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SUMMARY 
 

The Humane Society of the United States (The HSUS) proposes a partnership with the National 

Park Service (NPS) to conduct a 5-year pilot project to determine the effectiveness of the porcine 

zona pellucida (PZP) contraceptive vaccine for managing the white-tailed deer (Odocoileus 

virginianus) population at Rock Creek Park. The goals of the study will be to test the safety, 

effectiveness, and field suitability of using a one-shot, multi-year vaccine for controlling an 

urban white-tailed deer population on the landscape management level. The vaccine to be tested 

is a lower-cost, pressure-molded (PM) timed-release PZP pellet preparation modified from one 

that has demonstrated long-term effectiveness in both wild horses (Equus caballus) and white-

tailed deer.  

 

The study will begin in November 2010 with the application of distance-sampling methods to 

estimate deer population density and composition at Rock Creek Park. Capture, tagging, and PZP 

treatment of female deer at Rock Creek Park will begin in February 2011. Up to 40 female deer 

(or 30% of the estimated female deer population) will be captured in the initial year of the study 

with additional deer captured in future years. Treated deer may be monitored for up to 5 years. 

Pregnancy will be assessed via udder observations of tagged does in the field each year from 

May through August. The vaccine preparation will be evaluated for safety, effectiveness, 

longevity, ease of use, and cost. The success of population control efforts will be measured via 

annual distance sampling procedures that produce data on changes in deer population density and 

herd composition at Rock Creek Park.
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BACKGROUND 

Changes in land use, active reintroduction programs, and tight restrictions on hunting and 

trapping allowed white-tailed deer (Odocoileus virginianus) and some other wildlife species to 

recover from near-extirpation, and proliferate throughout much of North America (Tober, 1981; 

Gilbert and Dodds, 1992). While the recovery of white-tailed deer was highly desirable, in some 

cases their proliferation has had serious ecological, economic, and social consequences (Conover 

et al., 1995). For example, conflicts with white-tailed deer have become commonplace in urban 

and suburban areas throughout the eastern and Midwestern United States. These conflicts include 

damage to ornamental plantings, deer-vehicle collisions, and undesirable ecological impacts on 

natural areas.  

In cities and suburbs, managing deer conflicts poses special challenges. Although a variety of 

techniques exist for mitigating these conflicts, the public often views deer population control as 

an essential component of a comprehensive deer conflict resolution program. However, intensive 

development, local ordinances banning the use of firearms, and public sympathy for animals may 

discourage the use of hunting and other lethal management techniques in some communities 

(McAninch, 1995; DeNicola et al., 2000).  In these circumstances, public opinion sometimes 

favors the use of contraceptives to control deer populations (Stout et al., 1997). 

Immunocontraception has proven to be a promising approach to deer population control in cities, 

towns, suburbs, and heavily used parks (Naugle et al. 2002; Rutberg et al. 2004 – Biological 

Conservation 116:243-250). The porcine zona pellucida (PZP) vaccine in particular has been 

tested for safety, effectiveness, and ease of delivery on deer under field conditions by several 

research groups (McShea et al., 1997; Miller et al. 2001; Curtis et al., 2002; Fraker et al. 2002; 

Naugle et al. 2002).  In these studies, PZP reduced pregnancy rates in treated animals by 50 - 

100%.  PZP can be delivered effectively by hand injection or remotely, via dart fired from a 

blowpipe, CO2 pistol, or dart rifle (Kreeger, 1997).  Only minimal side effects have been 

reported, the most notable being the extension of the breeding season and subsequent production 

of late fawns by white-tailed deer treated with multi-shot vaccines (McShea et al., 1997). 
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Ongoing pregnancies are not affected by PZP vaccinations (Thiele, 1999; Kirkpatrick and 

Turner, 2002).  

To date, data on population stabilization or reduction through immunocontraception has been 

published for one wild horse herd (Assateague Island National Seashore, Maryland; Turner and 

Kirkpatrick, 2002) and two suburban populations of white-tailed deer (Fire Island National 

Seashore, New York, National Institute of Standards and Technology, Maryland; Naugle et al. 

2002; Rutberg et al. 2004; Rutberg & Naugle 2008 Wildlife Research 35:494-501).   

Reducing the costs of vaccine and the frequency of capturing, treating and re-boosting deer are 

the keys to making immunocontraception a more cost-effective management tool. Although the 

two previously cited deer studies have shown that the PZP vaccine dramatically reduces 

pregnancy rates in treated female white-tailed deer, and can stabilize and gradually reduce deer 

populations, these PZP studies on free-ranging white-tailed deer employed and tested vaccines 

that require two initial shots and annual boosters to achieve full effectiveness (Turner et al. 1992; 

Naugle et al. 2002; Rutberg et al. 2004; Rutberg & Naugle 2008.) The need for repeat treatments 

significantly increases stress on treated animals, poses technical and logistical challenges, and 

limits the scope of potential management applications. Consequently, long-acting effectiveness 

with a single shot is extremely desirable for management purposes (Hobbs et al. 2000). 

The most promising technology for single-shot effectiveness that has emerged in recent years 

involves an emulsion of PZP primer and modified Freund’s Complete Adjuvant (mFCA) plus 

PZP incorporated into three heat-extruded (HE) lactide-glycolide pellets engineered to be 

released at one, three, and 12 months. This vaccine preparation produces single-treatment, multi-

year contraceptive effectiveness in wild horses; recent studies indicate that the vaccine is 

comparably effective in  white-tailed deer (Turner et al. 2007; Turner et al. 2008; Rutberg & 

Naugle 2009, unpublished).   

 

Given the development of safe and effective multi-year vaccines, the remaining technical issues 

involve cost and methods of field delivery.  Dr. John W. Turner, Jr., at University of Toledo, 

Ohio, recently developed a pressure-molding (PM) technique for manufacturing pellets that 
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reduces PZP wastage (and costs) by 1/3 or more relative to the heat-extruded (HE) pellets. 

Preliminary tests have been promising. In vitro tests of vaccine release rates in PM pellets 

indicate that they are similar to those of HE pellets. Anti-PZP antibody titers of one- and three-

month PM pellets closely matched those of HE pellets in captive wild horses over a ten-month 

period. Adding to potential savings, reducing the amount of PZP in the one- and three-month 

pellets by 50% had no impact on horse antibody titers.  

Costs could also be reduced by remote delivery of such multi-year vaccines, targeting either 

untagged, naïve animals for initial vaccinations, or previously tagged and treated animals for 

boosters.  To that end, prototypes of Pneu-dart® and Palmer darts that deliver the pellets and 

emulsion directly were recently tested on free-ranging deer at Fripp Island, SC.  Both prototypes 

hit the deer, discharged, and fell out after a fraction of a section, delivering what appeared to be 

very successful injections, although ultimate proof of effectiveness will be found in the 

contraceptive efficacy of the vaccinations.  

 

PROPOSED PILOT PROJECT 

 

The proposed pilot project would test the safety, effectiveness, and field suitability of using these 

newly developed PM pellets as one-shot, multi-year vaccines for controlling an urban white-

tailed deer population on the landscape management level at Rock Creek Park (Appendix 1- 

PROJECT SITE, see page 10). The project design would also allow us to compare the 

effectiveness of PM pellets to existing data on the effectiveness of HE pellets. 

 

PROJECT DESIGN 

 

The project has two goals.  The first is to evaluate the safety, efficacy, duration, and ease-of-use 

of the one-shot pressure-molded (PM) time-release PZP pellet vaccine preparations. The second 

is to examine the effectiveness of the one-shot vaccine as a management tool for white-tailed 

deer at Rock Creek Park.  It is estimated that it will take five years to attain these goals.  
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Initially, adult female deer will be captured in winter by chemical immobilization, then ear-

tagged and treated with a hand injection of PZP/modified Freund’s Complete Adjuvant (FCA) 

primers plus three half-dose PM time-release pellets engineered to release at 1, 3 and 12 months. 

(Appendix 2 – METHODS, see page 13).  These animals will be monitored for udders and fawns 

during the spring and summer following treatment (when no effect on fertility would be 

expected) and for at least 5 more years.  

 

To increase the reliability, improve the statistical power of the project results and maximize 

population impact, we will capture as many adult females as possible during the February-March 

field season each study year. We estimate that a maximum of 30-40 females will be added to the 

study each year.   

 

We also propose, in the fall of 2013, to administer booster injections to previously tagged and 

treated deer using remote delivery of PM pellets and an emulsion of PZP/mFCA. These 

injections will provide additional data on vaccine longevity after multiple treatments, and 

contribute to sustained population-level contraceptive effects. 

 

The principal measures of vaccine effectiveness as a population management tool will be 

changes in population fawning rate and population density. Population attributes at Rock Creek 

Park will be compared to initial estimates of population density and herd composition at Rock 

Creek Park obtained prior to any capture or vaccination of deer.  To assess management 

applicability, effort and cost of vaccination efforts will also be tracked. 

 

PROJECT SUPPORT 

 
The proposed partnership between the HSUS and the NPS would require both parties to support 

the proposed project with funds, in-kind contributions, and/or human resources. As shown on the 

Proposed Budget (see page 9), the HSUS will contribute a total of $91,500 to the project over the 

span of the five year project with the NPS matching the amount through direct funds, or in lieu 
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of funds, through in-kind contributions (i.e. including, but not limited to, labor costs and the use 

and maintenance of existing on-site equipment to perform tasks associated with the project.)  

 

In addition, the NPS will need to provide personnel to assist the HSUS personnel and consultants 

with population surveys and capture/treatment operations, and as such, any related costs would 

be applied to the NPS’ annual contribution to the proposed project.  

 

REGULATORY APPROVALS 

 

Most of the study methods described here as well as the general research strategy have been 

previously reviewed by the FDA under INAD #8840.  However, with the transfer of principal 

jurisdiction for contraception of free-ranging wildlife from the FDA to the EPA, HSUS will seek 

further authorization under an EPA Experimental Use permit under FIFRA. 

 

The protocol will also be reviewed by the Institutional Animal Care and Use Committee at the 

Tufts University Cummings School of Veterinary Medicine. 

 

REPORTING AND CONSULTATION 

 

The principal investigators will provide the Rock Creek Park administrators with annual reports 

for the duration of the study. Each report will describe project activities and report significant 

findings, including data on vaccine effectiveness, treatment effort, and reproductive rates in 

treated and untreated animals, as well as other significant observations. Following the issuance 

of the annual report, the investigators will meet with Rock Creek Park administrators to discuss 

the research plan for the following year. Representatives of Rock Creek Park and other parties 

with a direct interest in the research will be welcome to observe field activities, subject to 

reasonable restrictions regarding safety, notification, non-interference, and appropriateness. 
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Publishable findings will be prepared and submitted for publication in refereed scientific 

journals. We will also work with Rock Creek Park to provide the public with timely, reliable 

information on the goals, methods, progress, and findings of the study. 

 
 
 
 
PROPOSED SCHEDULE 
 
July-August 2010 Submission of proposals to EPA and NPS; negotiation of 

funding, and solicitation of outside funds if needed. 
 

November 2010 Conduct initial population survey at Rock Creek Park. 

February-March 2011 Capture, ear-tagging, and treatment of does 
 

May-August 2011 Fawn-doe-udder observations and fawn counts 
 

November 2011 Conduct second population survey and fawn count at Rock 
Creek Park. 
 

February-March 2012 Deer capture, ear-tagging, and treatment of does 
 
 

May-August 2012 Fawn-doe-udder observations and fawn counts. 
 

November 2012 Third population and fawn count. 
 

February-March 2013 
 

Capture, ear-tagging, treatment of remaining untagged does
 

May-August 2013 Fawn-doe-udder observations and fawn counts. 
 

August 2013  Delivery of remote boosters to surviving tagged deer 

November 2013 Fourth population and fawn count 

February-March 2014 
 

Capture, ear-tagging, treatment of remaining untagged does
 

May-August 2014 Fawn-doe-udder observations and fawn counts. 
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August 2014 Delivery of remote boosters to surviving tagged deer 

November 2014 Fifth population and fawn count 

May-August 2015 Fawn-doe-udder observations and fawn counts. 

 
November 2015 

 
Sixth and final population and fawn count 

 

 

PROPOSED BUDGET 

Category 
 

FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 Totals 

Equipment and Supplies 

 

$7,000 $4,000 $4,000 $4,000 $4,000 $23,000 

Vaccine and Adjuvant 
 

$4,000 $4,000 $4,000 $4,000 $4,000 $20,000 

Onsite Travel  
 

$1,000 $1,000 $1,000 $1,000 $1,000 $5,000 

Population Survey/Consultant 
 

$11,00 $11,000 $11,000 $11,000 $11,000 $55,000 

SUBTOTAL, DIRECT 
EXPENSES 
 

$20,000 $20,000 $20,000 $20,000 $20,000 $103,000 

HSUS salary & benefits for 
field and support work  
 

$9,000 $9,000 $9,000 $9,000 $9,000 $45,000 

Tufts salary & benefits for 
scientific support, permit and 
report preparation  
 

$7,000 $7,000 $7,000 $7,000 $7,000 $35,000 

SUBTOTAL, SALARIES 

 

$16,000 $16,000 $16,000 $16,000 $16,000 $80,000 

GRAND TOTAL COSTS 

 

$36,000 $36,000 $36,000 $36,000 $36,000 $183,000 

HSUS CONTRIBUTION 

 

$18,300 $18,300 $18,300 $18,300 $18,300 $91,500 

NPS CONTRIBUTION* 

 

$18,300 $18,300 $18,300 $18,300 $18,300 $91,500 
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* In lieu of funds, the NPS could support the proposed project through in-kind contributions in the form 
labor costs, use and maintenance of existing on-site equipment, etc. 
 
 

 

 

 

 

APPENDIX 1: PROJECT SITE 

 

Site Description.  Rock Creek Park is one of the oldest and largest naturally managed urban 

parks in the United States. The park is an administrative unit of the national park system 

consisting of 99 separate units, known as reservations, located entirely within the northwest and 

northeast quadrants of the District of Columbia and bordered by Montgomery County, Maryland. 

Located in the heart of a densely populated cosmopolitan area, Rock Creek Park provides an 

oasis for urbanites while serving as an ambassador for the national park idea of providing 

outstanding opportunities for education, interpretation, and recreation that foster stewardship of 

natural and cultural resources. 

 

The largest of the 99 reservations, Rock Creek Park (Reservation 339), was established by 

Congress on September 27, 1890 to be “perpetually dedicated and set apart as a public park or 

pleasure ground for the benefit and enjoyment of the people of the United States” and to 

“provide for the preservation from injury or spoliation of all timber, animals, or curiosities within 

said park, and their retention in their natural condition, as nearly as possible.” Reservation 339 

consists of 1,754 acres, or approximately 7.09 km2 (2.74 mi2), of Rock Creek’s total 2,980 acres, 

including the surrounding valley from the Maryland state line south to the National Zoological 

Park. Residential and commercial areas of Washington, D.C. and Maryland surround all of the 

park units. Over 1,100 homes and apartments abut the park units along 72 miles of the park 

boundary (NPS 2005a).  
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Deciduous woods cover most of the park's total acreage, and while there are six forest 

communities in the park, over half of the park is an American beech (Fagus grandifolia)/white 

oak (Quercus alba) forest (Nature Conservancy 1998). An inventory of the park’s vegetation has 

documented approximately 700 species of vascular plants. Thirty-one rare or uncommon plants 

listed by Maryland and Virginia are found in the park. Wildlife studies throughout the park have 

identified 36 species of mammals, 181 species of birds, and 19 species of reptiles and 

amphibians that are present or probably present in the park (NPS unpublished data-NPSpecies 

2008b). Species in the park include white-tailed deer, red (Vulpes vulpes) and gray (Urocyon 

cinereoargenteus) fox, raccoon (Procyon lotor), opossum (Didelphis virginiana), gray squirrel 

(Sciurus carolinensis), beaver (Castor canadensis), chipmunk (Tamias striatus), southern flying 

squirrel (Glaucomys volans), coyote (Canis latrans), great horned owl (Bubo virginianus), barred 

owl (Strix varia), red shouldered hawk (Buteo lineatus), eastern box turtle (Terrepene carolina), 

spotted salamander (Ambystoma maculatum), and black rat snake (Elaphe obsoleta) (NPS 

2005a). One endangered species is found in freshwater springs within the park, the Hay’s spring 

amphipod (Stygobromus hayi). 

 

The proposed study area would include Reservation 339 as well as those units that have the 

available land to support a deer population, provide travel corridors between viable habitats, 

and/or units where deer are currently known to occur.  

 

Preliminary Observations.   

 

Deer monitoring and research was initiated in Rock Creek Park when deer were first observed in 

the 1960s and continue to this day. The recently released Draft White-tailed Deer Management 

Plan/Environmental Impact Statement (DEIS) for Rock Creek Park describes observed deer 

trends and density that have been estimated through roadside spotlight surveys, limited Forward 

Looking Infrared Surveys (FLIR), roadkill reports and Distance Sampling (NPS 2009). 

According to the DEIS, since 2000, Distance Sampling has been conducted annually, and “in 

2004, 75 deer per square mile were surveyed, a decrease from 98 deer per square mile in 2003 

(NPS 2005d). The densities surveyed in 2005 and 2006, respectively, were 52 and 58 deer per 
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square mile (K. Ferebee, pers. comm. 2007b). Current (2007) density is estimated at 82 deer per 

square mile (K. Ferebee, pers. comm. 2008a). Under the DEIS, the park has adopted an initial 

deer density goal of 15 to 20 deer per square miles, but also indicates that the goal “may be 

adjusted based on the results of vegetation and deer population monitoring” described in the 

“Adaptive Management” section of the DEIS.  

 

During December 2009, we made observations at Rock Creek Park to conduct an informal 

assessment of deer accessibility and density and overall suitability for an immunocontraception 

research project. Our findings suggested that Rock Creek Park and the deer inhabiting it are well-

suited for conducting a PZP immunocontraceptive research project.   
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APPENDIX 2: METHODS 
 

Capture and eartagging.  Female deer will be captured by chemical immobilization during 

February and March following the end of the Maryland bowhunting season. Chemical 

immobilization will take place at strategically placed bait stations established solely for the 

purposes of capturing and darting deer, and if deemed necessary along roadways in areas where 

residents and visitors are in no danger of being harmed or injured by darting or capture 

operations. Bait stations will only be utilized on park owned property, and will be operational 

only during and for 1-3 weeks before periods of active darting. Darting at these sites will only 

take place after it has been established that there is no danger to residents and visitors of being 

harmed or injured by the darting or capture operations. Given the layout of Rock Creek Park and 

because tranquilizing drugs can take from 2-20 minutes or longer to immobilize a deer, the 

investigators and Rock Creek Park administrators will jointly develop protocols for notifying 

park visitors, nearby residents and employees when capture operations are being conducted, and 

for gaining access to private land if a deer darted with immobilizing drugs loses consciousness 

on private property. 

 

Chemical immobilization will be carried out by a team of two to three trained individuals under 

the supervision of a licensed veterinarian. Does will receive a mixture containing approximately 

220 mg of Telazol® (approximately 4.4 mg/kg at 200 mg/ml) and approximately 110 mg 

Xylaject® (approximately 2.2 mg/kg xylazine hydrochloride at 100 mg/ml). Does that receive 

complete injections of the Telazol/Xylazine mixture, but do not become fully sedated or are 

difficult to restrain may be given an additional injection by hand or by dart of Ketamine 

hydrochloride (approximately 6.6 mg/kg at 100 mg/ml).  Exact dosages will be determined on 

the site after deer weights are estimated and it is seen how they respond to the standard drug 

dosages.  

 

Once darted, the team will monitor the effects of the drugs at a distance suitable for observation, 

but far enough away to minimize disturbance or cause the deer to flee the area. When the deer is 

fully immobilized and restrained, the team will place a cloth hood over the animal’s eyes to 
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reduce stress. We will monitor rectal temperature, pulse, and respiratory rate of the deer every 

five to ten minutes, collect standard measurements, and eartag the animal as described above. 

Immediately following ear tagging the deer will be given a hand injection of PZP vaccine (as 

described earlier) in the left or right hip. Standard measurements include a linear measure of 

hindfoot from the tip of the hind right foot to the point of hock (tuber calcis), curvilinear measure 

of body length from the tip of the nose to the base of the tail (coccyx) (in chemically 

immobilized animals only), girth, and weight, when possible. Body score (physical condition) 

shall be determined by presence or absence of body fat, and physical appearance as follows: 1 = 

excellent (fat), 2 = good (not fat), 3 = fair (bony pelvis), and 4 = poor (emaciated). After a 

suitable period of waiting for the Telazol® or ketamine to wear off, reversal of the xylazine will 

be effected with Tolazoline HCL at 100 mg/mg intravenously and/or intramuscularly, with dose 

depending on the individual deer's weight and plane of anesthesia.   

 

All captured deer will receive two ear tags, a medium-sized plastic yellow livestock ear tag with 

a unique identifying number, and a metal ear tag with the same identifying number and a 

telephone contact number. The plastic yellow ear tag will also carry the words, 

“EXPERIMENTAL ANIMAL: DO NOT CONSUME”. The FDA has set a 60 day withdrawal 

period on Telazol® and 30 day withdrawal periods on xylazine and ketamine. Although there is 

no hunting at Rock Creek Park, the capture schedule will nonetheless be arranged to assure that 

no chemical captures with Telazol® will be scheduled during or less than 60 days prior to the 

beginning of the deer hunting season in Maryland.  (Because captures will be scheduled in late 

winter and early spring, this will generally not be an issue.) Exceptions to these restrictions on 

timing of chemical capture will be made only in emergencies, such as an injury to a study 

subject.  

 

All drug dosages may be adjusted slightly for body size, or in response to variation in deer 

behavior or environmental conditions. All handling of immobilizing drugs will be carried out 

under the supervision of a licensed veterinarian, who will also be on call to respond to veterinary 

emergencies. 
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Vaccine treatments.  To test the efficacy of the vaccine, captured female deer will be treated 

with a hand injection of 100μg PZP primer + modified Freund’s Complete Adjuvant (mFCA) 

plus three half-dose PZP pressure-molded (PM) lactide-glycolide pellets engineered to be 

released at one, three, and 12 months. PZP primer vaccine will be prepared under the supervision 

of Dr. J. F. Kirkpatrick at the Science and Conservation Center, Billings, MT, as described in Liu 

et al. (1989). Initial vaccinations will be delivered intramuscularly in the hip by in-hand syringe 

and/or trochar at the time of capture.   

 

Measuring Results.  The effectiveness of different PZP treatments in eartagged deer will be 

assessed via udder observations by locating each treated doe 2-4 times over the summer months 

and recording the presence or absence of udders. Annual estimates of population density and 

group composition (including proportion of fawns) will be conducted in late fall using distance 

sampling procedures (following Naugle et al. 2002). It is estimated that 3-6 days of sampling 

will be needed to encounter a sufficient number of deer groups to conduct a reliable statistical 

analysis. 
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