where readily
visible (i.e., hip). The symbols and location used for the freezemark should tie to
specific information required for evaluating each group of treated animals.
Information provided in the freezemark should include age, sex, treatment, herd
area or other information pertinent to a specific treatment group. The specific
freezemark used will be determined for the treatment, the type of data to be
represented by the mark, the duration of the study, and proximity to other study
areas. The freezemarks used will be specific to each study group to avoid
confusion from potential mixing from other study areas. Figure 1 identifies
potential freezemark agpplications.

(2) Collars. Readily visible, but need to be fitted properly (neither too snug nor too
loose).
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(3) Telemetry. These could be implanted using microchips or using a properly fitted
collar.

b Visible only by recapture. Freezemark. Marking must be smaller and/or placed
on the animal (i.e., neck) where easily viewable only upon recapture. The symbols
and location used for the freezemark should tie to specific information required
for evaluating each group of treated animals. Information provided in the
freezemark should include age, sex, treatment, herd area or other information
individual to a specific treatment group.

C. Combination of the above.

FIGURE 1
Potential freezebrand marks for fertility control study animals.

Freezemarking

All treated animals will be branded high on their left hip and all control animals will be branded high on
their right hip. The following are examples of the freezemarks for each potential treatment:

Immuno-contraceptive* (female) Hormone Implant (female)
Us Age u.s. Age Treatment
I | 91 | | 91 H
Sterilization (female) Sterilization (male)**
U.S. Age  Treatment u.s. Age Treatment

I I 91 s I | 91 Q
*Animals treated with immuno-contraceptives will be branded with only the U.S. ownership symbol

and their date of birth.
**Assumes that only sterilization will be used on males.

C. Evaluation

i IS General. The evaluation of each population control project must be designed to
determine the success or failure of the project. Therefore, the success parameters
or objectives to be accomplished must be defined initially within the activity plan
(i.e., limit the recruitment rate within the Antelope/Antelope Valley HMAs to < 10%
within the next two years). There are three primary parts of the evaluation.

a. Evaluate the selective removal/fertility control results. Compare the HMA
population dynamics (i.e., age structure, foaling rates, recruitment rates,
death loss, etc.) before and after implementation.

b. Evaluate the effects of the capture and release/fertility control on the
animal's condition, general health, behavioral patterns, and social
structures.

s Evaluate the effects of environmental conditions upon the selective

removal/fertility. control results (i.e., drought, habitat condition, diet, etc.).
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2. Standardization. All individuals involved in the project should understand
methodology of not only data collection, but analysis. Applied methodology must
be consistent throughout the project (i.e., actual census vs. modeling). This
should be standardized for future use by each district. When available,
manuals, regulations and existing guidance should be followed.

3. Selective removal/fertility control results.
a. Minimum baseline data to be collected should include: census recruitment
(rate of increase), age structure, foaling rates, and death loss.

b. Comparison of baseline data to post removal information.
(1) Foaling rate (if possible).
(2) Pre- and post-removal recruitment (rate of increase) comparison.
(3) Other information as required germane to a specific treatment group.

4. Effect of selective removal/fertility control on animals.

a. Minimum baseline data to be collected should include: animal condition, band
structure, grazing habits, and seasonal movement patterns.

b. Comparison of baseline data to post removal information.
(1) Physical - weight gain or loss, lethargy, illness, etc.
(2) Social - band structure, movement, relationship of mares to others in and
out of bands.
(3) Behavioral Patterns - grazing habits, seasonal movement patterns, etc.

5. Effects of environmental conditions on selective removal/fertility control results.

a. Minimum baseline data to be collected should include: habitat condition,
utilization levels, precipitation, water availability, and diet.

b. Determine if environmental factors affected the selective removal/fertility
control results. Compare baseline vegetative monitoring studies
(i.e., utilization levels, precipitation data, actual use and ecological status) to
post-implementation.

6. Success. Success will be measured against specific objectives defined within each
activity plan. Objectives must be measurable, realistic, and attainable within
established timeframes (i.e., recruitment rate and animal condition).

Vill. RECOMMENDATIONS

The options available for monitoring, evaluating and tracking are limited by the nature of the mission, the
amount of information and level of detail desired, and the availability of funding. To ensure a quality effort
in wild horse and burro fertility management, only those procedures which best fulfill the needs of each
monitoring, evaluating and tracking were proposed. The committee's recommendation is to accept those
procedures and guidelines as outlined in section VII. OPTIONS/ANALYSIS as presented.

IX. PERSONNEL AND TRAINING NEEDS

Implementation of a fertility control program will require animal management and monitoring practices
previously not experienced within the wild horse and burro program. As fertility control represents new
technology, additional knowledge and skills will be required of BLM personnel to transform research
concepts into management application. Additional time required for gather/treatment operations and
population monitoring of treated herds will usurp time from existing vegetation monitoring and censusing
prograims.
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As fertility management represents new technology, training and education programs will be required for
current wild horse and burro specialists. This will be coupled with recruiting additional specialists with
backgrounds diverse in animals science and population management skills.

A. Personnel Requirements

The current wild horse and burro staff is comprised of professionals with training and education in wildlife
management and/or rangeland management. Although these skills provide the foundation for interdis-
ciplinary wild horse and burro management, implementation of fertility management will require
additional skills. It is recommended that the BLM pursue the recruitment of individuals possessing the
following skills.

1. Animal Science
Fertility management will require a detailed knowledge of equine physiology,
nutritional requirements, reproductive physiology, and diseases.

2. Technicians
Increased handling of animals will require that personnel with skills in animals
restraint, application of nominal medical treatment, aging, and field
classification of animal condition.

B. Training Needs

In addition to maintaining the current skills of wild horse and burro staff professionals, additional train-
ing will be required to implement field operations associated with fertility management and to maximize
scarce time resources. Training for personnel involved in the pilot fertility project will be provided in late
summer 1992. Additional training on a statewide basis will be developed using knowledge acquired
during initial implementation of the pilot project. Training will be required for the following subjects.

1; Animal Management
a. Application of inoculations of vaccines and immunocontraceptives.
b. Handling of medical equipment. This will include the storage and safety

precautions of drugs and medical equipment and the safe disposal of all
medical waste.

e, Classification of animals' physical condition and identification of equine
diseases.

d. Aging of animals.

e: Freezebranding techniques and proper handling of freezebranding equipment.

i Animal handling and restraint.
2, Monitoring
a. Animal census and population dynamics monitoring techniques.
b. Habitat monitoring and data analysis techniques. This would include use

pattern mapping, ecological site inventorying, and trend study methodologies.
3. Fertility Management Techniques
Education of the various techniques available for fertility management with emphasis on immunocontra-

ception. Additional education would be provided regarding population modelling, herd dynamics and
HMAP development using fertility control and population modelling. ,
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X. RECOMMENDATION: ANTELOPE/ANTELOPE VALLEY HERD MANAGEMENT AREAS

The fertility control method recommended for use in the Antelope/Antelope Valley pilot project is a
combination of a selective removal and immunocontraception. The selective removal will be implemented
to attain appropriate management levels and will target removals at young, adoptable animals. Immuno-
contraception will be implemented to reduce the reproductive rate in the remaining population.

Immunocontraception will involve injecting a proportion (based on population modelling) of all mares in
the HMAs with a drug that requires one shot, if available. If a one shot drug is not available, one injection
will be given to a small sample of mares. These mares will be held in captivity for 2-3 weeks, will be given
a booster inoculation and then will be released. A proposal for implementing the pilot fertility project is
located in Appendix A.

Methodology for implementing, monitoring, tracking, and evaluation will follow all guidelines described
in the state-wide recommendation.
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The University of Nevada, Reno (UNR) is pleased to submit this
proposal for a pilot project to evaluate a novel, single-injection
contraceptive vaccine for fertility control in feral horses. Wild
horses and burros in Nevada represent a magnificent natural
resourse, but a resource that requires better management. We feel
that an immunologic approach to fertility control represents a
humane and cost effective way to manage wild horse and burro
populations on public lands in Nevada and elsewhere.

While a variety of potential population management approaches have
been discussed in the scientific community, the use of a zona
pellucida-based vaccine in mares is perhaps the approach with the
greatest present potential. 1In this proposed project, UNR will
subcontract with the Medical College of Ohio for the services of
Dr. John W. Turner and his colleagues Drs. Jay G. Kirkpatrick and
Irwin K.M. Liu, acknowledged experts in the preparation and use of
zona pellucida-based vaccines for fertility control. UNR will
serve an administrative role, and provide oversight on the project
through the following faculty committee:

Kenneth W. Hunter, Jr., Sc. D., Professor of Biology,
Associate Vice President for Research and Dean of the Graduate
School (Committee Chair)

Donald R. Hanks, D.V.M., Professor and Chair, School of
Veterinary Medicine

Richard C. Simmonds, D.V.M., M.S., Director, Laboratory Animal
Medicine

William G. Kvasnicka, D.V.M., Associate Professor of
Veterinary Medicine and Extension Veterinarian

Ronald S. Pardini, Ph. D., Professor of Biochemistry and
Associate Director, Nevada Agricultural Experiment Station

Duane L. Garner, Ph. D., Professor of Animal Science

This committee will meet periodically with the research team from
the Medical College of Ohio and the Nevada Bureau of Land
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INTRODUCTION

Feral horse management on western public lands is currently
confined to the removal of excess horses. While we are not
convinced that there is an actual overpopulation of horses in many
areas, Wwe recognize the need for improved, more effective
management of feral horse populations. The removal of horses as
the sole management effort, while seemingly effective at the time
of removal, does not prevent the subsequent growth of the remaining
population and insures that removal must continue year after year.
Indeed, there is evidence that the removal of horses actually
increases fecundity among those animals remaining behind and
accelerates the growth of the population (Kirkpatrick and Turner
1991). In other words, removal alone addresses only the symptom of
overpopulation (too many horses) and not the cause (reproduction).

An alternative approach is to limit reproduction, through some
form of fertility control (see reviews by Kirkpatrick and Turner
1985, 1991; Turner and Kirkpatrick 1991). Toward that goal we have
tested a contraceptive vaccine on feral horses which can limit the

number of foals born to free-roaming mares. The major
characteristics of this vaccine include (1) great effectiveness (>
95% effective), (2) remote delivery, which permits humane

non-capture administration of the vaccine, (3) relative low cost,
(4) no effects upon individual or social behavior of the target
animals, (5) no effects upon pregnancies already in progress at the
time of delivery, (6) reversible contraceptive action, and (7) no
passage of the vaccine through the food chain or into the
environment. These characteristics have been previously identified
as required for successful feral horse contraception (Turner and
Kirkpatrick 1986).

The vaccine, known as porcine (pig) zonae pellucidae, or PZP,
satisfies these criteria. The zona pellucida is a non-cellular
protein membrane which surrounds all mammalian eggs. In order for
fertilization to occur, sperm must first bind to this membrane
before they can penetrate the egg. The intramuscular injection of
PZP into mares causes them to produce antibodies against the pig
protein, but these antibodies also bind to the sperm attachment
sites on the mares' eggs, thereby preventing sperm attachment and
fertilization (for a review of the PZP vaccine see Paterson and
Aitken 1990). Because only fertilization has been blocked, there
are no hormonal manipulations which cause behavioral changes.
Indeed, immunized mares remain together in their social groups,
ovulate regularly during the breeding season, and permit mating
behavior by the herd stallion, and in general reflect the social
behavior of untreated feral horses (Kirkpatrick et al. 1990a).

This vaccine was originally tested on captive feral horses and
prevented pregnancies in 13 of 14 treated mares (Liu et al. 1989).
Following this, the vaccine was tested on free-roaming feral horses
managed by the National Park Service (Kirkpatrick et al. 1990a).
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The hallmarks of this first field test were successful remote
delivery by means of barbless darts fired from a capture gun, a
demonstration of the vaccine's effectiveness (no pregnancies among
26 treated mares vs. a 50% pregnancy rate among control mares),
reversibility, and a demonstration of its safety for use in animals
already pregnant at the time of inoculation. After four years of
treatment over 60 "mare years" (i.e., the number of mares treated
annually x the number of years treated) only a single foal has been
born. This approach to fertility control in feral horses has been
so effective that the National Park Service is already in the
process of designing a management program built around this vaccine
(personal communication, John Karish, Regional Scientist,
Mid-Atlantic region, National Park Service). The effectiveness and
safety of this contraceptive vaccine has been well documented and
our own research group has tested the vaccine on a variety of other
hoofstock, including white-tailed deer (Turner et al. 1992), sika,
samabar, axis and muntjac deer and Himalayan tahr (Bronx Zoo), and
West Caucasian tur (Toronto Zoo). Other investigators have
demonstrated the effectiveness of the vaccine in a wide variety of
non-human primates (Paterson and Aitken 1990) and even humans
(Sacco 1987). Currently the vaccine is a candidate for development
as a human contraceptive (Millar et al. 1989).

The vaccine has one major disadvantage at the present time.
During the first year of administration of the vaccine, the mare
must be inoculated twice, about three weeks apart. Contraceptive
protection for subsequent years requires only a single booster
inoculation (Kirkpatrick et al. 1992). Thus, the focus of current
research efforts is to develop a one-inoculation vaccine which will
permit one to two full years of contraception after a single
administration. Basically, this will involve incorporating
multiple doses of the PZP vaccine in a single inoculation in such
a way that there is an initial release of some of the vaccine after
injection and then a small but constant release of the remaining
vaccine, similar to the way Contac® cold capsules work. A pilot
study has already been carried out which has demonstrated the
effectiveness of a continual release of the vaccine. This study,
with domestic mares, employed a single injection followed by
placement of an implant under the skin, which released the vaccine
gradually over four weeks. Antibodies were produced in quantities
which cause contraception and indicate that a one-inoculation
sustained release system can be effective as a fertility inhibitor
(see Figure 1).
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Fig. 1. Effect of sustained-release PZP vaccination in
mares (Freya and Sable Lady) on anti-PZP antibody
production. Vaccination consisted of bolus injection of
65 ug PZP and Freunds Complete Adjuvant (0.5 cc) followed
by sustained PZP release (2.3 ug/day) over 28 days from
a subcutaneously implanted osmotic minipump (Alzet,
Inc.). Control (LaSense) received bolus PZP and Freund's
Complete Adjuvant, but no pump. Plasma antibody titers
are measured in optical density units. The lower limit
of contraceptive efficiency determined from previous

studies is 0.64 0.D.

With these encouraging data we have embarked upon the cinemical
engineering necessary to give us this same type of release pattern
in a single injection. This is a collaborative effort between the
Medical College of Ohio, Deaconess Research Institute, the
University of California at Davis, and The Humane Society of the
U.S.. The prototype timed-release preparation is already underway
and we expect to have an initial testing of it in domestic mares
completed by Fall of 1992. Additional funds are needed to complete
this study, and this is the first of three studies for which we are

requesting funding from your organization.




The second study for which we are requesting funding support
is the development of a two-year contraceptive capability with a
single injection. This will essentially involve an extension of
the technology for the annual single-injection vaccine described
above. It is obviously more time- and cost-efficient to deliver
vaccine every other year instead of annually. The timed-release
technology which is currently available must be evaluated for its
specific application to the PZP vaccine. This approach involves
formulating a single injection which contains the two-dose release
sequence for the first year and a single dose released 9-12 months
later for contraception during the second year. Long-term timed-
release such as this, employing a process called
microencapsulation, has been used for other applications (Eldridge
et al. 1989). The high potency of the vaccine in small amounts
makes it a very good candidate for permitting microencapsulation
and still allowing remote delivery.

While the two studies described above will be primarily
chemical engineering (with testing of antibody levels in domestic
mares), the true test of the vaccine will require a field study.
To accomplish this, the vaccine will be tested on free-roaming
feral horses in Nevada. This third study, for which we are
requesting funding, will be carried out in one or two herd areas
mutually agreed upon by our research group and the agency or
agencies appointed to make such decisions in Nevada. The field
trials will evaluate effectiveness of the vaccine by pregnancy
testing and foal counts. While remote delivery of vaccine in the
field by darting from helicopter or at water holes is certainly a
reasonable eventual goal, the proposed field trial will focus on
injection in the chute following gathering. This will permit
guarantee of scientific validity in terms of assured injection of
vaccine and individual animal identification. Other field trial
considerations such as cost, time, humaneness and safety will be
monitored. While it is possible that the chemical engineering of
the single-injection vaccine will be completed by Fall of 1992, we
cannot guarantee this. Therefore, we propose two possible
vaccination protocols for the 1992 gathering. If the single-shot
vaccine is complete at that time, one half of the mares will be
given a single injection and released while the remainder will be
injected, retained for 3 weeks, reinjected and released. If the
single-shot vaccine is not complete, then our current 2-injection
procedure will be used on all mares. The proposed protocol will
require maintaining horses in captivity for 3 weeks (without
handling), but will permit successful vaccination and maintained
flow of the project in the event that the single-injection
engineering is delayed in completion. Because the second study
(i.e., two-year capability) will probably not be complete by the
time the initial field applications are needed the proposed first
round of field testing will utilize only the prototype annual
single-injection vaccine or current two-injection procedure.

While this proposal is brief and to the point, it is important
in outlining crucial steps to enable large scale contraceptive
vaccination of feral horses. We feel it is necessary to point out
that the alternative available contraceptive technology - steroid
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hormone implants - does not represent current technology nor does
it satisfy basic criteria for humane treatment of animals. It is
not cost-effective, safety for use in pregnant animals is still a
gquestion, behavioral effects are unknown, and steroid use is not
likely to be permitted by the EPA because of possible environmental
and food-chain contamination.

RESEARCH PLAN
Rationale

The purpose of this proposed research is three-fold and
includes (1) development of a functional one-inoculation, one-year
PZP contraceptive vaccine which can be delivered remotely for the
regulation of free-roaming feral horses, (2) extension of that
engineering technology to produce a one-inoculation PZP vaccine
which will provide two-years of contraceptive protection, and (3)
field test of the vaccine on free-roaming feral horses inhabiting
public lands in Nevada.

Objectives

The specific objectives of this proposed research include the
following:

1 Development of the one-inoculation, one-year vaccine (in the
form of MICROSPHERES).

1a to determine if the PZP protein, or antigen, retains
immunological activity during preparation for
incorporation into microspheres,

2x to engineer a sustained-release formulation for a
one-inoculation PZP vaccine that will impart a full year
of contraceptive protection, i.e., microspheres,

., I to test the effectiveness of this one-inoculation,
one-year vaccine to produce antibodies in domestic
horses.

II. Development of a one-inoculation PZP vaccine which imparts two
years of contraceptive protection (in the form of

MICROCAPSULES) .
1. to determine whether the PZP antigen retains
immunological activity during preparation for

incorporation into microcapsules,

- i to engineer a timed-release, pulsed-release formulation
for a one-inoculation vaccine which will impart two-years
of contraception,

1 to test the effectiveness of the one inoculation,
multiple year PZP vaccine to produce antibodies in
domestic horses.




ITI. Remote field testing of the PZP vaccine in its current 2-
injection form or as a single-injection prototype on
free-roaming horses in Nevada. Note that additional field
trials will be needed to complete PZP vaccine testing, and
these will be addressed in a subsequent proposal.

Considerations in the development of a one-inoculation PZP vaccine

At the present time a minimum of two inoculations of the PZP
vaccine, given three weeks apart, are necessary for effective
contraception in horses. Despite the > 95% contraceptive
effectiveness of the vaccine, the need for two inoculations greatly
limits the usefulness of this approach for use in free-roaming
horses. Thus, the first goal of this proposed research is to
develop a method for delivering a single inoculation of PZP vaccine
which will result in an immediate release of some of the vaccine
antigen, and then a second release of the vaccine, either
continuously for a month or so or as a pulsed release about 3 weeks
later. Ideally, the one inoculation would also contain a third
dose of the vaccine which would be released about one year later,
thus resulting in contraceptive protection for two or more years.

There are two existing technologies which can immediately be
applied to the PZP vaccine to meet these goals. The first is to
bind the PZP antigen within an inert non-toxic polymer which, upon
injection, will release the antigen continuously but slowly over
some period of time. The chemical particles which contain the
antigen are referred to as microspheres. The second technology is
microencapsulation of the PZP antigen. This involves coating the
antigen with a non-toxic material which, after injection, erodes
away and also releases the antigen. Microcapsules differ from
microspheres in that they cause a sharp, timed, pulsed release of
the antigen rather than a sustained release (Maulding 1987).

The first timed-release approach involves the continuous,
controlled release of PZP antigen imbedded within a microsphere
matrix of poly (L-lactide) or copolymers of lactide and glycolide.
This approach has been used for the delivery of a large number of
drugs, including intramuscular and subdermal contraceptive agents,
cancer chemotherapeutics and vaccines (Cowsar et al. 1985; Linhardt
1989; Staas et al. 1991). This methodology initially appeared less
promising than microencapsulation (see below) because the process
causes a continuous release of the antigen rather than pulses, and-
continuous release might result in tolerance to the antigen rather
than production of high concentrations (titers) of antibodies.
However, our preliminary study of continuous release of PZP antigen
in mares (see page 4, Figure 1) has demonstrated that high titers
of antibody, well above the contraceptive threshold, can be
obtained by continuous release. These results make this approach
very attractive. Microsphere release of a common protein (bovine
serum albumin, or BSA) indicates that this process can duplicate
the release we achieved with the implant (see Figure 2). The two
real critical questions are whether or not the PZP protein will
withstand the chemical process required for incorporation into
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microspheres and whether microsphered PZP vaccine will work in
vivo.
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Figure 2. Release rates for bovine serum albumin from lactide
pellets.

The technology to produce a one-inoculation PZP vaccine by
microencapsulation also already exists. Several protein vaccines

have been microencapsulated for oral delivery in humans (Eldridge -

et al. 1989), and there is a high probability that the same thing
can be done for the intramuscular injection of PZP antigen. In the
microencapsulation process the protein antigen, PZP in this case,
is coated with a non-toxic polymer material, producing small
capsules about the size of talcum powder grains. Upon injection
into the animal the ccating begins to erode. When erosion is
complete, the PZP is released. We have previously used this very
technique - microencapsulation - to deliver contraceptive steroid
hormones to feral horses (see Kirkpatrick et al. 1982; Turner and
Kirkpatrick 1982; Turner and Kirkpatrick, 1991). Long-term release
rates for vaccines incorporated into microcapsules have been
reported to be maintained for up to 2 years (Staas et al., 1991)
and we expect that the same sort of sustained release can be
achieved with the PZP antigen. Once again, the two critical
questions are whether the antigen can withstand the chemical
process required for incorporation into microcapsules and whether
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the preparation works in vivo.

There are several laboratories which can microencapsulate
protein molecules. The most established microencapsulation
laboratories in the U.S. are Southern Research Institute
(Birmingham, AL), and Medisorb Technologies (Cincinnati, OH).
Their approach is to coat the protein antigen with a non-toxic
biodegradable coating (D,L-lactide and D,L-lactide co-glycolide)
which, on contact with tissue fluids breaks down into harmless
products such as carbon dioxide and lactic acid (Redding et al.
1988). When the coating erodes, the protein antigen is released
and stimulates the animal to produce antibodies which will bind to
its own zonae pellucidae, on its own eggs, and thereby block
fertilization.

Considerations for field tests of the one-inoculation vaccine:

Regardless of the success of the chemical engineering necessary to
develop the one-inoculation vaccine, the ultimate measure of
success in this project will be the effectiveness of inhibiting
fertility in PZP-treated free-roaming feral horses in Nevada.
Thus, the second major component of this project is to test the
one-inoculation vaccine under field conditions. This will involve
selection of an appropriate herd area in Nevada, gathering of
horses at the appropriate time administration of PZP vaccine or
placebo to identified mares in the field and monitoring of these
mares for pregnancy and foaling.
METHODS

STUDY 1
PZP Microsphere Development: This work will be performed under

subcontract, in the laboratory of R. Linhardt, at the University of
Iowa. Approximately 3.0 mg of PZP will be obtained from I.M.K.

Liu, at the University of California, Davis. The PZP will be
tested for its ability to withstand concentrating, lyophilization,
organic solvent exposure, desalting, and heat exposure. These

tests are necessary to determine if the PZP antigen can withstand
the actual chemical processes necessary for incorporation into
microspheres. Retention of the PZP's ability to raise antibodies
will be determined by a procedure known as western blot
electrophoresis, using PZP anti-horse antibodies already prepared
at U.C.-Davis, by M. Bernoco. If the PZP retains its ability to
raise antibodies, the next step is to actually incorporate 65 ug
doses of PZP, along with an appropriate adjuvant, into
microspheres. These microspheres will then be injected into 3
domestic horses, at the Equine Reproduction Laboratory at
U.C.-Davis. Periodic blood samples will be collected to determine
if the horses are raising antibodies against the microspheres.

Microsphere preparation and in vivo testing: If antibody titers
sufficient for contraception are obtained, the most promising
formulation will be prepared for injection into a larger number of
domestic horses. Preparation will be by R. Linhardt and associates
using procedures previously described (Wang et al., 1990, 1991).
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PZP release rates will be designed on the basis of previously
effective doses in horses, such that 65 ug is released initially
and 65-90 ug is released continuously thereafter over one month.
Also, Freund's Complete Adjuvant (FCA) will be used based on
previous success with this adjuvant in horses. Adjuvants are
compounds which, when given with a vaccine, cause the target
animals' immune systems to produce very high concentrations of
antibodies against the vaccine. A study is already underway which
is investigating the possible use of other adjuvants which have
minimal side effects and maximum antibody responses. This adjuvant
study, conducted by us and funded in part by the American
Association of Zoological Parks and Aquariums (AAZPA) will run
parallel to our research on a one-inoculation PZP vaccine and will
provide valuable information for identifying sound adjuvants for
use with the PZP vaccine in horses. The expanded horse study will
utilize domestic horses at the Equine Reproduction Laboratory at
U.C.-Davis, and will be supervised by Dr. I.K.M. Liu.

Study Design
Group 1 - Free PZP bolus and PZP microspheres + FCA (n=5)
Group 2 - PZP microspheres + FCA (n=5)
Group 3 - Empty (or BSA-loaded) microspheres + FCA (n=5)
Study Schedule

Immunization injection 6 weeks prior to onset of breeding
is preferred.

2 Blood sample prior to inoculation and monthly
post-inoculation for antibody titer measurement.

3. Fecal and/or urine samples prior to inoculation and
monthly post-inoculation to determine pregnancy. This
will be performed by J. F. Kirkpatrick, Deaconess
Research Institute, Billings, MT and will provide
information regarding contraceptive efficacy eight months
prior to expected foaling time, thereby permitting
maximum lead time for designing the next phase of the
research.

4. All mares will be placed with fertile stallions and the
above schedule of collections and tests will be carried
out until antibody titers drop below the contraceptive
threshold (previously determined by I.K.M. Liu et al.
(1989); all animals will be monitored for general health
and physical condition during the study.

Part of Study 1 is already underway as a collaborative effort
between The Humane Society of the U.S., the Medical College of
Ohio, Deaconess Research Institute, the University of California at
Davis, and the University of Iowa.
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STUDY 2

Two-year contraceptive vaccine with a single inoculation
(microencapsulation): This is primarily a chemical engineering
study and will involve subcontracting with one of several companies
(Southern Research Institute, Birmingham, AL; Medisorb
Technologies, 1Inc., Cincinnati, OH) to formulate the PZP
preparation according to the timed-release schedule we request.
Testing of antibody-stimulation characteristics will be performed
by I.K.M. Liu. Basically this research will follow the same steps
described above for the one-year microsphere inoculation, i.e., (1)
testing of the antigen for its ability to withstand the process of
microencapsulation, (2) incorporation of P2ZP antigen into
microcapsules designed to give a release one-month, and 10 months
after injection, and (3) in_ vivo testing of microcapsules in
domestic horses. Depending upon the start-up date, this projected
research will permit in vivo testing in domestic mares by Fall of
1992.

STUDY 3
Field study of one-inoculation PZP vaccine

- S8election of field site: A feral horse herd in Nevada will be
identified and agreed upon for field test of the PZP vaccine.
Selection will require mutual agreement by our research group, the
Bureau of Land Management and the State of Nevada. Selection
criteria will include (1) topography suitable for testing, (2) herd
size suitable for testing, (3) available background data regarding
fertility rates, mortality rates, and population dynamics which
will permit reasonable population modelling, and (4) available
logistical support (housing, transportation, etc.). The site
presently under most serious consideration is the combined herd
management areas of Antelope and Antelope Valley in eastern Nevada.
All agencies with regulatory authority over the test animals must
agree, in writing, that only horse gathers or removals associated
with the experimental design of this study will be conducted during
the course of these studies.

For the selected feral horse population several population
parameters must be established before treatment can begin. First,
the desired population effect must be determined. This can be
stated as a question; do we wish to achieve negative growth, zero
growth, or some predetermined low growth rate? Second, once the
desired population effect has been decided upon, we must determine
what percentage of sexually mature mares must be treated in order
to achieve the population effect, i.e., 60%, 70%, etc. Finally, we
suspect that there are differential fecundity rates among mares
with foals (yearlings at the time of treatment) and those without
foals. Recent evidence from feral horses in California (J. W.
Turner, unpublished data) and on a barrier island (Kirkpatrick and
Turner 1991) indicate that mares without foals are more likely to
be pregnant than those with foals and are less likely to become
pregnant the next year. In the herd or herds to be treated in the
proposed studies contraceptive treatment efforts will include as
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many mares with foals as possible. The determination of the
population goals, size of the target treatment population, and
which individual animals provide the best opportunity for
contraceptive success are the domain of population modelling (we
suggest Dr. Walt Conley, New Mexico State University, for this
input), and these parameters will be assessed before actual
treatment begins. As a first estimate regarding the Antelope
(n=468) and Antelope Valley (n=540) HMA's, based on discussion with
informed BLM personnel, an "n" of 100-140 mars in the 5-9 year age
group may be available for the study. Prior to beginning the field
test it must be demonstrated that the herd is in reasonably good
nutritional state, 2) the range is in fair to good forage condition
with reliable water availability and that adequate
gathering/holding capabilities exist to carry out the study.

Treatment Procedures: Gathering by bands is preferred to insure
family integrity. However, our experience has been that gathered
horses which have been separated from their bands and then released
back into their home range area have good probability of relocating
and rejoining their original band. Gathered females will be
individually identified by freeze-brand marking. Pregnancy can be
determined via urine sample testing on site (Roser and Lofstedt
1989) and injection of selected mares can be accomplished by jab-
stick in chutes, or blowpipes in the corrals.

PZP antigen for these field tests will be produced by I.K.M.
Liu, at U.C.-Davis. The PZP-loaded microspheres and/or
microcapsules will be formulated and produced by the appropriate
subcontractor (Linhardt, University of Iowa; Southern Research
Institute; Medisorb Technologies, Inc.). Delivery of PZP vaccine
to horses will be conducted/monitored by members of our research
group.

Only healthy mares (as determined by our research team
veterinarian) will be used in the study. Treatment of mares will
be done in a blind study initiated in fall/winter based on the
successful protocol developed in the course of the Assateague
Island studies. Pending availability of single-injection vaccine
and 140 mares for treatment, the following groups and numbers will
be included: 2-injection PZP (55), 2-injection placebo (15), 1-

injection PZP 956), 1l1l-injection placebo (15). The 2-injection
groups are essential in this study as a reference base with which
to compare the 1-injection preparation. As stated in the

Introduction section, Introduction section, if the 1-injection prep
is not available by the time the treatments must be done, all mares
will be given the 2-injection protocol. This will insure a viable
field trial of PZP vaccine in 1992. Observations will be made of
the horses during the ensuing breeding season in order to document
that social structure is intact and to determine if there ‘is any
significant change in behavior. Essentially we are interested in
whether or not harem groups are intact, whether mares are being
attended by the stallions, and whether mares are displaying
clinical signs of behavioral estrus. Additionally, a certain
number of treated mares with unique identifying markings will be
photographed for later identification. This will be important for
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determining the duration of contraceptive effects.

Although the initial test will utilize gathered horses and
direct injection of vaccine, an important consideration for vaccine
delivery in the future is remote darting. Therefore, preliminary
evaluation of this issue will be undertaken in the proposed
studies. Capture gun technology is designed primarily for
immobilizing animals, and not for remote delivery of drugs.
Modifications of equipment and techniques of delivery are required
to deliver drugs remotely to free-roaming animals and our
experience with feral horses on Assateague Island has provided a
great deal of experience in this drea. There are currently several
brands and models of capture guns and self-injecting darts which

can be considered candidates for this work. These include the
Pax-Arms rifle, Pneu-dart, Inc., and the Teleinject system.
Additionally, Dr. Lee Simmons, of the Omaha Zoo, can provide custom
capture rifles. Each of these instruments has advantages and

disadvantages and it is our intention, in the course of this study,
to evaluate all systems and seek appropriate modifications in order
to achieve the greatest success. It is important to remember that,
even when the one-inoculation vaccine is available, it will do
little good if we can't get it into the horses.

Pregnancy diagnosis: At the time of the gather (1992) blood/fecal
samples will be collected for pregnancy testing. Mares given 2-
injections of PZP will also be blood sampled at the time of 2nd
injection for antibody titer testing. Between August and November
(1993) following the breeding season urine and/or fecal samples
will be collected from a statistically valid sample of the treated
and untreated populations. The urine and fecal samples will be
collected as described by Kirkpatrick et al. (1988, 1991a), and
measured for pregnancy-dependent estrone conjugates and
non-specific progesterone metabolites as described by Kirkpatrick
et al. (1988, 1990b, 1991b). The establishment of pregnancy rates
is important because foaling rates do not always provide accurate
pictures of contraceptive effectiveness. Fetal loss and early foal
mortality (the latter witnessed by J. W. Turner among California
feral horses where foals are subject to 1lion predation) can
confound the measurement of contraceptive effectiveness; early
pregnancy determination can provide a more accurate picture. And,
while pregnancy detection is important, in Kkeeping with our
research group's concern for the safety and humane treatment of
horses, remote pregnancy testing is an integral part of a complete
hands-off approach to fertility control.

Experimental controls: Previous work with feral horses on
Assateague Island national Seashore has documented the lack of
contraceptive effects of placebo vaccination upon control animals.
However, the validity of the proposed field test will be insured by
including placebo controls for each type of treatment. The control
preps will consist of an emulsion of phosphate buffer solution and
Freund's adjuvant.

Treatment Evaluation: Field studies of contraception can be
~evaluated and measured for success or failure in different ways.
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Our approach is to document the- pharmacological success of
contraception. This will be accomplished by comparing pregnancy
and foaling rates among treated and untreated mares. This is a
major focus of the present proposal and will be carried out by our
research group. While it will wultimately be necessary to
understand what the effects of contraception may be upon the
population dynamics, this is beyond the scope of our proposed
studies. Nonetheless, the proposed field trial can provide the
beginning of a data base for population models to determine to what
degree immunocontraception may alter the demographic dynamics and
size of a feral horse herd.

Animal care: All research conducted in the course of this project
will be subject to review by the appropriate animal research
committees of the three institutions involved (Medical College of
Ohio, Deaconess Research Institute, and the University of
California at Davis), and will be conducted only after approval by
these committees. The regulations surrounding animal care
standards for wild or free-roaming species are not clear. However,
our group will apply the standards for domestic animals to the
treatment of all horses in this study, whether domestic or
free-roaming.

Education and public relations: Our research group's experience
with the highly visible and successful Assateague Island feral
horse contraception study has made it extremely clear that a
serious attempt must be made to keep the public informed and to
provide open and honest dialogue with the media. The Assateague
horses are the most visible - and perhaps most adored - feral
horses in North America, and embarking upon the immunocontraceptive
research project carried with it a certain amount of risk. In
order to keep the public informed at each step of the project, the
National Park Service conducted an extensive educational program.
This involved the print media, local and national network TV, and
on-site programs. After six years of research with this highly
visible herd, which has some 700,000 visitors come to view it each
year, there has been absolutely no public resistance and
overwhelming public support, including animal protection groups.
The key elements of this successful relationship with the public
were careful documentation of each step of the research and
willingness and efforts to share this information with the public.
It is our intention to do the same thing with this proposed
research. An experienced public relations expert will be retained
by the research team on a consulting basis, to design an
appropriate public relations program and to develop the necessary
materials for disseminating information. Our research group has
never killed or even seriously injured a horse in the course of 18
years of research; we are as proud of that as we are of our
contraceptive success. We feel that the public must be able to
view our work and the care we take if this approach to the control
of feral animal populations is to become accepted. No information
will be released without going through the consultant resource, who
must have approval of the research team scientists for any
information release.




INVESTIGATOR EXPERIENCE

The three investigators are Dr. John W. Turner, Jr.,
Department of Physiology and Biophysics, Medical College of Ohio,
Toledo, Dr. Jay F. Kirkpatrick, Deaconess Research Institute,
Billings, MT, and Dr. Irwin K. M. Liu, University of California,
Davis, and the collaborating agency is the Humane Society of the
U.S. Drs. Turner and Kirkpatrick have been involved in studies of
the biology of feral horses for 18 years. These studies have
focused on hormonal contraception and immunocontraception of both
stallions and mares and culminated in the successful
immunocontraception of the Assateague horses. Funding for these
projects have come from a variety of source but primarily from the
Department of the Interior, through the Bureau of Land Management
(Contract YA-512-CT) and the National Park Service (Contract
CA-1600-30005). In addition to contraceptive studies these two
investigators have also pioneered non-capture methodologies for
detecting pregnancy and monitoring ovarian function among
free-roaming feral horses in order to develop a complete
"hands-off" technology for the control of feral horse reproduction.
Both investigators will personally devote a significant portion of
their time to this project. Specifically, Dr. Turner will oversee
the chemical engineering of the one-inoculation vaccine and play a
significant role in designing and conducting the field testing of
the vaccine. Dr. Kirkpatrick will be in charge of remote pregnancy
detection, evaluation of vaccine delivery equipment, development of
the public relations program and will participate in field tests.
Together these investigators are responsible for 28 published
scientific articles relating to feral horse biology and
contraception, as well as numerous articles in the popular press.
Dr. I.M.K. Liu 1is an equine immunologist in the School of
Veterinary Medicine at U.C.-Davis. Dr. Liu was responsible for
originally determining that the PZP vaccine is effective in horses
and he has extensive experience testing this vaccine with feral
horses 1living on sanctuaries. He will be in charge of vaccine
production and antibody testing. All investigators will be present
for the gathering and treatment of horses. Academic credentials
and qualifications for the three co-investigators are provided in
the appendix.

PROJECT EVALUATION
The project will be evaluated periodically at several check

points, as well as at the conclusion. The check points, derived
from the stated goals include (1) in vivo testing of the

microsphere PZP vaccine (evaluation criteria = antibody
concentrations and pregnancy rates), (2) in vivo testing of the
microcapsule PZP vaccine (evaluation criteria = antibody

concentrations and pregnancy rates), (3) effectiveness in the field
of the vaccine delivered to feral horses percent of treated vs.
control mares which produce foals. All endpoint evaluations are
measurable and will result in data which can be tested for
significance.
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PROPOSED PROJECT BUDGET

SECTION I. UNIVERSITY OF NEVADA, RENO (UNR) BUDGET

A.

Personnel

Principal Investigator (K. Hunter) $5,831
(P.I. commitment to project is 5% of total time, plus 19%
fringe benefits)

Travel

Travel from university to study site via university $500
vehicle for P.I. and members of oversight committee

DIRECT COST TOTAL 86,331

INDIRECT COST TOTAL* 811,075

TOTAL UNR COSTS $17,406

includes indirect costs on first $25,000 of subcontract to
Medical College of Ohio

SECTION II. PROPOSED SUBCONTRACT BUDGET (MEDICAL COLLEGE OF OHIO)

PART I. Chemical Engineering (Microsphere/Microencapsulation)

Study
Personnel

Principal Investigator (J. Turner) €14,523.00
(P.I. commitment to this project is 20% of
full-time effort. Plus 34% fringe benefits)

Co-Principal Investigator (J. Kirkpatrick) $ 6,100.00
(Co-P.I. commitment to this project is 10% of
full-time effort. Plus 22% fringe benefits)

Research Associate $18,000.00
(Salary for preparation of PZP. 30% of full-
time
effort. Plus 34% fringe benefits)

Laboratory/Secretarial Assistance $14,472.00
(Part-time, $9/hr. X 24 hrs/wk (Medical
College of Ohio) x 40 wks, plus 34% fringe benefits)

Laboratory Technician . $16,080.00
(Part-time, $10/hr. X 30 hrs/wk X 40 wks,
plus 34% fringe benefits)

SUBTOTAL $69,175.00




B. Microsphere and Microcapsule Formulation and Testing

Viability testing of vaccine for the formulations $ 5,
Timed-release vaccine preparation $16,
Vaccine release characteristics testing $14,
In vivo testing of the timed-release vaccine $15}

000.00

000.00

000.00

000.00

SUBTOTAL $50,

C. Equipment

000.00

Dionex Pulsed Electrochemical Detector $ 7,900.00

and electrode for HPLC analysis of urine/feces

Reciprocal shaker for urine/fecal extractions $ 2,000.00

SUBTOTAL $ 9,900.00

D. Supplies

Supplies for PZP preparation, antibody monitoring,

blood collection, horse maintenance $ 5,800.00
E. Communications

Phone, fax, mailing, copying $ 1,600.00
F. Consultants

Public Relations Costs $ 6,000.00
G. Travel

Principal Investigator (J. Turner):

Toledo to site for microsphere preparation $ 900.00

Toledo to site for microencapsulation preparation $ 1,800.00

(2 trips)

Toledo to site for timed-release vaccine testing $ 900.00

in vivo

SUBTOTAL $ 17,000.00

DIRECT SUBCONTRACT COST SUM (PART I) $146,
MCO Indirect Costs (20% of above) $ 29,
TOTAL SUBCONTRACT COSTS (PART L) $175,

Part II. Field Trials Study

075.00
315.00

290.00

The costs of field trials will depend on the range site
selected. Since conditions and tactical support elements vary
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considerable from range to range, it is not possible to make a
reliable cost projection. However, there are some aspects of the
field trial costs which are fixed and an overall cost estimate can
be made, assuming up to 140 mares will be treated.

The following budget is divided into 2 parts. Section A shows
costs which will be provided to the Medical College of Ohio, and
Section B shows costs which will be covered within the operating
budget of the BLM.

Section A. (Costs Provided to MCO)

1. Personnel <costs for 2 field technicians
(students) to carry out the field monitoring
of the PZP-treated and placebo horses,
including urine/fecal sample collections for
pregnancy testing and behavioral monitoring.
Vehicles, fuel, and housing to be provided by
BLM.

$8.00/hr X 8 hr/day X 100 days X 2 persons $ 17,152.00
(plus 34% fringe benefits)

$15.00/person per diem X 100 days S 3,000.00
SUBTOTAL g 20,152.00
2 Equipment
a. Horse identification by videotape
has proven superior in our studies,
and we recommend that each
monitoring person have such
capability. Cost for freeze-frame
videocamera is about $1,500.
Sony TR-101 handycam $1,500 X 2 $ 3,000.00
b. Binoculars $200 X 2 S 400.00
- Spotting scope $300 X 2 S 600.00
SUBTOTAL $7 4,000.00
3. Supplies and communications, i.e., % 2,500.00

for sample collection and storage,
horse monitoring, phone and mailing

4. The cost of vaccine will depend on the results
of the Microsphere-Microencapsulation study
and on the number of horses to be treated. A
conservative estimate is $35/horse. If the
experimental phase 1is successful a larger
scale PZP preparation system will greatly
reduce the cost per horse.
Based on 110 mares treated plus 35 reserve doses.
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Estimated Subtotal $ 5,075.00

5. Cost of pregnancy testing will be
approximately $15.00 per sample including
shipping and assay and will be based on 140
mares (30 control and 110 experimental)
Estimated Subtotal $:2,100.00

SUBTOTAL $ 9,675.00
6. Travel

Travel by Turner, Kirkpatrick, ©Liu and
assistant to range site to perform
vaccinations. $ 3,000.00
Travel by Dr. Turner or Kirkpatrick to verify
foal counts and evaluate horse population in
study range. $ 2,000.00

Travel by 2 field technicians to range site. $ 2,000.00

SUBTOTAL $ 7,000.00
Total Direct Costs for Section A. $40,827.00
MCO Indirect Costs (20%) $ 8,165.00
Total Costs for Section A. $48,992.00

Section B. (Costs Covered Directly by BLM)

1. All helicopter costs: for initial
observations of range, gathers of horses for
PZP treatment and post-treatment monitoring
(including flyovers for horses identifications
and foal counts).

- All equipment, supplies and personnel costs
for gathering of horses and maintenance of
captive horses, including corrals, freeze-
branding, disease testing, veterinary care,
feed, water/feed transport.

3 - Provision of 4 X 4 vehicles and fuel for all
research activities during the field trial.

PROJECT BUDGET SUMMARY
University of Nevada, Reno Costs $17,406
Subcontract Costs (Medical College of Ohio) 224,282

Total Project Costs $241,688
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Symposium: Developments in Biosensor Technology, July 25, 1988, New Orleans, LA.
Presentation entitled, "Capacitive Affinity Sensors: Multi-Purpose Biosensors".

International Biosensors ’88 Symposium, August 22-23, 1988, Washington, D.C.
Presentation entitled, "Commercializing Biosensors: The Transition from the Research
Laboratory to the Marketplace”.

American Society of Clinical Pathologists/College of American Pathologists Spring Meeting,
March 11-16, 1989, Chicago, IL. Symposium on Biosensors in the Practice of Medicine,
presentation entitled, "Classification and Evolution”.

International Biosensors '89 Symposium, October 16-17, 1989, New Orleans, LA,
Presentation entitled, "Identifying Market Niches for Biosensors".

American Society of Clinical Pathologists/College of American Pathologists Fall Meeting,
October 28-November 3, 1989, Washington, D.C. Symposium on Biosensors in the Practice
of Medicine, presentation entitled, "Classification and Evolution".

American Society of Clinical Pathologists/College of American Pathologists Fall Meeting,

October 20-24, 1990, Dallas, TX. Symposium on Biosensors in the Practice of Medicine,
presentation entitled, "Classification and Evolution”.
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