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Appendix A: Deer and Vegetation Monitoring Protocol 

Introduction 

The following appendix describes the protocols for deer and vegetation monitoring 
related to implementation of the White-tailed Deer Management Plan at Valley Forge 
National Historical Park (NHP). These protocols do not include monitoring associated 
with the park’s Chronic Wasting Disease (CWD) Response Plan. See Appendix C for 
a description of monitoring associated with the CWD Response Plan. 

Deer Monitoring Protocol 

Fall Spotlight Counts 

Fall spotlight counts have been conducted by park staff since 1986 and represent the 
data with the longest period of record. The counts provide an assessment of trends in 
deer population size over time. Methods used in assessing these trends follow those 
recommended by Cypher, Yahner, and Cypher (1985). Due to the fact that there is 
no estimate of the number of deer observed during spotlight counts, this method 
does not provide an accurate estimate of deer population size. The following factors 
are taken into consideration when conducting spotlight counts.  
 
Timing: Five spotlight counts would be conducted annually during a 2-week period 
in October. Historically, counts have been conducted as early as October 10 and as 
late as November 1. Counts have typically been conducted successfully during the 
last 2 weeks of October. Conducting these counts later than November is not 
recommended, due to the change in deer movement patterns associated with the 
breeding season.   
 
Weather: Ambient weather conditions should meet minimum standards (wind – less 
than 15 miles per hour [mph)]; rain – less than heavy and not steady; visibility – 
greater than 1 mile) as reported by the local weather service and measurement at the 
Valley Forge NHP weather station. Should conditions fail to meet minimum 
standards, the spotlight count would be postponed. 
 
Vehicle Type: A vehicle that sits high above ground level, such as a pickup truck, 
should be used to conduct counts to facilitate deer observation. A National Park 
Service (NPS) pickup truck is recommended for safety purposes, as it is equipped 
with flashing warning lights. A flashing light has no detectable effect on spotlighted 
deer (Cypher, Yahner, and Cypher 1985).   
 
Data Collection Period: Counts should begin 1 hour after official sunset and require 
approximately 2 hours to complete. 
 
Driving Route: The spotlight-count route should remain the same as in previous 
years. This route covers approximately 15.5 miles of roadway located south of the 
Schuylkill River, within the park. Roadways or portions of roadways included on the 
route are Inner Line Drive, Outer Line Drive, County Line Road, Route 23, Route 
252, and Yellow Springs Road. The majority of parking areas along the spotlight 
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route also are included during the count. The route should be driven at 5-10 mph. 
Since 1998, one section of the driving route along Route 23 east and west has 
become hazardous due to high traffic volume. Therefore, this section of the route 
should be driven along the Joseph Plumb Martin trail wherever possible.   
 
Observers: As least two observers are required to conduct the count - one 
responsible for counting deer and one to drive and assist with spotting deer, when 
possible. 
 
Data Collection: Ambient weather conditions should be recorded at the start and 
end of each count using a Kestrel pocket weather meter. Start time and end time, 
date, observer names, spotlight candlepower, and vehicle type also should be 
recorded prior to initiating each count. 
 
Observers would use handheld spotlights for each survey. Spotlight candlepower has 
changed over the years, ranging from 200,000 candlepower to 400,000 candlepower 
due to changes in technology. It is recommended that a similar candlepower 
spotlight be used as long as possible (e.g., 200,000 candlepower spotlights are no 
longer available). When deer are located, the vehicle should be stopped (as 
necessary) to allow the observer to count deer as accurately as possible. Observers 
may use binoculars to count the number of deer. The number of deer observed is 
recorded and the count continued. The total number of deer observed during all five 
counts combined should be divided by five to yield an annual population index. 
These indices can be compared among years to determine whether deer population 
size is increasing, decreasing, or stable. Observers should be careful to avoid double 
counting animals. 

Spring Compartment Counts 

Spring compartment counts have been conducted by park staff since 2000. This 
survey is based on a mark-capture study conducted between 1997 and 1999. The 
study developed a sighting index, expressed as the proportion of the number of 
marked deer seen to the number of marked deer known to occur. The number of deer 
observed during spring compartment counts is multiplied by the sighting index to 
generate an estimate of the deer population size within the park. Methods for 
recording this data follow those developed by Lovallo and Tzilkowski (2003). While 
this is a standard method for estimating population size (Conroy and Nichols 1996), 
it will become less accurate over time as park vegetation changes and there are 
changes in deer mortality, etc. Therefore, in the long-term, spring compartment 
counts should be used as a park-wide abundance index (Lovallo and Tzilkowski 
2003). The following factors are taken into consideration when conducting spring 
compartment counts.  
 
Timing: Three compartment counts should be conducted annually during the spring 
– usually the last two weeks of April extending into the first week of May depending 
on timing of spring “green-up.” Historically, spring counts have been conducted as 
early as April 18 and as late as May 8. 
 
Weather: Ambient weather conditions should meet minimum standards (wind – less 
than 15 mph; rain – less than heavy and not steady; visibility – greater than 1 mile) 
as reported by the local weather service and measurement at the Valley Forge NHP 
weather station. Should conditions fail to meet minimum standards, the survey 
would be postponed. 
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Vehicle: A vehicle that sits high above ground level, such as a pickup truck, is 
recommended to facilitate deer observation. An NPS pickup truck is recommended 
for safety purposes because it is equipped with flashing warning lights. However, 
type of vehicle for most routes is not as important as in spotlight counts because 
observers may get out of the vehicle and walk to areas to more easily observe deer. 
Compartment 1 requires use of a 4-wheel-drive vehicle due to the nature of the 
survey route. Use of flashers for all vehicle types is recommended. 
 
Data Collection Period: Counts should be conducted during a 60-minute survey 
period beginning one hour before sunset (6:45-7:00 pm) and ending just after sunset 
(7:45-8:00 pm). 
 
Compartments and Driving Routes: Five compartments, established as geographic 
sampling units for vehicle-based spring deer counts by Lovallo and Tzilkowski 
(2003), should be surveyed using established survey routes (see Figure 11). 
Compartments vary in area from approximately 1.0 to 1.3 square miles. 
Compartment boundaries are based on roads, streams, forest boundaries, and 
topography and were designed to minimize deer movement among compartments 
during counts. Driving routes follow all accessible roadways within a designated 
compartment. All roadways should be traversed slowly, at least once during each 
survey period. An observer may leave the vehicle and traverse a compartment on 
foot when terrain features obstruct viewing opportunities from roadways. 
 
Compartments located south of the Schuylkill River should be surveyed 
simultaneously by multiple observers to prevent duplicate counts if deer traverse 
from one compartment to another. 
 
Observers: At least two observers are required to conduct the survey - one with 
primary responsibility for counting deer and one to drive and assist with counting 
deer. 
 
Data Collection: Ambient weather conditions should be recorded at the start and 
end of each count using a Kestrel pocket weather meter. Start time and end time, 
date, observer names, and compartment number should also be recorded prior to 
initiating each survey. 
 
Observers should be provided with an aerial photograph of each compartment, with 
compartment boundaries and driving route indicated, as well as binoculars. All deer 
observed should be counted and recorded on a data sheet and on the aerial 
photograph where the deer were actually seen. Locations where deer are counted are 
indicated by using consecutive letters (A, B, etc.) on the aerial photograph and data 
sheet. Observers should indicate in the comments section of the data sheet if a 
“marked” deer is observed during the survey. A marked deer is any deer with a 
radio-collar or vinyl collar. Observers also should indicate whether deer are 
observed on private or park land. 
 
Total number of deer observed on park land should be summed across all 
compartments and multiplied by the sighting index (0.58) to yield an annual 
population index. These indices can be compared among years to determine whether 
deer population size is increasing, decreasing, or stable. Because park vegetation 
communities have retained their open character and other factors affecting deer 
populations (e.g., mortality rate) are not believed to have changed significantly since 
1999, park managers believe this method may still be accurate in estimating deer 
population size also. 
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Reproductive Control Monitoring 

The ability to achieve target levels of infertility in the deer population would require 
knowledge of the fertility status of individual deer that had been treated (Hobbs, 
Bowden, and Baker 2000). To monitor treated animals, the park would continue its 
fall spotlight surveys and spring compartment surveys, at which time observations 
would indicate if population growth had occurred. Additional observations would be 
made through the collection of data from all deer carcasses related to the number of 
fetuses present, which would indicate if reproduction occurred. Using protocols 
being implemented by the Pennsylvania Game Commission (PGC) to estimate deer 
reproductive rates state-wide, reproductive tracts from dead female deer would be 
removed and each uterus examined. The number and sex of fetuses present would be 
recorded. Age of fetuses would be determined based on measurement of crown-to-
rump length and be used to calculate conception dates. Pregnancy rate would be 
defined as the percentage of does sampled that were pregnant. Reproductive rate 
would be defined as the average number of fetuses per doe.  

Forest Health Monitoring Through the NPS 
Inventory and Monitoring Program 

Overview  

Knowing the condition of natural resources in national parks is fundamental to the 
service’s ability to manage park resources. The intent of the NPS monitoring 
program is to track a subset of physical, chemical, and biological elements, as well 
as processes of park ecosystems that are selected to represent the overall health or 
condition of park resources. The monitoring program also includes known or 
hypothesized effects of stressors, or elements that have important human values, 
known as “vital signs.” To implement this program, the NPS grouped parks into 32 
inventory and monitoring networks linked by geography and shared natural resource 
characteristics.  
 
Valley Forge NHP is included in the Mid-Atlantic Inventory and Monitoring 
Network (MIDN). The MIDN consists of 10 parks distributed from southern 
Pennsylvania to southern Virginia, and extending from the piedmont to the coastal 
plain. The parks range in size from 224 acres (Booker T. Washington National 
Monument) to 197,411 acres (Shenandoah National Park), and include many sites of 
historical and cultural interest as well as diverse natural resources.   
 
Forest health is one of the vital signs selected for monitoring by the MIDN in 2006. 
Network staff have developed a forest vegetation monitoring protocol that will be 
implemented in all parks in the network, including Valley Forge NHP in 2007. The 
goal of the forest vegetation monitoring protocol is to provide scientific data that 
will increase an understanding of the status and trends in forest resources, inform 
park management, and are compatible with other monitoring protocols to facilitate 
regional analyses. Specifically for Valley Forge NHP, the forest vegetation 
monitoring should be capable of addressing questions related to the effectiveness of 
deer management on the health of forest resources in the park.  
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Specific Monitoring Objectives 

 Determine status and trends in forest structure, composition, and dynamics 
of canopy and understory woody species. 

 Determine status and trends in the density and composition of tree seedlings 
and selected herbaceous species that are indicators of deer browse. 

 Detect and monitor presence of invasive nonnative plants, nonnative plant 
diseases and pathogens, and forest pests. 

 Determine status and trends in forest coarse woody debris and the 
availability of snags. 

 Determine status and trends in soil Calcium:Aluminum and 
Carbon:Nitrogen ratios to assess the extent of base cation depletion, 
increased aluminum availability, and/or nitrogen saturation impacting 
MIDN forest soils. 

Basic Approach 

The MIDN forest monitoring protocol is derived from the Forest Inventory and 
Analysis (FIA) approach used by the U.S. Forest Service. Not only is this protocol 
similar to the FIA approach, it also is directly compatible with other networks and 
parks in the northeast, national capital, and southeast regions. The protocol consists 
of permanent plots (20 by 20 meters [m] or approximately 66 by 66 feet) established 
in forested areas at each of the network parks. Trees and shrubs with diameters 
greater than or equal to 10 centimeters (cm) (approximately 4 inches) will be 
identified, measured, mapped, and permanently tagged and marked to ensure their 
accurate relocation and measurement in subsequent years. Tree condition and 
canopy health also will be evaluated. Saplings and small shrubs will be monitored in 
microplots, and twelve 1-square-meter quadrats (approximately 11 square feet) will 
track changes in seedling regeneration, invasive nonnative plants, and indicator 
herbaceous cover. Coarse woody debris will be measured along three transects 
originating in the plot, and a soil sample will be collected to evaluate changes in 
basic chemistry that can result from acid deposition.  
 
Plots will be randomly located within forested areas at each park to ensure that 
inferences can be made regarding the condition of the park forested habitat with a high 
degree of statistical confidence. The number of plots at each park will be related to 
total forest area represented. Plots will be sampled on a 4-year rotating panel design, 
with one panel sampled each year at each park. Therefore, one quarter of the plots at a 
park will be monitored each year so as to detect possible inter-annual variation. 

Integration with Current Monitoring 

Valley Forge NHP is currently monitoring vegetation in 30 permanent paired plots 
(fenced and unfenced). Vegetation in the fenced plots (deer exclosures) provides 
valuable information on the potential forest structure and composition in the absence 
of deer. Unfenced plots represent forest conditions in the presence of deer. 
Achieving target values for a variety of metrics that are linked to these plots seems 
reasonable. Data from these plots will indicate when the structure and composition 
of the forest reaches a predefined proportion of what is found in the fenced plots. 
Therefore, the new plots established by MIDN should collect information that 
allows for comparative analyses, or data collected in the current plots should be 
modified to meet the standards established by the new plot network. Adjustments 
appear to be minor based on the current and proposed methods. 
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Issues Considered for New Plots 

Given time and budget considerations, the MIDN estimates that it can complete 75 
plots per year throughout the network to reach a total of 300 plots monitored. 
Allocation across parks in the network will be based on extent of forest to be 
sampled. Therefore, it is estimated that Valley Forge NHP will have about 28 plots. 
The ability to detect change will be increased by having more plots across the 
landscape than fewer, more intensively monitored plots.  

Metrics Relevant to Deer Management Success 

Deer are directly reducing the regeneration capacity of the forests at Valley Forge 
NHP through intensive grazing. The forest monitoring should be capable of 
detecting whether the target deer densities are having a desired effect through forest 
recovery. Two important components of the forest monitoring plan include measures 
of seedling and sapling regeneration and cover of herbaceous plants, including 
invasive nonnative species. 

Seedling and Saplings 

Stocking rates established by McWilliams et al. (2004) and metrics for 
determining these rates will be used in the new monitoring plots. MIDN will 
sample seedlings greater than 5 cm (approximately 2 inches) in height but less 
than 1 cm (approximately 0.4 inches) diameter breast height (dbh) in twelve 1 
square-meter (approximately 11 square feet) quadrats that are spread throughout 
the plot. MIDN will record the number of live, established tree seedlings by 
species within the height classes (Table A-1). Weighting factors are applied 
according to the height class; therefore, one seedling that is greater than 1.5 m 
(approximately 5 feet) in height is equivalent to 50 seedlings that are 0.05-0.3 m 
(approximately 0.2-1 foot) in height. The forest will be considered adequately 
stocked if there is an average of 24 seedlings in the twelve 1-square-meter 
quadrats (approximately 11 square feet), or about 2 seedlings per 1 square meter. It 
is likely that natural stocking rates may vary across forest communities. Therefore, 
the original deer exclosures will be maintained as a measure of the potential 
seedling density possible, bearing in mind that these exclosures are located only on 
Mount Misery and Mount Joy. 
 
 
 
 
 
 
 

   
 
 
 
 

Source: Tierney and Faber-Langendoen 2006, modified from 
McWilliams et al. 2004. 

 
 

Table A-1 Height Class Categories for 
Enumeration of Seedlings 

Height Class Weighting Factor 

0.05-0.3 m 1 

0.3-1 m 2 

1-1.5 m 20 

>1.5 m 50 
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Herbaceous Vegetation 

Sampling of herbaceous vegetation will also be included in the twelve 1-square-
meter quadrats. Herbaceous cover, especially nonnative invasive species, will 
influence the regeneration capacity of tree seedlings. Therefore, being able to 
directly correlate herbaceous cover to seedling density is an important metric, 
especially when regeneration rates are low even at low deer densities. Monitoring 
will focus on indicator species rather than a complete enumeration of herbaceous 
plants within the quadrats, including invasive nonnative plants, species that are 
considered to be highly preferred by deer as browse, and those species that are 
actively avoided by deer (Table A-2). Total herbaceous cover will be included as a 
metric for each quadrat. Percent cover classes will be assigned as follows: 0, <1, 1-2, 
2-5, 5-10, 10-25, 25-50, 50-75, 75-95, and 95-100%. 
 
 

Table A-2 Preliminary Herbaceous Target Species to be Measured in 
Twelve 1-square-meter Quadrats 

Species Common Name 

Exotic (E) 
or Native 
(N) Comments 

Akebia quinata Five-leaved akebia E  

Alliaria petiolata Garlic mustard E  

Ampelopsis brevipedunculata Porcelain berry E  

Berberis thunbergii Japanese barberry E  

Celastrus orbiculatus Oriental 
bittersweet 

E  

Centaurea biebersteinii Spotted knapweed E  

Cirsium arvense Canada thistle E  

Clematis terniflora Yam-leaf clematis E  

Duchesnea indica Indian strawberry E  

Euonymus fortunei Creeping 
euonumous 

E  

Glechoma hederacea Ground ivy E  

Hedera helix English ivy E  

Hemerocallis fulva Common daylily E  

Lespedeza cuneata Chinese lespedeza E Sericea lespedeza 

Lonicera japonica Japanese 
honeysuckle 

E  

Lonicera spp. Bush honeysuckles E  

Microstegium vimineum Japanese stiltgrass E  

Polygonum cuspidatum Japanese knotweed E  

Polygonum perfoliatum Mile-a-minute E  

Pueraria montana Kudzu E  

Ranunculus ficaria Lesser celandine E  

Rosa multiflora Multi-flora rose E  

Rubus phoenicolasius Wineberry E  

Vinca minor Periwinkle E  

Arisaema triphyllum* Jack in the pulpit N  

Aralia nudicaulis* Wild sarsaparilla N  
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Table A-2 Preliminary Herbaceous Target Species to be Measured in 
Twelve 1-square-meter Quadrats (continued) 

Species Common Name 

Exotic (E) 
or Native 
(N) Comments 

Eurybia divaricata* White wood aster N  

Ferns (not including those 
below) 

 N As a group 

Grasses  N As a group 

Impatiens capensis*  Jewelweed N  

Lilies  N As a group 

Medeola virginiana*  Indian cucumber N  

Orchids  N As a group 

Podophyllum peltatum Mayapple N  

Polystichum acrostichoides Christmas fern N  

Sedges  N As a group 

Thelypteris noveboracensis New York fern N  

Trillium spp.  N By species 

Vaccinium spp.  N By species 

Smilacina racemosa False Solomon's 
seal 

N  

Source: Schmit and Chojnacky 2007 
   

Monitoring of Forest Understory Vegetation 
in Fenced and Unfenced Plots 

In 1992, staff at Valley Forge NHP implemented a fixed plot monitoring system to 
evaluate changes in vegetation over time in two large forested areas at Valley Forge 
NHP. The objectives of this monitoring system are to: 1) describe the existing 
understory plant community on Mount Misery and Mount Joy in terms of species 
richness and abundance; and 2) determine changes in abundance and species 
composition of understory plant communities in fenced and unfenced plots over time.   
 
Thirty vegetation sample sites were randomly located on Mount Misery and Mount 
Joy (15 in each area). At each sample site, paired plots were established where one 
plot was fenced to exclude deer, but no other herbivores. The control, or unfenced, 
plots were located 36.5 m (approximately 120 feet) from the center of the fenced plot 
in a random direction (except 3 plots were located 10-27.4 m away [approximately 33-
90 feet]). Each plot was 2 by 2 meters in size (approximately 7 by 7 feet). Data was 
collected from fenced and unfenced plots in 1993, 1995, 1998, and 2003 and will 
continue to be collected approximately every 5 years. Data collected within each 
vegetation sample plot allows comparison of species diversity, herbaceous cover, and 
tree seedling density between fenced and unfenced plots. It also promotes 
identification of trends over time. Most tree, shrub, vine, and herbaceous vegetation 
were identified to species, although few only to genera. The number of tree seedlings 
by species was enumerated in all plots. The collection of data related to tree seedlings 
is currently being modified to be consistent with the FIA and MIDN Forest Health 
monitoring protocol by including only those seedlings greater than 5 cm 
(approximately 2 inches) but less than 1 cm dbh (approximately 0.4 inches).   
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Although monitoring conducted by the MIDN will serve as the primary means of 
monitoring success of forest regeneration and general recovery of forested plant 
communities, it is expected that monitoring of the 30 fixed plots will also continue 
for an undetermined amount of time to facilitate overall data interpretation (See 
Integration with Current Monitoring above).  
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Appendix C: CWD Response Plan for Valley Forge NHP 

Introduction 

As deer populations increase, risks related to transmission of contagious diseases 
within these higher density populations are a concern (Joly et al. 2006; Samuel et al. 
2003). Chronic wasting disease (CWD) is a fatal, neurological disease that has been 
identified in free-ranging and captive mule deer (Odocoileus hemionus), white-tailed 
deer (Odocoileus virginianus), elk (Cervus elaphus), and most recently moose 
(Alces alces). CWD is in the family of diseases known as the transmissible 
spongiform encephalopathies (TSEs) or prion diseases. Other TSEs include scrapie 
in sheep, bovine spongiform encephalopathy (BSE) or mad cow disease, and 
Creutzfeldt-Jakob disease (CJD) in humans. CWD causes brain lesions that result in 
progressive weight loss, behavioral changes, and eventually death in affected 
individuals. While much is still unknown about the way this disease spreads among 
natural hosts, there are indications of the potential for long-term, population-level 
effects.  
 
Signs of CWD in deer include changes in behavior and body condition. Affected 
animals can lose their fear of humans, show repetitive movements, or appear 
depressed but quickly become alert if startled. CWD also results in rapid loss of 
body condition despite having an appetite. This can lead to affected animals 
becoming emaciated in the end stages of the disease (NPS 2007c). Once signs of 
CWD appear, it can vary from a few days to nearly a year until death. In wild 
populations, however, it is likely that animals late in the clinical stages of the disease 
live only days. Although the precise origin of CWD will probably never be 
determined, it is strongly suspected that CWD is a nonnative disease among cervids 
(NPS 2007c, 2002). 
 
CWD was thought to be isolated to the west and midwest regions of the United 
States until 2005, when it was confirmed in both New York and West Virginia. 
Since that time, staff at Valley Forge National Historical Park (NHP) have been 
tracking the occurrence and detection efforts within Pennsylvania and surrounding 
states. Natural Resource Management staff also have remained up-to-date on the 
biology of CWD, management issues surrounding CWD, and development of the 
Pennsylvania’s CWD Response Plan (PCWDTF 2007, 2008). Valley Forge NHP 
staff also have received training on CWD sampling/testing. In 2007, activities 
associated with opportunistic and targeted surveillance for CWD were categorically 
excluded using the appropriate planning process as directed by the National 
Environmental Policy Act (NEPA) (NPS Director’s Order 12, 3.4 E (3) and 3.3 M). 
This process allowed Valley Forge NHP and other parks to take quick action to 
initiate CWD surveillance. In 2008, the National Park Service’s (NPS) Biological 
Resource Management Division (BRMD) provided funding to purchase CWD 
testing supplies to initiate opportunistic and targeted surveillance, as appropriate. 
 
There is currently no evidence that the disease is contagious to humans or domestic 
livestock; however, significant concerns remain primarily related to the following:  
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 Ongoing surveillance programs are expensive and draw resources from 
other wildlife management needs.  

 Impacts of CWD on population dynamics of deer and elk are presently 
unknown. Computer modeling suggests that CWD could substantially 
reduce infected cervid populations by lowering adult survival rates and 
destabilizing long-term population dynamics. 

 In some areas where it occurs, CWD has already begun to alter the 
management of wild deer and elk populations. 

 Public and agency concerns and perceptions about human health risks 
associated with all TSE’s may erode hunter confidence and their willingness 
to hunt in areas where CWD occurs (CWD Alliance 2008). In Pennsylvania, 
deer and deer hunting represent an industry contributing 4.8 billion dollars 
to the commonwealth’s economy (PCWDTF 2007). 

 
Due to the uncertainty associated with the disease, as well as social, economic, and 
biological threats to the community and the affected species, there is much concern 
among both the public and scientific communities regarding CWD. To address these 
concerns, in 2002, the director of the NPS provided a memorandum with the 
following guidance: 
 

 NPS units should cooperate and coordinate with state agencies regarding 
CWD response. 

 NPS units within 60 miles of where CWD has been detected should initiate 
targeted and opportunistic surveillance by removing deer with clinical signs 
of CWD, as well as submitting samples from all deer found dead. 

 All translocations of deer in or out of NPS units would be prohibited without 
extensive CWD surveillance. 

 Public outreach should be conducted. 

 NEPA should be used as a decision-making tool if other actions for CWD 
detection or response are being considered (NPS 2002). 

 
One of the objectives of the White-tailed Deer Management Plan/Environmental 
Impact Statement (plan/EIS) for Valley Forge NHP is to reduce the probability of 
occurrence, promote early detection, and reduce the probability of spread of CWD. 
Action is needed at this time to address the elevated risk of CWD, as identified 
through a CWD risk assessment for Valley Forge NHP, and because of the 
efficiencies and cost savings associated with incorporating a CWD response plan 
into the deer management plan. The direct relationship between the plan/EIS 
objectives, alternatives, and impact analysis and CWD Response Plan goals, 
response strategies, and environmental impacts make integration both feasible and 
cost-effective.  

Role of the CWD Science Team 

As part of the preparation of the park’s CWD Response Plan, a team of technical 
experts was engaged in the discussion of CWD and potential detection and initial 
response options available to the NPS. The purpose of these discussions was to 
provide science-based input to the park on issues relevant to CWD detection and 
response, as well as incorporation of CWD detection and response actions into the 
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plan/EIS. The team convened via conference calls, meeting three times in June 2008. 
Topics of discussion included existing conditions surrounding the park; CWD 
response goals; definitions of terms; approach to establishing implementation 
thresholds for detection and response; disease transmission; issues related to 
implementation of various actions; and costs associated with implementation.  
 
The participants in these discussions were limited to persons with scientific 
background in CWD, deer management and research, and NPS staff. Table C-1 lists 
the CWD science team participants. 
 
Table C-1 CWD Science Team Members 

Name Title Organization/Agency 
Kristina Heister Natural Resource Manager Valley Forge NHP 

Madelyn Carpenter Environmental Quality 
Specialist 

NPS - Environmental Quality 
Division 

Jenny Powers Wildlife Veterinarian NPS - BRMD 

Mark Graham Wildlife Biologist NPS - BRMD 

John Karish Regional Chief Scientist NPS - Northeast Region 

Christopher Rosenberry Deer Management Section 
Supervisor 

Pennsylvania Game Commission 
(PGC) 

Walter Cottrell Wildlife Veterinarian PGC 

 

Definitions 

The following terminology was used during the discussion of CWD response for 
Valley Forge NHP. 
 
Active lethal surveillance. Lethal removal of deer within the park for the purposes 
of assessing disease prevalence. This action also may minimize the likelihood of 
CWD becoming established, minimize the likelihood of amplification and spread if 
the disease is introduced, and may promote elimination of CWD.  
 
Amplification. Increased prevalence of disease within a target population or a 
region (modified from Samuel et al. 2003). 
 
Cervids. All members of the Cervidae family and hybrids (PCWDTF 2007) 
including deer, elk, and moose. 
 
Confirmed. Two positive official tests are needed for a confirmed CWD diagnosis 
(USDA 2006). 
 
Containment. To keep CWD from spreading outside of an area (Samuel et al. 2003). 
 
Containment zone. Defined by the Commonwealth of Pennsylvania as a buffer 
zone around the 5-mile radius surveillance area established when two or more 
CWD-positive cases are documented. The buffer area would have a radius at least as 
large as the surveillance zone radius. State priorities within the containment zone are 
to contain the disease and reduce the prevalence rate (PCWDTF 2007). 
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Elimination (aka Eradication). To remove CWD from a target area or population 
and prevent its reintroduction (Multi-agency Task Force 2002). 
 
Enhanced targeted surveillance. Actions that improve the probability of detecting 
animals exhibiting clinical signs consistent with CWD and subsequently taking 
samples for CWD testing from these animals.  
 
Established. When the disease becomes enzootic or when the disease is sustained in 
a population over a period of time. (Multi-agency Task Force 2002). 
 
Exposure. Contact between the target population and the disease agent. For 
purposes of this plan, the target population is white-tailed deer. 
 
Opportunistic surveillance. Taking diagnostic samples for CWD testing from 
cervids found dead or removed through a lethal management action. Cause of death 
may be culling, disease, trauma (hit by car), or undetermined (NPS 2007c). 
 
Prevalence. The number of disease cases in a population at a designated time 
without distinction between old and new cases. It is represented by the number of 
diseased animals divided by the number of susceptible animals (target population) 
(Powers, pers. comm. 2008) or the total number of cases of a disease in a given 
location at a specific time (PCWDTF 2007). 
 
Prevention. To maintain a population or an area free from CWD (generally 
approached by minimizing the risk factors for disease exposure or amplification) 
(Multi-agency Task Force 2002). 
 
Response. Response to CWD includes disease surveillance (detection) actions as 
well as short-term actions to assess disease prevalence and distribution, minimize 
the likelihood of spread to surrounding communities and amplification within local 
deer populations, and if possible, promote elimination of CWD. 
 
Spreading. When the 5-mile radius surveillance areas established around individual 
positive CWD cases expand beyond 10 miles from the index or first case. 
 
Surveillance. Activities related to the detection and monitoring of a disease. 
 
Surveillance area. Defined by the Commonwealth of Pennsylvania as a 5-mile 
radius established around the first CWD-positive case within which intensive CWD 
surveillance occurs (PCWDTF 2007). 
 
Target population. For the purposes of this plan, white-tailed deer. 
 
Targeted surveillance. Lethal removal of deer which exhibit clinical signs 
consistent with CWD (NPS 2007c). 

Risk Assessment 

As of 2008, the nearest confirmed case of CWD in free-ranging deer was in West 
Virginia, over 200 miles from Valley Forge NHP. Other states with confirmed CWD 
cases in free-ranging cervids are Colorado, Illinois, Kansas, Nebraska, New Mexico, 
New York, South Dakota, Wisconsin, Utah, and Wyoming (PCWDTF 2007). 
Additionally, the nearest confirmed case of CWD in captive populations was in New 
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York. No cases of CWD have been confirmed in Pennsylvania; however, the entire 
state is considered to be at high risk due to the presence of CWD in an adjacent state 
(PCWDTF 2007).  
 
Risk factors are attributes of the landscape, environment, or host animals that 
increase the probability of CWD occurring in a given region or cervid population. 
By evaluating risk factors, wildlife managers can attempt to predict the population(s) 
most likely to be affected by CWD. There are two categories of risk factors:  
 

 Exposure – the likelihood that the CWD agent will be introduced into a 
given population  

 Amplification – the risk of increasing the prevalence of the disease once a 
population has been exposed (NPS 2007c)  

 
Based on the risk factors described in Table C-2, Valley Forge NHP is considered to 
be at high risk for exposure to and amplification of CWD. If these risk factors could 
be adequately minimized, the probability of disease introduction into the park’s deer 
population, disease spread within the park or to deer outside the park boundary, and 
increased prevalence of the disease should it become established, may be lowered. 
However, many of these risk factors, particularly those related to exposure, are 
outside the control of the park. The Valley Forge NHP CWD response relies on the 
policies and actions of the PGC and the Pennsylvania Department of Agriculture 
(PDA) to minimize the risk of exposure to CWD. Current policy and actions by the 
PGC and PDA to minimize exposure of deer to CWD include: 
 

 Establishment of an interagency CWD task force to implement a 
communication/education strategy for state employees, the public, and other 
stakeholders (e.g., taxidermists, hunters, landfill operators) providing up-to-
date information about CWD (risk, symptoms, biosecurity, scientifically 
acceptable waste disposal methods, feeding of wild cervids). 

 Initiation of mandatory CWD herd certification and monitoring programs 
for the farmed cervid industry. 

 Establishment of importation requirements for live cervids, including 
participation in a recognized CWD herd certification program for at least 
three years if from a CWD-free state or province, and at least five years if 
from a state or province known to have CWD. 

 Establishment of importation prohibitions for high-risk cervid parts to 
reduce the likelihood of CWD contaminated materials ending up in the 
environment of free-ranging or farmed cervids. 

 Implementation of opportunistic surveillance for CWD. Opportunistic 
surveillance requires testing of representative samples of apparently healthy 
cervids acquired through normal hunting seasons or as a result of deer-
vehicle collisions. As of May 2008, approximately 18,070 deer and 260 elk 
have been tested by the PGC. No cervids tested positive for CWD (Cottrell, 
pers. comm. 2008a).  

 
 
 
 



Appendix C 
 
 

C-6 Valley Forge National Historical Park 

Table C-2 Known or Suspected CWD Risk Factors Identified for Valley Forge NHP 

Type of Risk Risk Factor Sourcea Valley Forge NHP  
Exposure Areas adjacent to CWD-positive 

wildlife 
PA Since 2005, CWD has spread from the Midwest to 

New York and West Virginia, states adjacent to 
Pennsylvania. The nearest known case is 200 miles 
from the park. 

Areas adjacent to land on which CWD-
positive animals have lived; Distance 
to nearest CWD-positive free-ranging 
deer and/or captive deer or elk 
facility 

PA/NPS Pennsylvania borders two states (NY, WV) with a 
history of CWD. The Pennsylvania farmed cervid 
industry has expanded significantly in recent years. 
Within Chester and Montgomery Counties (counties 
which include portions of the park), there are 22 
captive cervid facilities. Neighboring Lancaster County 
contains the greatest number of captive deer facilities 
in the state (101 facilities) (PCWDTF 2007). None have 
tested CWD-positive. 

Areas that have received translocated 
deer or elk from CWD-affected 
regions; Nearest area with 
translocated deer or elk, both captive 
and free-ranging 

PA/NPS The Pennsylvania farmed cervid industry has 
expanded significantly in recent years. Within 
Chester and Montgomery Counties (counties which 
include portions of the park), there are 22 captive 
cervid facilities. Neighboring Lancaster County 
contains the greatest number of captive deer 
facilities in the state (101 facilities) (PCWDTF 2007). 
It is known that in 2007, at least 9 deer were 
imported from CWD-affected areas of Wisconsin into 
Lancaster County captive deer herds (Cottrell, pers. 
comm. 2008a).  

Areas permitting transport of hunter-
killed elk or deer carcasses from 
areas infected with CWD 

PA Not applicable; PGC has established importation 
prohibitions for high-risk cervid parts to reduce the 
likelihood of CWD-contaminated materials ending up 
in the environment of free-ranging or farmed cervids. 

Rate of immigration/emigration of 
deer in the area 

NPS Although rates of immigration and emigration at 
Valley Forge NHP are unknown, assessment of home 
range and movement relative to the park boundary 
provides insight. The majority (80%) of female deer 
at Valley Forge NHP spend more than 50% of their 
time within the park boundary. They travel, on 
average, 401 feet from the park boundary. Deer that 
spend less than 50% of their time in the park travel, 
on average, 1,325 feet from the boundary. Boundary 
crossings by deer are most frequent along the 
southeastern, southwestern, and northwestern park 
boundaries (Lovallo and Tzilkowski 2003).  

Amplification Areas with high elk or deer population 
density 

PA/NPS Deer density at Valley Forge NHP was 193 deer per 
square mile in 2007. The best available data on deer 
density in areas surrounding the park indicates an 
average deer density of 29 deer per square mile 
between 2001 and 2008 (ranging from 8 to 45 deer 
per square mile). 

Areas with a history of CWD animals 
or CWD-contaminated environments 

PA/NPS Not applicable. 

Areas with low abundance of large 
predators 

PA/NPS There are no large predators or recreational hunting 
within Valley Forge NHP. 

Areas where free-ranging elk or deer 
are artificially concentrated (baiting, 
feeding, water development, refuge, 
and other human related habitat 
modifications) 

PA/NPS Deer at Valley Forge NHP are concentrated due to 
human related habitat modifications outside the 
park, lack of natural predators, and creation of 
ideal deer habitat within the park. 

a Source refers to risk factors identified and defined by Pennsylvania’s Chronic Wasting Disease Response Plan (PCWDTF 2007) and 
the NPS Reference Notebook to Understanding Chronic Wasting Disease (2007c). 
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CWD Response Goals 

The goals of the CWD Response Plan at Valley Forge NHP are: 
 

 Determine the ongoing risk of CWD infection in the white-tailed deer 
population at Valley Forge NHP based on known disease risk factors.  

 Develop adaptive management protocols for the detection of CWD 
presence, prevalence, and distribution, as well as response to the disease 
based on the proximity of a confirmed case of CWD to the park boundary 
and proximity of the park to a state-established CWD containment zone. 

 Cooperate and coordinate with state wildlife and agricultural agencies to 
promote 99% confidence of detecting the disease if it is present in the area 
at a prevalence of at least 1% and respond to positive or confirmed cases. It 
is assumed that data from both state and federal lands would be pooled to 
achieve a sample size sufficient to ensure a high level of confidence in 
detection of CWD, if it is present, and assess prevalence if CWD is 
confirmed.  

 Minimize the likelihood of CWD becoming established within the park’s 
deer population, and if CWD becomes established, minimize the likelihood 
of amplification and spread and promote elimination of CWD, if possible, 
from the park or state-established CWD containment zone.  

 Promote communication with state wildlife and agricultural agencies, other 
stakeholders, and the public to ensure timely distribution of accurate 
information related to CWD and associated management actions.  

Thresholds for Response 

CWD response includes disease surveillance (detection) actions, actions to assess 
disease prevalence and distribution, actions to minimize the likelihood of spread to 
surrounding communities and amplification within local deer populations, and if 
possible, actions to promote elimination of CWD. Response to a confirmed case of 
CWD would be defined by the distance of the case from the park boundary and 
location of the park relative to a state-established CWD containment zone. Three 
implementation zones have been established, reflecting established thresholds for 
increasing CWD response (Figure C-1). Although thresholds are based on 
confirmation of CWD outside the park boundary, CWD response actions associated 
with each implementation zone would only occur within the park boundary. The 
three CWD response thresholds for the park are:  
 

Zone 3 Closest confirmed case of CWD is more than 60 miles from the 
park boundary  

 
Zone 2 Closest confirmed case of CWD is less than or equal to 60 miles 

but more than 5 miles from the park boundary and the park is 
not within a state-established CWD containment zone 

 
Zone 1 Closest confirmed case of CWD is less than or equal to 5 miles 

from the park boundary or the park falls within a state-
established CWD containment zone  
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Figure C-1 CWD Implementation Zones at Valley Forge NHP 

Note: Not to scale 
 
Implementation Zones 3 and 2 were determined based on current NPS guidance 
(NPS 2002, 2007c). Implementation Zone 1 is based on the maximum distance 
female deer within the park are known to travel (Lovallo and Tzilkowski 2003), the 
average male dispersal distance within the Ridge and Valley Province of 
Pennsylvania, and is consistent with the 5-mile radius surveillance and containment 
zones established in the PA CWD Response Plan (PCWDTF 2007). Evaluation of 
deer movements relative to the park boundary between 1997 and 1999 indicated the 
maximum distance female deer traveled from the park boundary was 1.23 miles 
(6,512 feet), and 5 miles is expected to contain most doe movements. The PGC also 
evaluated dispersal distance and dispersal rate for male deer across the state between 
2002 and 2003. Average dispersal distance of young males, in areas similar to 
Valley Forge NHP, was 4.35 miles (Long et al. 2005). Therefore, a 5-mile boundary 
was selected for Zone 1. All actions would be closely coordinated with the PGC and 
PDA due to the scale of the area identified as necessary to address CWD (minimum 
of 79 square miles) relative to park size (5.3 square miles). A summary of response 
actions associated with the implementation zones is provided in Table C-3. 
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Table C-3 Actions Associated with CWD Response Based on Established Implementation Zones at 
Valley Forge NHP 

Implementation 
Zone 

Opportunistic 
Surveillance 

Targeted 
Surveillance 

Enhanced   
Targeted 
Surveillance 

Test 
and 
Culla 

Active Lethal 
Surveillanceb 

Coordination 
with PGC and 
PDA 

Zone 3 X     X 

Zone 2 X X    X 

Zone 1 X X X X X X 

a To be implemented only under the combined nonlethal deer management alternative (Alternative B) described in the plan/EIS. 
b To be implemented only under deer management alternatives that include lethal actions (Alternatives C and D), as described in the 

plan/EIS. 
 
 
Inclusion of the park (or portions thereof) within a state-established containment 
zone as an element of the response threshold for Zone 1 is based on the CWD 
science team recommendation that the park become part of the state’s actions once a 
containment area has been established, regardless of proximity of the confirmed case 
to the park boundary. Overall, CWD response within the park would represent one 
component of the broad-scale, long-term CWD management effort by the state. This 
plan also assumes that CWD is likely present within the park if the Zone 1 threshold 
is reached. 

Implementation Zone 3 

If a case of CWD was confirmed more than 60 miles from the park boundary (i.e., 
within a state bordering Pennsylvania), the park would follow NPS 
recommendations (NPS 2002, 2007c) and continue to conduct opportunistic 
surveillance for the presence of CWD within the park. Opportunistic surveillance 
involves taking diagnostic samples for testing from deer found dead or removed 
through a park management activity. Opportunistic surveillance has little, if any, 
adverse impact on current populations. This action is consistent with “active 
surveillance” described in Pennsylvania’s Chronic Wasting Disease Management 
Plan (PCWDTF 2007).  
 
A standard operating procedure for identifying and removing appropriate tissue 
samples for testing would be developed along with training of park staff to 
implement this action. This protocol would follow CWD surveillance guidance for 
Valley Forge NHP (i.e., sample collection, storage, and submission; safe handling 
procedures; shipping; etc.) and training provided by the NPS-BRMD (NPS 2007c). 
Tissue samples would be tested by the NPS-BRMD or at the New Bolton Center, 
University of Pennsylvania’s veterinary diagnostics laboratory. The only other 
laboratory certified by the U.S. Department of Agriculture (USDA) to test deer and 
elk tissues for the presence of CWD in Pennsylvania is the Pennsylvania Veterinary 
Laboratory in Harrisburg, Pennsylvania. It is estimated that up to three weeks may 
be required to complete CWD testing regardless of the service provider.  
 
It is assumed that animals killed in collisions with vehicles may be a biased sample 
that is likely to be a more sensitive measure for identifying animals carrying the 
disease. Based on an average of 87 deer-vehicle collisions reported annually 
between 1997 and 2007, it is estimated that a minimum of 51 deer (5% of total park 
deer population estimate of 1,023 individuals) would be tested annually. The number 
of deer tested may be limited by use of a contractor to remove dead deer from park 
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roadways, need to euthanize some animals due to injury (possible head shots), and 
condition of some road-killed deer. Sample size also may vary depending on 
selection of the preferred deer management strategy. The park also would continue 
to coordinate with the PGC and/or agricultural agencies regarding surveillance 
methods and results. 
 
Activities included in Zone 3 were categorically excluded using the appropriate 
NEPA process in 2007, and therefore are included under all deer management 
alternatives, including the no-action alternative (Alternative A) in the plan/EIS. 

Implementation Zone 2 

If a case of CWD was confirmed between 5 and 60 miles of the park boundary and 
the park did not fall within a state-established CWD containment zone, Valley Forge 
NHP would continue to implement opportunistic surveillance, as described above. 
Additional actions would include training of NPS employees, volunteers, and others 
to recognize and report deer exhibiting clinical signs of CWD, monitoring for deer 
exhibiting clinical signs, and implementing targeted surveillance consistent with 
NPS guidance (NPS 2007c). Monitoring would consist of visual surveys for deer 
exhibiting clinical signs of CWD conducted by park staff and volunteers during their 
daily work activities, which often involve travel throughout the park or direct 
interaction with deer (e.g., deer counts, deer-vehicle collision response). Targeted 
surveillance has negligible adverse effects on the entire population, removes a 
potential source of CWD infection, and is an efficient means of detecting new 
centers of infection (Miller et al. 2000). One limitation to targeted surveillance is 
that clinically affected animals presumably shed infectious prions before they are 
visibly ill. Thus, environmental contamination and direct transmission may occur 
before the animal is removed (NPS 2007c). The park would develop standard 
operating procedures to implement these actions. This action is consistent with 
“targeted surveillance” described in Pennsylvania’s CWD management plan 
(PCWDTF 2007).  
 
Increased coordination with the PGC and PDA would be initiated to pool samples to 
reach the desired detection level and to monitor and evaluate changes in CWD risk 
to the park. The desired detection level established in the state CWD management 
plan is 99% confidence in detecting CWD if it is present at a prevalence of at least 
1%. Targeted surveillance may reduce the sample size required to achieve the 
desired level of detection as evidenced by the fact that nearly half of the CWD-
positive populations in Colorado have been detected using this method (Conner, 
Krumm, and Miller 2005). It is estimated that the number of deer tested through 
targeted surveillance would vary depending on the number of deer exhibiting 
clinical signs of CWD and selection of the preferred deer management strategy in 
the plan/EIS.  

Implementation Zone 1 

If a confirmed CWD case occurs within 5 miles of the park boundary or the park (or 
a portion of the park) falls within a state-established containment zone, activities 
described under Zones 2 and 3 above would continue within the park. Once this 
threshold is reached, it is assumed that CWD is likely within the park. 
 
Under all deer management alternatives in the plan/EIS, including Alternative A 
(no-action), additional actions triggered by Zone 1 would include enhanced targeted 
surveillance in the form of dedicated staff and volunteer time to monitor the park 
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deer population for clinical signs of CWD on a regular basis. Under Alternative B 
(combined nonlethal actions), live testing and culling of CWD-positive deer would 
be implemented. Under deer management alternatives that include lethal actions 
(Alternatives C and D), the park would initiate a rapid reduction of the deer 
population to quickly achieve the target deer density. This may include a one-time 
reduction of the population for the purposes of disease response. All actions would 
be conducted in cooperation with the state to ensure a coordinated response. The 
NPS would contribute all deer obtained through surveillance and response activities 
to the state sampling effort to assess prevalence and distribution.  

Test and Cull 

Under the combined nonlethal deer management alternative (Alternative B) in the 
plan/EIS, a test and cull approach would be used to enhance CWD detection and 
monitoring efforts. The technique requires capture, general anesthesia, training in 
biopsy techniques, and the ability to test large proportions of the population (NPS 
2007c). Tonsillar biopsy has been used in limited situations to test deer and cull 
CWD-positive members of the population (NPS 2007c; Wolfe, Miller, and Williams 
2004). Initial treatment of deer with a reproductive control agent, under Alternative 
B in the plan/EIS, requires capture for the purpose of marking individuals as 
“treated.” Therefore, a test and cull approach is considered reasonable with minimal 
additional effort. Training on tonsillar biopsy techniques and appropriate handling 
and storage of tissue samples would be provided by the NPS BRMD.  
 
Animals would be individually marked to ensure CWD-positive animals could be 
relocated, and radio collars may be used to facilitate relocation of individuals that 
have moved outside the park. CWD-positive animals would be removed from the 
population by qualified federal or state employees or contractors. The number of 
animals to be tested annually would be expected to be the same as the number 
initially treated with a reproductive control agent under Alternative B in the 
plan/EIS.  
 
Limitations of this approach include the fact that animals initially captured and 
marked as “treated” with a reproductive control agent would not be anesthetized and 
handled for subsequent reproductive control treatments (delivered remotely). These 
individuals would be excluded from CWD testing after the first year, which may 
result in large variations in sample size over time. Additionally, reproductive 
control, as described under Alternative B in the plan/EIS, excludes male deer from 
the surveillance effort. Dispersal of male deer may be one of the primary means of 
CWD spread. Variation in sample size and exclusion of male deer from the sampling 
effort may increase the potential of failing to detect the disease if it is present.  

Active Lethal Surveillance 

The term active lethal surveillance refers to lethal removal of deer within the park 
for the purposes of assessing disease presence, prevalence, and distribution. These 
actions may also minimize the likelihood of CWD becoming established, minimize 
the likelihood of amplification and spread if the disease is introduced, and promote 
elimination of CWD, if possible. Specific actions associated with active lethal 
surveillance are rapid reduction of the deer population to achieve the initial target 
deer density (31-35 deer per square mile) and a one-time reduction in population to a 
density consistent with the surrounding environment but not less than 10 deer per 
square mile.  
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NPS guidance suggests reducing population numbers as an appropriate management 
tool when population density is above that identified in park management plans 
and/or the need to know CWD prevalence with a high degree of accuracy is 
necessary (NPS 2007c). Use of population reduction as a method for controlling 
disease in wildlife is based on the premise that infectious disease is a density-
dependent process (Wobeser 1994). In captive situations, where animal density is 
high, the prevalence of CWD can be substantially elevated compared to that seen in 
free-ranging situations. The rate of disease transmission depends on factors such as 
contact rate among deer, total number of deer, and the number of infected deer 
(WDNR 2003). Thus it is hypothesized that increased animal density and increased 
animal-to-animal contact enhances the transmission and spread of CWD. Decreasing 
animal densities may decrease the transmission and incidence of the disease (NPS 
2007c). The success of using population reduction, as a method for controlling 
disease, is directly related to early detection, response time, and the intensity, 
consistency, and duration of the control effort (WDNR 2003). This method may be 
more effective in managing isolated areas of disease than when disease is widely 
distributed. Therefore, removal efforts are considered most appropriate in situations 
focused on intensive control of smaller areas.  

Rapid Reduction to Initial Target Deer Density 
Alternative C (combined lethal actions) and Alternative D (combined lethal and 
nonlethal actions) in the plan/EIS involve the lethal removal of deer within the park 
boundary. Under these alternatives, active lethal surveillance would allow for a more 
rapid reduction of the deer population to achieve the initial deer density goal of 31-
35 individuals per square mile. It is expected that this action would result in 
achieving this density twice as fast as population reduction would occur as described 
under Alternatives C and D in the plan/EIS. Achieving the initial deer density goal 
more quickly would minimize the probability of amplification within local deer 
populations and reduce the probability of spread to other deer populations. Data 
collected by NPS staff during spring deer counts indicate that the average deer 
density outside the park boundary between 2001 and 2008 was 29 deer per square 
mile. A deer density of 31-35 deer per square mile is considered appropriate as an 
initial target related to CWD, as well as in the plan/EIS, because it is consistent with 
deer density in the surrounding community and therefore, is not likely to create a 
refuge for deer or their associated diseases. This number also is consistent with 
recommendations in the scientific literature related to appropriate deer density to 
ensure adequate forest regeneration, which range from 10-40 deer per square mile. 
 
Rapid reduction actions would be carried out as described under Alternative C 
(combined lethal actions) of the plan/EIS. However, testing for CWD would necessitate 
targeting the body rather than the head for removal efforts. With training, head shots 
may be taken and still preserve tissues needed for CWD testing (Cottrell, pers. comm. 
2008b). Sharpshooting activities would initially target areas immediately surrounding 
the positive case to ensure removal of animals that have been in contact with CWD 
animals and potentially decrease local prevalence of CWD. Areas where deer 
movements across the park boundary into surrounding communities are frequent 
(southeastern, southwestern, and northwestern boundaries) and areas with high 
concentrations of deer (central and southwestern areas) may also be targeted for removal 
activities to reduce the probability of spread and promote elimination of the disease, if 
possible. During initial removal efforts, both male and female adult deer would be 
targeted due to the increased probability of infection in older animals and the spread 
potential posed by males. Additional removals in the first two years of the action would 
be based on available staffing and resources. This action is consistent with the Level 1 
response described in Pennsylvania’s CWD response plan (PCWDTF 2007). 
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To achieve the initial deer density goal of 31-35 deer per square mile in half the time 
proposed under Alternatives C and D, it is estimated that 550 deer would need to be 
removed in year 1 and 475 deer would need to be removed in year 2. This assumes 
the 2007 population size of 1,023 deer. The planned removals are outlined below. 
 

 Years One and Two -- The population model estimated that between 475 
and 550 deer would need to be removed annually for the first two years. 
This would reduce the deer population to an estimated 170 by the end of the 
second year (32 deer per square mile). This would result in the deer density 
goal being achieved. 

 Subsequent Years - The population model estimated removal of 35-40 
animals on an annual basis to maintain a population density of 31-35 deer 
per square mile. 

One-time Reduction Action 
In addition to the rapid reduction of the park’s deer population to the target deer 
density, Zone 1 response could include a one-time reduction action to not less than 10 
deer per square mile. Implementation of a one-time reduction of the deer population to 
not less than 10 deer per square mile would be based on the state’s success in reducing 
deer populations within the CWD containment zone outside the park boundary. The 
NPS would not want to reduce the number of deer within the park to a density far 
below that outside the park because it may increase the likelihood of potentially 
infected deer repopulating the park from surrounding areas. However, the NPS also 
would not maintain a deer density significantly higher than that in surrounding 
communities, because that may increase the likelihood of disease amplification and 
spread into the park. To ensure that neither of these situations occurred, the park 
would work cooperatively with the state to address CWD as the state works to achieve 
a population density lower than 31-35 deer per square mile in areas surrounding the 
park. The one-time reduction action promotes the park’s ability to provide CWD 
response commensurate with state actions in the areas surrounding the park and to 
contribute to CWD management efforts taking place at a broader scale. A deer density 
of 10 deer per square mile is considered appropriate as a lower limit for this action 
because it is consistent with recommendations in the scientific literature related to 
appropriate deer density to ensure adequate forest regeneration, which range from 10-
40 deer per square mile. It is also consistent with the stated objective of the plan/EIS to 
maintain a deer population in the park. The action would be carried out as described 
above under rapid reduction to initial target deer density. Additional removals that are 
part of the one-time reduction would be based on available staffing and resources and 
may take more than one year to achieve. 
 
All deer removed in the one-time reduction action would be tested for the presence of 
CWD, and samples from both the NPS and state would be pooled. It is assumed that 
an adequate number of samples would be available when samples collected within the 
park are combined with state samples to reach the state’s desired detection/prevalence 
level without having a significant impact on the park deer population. If additional 
positive cases were not found within the CWD containment zone, the park would 
continue the monitoring described for Zone 2 above for a period of time consistent 
with current knowledge of the environmental persistence of CWD infectious agents 
and continue to contribute to the CWD monitoring efforts of the state.  
 
If additional positive cases are detected, assuming the park has achieved its initial 
deer density goal or successfully implemented a one-time reduction for the purposes 
of disease response, the NPS would continue to contribute all deer obtained through 
opportunistic, targeted, and enhanced targeted surveillance, as well as those obtained 
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through deer management actions, to the state sampling effort. If Alternative B in 
the plan/EIS was implemented, live testing and culling of CWD-positive deer from 
the park would continue. 

Relationship to White-tailed Deer 
Management Plan Alternatives 

All deer management alternatives (A, B, C, and D) described in the plan/EIS include 
opportunistic, targeted, and enhanced targeted CWD surveillance. Surveillance 
actions described for Implementation Zones 2 and 3 would be implemented under 
any of the deer management alternatives, based on proximity of the nearest 
confirmed case of CWD to the park boundary and proximity of the park to a state-
established containment zone. Live testing and culling of CWD-positive animals is 
included as a surveillance technique within Implementation Zone 1 under 
Alternative B (combined nonlethal actions) in the plan/EIS. Active lethal 
surveillance is included as a surveillance and response technique within 
Implementation Zone 1 under Alternative C (combined lethal actions) and 
Alternative D (combined lethal and nonlethal actions).   
 
Active lethal CWD surveillance is only included in alternatives in the plan/EIS that 
include lethal reduction methods (Alternatives C and D). Alternative A (no-action) 
and Alternative B (combined nonlethal actions) described in the plan/EIS do not allow 
for lethal surveillance methods. Excluding active lethal surveillance may be an 
appropriate action if the threat of CWD was low and there were very limited resources 
to dedicate to disease recognition. The consequences of excluding active lethal 
surveillance under Alternative B include potentially failing to detect the disease if it is 
present, and the inability to work with neighboring land management agencies in 
assessing, understanding, and controlling the disease (NPS 2007c). However, to 
maintain consistency with public input, park staff felt it was important to provide one 
completely nonlethal management alternative outside of the no-action alternative. 
 
Active lethal surveillance would be implemented in Zone 1 only if the combined lethal 
action (Alternative C) or combined lethal and nonlethal actions (Alternative D) is 
selected as the NPS preferred management alternative in the plan/EIS. If one of the 
lethal alternatives proposed in this plan/EIS is implemented (Alternative C or D) and 
CWD is detected within the park, the same lethal removal methods described in the 
alternative would be used to address CWD management. Details of implementation 
could change slightly as described above under Zone 1. If Alternative C is the 
preferred alternative, then population maintenance at the target deer density would 
continue to be implemented using lethal reduction methods such as sharpshooting and 
capture and euthanasia (if appropriate). If Alternative D is the preferred alternative, 
then population maintenance would be implemented using lethal reduction methods 
until CWD surveillance, conducted for a period of time consistent with current 
knowledge of the environmental persistence of CWD infectious agents, revealed no 
additional CWD-positive deer within the park. At that time, if an appropriate 
reproductive control agent is available, the park would implement reproductive control 
methods for population maintenance as described in the alternative. 
 
Predator reintroduction (wolf predation as a stewardship tool) and depopulation 
were the only management options provided by NPS guidance (NPS 2007c) that 
were not considered in development of the CWD management approach at Valley 
Forge NHP. Predator reintroduction was considered but dismissed as a deer 
management strategy in the plan/EIS and thus was not considered an appropriate 
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tool for CWD management. Depopulation was dismissed because it is inconsistent 
with the stated objective of the plan/EIS to maintain a white-tailed deer population 
within the park. A summary of CWD management actions associated with deer 
management alternatives described in the plan/EIS is provided in Table C-4. 
 

Table C-4 Relationship between CWD Surveillance and Response Actions and Deer Management 
Strategies Described in the Plan/EIS 

Alternative Opportunistic 
Surveillancea 

Targeted 
Surveillancea 

Enhanced 
Targeted 
Surveillance 

Test 
and 
Cull 

Active 
Lethal 
Surveillance 

Coordination 
with State 
Agencies 

Alternative A 
(No Action) 

X X X   X 

Alternative B 
(Combined 
Nonlethal Actions) 

X X X X  X 

Alternative C 
(Combined Lethal 
Actions) 

X X X  X X 

Alternative D 
(Combined Lethal 
and Nonlethal 
Actions) 

X X X  X X 

Implementation 
Zone Zone 3 Zone 2 Zone 1 

All actions, across 
implementation 
zones, would be 
closely 
coordinated with 
the PGC and PDA 
due to the scale 
of management 
identified as 
necessary to 
address CWD 
(minimum 79 
square miles) 
relative to park 
size (5.3 square 
miles) 

Implementation 
Threshold 

Description 

Confirmed case 
of CWD more 
than 60 miles 
from park 
boundary 

Confirmed case 
of CWD within 
60 miles but 
greater than 5 
miles from park 
boundary; park 
does not fall 
within a state 
containment 
zone 

Confirmed case of CWD within 5 miles 
of park boundary or park falls within a 
state-established CWD containment 
zone 

a Actions are cumulative. Therefore, once opportunistic sampling is initiated in Zone 3, it continues to be implemented in Zones 2 and 1. 
Once targeted surveillance is implemented in Zone 2, it continues to be implemented in Zone 3. 

 

Disposal 

Recommendations for disposal of CWD-infected deer are based upon guidance 
provided through the NPS Public Health Program (NPS 2006), the Pennsylvania 
CWD response plan (PCWDTF 2008a), and recommendations provided by the 
CWD science team. Currently, no scientific evidence exists linking the consumption 
of meat from deer or elk in areas with historic CWD to human disease. However, 
due to the lack of knowledge surrounding CWD disease ecology, proposed disposal 
options preclude donation of CWD-positive deer for human consumption.  
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Implementation Zone 3 

As long as there were no confirmed cases of CWD within a 60-mile radius of the 
park, carcass disposal would continue as described under all deer management 
alternatives in the plan/EIS. These methods include landfilling, surface disposal, and 
donation of meat to food pantries.  

Implementation Zones 2 and 1 

If the presence of CWD is confirmed within Implementation Zones 2 or 1, then 
carcass disposal would occur in accordance with NPS Public Health Program 
guidelines for donation of meat from an “Area Affected by CWD” for the purpose of 
human consumption (NPS 2006). These guidelines require that those persons 
actually consuming the meat be fully informed and take full responsibility for any 
long-term unanticipated effects of eating meat from animals coming from a CWD-
affected area. Donation of meat to food pantries would likely prohibit the park from 
being able to obtain informed consent from final consumers. This precludes the park 
from considering this as a disposal option within Implementation Zone 2. If a CWD- 
positive deer is confirmed within Zone 1, these guidelines clearly preclude the 
donation of meat to food pantries, soup kitchens, or any entity that intends to 
redistribute the meat (NPS 2006). 
 
Within Implementation Zones 2 and 1, disposal of carcasses would follow 
guidelines provided by the Pennsylvania CWD response plan (PCWDTF 2007). It is 
acknowledged that guidelines provided by the commonwealth’s plan are considered 
preliminary and are expected to be more fully developed over time. Developing 
science is expected to dictate the disposal of CWD-positive deer in Pennsylvania. 
Park staff would remain in close contact with appropriate state agencies regarding 
disposal of CWD-positive deer and integration of the park and state approach to 
carcass disposal.   

Landfilling 

The Pennsylvania CWD response plan (PCWDTF 2007) identifies three disposal 
methods appropriate for CWD-positive carcasses: landfilling, incineration, and tissue 
digestion. These methods are consistent with recommendations provided by the CWD 
science team. Disposal of carcasses at a landfill is preferred, with landfilling occurring 
at a site which meets modern sanitary landfill standards, such as engineered liners, 
caps, and leachate and gas collection systems. This disposal option is suggested as the 
most cost effective and most capable of handling large numbers of animals. A 
disadvantage to landfilling is while it is generally considered effective at containing 
the prions, this method of disposal does not immediately destroy the prion. It is 
expected that the prions in the landfill would degrade over time, but it is not known 
how long it would take to completely inactivate all prions (PCWDTF 2007).  
  
A standard operating procedure would be developed to address procedures such as 
delivery, covering, and placement in relation to the leachate collection system. 
Currently, the state has not initiated discussions with landfill operators regarding 
disposal of CWD-positive deer. If landfills are unwilling to accept CWD-positive 
deer, then it would be necessary to store carcasses until test results were available. 
Only carcasses that test negative for CWD would be disposed of via landfilling.  
 
Storage of carcasses would occur through use of a refrigerated box car or truck, 
capable of storing at least 100 deer for up to 3 months. The box car or truck would 
be located within a secured area at the park maintenance yard. Under all 
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management alternatives in the plan/EIS, deer carcasses would be tagged with a 
unique identifying mark to facilitate tracking of test results. Under alternatives that 
include lethal removal (Alternatives C and D), deer would be processed and stored 
in identified lots (e.g., 10 deer per lot) to maximize efficiency. If test results revealed 
a CWD-positive animal, the entire lot to which it belonged would be disposed of in 
an approved manner. Processing areas and tools would be decontaminated between 
lots to prevent potential CWD contamination among lots. Under other alternatives, 
where large numbers of carcasses would not be expected, processing areas and tools 
would be decontaminated as appropriate.  

Incineration 

Carcasses that test positive for CWD may be disposed of by incineration through the 
Pennsylvania Animal Diagnostic Laboratory System (PADLS). The European Union 
recommends temperatures of at least 1,562 degrees Fahrenheit (850 Celsius) be 
maintained for at least two seconds to denature the CWD prion and incinerate 
carcasses (PCWDTF 2007). The PADLS incineration facility uses a controlled 
furnace, which is equipped with a primary and secondary combustion chamber. This 
equipment is similar to that found in other pathological incinerators and animal 
crematories. The only potential disadvantages of incineration are that this method is 
relatively expensive and may have a limited surge capacity. However, it can meet 
the temperature criteria described above (PCWDTF 2007). Should additional 
incineration capacity be needed, the Pennsylvania Department of Environmental 
Protection and the PGC would be consulted for additional incineration sites. Ashes 
associated with incineration would be disposed of by PADLS or via landfilling.  

Alkaline Digestion 

The use of tissue digestion as a disposal method for CWD-positive deer may be 
considered in the future. Although commonly called a digester, this method of 
carcass disposal is based on alkaline hydrolysis. The basis of this technology is the 
use of sodium or potassium hydroxide solutions under pressure and at elevated 
temperatures (approximately 150 degrees Celsius) to hydrolyze proteins into 
peptides and amino acids. As TSEs are believed to be caused by an abnormal prion 
protein, this technology is ideally suited for inactivation and disposal of infected 
animals and tissues derived from them. Currently, an approved digestion facility 
does not exist within the Commonwealth of Pennsylvania, although construction of 
one is being considered at PADLS, New Bolton Center. 

Minimizing Environmental Contamination 

It is unlikely that CWD prions can be completely removed from the landscape once 
introduced. However, actions to minimize environmental contamination can be 
taken. At Valley Forge NHP, these activities would remain consistent with the 
constantly improving state of knowledge on this subject. Within Zone 1, the 
following additional activities would occur under all deer management alternatives 
in the plan/EIS to minimize environmental contamination during carcass handling 
and disposal:  
 

 Surface disposal would be eliminated as a carcass disposal method. 

 Temporary storage areas for carcasses would be impervious. 
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 Deer carcasses obtained through lethal removal actions (Alternatives C and 
D in the plan/EIS) would not be gutted and would be removed from the 
landscape immediately. 

 Deer carcasses obtained through other means (e.g., deer-vehicle collisions) 
would be removed from the landscape as soon as possible (many are 
unreported and thus may not be noticed immediately). 

 Baiting as a tool for facilitating delivery of reproductive control agents 
under Alternative B or lethal removal actions under Alternatives C and D in 
the plan/EIS would be limited (reducing fecal concentration on the 
landscape). 

 Handling of deer for the purpose of obtaining samples for CWD testing 
would occur on plastic tarps or other impervious surface to minimize the 
transfer of body fluids onto the ground.  

Implementation Costs 

The following tables (C-5, C-6, C-7, and C-8) summarize the costs associated with 
implementation of the CWD response plan for Valley Forge NHP. The costs are 
broken down by implementation zone under each deer management alternative. 
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Table C-5 Alternative A: CWD Response Costs by CWD Implementation Zones 

Action            Implementation Zone 3 Implementation Zone 2 Implementation Zone 1 

Opportunistic Surveillance NPS Staff Time to Obtain Tissue 
Samples; 51 deer per year x 
1hr/deer x $20/hr 

$1,020 NPS Staff Time to Obtain Tissue Samples; 75 
deer per year x 1hr/deer x $20/hr 

$1,500 NPS Staff Time to Obtain Tissue Samples; 75 deer 
per year x 1hr/deer x $20/hr 

$1,500 

Targeted Surveillance   NPS Staff Time: Conduct Annual Training; 16 
hrs @ $35/hr  

$560 NPS Staff Time: Conduct Annual Training; 16 hrs 
@ $35/hr  

$560 

   NPS Staff Time: Lethal Removal of Deer 
Exhibiting Clinical Signs of CWD and 
Obtaining Tissue Samples; 15 deer per year @ 
3 hrs/deer x $35/hr 

$1,575 NPS Staff Time: Lethal Removal of Deer 
Exhibiting Clinical Signs of CWD and Obtaining 
Tissue Samples; 25 deer per year @ 3 hrs/deer x 
$35/hr 

$2,625 

   Equipment: 20 pairs of binoculars @ $80 
each; Likely purchased twice during life of 
plan (YR 1, YR 8) 

$3,200 total cost 
(15 yrs) 

Equipment: 20 pairs of binoculars @ $80 each; 
Likely purchased twice during life of plan (YR 1, 
YR 8) 

$3,200 total cost  
(15 yrs) 

   Set-up Cost YR 1: Rifle and Ammunition $1,000 Set-up Cost YR 1: Rifle and Ammunition $1,000 

Enhanced Targeted Surveillance       

Dedicated NPS staff time     NPS Staff Time: 1 hr/day or 5 hrs/week x 26 
weeks x $20/hr 

$2,600 

Dedicated volunteer time  
*Cost based on NPS staff time needed to organize 
and provide oversight of volunteer activities. 

    Volunteer Time: 1 hr/day or 5 hrs/week x 26 
weeks (Cost based on NPS Staff Time to organize 
and provide oversight for volunteers @ 1 hr/week 
X 26 weeks x $20/hr) 

$520 

CWD Testing and Testing Supplies  
*It is assumed that NPS-BRMD will provide CWD 
testing at no charge throughout the life of this 
plan. 

Testing conducted at no cost by 
NPS-BRMD for at least first 5 years; 
includes mailing costs 

$0 Testing conducted at no cost by NPS-BRMD 
for at least first 5 years; includes mailing 
costs 

$0 Testing conducted at no cost by NPS-BRMD for at 
least first 5 years; includes mailing costs 

$0 

 Purchase of testing supplies every 3 
years (YR 3, YR 6, YR 9, and YR 12) 
@ $1500 to $3,000 per purchase 

$6,000 total 
cost (15 yrs) 

Purchase of testing supplies every 3 years 
(YR 3, YR 6, YR 9, and YR 12) @ $1500 to 
$3,000 per purchase 

$12,000 total 
cost (15 yrs) 

Purchase of testing supplies every 3 years (YR 3, 
YR 6, YR 9, and YR 12) @ $1500 to $3,000 per 
purchase 

$12,000 total cost  
(15 yrs) 

Disposal of CWD-positive Carcasses                  
*Assumes relatively high prevalence (10%) and 
increased probability of detecting CWD in road-
killed deer. 
*Assumes average weight of deer is 100 lbs.  
*Costs included under implementation Zone 3 only 
because it is at this point that CWD-positive deer 
are assumed to be in the park.  *Due to 
uncertainties regarding landfilling of CWD-positive 
carcasses costs are based on incineration ($1-
$2.50/lb). 

    10 carcasses per year @ 100 lbs/carcass X $1-
$2.50/lb for incineration; $100-$250/carcass  

$1,000 -$2,500  

Alternative A Recurring Annual CWD Costs   $1,020   $3,635   $8,805 - $10,305 

Alternative A 15-YR CWD Costs (includes 
one-time/set-up costs, periodic activities) 

  $21,300   $70,725   $148,275 - 
$170,775 
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Table C-6 Alternative B: CWD Response Costs by CWD Implementation Zones 

Action Implementation Zone 3 Implementation Zone 2 Implementation Zone 1 
CWD Costs Associated with Alternative A, 
plus: 

      

       

Test and Cull CWD-Positive Deer     NPS Staff Time to Obtain Tissue Samples via 
Tonsillar Biopsy; Handling and Shipping; Cost 
would depend on number of deer treated and 
current available technology. Assume 90% of 
does (460) treated each year, beginning at Year 
1. 1 hr per deer x 460 deer x $35/hr 

$16,100 

CWD Testing and Testing Supplies  
*It is assumed that NPS-BRMD will provide 
CWD testing at no charge throughout the 
life of this plan. 

    Conducted at no cost by NPS-BRMD for at least 
first 5 years. 

$0 

     Additional $2,000 per purchase for CWD testing 
supplies every 3 years (YR 3, YR 6, YR 9, and YR 
12) 

$8,000 total  
(15 yrs) 

Disposal of CWD-positive Carcasses 
*Assumes relatively high prevalence (10%) 
and increased probability of detecting 
CWD in road-killed deer.  
*Assumes average weight of deer is 100 
lbs.  
*Costs included under implementation 
Zone 3 only because it is at this point 
that CWD-positive deer are assumed to 
be in the park. 
*Due to uncertainties regarding 
landfilling of CWD-positive carcasses 
costs are based on incineration ($1-
$2.50/lb). 

    Additional 35 carcasses per year than proposed 
under Alternative A @ 100 lbs/carcass X $1-
$2.50/lb for incineration; $100-$250/carcass  

$3,500 -$8,750  

       

Alternative A Recurring Annual Costs  $1,020  $3,635  $8,805 - $10,305 

Additional Recurring Annual Costs Under 
Alternative B  $0  $0  $19,600 - $24,850 

Alternative B Recurring Annual CWD 
Costs  $1,020   $3,635   $28,405 - $35,155  

       

Alternative A 15-year Costs   $21,300  $70,725  $148,275 - 
$170,775 

Alternative B 15-year CWD Costs 
(includes one-time/set-up costs, 
periodic activities) 

 
$21,300 

  
$70,725 

  
$450,275 - 
$551,525 
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Table C-7 Alternative C: CWD Response Costs by CWD Implementation Zones 

Action Implementation Zone 3 Implementation Zone 2 Implementation Zone 1 

CWD Costs Associated with Alternative A, 
plus: 

      

       

Active Lethal CWD Surveillance       

Rapid Reduction to Target Deer Density: 
Sharpshooting 

    Years 1: 150 additional deer removed than 
proposed under Alt C ($200/deer) 

$30,000 

     Years 2: 75 additional deer removed than 
proposed under Alt C ($200/deer) 

$15,000 

     Years 3-15: 35-40 deer removed annually 
($400/deer); No additional costs to those 
proposed under Alt C 

 

One-Time Reduction to Not Less Than 10 
Deer Per Square Mile   
*Costs based on number of deer removed to go 
from 35 deer per square mile to 10 deer per 
square mile and represent costs in addition to 
those costs proposed under Alternative C. 
*Assumes initial target deer density has been 
achieved and initial population size is 185 
deer.   
*Expected to take two years to achieve 10 deer 
per square mile. 

    Year 1: 40 additional deer removed than proposed 
under Alt C (Years 5+) ($400/deer) 

$16,000 

     Year 2: 30 additional deer removed than proposed 
under Alt C (Years 5+) ($400/deer) 

$12,000 

     Years 3-15: 10-20 deer removed annually 
($400/deer); No additional costs to those 
proposed under Alt C 

 

Carcass Storage     Six month lease of 32-48 foot refrigerated storage 
trailer and gas; @$1,400 per month; Estimated for 
5 years 

$42,000 

Disposal of CWD-positive Carcasses 
 *Assumes relatively low prevalence (<1%).   
*Assumes average weight of deer is 100 
lbs.  
*Costs included under implementation 
Zone 3 only because it is at this point that 
CWD-positive deer are assumed to be in 
the park.      
*Due to uncertainties regarding landfilling 
of CWD-positive carcasses costs are based 
on incineration ($1-$2.50/lb). 

    Additional  10 carcasses per year than proposed 
under Alternative A @ 100 lbs/carcass X $1-
$2.50/lb for incineration; $100-$250/carcass  

 $1,000 - $2,500 
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Table C-7 Alternative C: CWD Response Costs by CWD Implementation Zones 

Action Implementation Zone 3 Implementation Zone 2 Implementation Zone 1 

CWD Testing and Testing Supplies              
*It is assumed that NPS-BRMD will provide 
CWD testing at no charge throughout the 
life of this plan. 

    No additional costs for supplies and equipment.   

     NPS Staff Time to Obtain CWD Samples; Mark 
individual animals; Handling and Shipping; Cost 
would depend on number of deer treated and 
current available technology. Cost based on 50 
deer x 1 hr/deer x $35/hr 

1,750 

Alternative A Recurring Annual Costs  $1,020  $3,635  $8,805 - $10,305 

Additional Recurring Annual Costs  $0  $0  $2,750 - $4,250 

Alternative C Recurring Annual CWD 
Costs 

 $1,020   $3,635   $11,555 - $14,555 

       

Alternative A 15-YR Costs   $21,300  $70,725  $148,275 - $170,775 

Alternative C 15-Yr CWD Costs (includes 
one-time/set-up costs, periodic 
activities) 

 $21,300   $70,725   $436,600 - $504,100 

 
 
 
 

Table C-8 Alternative D: CWD Response Costs by CWD Implementation Zones 

Actions Implementation Zone 3 Implementation Zone 2 Implementation Zone 3 

       
Same as CWD Costs Associated with 
Alternative C 

      

       
Alternative D Recurring Annual CWD 
Costs 

 $1,020   $3,635   $11,555-$14,555 

Alternative D 15-Yr Costs (includes one-
time/set-up costs, periodic activities) 

 $21,300   $70,725   $436,600 - $504,100 
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Appendix D: Detailed Cost Estimates 

Alternative A: No-action 

The costs associated with Alternative A would primarily cover deer and vegetation 
monitoring, CWD surveillance (opportunistic, targeted, and enhanced targeted), 
maintenance of small fenced areas (e.g. riparian buffer fencing), and removal of deer 
from roadways. These estimates are considered minimum costs and do not include 
inflation over time. Costs assume knowledge of existing park activities and 
experience of park staff. Costs associated with CWD response vary significantly 
based on the distance of a confirmed case of CWD from the park boundary and 
location of the park relative to a state-established CWD containment zone. 
Recurring annual costs associated with Alternative A are estimated to total between 
$14,828 and $32,567. Costs over the life of the plan (15 years) are estimated to total 
between $253,782 and $403,257.  
 
Cost over the life of the plan includes one-time and periodic costs (e.g., start-up 
costs, costs incurred every three years) in addition to the sum of annual recurring 
costs over 15 years. 
 
Table D-1 provides a detailed breakdown of the costs associated with Alternative A. 
 

Table D-1 Cost Estimate for Alternative A: No-action 

Action Assumptions Estimated 
Recurring Annual 
Cost 

Estimated Cost 
for the 15-year 
Planning Period 

Valley Forge NHP 
Vegetation 
Monitoring (Carried 
out every 5 years) 

 $384 -8,838 
 

$31,122 
 

 30 days field work at 
NPS salary of 
$3,454/month (3 
times over life of 
plan) 

$3,454  
(once every 5 years) 

10,362 

 30 days field work 
for Botanist 
Assistant at 
$2,500/month (3 
times over live of 
plan) 

$2,500 
(once every 5 years) 

$7,500 

 Data Analysis Report 
(3 times over life of 
plan) 

$2,500 
(once every 5 years) 

$7,500 

 Annual exclosure 
check consists of 32 
hours of a 
volunteer‘s time at 
$12/hour 

$384 $5,760 
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Table D-1 Cost Estimate for Alternative A: No-action (continued) 

Action Assumptions Estimated 
Recurring Annual 
Cost 

Estimated Cost 
for the 15-year 
Planning Period 

NPS I&M Vegetation 
Monitoringa 

Carried out every 
year. Only a select 
number of plots are 
monitored each 
year. Over a five 
year period, all of 
the plots are 
monitored. Costs 
and labor are 
covered by the I&M 
program. 

$0 $0 

Deer Population 
Monitoring 

 $1,702 $25,530 

Fall Spotlight Counts 12 hours at NPS 
salary of 
$35.27/hour 

$423 $6,350 

 12 hours of a 
volunteer’s time at 
$12/hour 

$144 $2,160 

Spring Compartment 
Counts 

7.5 hours at NPS 
salary of 
$35.27/hour 

$265 $3,970 

 7.5 hours at NPS 
salary of $20/hour 

$150 $2,250 

 7.5 hours of 8 
volunteers’ time at 
$12/hour 

$720 $10,800 

Small Fenced Areas   $6,000 $90,000 

 325 volunteer hours 
at $12/hour to 
annually maintain 
riparian buffer 
fencing 

$3,900 $58,500 

 80 hours of NPS staff 
time at $20/hour 

$1,600 $24,000 

 Supplies and 
equipment 

$500 $7,500 

 Viburnum nudum 
fencing is checked 
on during other 
tasks 

$0 $0 

Roadkill Removal  $3,511 $52,665 

 40 hours of NPS staff 
time to pull deer off 
road and/or 
euthanize.  

$1,411 $21,165 

 Contractor removes 
and disposes of dead 
deer at $35/deer 
(via landfilling) 

$2,100 $31,500 
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Table D-1 Cost Estimate for Alternative A: No-action (continued) 

Action Assumptions Estimated 
Recurring Annual 
Cost 

Estimated Cost 
for the 15-year 
Planning Period 

Public Education  $2,211 $33,165 

 40 hours of NPS staff 
time at $20/hour 

$800 $12,000 

 40 hours of NPS staff 
time at $35.27/hour 

$1,411 $21,165 

CWD Responseb  $1,020 - $10,305 $21,300 to 
$170,775 

Opportunistic 
Surveillance 

Implementation 
Zone 3 

$1,020 $21,300 

Add Targeted 
Surveillance 

Implementation 
Zone 2 

$3,635 $70,725 

Add Enhanced 
Targeted 
Surveillance 

Implementation 
Zone 1 

$8,805 - $10,305 $148,275 - $170,775 

Total Costs $14,828 - $32,567c 
$253,782 - 
$403,257 c 

Note: Cost over the life of the plan includes one-time and periodic costs (e.g., start-up costs, costs 
incurred every five years) in addition to the sum of annual recurring costs over 15 years. 

a The costs of the I&M monitoring are covered by the program budget and are not assumed by 
Valley Forge NHP. 

b Refer to Appendix C: CWD Response Plan for a full explanation of costs associated with CWD 
surveillance. Costs associated with surveillance activities include supplies and equipment and 
disposal of CWD-positive carcasses under Implementation Zone 1. 

c Upper range of total costs excludes $2,100 costs for contractor disposal of road-killed deer in 
Implementation Zones 2 and 1. 

 

Alternative B: Combined Nonlethal Actions 

Costs of implementing Alternative B would include the same costs described under 
Alternative A (vegetation and deer population monitoring, small fenced areas, 
roadkill removal, public education, and CWD response), plus costs of constructing, 
monitoring, and maintaining rotational fencing, implementing reproductive controls 
and fertility monitoring, and initiating testing and culling of CWD-positive deer, if 
CWD is confirmed within five miles of the park boundary or the park falls within a 
state-established CWD containment zone. The overall cost of implementing 
Alternative B would depend on factors such as the number of deer treated, methods 
used, number of personnel, monitoring costs, and the distance of a confirmed case of 
CWD from the park boundary (Implementation Zone 3, 2, or 1). Recurring annual 
costs associated with Alternative B are estimated between $514,113 and $943,317. 
Costs over the life of the plan (15 years) are estimated between $12,614,807 and 
$13,417,832.  
 
Cost over the life of the plan includes one-time and periodic costs (e.g., start-up 
costs, costs incurred every three years) in addition to the sum of annual recurring 
costs over 15 years. 
 
The following text provides an explanation des of the costs included in Alternative 
B, and Table D-2 provides a summary of the detailed costs. 
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Rotational Fencing 

Rotational fencing would be a minimum of 8-10 feet tall and comprise woven wire. 
It is estimated that it would take up to 150 working days to construct all fenced 
areas. Details related to fence installation are expected to vary widely based on 
factors such as topography, geologic substrate, access, and presence of archeological 
resources. A cost estimate for fencing was generated using the standardized 
government Cost Estimating Software System CESS (NPS 2008b) program and is 
considered to be a Class C estimate. Class C indicates a conceptual cost estimate 
based on square foot cost (or unit cost) of similar construction. The NPS CESS 
software calculates labor and materials costs based on the local area and the average 
difficulty to install wire mesh in southeastern Pennsylvania based on 2008 pricing. 
The following cost factors are accounted for in the estimate: park location, design 
contingency, historic preservation factor, general and administrative costs, overhead, 
and profit. Fence design and installation cost is estimated between $30 (materials 
and labor only) and $45 per linear foot. Total cost to install rotational fencing across 
10%-15% of the forested area of the park would range from $1,403,550 to 
$2,105,325. 
 
Most likely, fenced areas would be relocated every 15 to 20 years. Therefore, 
relocation costs are not included in this plan. However, it is estimated that future 
costs to relocate up to 15 fenced areas are 75% of the original cost. Maintenance 
costs could be substantial due to the remoteness of some fenced sites and the 
presence of very rocky soils.  
 
Labor to inspect and maintain fencing is estimated at approximately one person per 
day for each exclosure annually, assuming four scheduled visits per year. Using an 
average rate of $160 per day and 15 days to cover all of the exclosures, the annual 
maintenance cost would be $2,400 for labor. An additional $8,000 per year would be 
needed for maintenance materials and additional visits due to inclement weather. 
The additional vegetation monitoring cost for three exclosures per year would be 
approximately $1,500 (based on annual monitoring costs used in Alternative A).  

Reproductive Control 

A study in New York, one of the few conducted on a suburban, free-ranging deer 
population, estimated that the minimal annual time commitment per deer for 
reproductive control (using PZP) was approximately 20 hours, costing in the range 
of $450 to $1,000 per deer (Rudolph et al. 2000). At Cleveland Metro Parks, labor 
cost approximately $450 per deer, and vaccines and equipment were approximately 
$450 per deer (DeNicola, pers. comm. 2004). Vaccine trials in Connecticut cost 
$1,128 per deer for 30 deer over 2 years, with 64% of the cost going to labor 
(Latham et al. 2005).  
 
At Valley Forge NHP, costs per deer would include the reproductive control and 
anesthetic agents, labor and equipment, and potentially bait piles. The estimated cost 
is $200 per dose of Leuprolide. Additional handling and processing costs associated 
with delivering the treatment also would apply. Based on the high number of deer 
that would need to be treated and potential difficulties working within a suburban 
setting (visitation, restrictions on timing) at Valley Forge NHP, the expected costs 
for implementing reproductive controls would range from $1,000 to $1,900 per deer. 
Costs could vary based on the number of deer that need to be treated, improved 
technology, market demand, and/or changes in pricing (APHIS, pers. comm. 2008).  
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Current monitoring carried out in the spring and fall would continue to be the 
primary method of measuring the success of this alternative. Additional monitoring 
to document reproductive control success (pregnancy rate, reproductive rate) would 
be implemented and would require approximately 30 minutes of additional handling 
for each female deer carcass documented within the park. It would be expected that 
as the number of does treated with a reproductive control agent increased over time 
the percent of pregnant does would decrease. Data on reproductive rates also would 
be used to define the existing population.  

CWD Response Plan 

Costs associated with CWD response would only be incurred if a confirmed case of 
CWD were documented within 5 miles of the park boundary or the park fell within a 
state-established CWD containment zone (Implementation Zone 1). Costs would 
vary primarily based on when this CWD response threshold is reached and how 
many deer had already been treated with a reproductive control agent and marked 
initially at the time of the response.  
 
Tonsillar biopsy would be conducted during initial treatment of a reproductive 
control agent and permanent marking of deer. No additional costs associated with 
capture and anesthesia are expected. For the purposes of this plan costs are estimated 
based on tonsillar biopsy of 460 deer and assumes implementation simultaneously 
with reproductive control.  
 
CWD testing would be conducted by the NPS-BRMD at no cost for at least the first 
five years. It is assumed that this service would continue to be provided through the 
life of the plan. If NPS-BRMD is no longer able to provide testing services free of 
charge, an additional $5 per test would be incurred. An additional hour of labor per 
deer would be required to obtain, process, and mail tissue samples. Most materials 
required to conduct tissue biopsies were purchased for the park by NPS-BRMD in 
2008. Additional materials may be required for processing tonsillar biopsy samples 
and would be purchased approximately every three years throughout the life of this 
plan (e.g. disinfectant, plastic tarps).  
 
Disposal costs for CWD-positive deer represent cost per pound for incineration ($1 
to $2.50 per pound). These costs would only be incurred under Implementation Zone 
1, where it is assumed that CWD is in the park. Costs were based on incineration 
due to the uncertainties surrounding the use of landfills for disposal of CWD-
positive deer. Estimates assume an average weight of 100 pounds per deer.  
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Table D-2 Cost Estimate for Alternative B: Combined Nonlethal Actions 

Action Assumptions Estimated 
Recurring Annual 
Cost 

Estimated Cost 
for the 15-Year 
Planning Period 

Same actions as 
Alternative A 
(excluding CWD 
response) 

See Alternative A $13,808 - $22,262 $232,482 

    
Rotational Fencing  $10,400 $1,559,550 - 

$2,261,325 
Construction 10-15 fenced 

areas (estimated 
46,700 linear feet 
@ $30-$45/linear 
foot) 

$0 $1,403,550 - 
$2,105,325 (first 

year only)  

Maintenance Equipment and 
materials for 
repairs 

$8,000 $120,000 

Labor 1 person-day/ 
exclosure/year, 
with up to 4 visits 
per year for 
maintenance 
actions.  

$2,400 $36,000 

Vegetation Monitoring Data collection 
and analysis of 3 
plots within 
fenced areas each 
year, completing 
all 15 plots in 5 
years.  

$1,500 $22,500 

Reproductive Control Cost would 
depend on 
number of deer 
treated and 
current available 
technology. 
Assume 90% of 
does (460) 
treated each 
year, beginning at 
Year 1; $1,000-
$1,900/deer x 
460 does 

$460,000-$874,000 $10,350,000 

CWD Responsea  $28,405-$35,155 $450,275-$551,525 
Test and Cull CWD-
Positive Deer 

Labor, Carcass 
Disposal 

$19,600 - $24,850 $294,000 - $372,750 

 Supplies and 
Equipment 

 $8,000 

Total Costs 
$514,113 - 
$943,317 

$12,614,807 – 
$13,417,832 

Note: Cost over the life of the plan includes one-time and periodic costs (e.g., start-up costs, costs 
incurred every five years) in addition to the sum of annual recurring costs over 15 years. 

a Refer to Appendix C: CWD Response Plan for a full explanation of costs associated with CWD 
surveillance. CWD Response costs represent the sum of costs incurred under Alternative A and 
additional costs incurred under Alternative B. 
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Alternative C: Combined Lethal Actions 

Costs of implementing Alternative C would include the costs described under 
Alternative A (vegetation and deer population monitoring, small fenced areas, 
roadkill removal, public education, and CWD response), plus the cost of 
sharpshooting, capture/euthanasia, and initiation of active lethal CWD surveillance 
if CWD were confirmed within five miles of the park boundary or the park fell 
within a state-established CWD containment zone. The overall cost of implementing 
Alternative C would depend on factors such as the number of deer removed, 
methods used, personnel or contractor costs, and the distance of a confirmed case of 
CWD from the park boundary (Implementation Zone 3, 2, or 1). Recurring annual 
costs associated with Alternative C are estimated between $56,113 and $150,317. 
Costs over the life of the plan (15 years) are estimated between $1,381,832 and 
$1,449,332. 
 
Cost over the life of the plan includes one-time and periodic costs (e.g., start-up 
costs, costs incurred every three years) in addition to the sum of annual recurring 
costs over 15 years. 
 
Estimated costs for Alternative C are discussed below and summarized in Table D-3. 

Sharpshooting  

Factors affecting the final cost of implementing this alternative include deer density, 
number of deer to be removed, ease of access to deer, number, location, and success of 
bait stations, equipment availability, amount of data to be collected from deer, and 
processing requirements. The greatest costs would generally be incurred when the deer 
and bait stations were difficult to access, when deer were wary of humans, the removal 
area was large, and when deer densities were lower (requiring more time to find each 
deer). Conversely, lower costs could be expected when the removal area was smaller, 
deer density was high (less time to find each deer), and deer were not wary of human 
activities. For this alternative, it is assumed that a qualified federal employee or 
contractor would conduct the lethal removal activities and collect biological data. NPS 
staff would collect samples for CWD testing and arrange for transport, processing, and 
appropriate disposal of deer carcasses (if needed).  
 
Costs and efficiencies of sharpshooting programs have been assessed in the literature. 
One study documented that costs ranged from $72 to $260 per deer harvested (Warren 
1997). A study in Minnesota compared methods to reduce deer abundance, and 
sharpshooting averaged $121 per deer harvested (Doerr, McAnnich, and Wiggers 
2001). Gettysburg National Military Park reported that costs averaged $128 per deer, 
with 355 deer removed (Frost et al. 1997). In a suburban area near Minneapolis, the 
cost for a contractor to remove 36 deer in 2004 was $400 per deer based on several 
bait station locations, difficult access to removal locations, and a lower deer density 
(NPS 2008a). A recent estimate from APHIS to conduct sharpshooting activities 
within the park indicated a range of costs between $195 and $209 per deer in years 1 
and 2, depending on level of processing (gutting or ungutted).  
 
It is estimated that this alternative would cost $200 per deer for the first four years 
and would increase to $400 per deer as the population decreased and deer became 
more wary of human activities. However, with a smaller population, even though the 
cost per deer might increase because of the additional time needed to locate deer, the 
overall removal costs could decrease, because fewer deer would have to be removed. 
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Capture and Euthanasia 

Factors affecting the final cost of implementing this element of Alternative C 
include the number of deer removed via this method, location of the removal, 
accessibility, type of trap or immobilization drug used, and the type of euthanasia 
used. Based on the experience of NPS personnel and the range of costs identified for 
capturing deer under the reproductive control action, costs could range from $100 to 
$1,000 per deer. An experienced contractor estimates that the minimum cost for 
capture and euthanasia would be $400 per animal (White Buffalo, Inc. 2005); 
therefore, actual costs for this method would likely be closer to the middle of the 
range ($500). 

CWD Response Plan 

Costs in addition to those under Alternative A would be incurred only if a confirmed 
case of CWD was documented within 5 miles of the park boundary or the park fell 
within a state-established CWD containment zone (Implementation Zone 1). Costs 
would vary based on when the CWD response threshold is reached, how many deer 
have been removed, and the success of the state’s actions to reduce deer density in 
areas surrounding the park for the purpose of disease management. For example, if a 
confirmed case of CWD were documented within 5 miles of the park boundary and 
the park had already achieved the target deer density of 31-35 deer per square mile, 
and deer density in the surrounding environment were at least 31-35 deer per square 
mile, then no additional costs for CWD response would be incurred.  
 
Costs for implementation of a rapid reduction to the deer density goal assume that 
deer density in the park is still high and that CWD is confirmed near the park early 
in the life of the plan. This expenditure would be unnecessary once the deer density 
goal has been achieved. Costs for implementation of a one-time reduction action to 
no less than 10 deer per square mile were based on the assumption that the initial 
deer density goal (31-35 deer per square mile) had been achieved. This estimate 
represents the number of additional deer that need to be removed over two years to 
achieve 10 deer per square mile. Implementation and number of deer removed is 
based on the success of the state in reducing deer density in surrounding 
communities for the purposes of disease management and therefore, costs associated 
with this action would vary.  
 
CWD testing would be conducted by the NPS-BRMD at no cost for at least the first 
five years and it is assumed that this service would continue to be provided through 
the life of the plan. If NPS-BRMD is no longer able to provide testing services free 
of charge, an additional $5 per test would be incurred. An additional hour of labor 
per deer would be required to obtain CWD samples from deer carcasses resulting 
from management actions, and to process and mail tissue samples. Labor costs are 
based on 50 deer per year and assume CWD would not be confirmed near the park 
for at least four years. Most materials required to conduct tissue biopsies were 
purchased for the park by NPS-BRMD in 2008. Additional materials would be 
required throughout the life of the plan and would be purchased approximately every 
three years throughout the life of this plan (e.g. disinfectant, plastic tarps).  
 
If carcasses need to be stored until CWD test results are returned a refrigerated 
storage trailer would be leased. Costs associated with leasing of a 32-48 foot 
refrigerated storage trailer assumes that it would be needed for 6 months annually 
for a period of five years (minimally). Cost of leasing a refrigerated storage trailer is 
estimated to be $8,400 ($1,400 per month) annually including vehicle lease 
($950/mo) and diesel fuel ($450/mo). 
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Disposal costs for CWD-positive deer represent cost per pound for incineration ($1 
to $2.50 per pound). These costs only appear under Implementation Zone 1 where it 
is assumed that CWD is in the park. Costs were based on incineration due to the 
uncertainties surrounding the use of landfills for disposal of CWD-positive deer. 
Estimates assume an average weight of 100 pounds per deer. 
 
 

Table D-3 Cost Estimate for Alternative C: Combined Lethal Actions  

Action Assumptions Estimated Recurring 
Annual Cost 

Estimated Cost for 
the 15-year 
Planning Period 

Same actions as 
described for 
Alternative A 
(excluding CWD 
response) 

See Alternative A $13,808-$22,262 $232,482 

Lethal 
Reduction 
Actions 

 $44,558 - $135,762 $945,232 

Sharpshooting Years 1-2: 400 deer 
removed annually 
($200/deer) 
 
Years 3-4: 200-250 
deer removed 
annually 
($200/deer) 
 
Years 5+: 20-50 
deer removed 
annually ($400 

/deer) a 

Years 1-2: $80,000 
Years 3-4: $50,000 
Years 5+: $20,000 
 

$480,000 b 

Carcass 
Processing 

$65 per deer for 
meat processing  
(meat donation) 

Years 1-2: $26,000 
Years 3-4: $16,250 
Year 5+: $3,250 

$120,250 

Capture and 
euthanasia 

15 deer 
maximum/year 
(estimated 
$500/deer) 

$7,500 $112,500 

CWD Responsec  $11,555 - $14,555 $436,600 - 
$504,100 

Active Lethal 
CWD 
Surveillance 

Rapid Reduction to 
Target Deer Density 

$0 $45,000 

 One-Time 
Reduction 

$0 $28,000 

 Carcass Storage $0 $42,000 
 Carcass Disposal 

(CWD-positive) 
$1,000 – $2,500 $15,000-$37,500 

CWD Testing Additional labor to 
obtain CWD samples 

$1,750 $26,250 

Total Costs $56,113 - $150,317 $1,381,832 - 
$1,449,332 

Note: Cost over the life of the plan includes one-time and periodic costs (e.g., start-up costs, costs 
incurred every five years) in addition to the sum of annual recurring costs over 15 years. 

a Cost increase after year four is due to additional time needed to locate deer at a lower deer density.  
b This cost would increase if the deer density goal was not reached by the fourth year.  
c Refer to Appendix C: CWD Response Plan for a full explanation of costs associated with CWD 

surveillance. 
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Alternative D:  
Combined Lethal and Nonlethal Actions 

Costs of implementing Alternative D would include the costs described under 
Alternative A (vegetation and deer population monitoring, small fenced areas, 
roadkill removal, public education, coordination with PGC, and initiating CWD 
monitoring), plus the costs of implementing lethal reduction to achieve the target 
deer density and reproductive control to maintain the population, as described under 
Alternatives B and C. If CWD were confirmed within 5 miles of the park boundary, 
or the park fell within a state-established CWD containment zone, costs associated 
with implementing active lethal CWD surveillance would be the same as described 
under Alternative C. The overall cost of implementing Alternative D would depend 
on the number of deer removed and/or treated, methods used, personnel/contractor 
costs, and the distance of a confirmed case of CWD from the park boundary 
(Implementation Zone 3, 2, or 1). Recurring annual costs associated with Alternative 
D are estimated between $99,113 and $150,317 in years 1-4 (lethal actions) and 
between $183,063 and $194,517 during years 5-15 (reproductive control). Costs 
over the life of the plan (15 years) are estimated between $2,778,282 and 
$2,845,782.  
 
Cost over the life of the plan includes one-time and periodic costs (e.g., start-up 
costs, costs incurred every three years) in addition to the sum of annual recurring 
costs over 15 years. 
 
Estimated costs for Alternative D are discussed below and summarized in Table D-4. 

Sharpshooting  

Factors affecting the final cost of implementing this alternative include deer density, 
number of deer to be removed, ease of access to deer, number and location of bait 
stations, equipment availability, amount of data to be collected from deer, and 
processing and disposal requirements. The greatest costs would generally be 
incurred when the deer and bait stations were difficult to access, when deer were 
wary of humans, the removal area was large, and when deer densities were lower 
(requiring more time to find each deer). Conversely, lower costs could be expected 
when the removal area was smaller, deer density was high (less time to find each 
deer), and deer were not wary of human activities. For this alternative, it is assumed 
that a qualified federal employee or contractor would conduct the lethal removal 
activities, process the deer, and collect biological data. NPS staff would arrange for 
processing and disposal of deer carcasses (if needed) and the transfer of meat to a 
local food bank (as appropriate).  
 
Costs and efficiencies of sharpshooting programs have been assessed in the 
literature. One study documented that costs ranged from $72 to $260 per deer 
harvested (Warren 1997). A study in Minnesota compared methods to reduce deer 
abundance, and sharpshooting averaged $121 per deer harvested (Doerr, McAnnich, 
and Wiggers 2001). Gettysburg National Military Park reported that costs averaged 
$128 per deer, with 355 deer removed (Frost et al. 1997). In a suburban area near 
Minneapolis, the cost for a contractor to remove 36 deer in 2004 was $400 per deer 
based on several bait station locations, difficult access to removal locations, and a 
lower deer density (NPS 2008a).  
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It is estimated that this alternative would cost $200 per deer for the first four years 
and would increase to $400 per deer as the population decreased. However, with a 
smaller population, even though the cost per deer might increase because of more 
time needed to locate deer, the overall removal costs could decrease, because fewer 
deer would have to be removed. 

Capture and Euthanasia 

The costs for capturing deer would likely vary. Factors would include the location of 
the removal, accessibility, type of trap or immobilization drug used, the means of 
deer disposal, and the type of euthanasia used. Based on the experience of NPS 
personnel and the range of costs identified for capturing deer under the reproductive 
control action, costs could range from $100 to $1,000 per deer. An experienced 
contractor estimates that the minimum cost for capture and euthanasia would be 
$400 per animal (White Buffalo, Inc. 2005); therefore, actual costs for this method 
would likely be closer to the middle of the range ($500). 

Reproductive Control 

The costs of implementing reproductive controls on a population that has undergone 
reduction efforts for several years would vary depending on advances in 
reproductive control technology, sensitivity of the deer population to humans, 
methods used by the qualified federal employees or contractors, changes in 
immigration with reduced deer density, and general deer movement behavior (Porter 
et al. 2004; Naugle et al. 2002). A recent estimate from the USDA-APHIS (APHIS, 
pers. comm. 2008) to implement reproductive control after reduction of the deer 
population to 31-35 deer per square mile indicates a cost of $1,900 per deer. 
Compared to Alternative B, there would be fewer deer to treat, and those deer are 
more wary of humans. Therefore, it would be more difficult (i.e., take longer) to find 
and treat the necessary number of deer. 

CWD Response Plan 

Assumptions made in estimating the cost for the CWD Response Plan are the same 
as those described under Alternative A and C. 
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Table D-4 Cost Estimate for Alternative D: Combined Lethal and Nonlethal 
Actions  

Action Assumptions Estimated 
Recurring Annual 
Cost 

Cost for the 15-
Year Planning 
Period 

Same actions as 
Alternative A 
(excluding CWD 
response) 

See Alternative A $13,808 - $22,262 $232,482 

Lethal Reduction 
Sharpshooting Years 1-2: 400 deer 

removed annually 
($200/deer) 
 
Years 3-4: 200-250 
deer removed 
annually ($200) 

Years 1-2: $80,000 
Years 3-4: $50,000 
 

$260,000 a 

Capture and 
Euthanasia 

Years 1-4: 15 deer 
maximum/year 
(estimated 
$500/year) 

$7,500 $30,000 a 

Carcass Processing $65 per deer for 
meat processing  
(meat donation) 

Years 1-2: $26,000 
Years 3-4: $16,250 

$84,500 

Reproductive 
Control 

Assume starting in 
Year 5. $1,900/deer 
x 83 does - See 
Alternative B 

$157,700 $1,734,700 a 

CWD Responseb  $11,555 - $14,555 $436,600 - 
$504,100 

 
Active Lethal CWD 
Surveillance 

 
Rapid Reduction to  
Target Deer Density 

 
$0 

 
$45,000 

 One-Time Reduction $0 $28,000 
 Carcass Storage $0 $42,000 
 Carcass Disposal 

(CWD-positive) 
$1,000 – $2,500 $15,000-$37,500 

CWD Testing Additional labor to 
obtain CWD samples  

$1,750 $26,250 

Total Costs 

Lethal Actions: 
$99,113 – $150,317 
 
Reproductive 
Control: 
$183,063 – 
$194,517 

$2,778,282 – 
$2,845,782 

(Combined lethal 
and nonlethal 

actions) 

Note: Cost over the life of the plan includes one-time and periodic costs (e.g., start-up costs, costs 
incurred every five years) in addition to the sum of annual recurring costs over 15 years. 

a This cost would increase if the deer density goal was not reached by the fourth year.  
b Refer to Appendix C: CWD Response Plan for a full explanation of costs associated with 

CWD surveillance. 
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Appendix E: Review of White-tailed Deer  
Reproductive Control 

Introduction 

Managing the overabundance of certain wildlife species has become a topic of 
public concern (Rutberg et al. 2004). Species such as Canada geese (Branta 
canadensis), coyotes (Canis latrans), and white-tailed deer (Odocoileus virginianus) 
have become either locally or regionally overabundant throughout the United States 
(Fagerstone et al. 2002). In addition, traditional wildlife management techniques 
such as hunting and trapping are infeasible in many parks and suburban areas, 
forcing wildlife managers to seek alternative management methods.  
 
The use of reproductive control in wildlife management has been assessed for 
several decades. Its use has gained more attention, as the public has become more 
involved in wildlife management decisions. Interest in reproductive control as an 
innovative alternative to traditional management methods, has led to the current 
state of the science (Baker et al. 2004). Often, the use of reproductive control is 
promoted in urban and suburban areas where traditional management tools, such as 
hunting, are publicly unacceptable or illegal due to firearm restrictions (Kilpatrick 
and Walter 1997; Muller, Warrnen, and Evans 1997).  
 
The following describes the state of reproductive control as of 2008, as it relates to 
white-tailed deer management. In addition to describing the current technology 
available, it also covers population management challenges, regulatory issues, 
logistics, and consumption issues. It should be noted that since technology is 
changing rapidly in this field of research, this appendix is meant to be a description 
of the types of technology available and is not all-inclusive.  

Current Technology 

The area of wildlife contraception is constantly evolving as new technologies are 
developed and tested. For the sake of brevity, this appendix will only discuss 
reproductive control as it applies to female deer. There is a general understanding in 
white-tailed deer biology that managing the female component of the population is 
more important than managing the male component. Based on the polygamous 
breeding behavior of white-tailed deer, treating males with reproductive control 
would be ineffective if the overall goal is population management (Warren 2000).  
 
There are three basic categories of reproductive control technology: (1) 
immunocontraceptives (vaccines), (2) non-immunological methods 
(pharmaceuticals), and (3) physical or chemical sterilization. 

Immunocontraceptives 

It is suggested that immunocontraceptive vaccines offer significant promise for 
future wildlife management (Rutberg et al. 2004). Immunocontraceptive treatment 
involves injecting an animal with a vaccine that “stimulates its immune system to 
produce antibodies against a protein (i.e., antigen) involved in reproduction” 
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(Warren 2000). In order to provide for sufficient antibody production, an adjuvant is 
combined with the vaccine. An adjuvant is a product that increases the intensity and 
duration of the immune system’s reaction to the vaccine. There are two primary 
types of antigens used in reproductive control vaccines in deer: porcine zona 
pellucida (PZP) and gonadotropin releasing hormone (GnRH). Neither PZP nor 
GnRH vaccines are 100% effective in preventing pregnancy. Decreases in 
pregnancy rates can usually be expected for 1-2 years from immunocontraceptive 
vaccines. However, efficacy generally decreases as antibody production wanes. 

Porcine Zona Pellucida (PZP)  

The majority of immunocontraceptive research in wildlife has been conducted using 
PZP vaccines, which in 1992, Turner, Kirkpatrick, and Liu successfully used on 
white-tailed deer (1992). This type of vaccine stimulates an immune response to the 
egg coat proteins and is therefore only effective in female deer. Until recently there 
were two PZP vaccine products being developed, one is simply called PZP and the 
other SpayVac™. However, the company producing SpayVac™ has stated that it 
will no longer begin new research projects involving SpayVac™ in white-tailed deer 
(Fraker, pers. comm. 2006). The other PZP vaccine has been used extensively in 
white-tailed deer in the course of investigating its effectiveness (Kirkpatrick et al. 
1997; Turner, Kirkpatrick, and Liu 1992, 1996; Walter et al. 2002a, 2002b).  
 
The currently available PZP vaccine formulation is effective for two years (Turner et 
al. 2007), though longer multiyear applications are also being studied. There are 
several limitations to the PZP based vaccines. First, the PZP based vaccines often 
cause abnormal out of season breeding behavior in treated deer populations (Fraker 
et al. 2002; McShea and Rappole 1997), as treatment with PZP causes repeated 
estrous cycling in females, which can result in late pregnancies and behavioral 
changes. Additionally, at this time, PZP vaccines require periodic boosters in order 
to maintain infertility, which requires hands-on access on a moderately regular basis. 
Finally, the Food and Drug Administration (FDA), the current regulatory agency, 
has not determined whether vaccine components pose a human health risk. 
Therefore, the animals must be permanently marked so as not to enter the human 
food chain. 

Gonadotropin Releasing Hormone (GnRH) Vaccines 

GnRH is a small neuropeptide (a protein-like molecule made in the brain) that plays 
a necessary role in reproduction. It is naturally secreted by the hypothalamus (a 
region of the brain that regulates hormone production), which directs the pituitary 
gland to release hormones that control the proper functioning of reproductive organs 
(Hazum and Conn 1998). In an attempt to interrupt this process, research has 
focused on eliminating the ability of GnRH to trigger the release of reproductive 
hormones. One solution that has been investigated is a vaccine that, when combined 
with an adjuvant, stimulates the production of antibodies to GnRH. These antibodies 
likely attach to GnRH in the hypothalamic region and prevent the hormone from 
binding to receptors in the pituitary gland, thus suppressing the secretion of 
reproductive hormones.  
 
The use of GnRH vaccines has been investigated in a variety of both wild and 
domestic ungulates (hoofed mammals) (Curtis et al. 2002; Miller et al. 2000; Miller, 
Rhyan, and Drew 2004). In recent years, a great deal of research has been done on 
their effectiveness. One such GnRH vaccine being researched and developed is 
GonaCon™. In addition to developing an adjuvant with fewer unwanted side effects, 
researchers also are studying ways to develop a multiyear dose of the vaccine 
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(USDA 2004). Potential benefits of this vaccine include the longer-lasting 
contraceptive effect and possibly the lack of repeated estrous cycles. At this time, 
however, there are many uncertainties about this vaccine. First, like PZP vaccines, 
there is little information regarding the theoretical human and nontarget species 
health risks. At this time, treated animals must be permanently marked, so as not to 
enter the human food chain. Second, there is little information regarding vaccination 
of pregnant animals. Third, the vaccine can cause antibody development to not only 
the GnRH antigen but also a component of the adjuvant. This may cause difficulties 
with a population of treated deer when determining the Johne’s disease status (a 
gastrointestinal disease of potential regulatory importance for domestic livestock). 
Finally, there is limited published data using this vaccine in free-ranging animals. 
More work is necessary to establish population and herd level effects.  

Non-immunological Reproductive Control Methods 

This group of reproductive control agents includes GnRH agonists, GnRH toxins, 
steroid hormones, and contragestives.  

GnRH Agonists 

GnRH agonists are similar in structure and action to GnRH. These agonists attach to 
receptors in the pituitary gland. By attaching to the receptors, these agonists reduce 
the number of binding sites available and thereby temporarily suppress the effect of 
the GnRH. As a result of this suppression, reproductive hormones are not released 
(Aspden et al. 1996; D’Occhio, Aspden, and Whyte 1996). However, not all agonists 
have the same effects in all species. In fact, some can have an effect that is the 
opposite of what is intended. However, it is important to fully understand the effects 
of a product on a given species. GnRH agonists have been tested in mule deer and 
shown to both suppress reproductive hormones and prevent pregnancy (Baker et al. 
2004). Researchers believe this may be a useful tool for preventing pregnancy in 
white-tailed deer as well. 

Leuprolide Acetate 
Leuprolide is one GnRH agonist that has been studied. Tests reveal that when it is 
administered as a controlled-release formulation, it results in 100% pregnancy 
prevention in treated female elk and mule deer (Baker et al. 2002, 2004). In addition, 
the treatment is reversible, and the effects last only for a specific period of time (90-
120 days) (Baker et al. 2004; Trigg et al. 2001). This means that, should a female be 
treated in one year, before the breeding season, it will not become pregnant in that 
year, but if the female is not retreated the following year, then she has the same 
chances of becoming pregnant as an animal that was never treated. This means that 
female deer must be treated on an annual basis and within a very short timeframe 
prior to the breeding season. Treatment using Leuprolide differs from GnRH 
vaccines in that it does not require an adjuvant and does not induce an antibody 
reaction. It does, however, require a slow release implant that remains under the skin 
or in the muscle for the duration of the treatment effectiveness.  
 
Leuprolide is not likely to pose a threat to the environment or nontarget species 
(including humans) (Baker et al. 2004); however, this hypothesis has not been 
extensively researched. In contrast with some of the immunocontraceptive vaccines, 
leuprolide does not result in physiological side effects and short term behavioral 
effects are minimal.  



Appendix E 
 
 

E-4 Valley Forge National Historical Park 

Histrelin Acetate 
Histrelin acetate has been found to be effective in suppressing a key reproductive 
hormone in white-tailed deer (Becker and Katz 1995). However, testing was 
administered using a mini-pump that was surgically implanted under the animal’s skin. 
This is an infeasible route of administration in free-ranging animals. In the future, a 
delivery system with slow release characteristics may help to make this a more feasible 
option for free-ranging wildlife. It is likely that histrelin acetate will also suppress 
ovulation and pregnancy in white-tailed deer, although this remains to be tested. 

GnRH Toxins 

GnRH toxins consist of a cellular toxin that is combined with a GnRH analog. The 
toxin is then carried to the receptors in the pituitary gland and is internalized. Once 
absorbed, the toxin disrupts cellular function and can lead to cellular death. When 
this occurs, the production of reproductive hormones is affected. This process has 
been studied in female mule deer (Baker et al. 1999), and the technology is still 
being developed.  

Steroid Hormones 

The field of wildlife contraception began with research examining the manipulation 
of reproductive steroid hormones. Treatments using steroids can include 
administering high doses of naturally occurring hormones, such as estrogen or 
progesterone. However, the treatment usually entails the application of synthetic 
hormones, such as norgestomet, levangesterol, and melangestrol acetate. Most 
products that are available are used in domestic animal or zoological veterinary 
medicine and have not been used widely in free-ranging wildlife. Some issues 
related to using steroids include difficulties in treating large numbers of animals for 
extended periods of time, negative side effects experienced by the treated animals, 
and concerns over the consumption of treated animals by nontarget species, 
including humans.   

Contragestives 

Contragestives are products that terminate pregnancy. Progesterone is the primary 
gestational hormone for maintaining pregnancy in mammals. Many contragestives 
act by preventing progesterone production or blocking its effect, thereby affecting 
pregnancy. The primary contragestive that has been researched for use in domestic 
animals and white-tailed deer is an analog of Prostaglandin F2α (PGF2α) (Becker and 
Katz 1994; DeNicola, Kesler, and Swilhart 1997; Waddell et al. 2001). Lutalyse® is 
a commercially available form of PGF2α. Unlike many of the other alternatives, there 
are no issues related to consumption of the meat when it has been previously treated 
with this product. Difficulties with contragestives include timing of administration, 
efficacy, potential to rebreed if breeding season is not finished, and the potential for 
aborted fetuses on the landscape. 

Sterilization 

Sterilization can be either a surgical or chemical treatment process. Surgical 
sterilization is an invasive procedure that requires a veterinarian. This method is 
common in managing domestic animal fertility but is generally considered too labor 
and cost intensive for widescale use in free-ranging wildlife. Chemical sterilization, 
disrupting reproductive organs using tissue irritating agents, is typically performed 
on males as a contraceptive measure. Both types of sterilizations are typically 
permanent.   
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Regulatory Issues 

The application of reproductive control agents in free-ranging wildlife is fairly new, 
and regulation will soon be shared between the FDA and the U.S. Environmental 
Protection Agency (EPA). Pharmaceuticals and some immunocontraceptive 
applications will continue to be regulated by FDA; however, at least one 
immunocontraceptive (GonaCon™) will likely be regulated by the EPA. As of 
March 2008, none of the agents discussed here are licensed or labeled for use as 
reproductive control agents in wildlife species. However, some can be used in a 
research setting under an Investigational New Animal Drug (INAD) exemption. This 
exemption is granted by the FDA for the purpose of allowing research to facilitate 
the gathering of information pertaining to the agent prior to the FDA granting full 
approval for its use. The EPA has a similar research exemption process. 
 
Alternatively, some of the agents discussed above, specifically several of the 
pharmaceuticals, have FDA approval for therapeutic use in humans (e.g., 
Leuprolide) or other nonwildlife species (e.g., PGF2α). As a safety precaution, each 
approved agent is labeled indicating how it is to be used. In order to use the agent in 
a manner other than that indicated on the label, a licensed veterinarian must 
prescribe the agent and it must be used in accordance with the Animal Medicinal 
Drug Use Clarification Act of 1994. The prescribing veterinarian is accountable for 
prescribing and labeling a product when it is to be used in an extra-label manner. 
The owner (in this case, the National Park Service unit manager) is responsible for 
using the agent in the prescribed manner. In addition, the veterinarian must establish 
a meat residue withdrawal period (the time it takes for the animal to metabolize and 
clear the drug from its tissue) for any animals that may enter the human food chain. 
A treated animal may not be killed and enter the human food chain before the meat 
residue withdrawal period is over. All animals treated with pharmaceuticals used in 
an extra-label manner or experimental drugs/vaccines must be permanently marked 
for accurate identification. 

Population Management Challenges 

Managing local populations of wildlife using reproductive control can be difficult. 
The difficulty relates to the number of animals that need to be treated, their behavior 
(e.g., solitary, herd, diurnal, nocturnal), the topography of the habitat in which they 
are found, as well as treatment protocol logistics. In species like elk, animal 
roundups can occur making treatment easier than in cases where the populations are 
more dispersed (e.g., deer).  
 
In order for reproductive control agents to effectively reduce population size, 
treatment with an agent must decrease the reproductive rate to less than the mortality 
rate. In urban deer populations, mortality rates are generally very low (approximately 
10%). Therefore, it would be necessary to treat 70-90% of the female deer, with a 
highly efficacious product, to effectively reduce or halt population growth (Rudolph, 
Porter, and Underwood 2000). Additionally, a significant amount of population data is 
necessary to effectively monitor the effects of long-term population changes due to the 
use of contraceptives (Rudolph, Porter, and Underwood 2000; Hobbs, Bowden, and 
Baker 2000; Porter Underwood, and Woodward 2004).   
 
Reproductive control agents generally decrease population levels slowly. At best, with 
90% of the female deer treated, a 5% decline in the population could be expected after 
several years of treatment. Hobbs, Bowden, and Baker (2000) described a model that 
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suggests deer density will remain constant if 90% of the initial females are treated with 
a long-term reproductive control agent. Subsequently, 90% of female fawns would 
require treatment. This would stabilize the population if the average mortality rate is 
10%. However, this result does not hold for short-duration agents (1 year duration). In 
this case, the 90% of reproductively mature females would require treatment each year 
in order to maintain constant herd numbers (Hobbs, Bowden, and Baker 2000). Both 
of these scenarios assume 100% efficacy. It has been suggested that reproductive 
control techniques are best suited to localized populations where the number of 
breeding females to be treated is small (e.g., less than 100 deer) and managers are 
trying to maintain the population between 30% and 70% of carrying capacity 
(Rudolph, Porter, and Underwood 2000).   

Administering the Treatment 

There are two basic approaches to administering reproductive control agents: 
capture and treat and remotely treat. Capture and treat requires physically and/or 
chemically restraining the animal and using a syringe or other delivery device to 
treat the animal. One benefit of this approach is that it allows for marking the deer, 
which facilitates subsequent treatments and meets current requirements. This 
method is also helpful in collecting valuable biological data, and it provides notice 
of meat residue withdrawal times. However, this approach is often more time 
intensive and can be more expensive than using a remote delivery system, especially 
as treated animals tend to be more difficult to recapture. In addition, capture-related 
mortality also can be a concern. 
 
A remote delivery system uses an adapted firearm (i.e., dart gun) and some form of 
projectile that contains the reproductive control agent. These projectiles can be darts 
or another form of delivery system (e.g., biobullet) that can be used at a distance 
without needing to capture the animal first. One shortcoming of remote treatment is 
that it does not allow for permanently marking the treated animals. In addition, 
previously treated animals can be more difficult to re-treat. Under current regulation, 
there are few products which can be used in a remote delivery system. 

Potential Impacts to Deer Behavior  
and Health 

There have been few studies designed to intensively assess the effects of 
reproductive control on deer behavior and health. For many agents, additional 
research is needed to fully understand the behavioral and social consequences of 
reproductive control use. Because each group of reproductive control agents 
operates differently, the effects to the individual deer or population can vary widely. 
PZP immunocontraceptive agents have been documented to cause the continued 
cycling of females, which can extend the breeding season or rut (Fraker et al. 2002; 
McShea et al. 1997). In addition, if the contraceptive actions of the vaccine fail late 
during the breeding season and females get pregnant later in the year, there are 
changes to fawning dates and survival rates, as they are born later in the season 
(DeNicola and Swihart 1997). Other immunocontraceptives such as the GnRH 
vaccine, when applied to males, have resulted in depressed antler development and 
lack of interest in breeding. When this vaccine is applied to females, it may prolong 
or eliminate breeding behaviors. If enough females in the population are treated, it 
may result in a disruption to natural male/female social and reproductive 
interactions. More research is needed to investigate these questions. 
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The group of reproductive control agents categorized as non-immunocontraceptive 
methods also can have varying effects to deer behavior and health. For example, 
GnRH agonists have not been documented as causing behavioral changes when 
applied to female deer (Baker et al. 2004). GnRH agonists have had variable 
behavioral effects when applied to male elk. Steroids such as progestins can result in 
females being unreceptive to males, resulting in breeding behavioral changes 
(Matschke 1977). Contragestives pose a different kind of problem depending on 
when the treatment is applied. If applied too early in the breeding season, then the 
female could potentially breed again later in the year, extending the rut and resulting 
in fawn-related health issues such as those described for some immunocontraceptive 
agents above. If applied too late in the season, contragestives can result in abortion-
related health implications for the female (DeNicola and Swihart 1997).  
 
Depending on the method of sterilization, this procedure may have behavior effects 
on both male and female deer. If gonads are removed, then the source of important 
reproductive hormones will be removed. This is likely to change deer social 
interactions. If gonads are not removed, females will continue to ovulate and show 
behavioral signs of estrus and consequently may extend the breeding season. 
 
As described above, any effect that could extend the rut has the potential for 
secondary effects to the individual deer. Increased attempts to breed, especially if 
unwelcomed, can result in increased aggression and movements. This may be 
problematic in areas with high vehicle use, as there could be increases in deer-
vehicle collisions or other negative interactions with the public. However, as stated 
above, the effects of reproductive control agents still need more research in order to 
more fully understand the variations in deer behavior and health.  

Potential Impacts for Consumption 

As described above, some of the reproductive control agents can result in issues 
related to human consumption of meat. These issues can be avoided by: 1) using an 
agent that does not pose a risk to humans, 2) marking treated animals and providing 
meat residue withdrawal times (if possible), 3) providing educational materials to 
the local public that may consume hunted animals in the general area of treated 
animals, and 4) increasing research efforts to determine true human consumption 
risks.   
 
Table E-1 provides a summary of the perceived advantages and disadvantages of 
different reproductive control agents for deer. 
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Table E-1 Summary of the Perceived Advantages and Disadvantages of 
Different Reproductive Control Agents for Deer 

Reproductive 
Control Agent 

Mechanism Advantages Disadvantages 

PZP Vaccine Immunization - 
antibodies directed 
at the ovum (egg) 

 No hormonal residues   
 Effective for at least  
1-2 years 

 Antibodies not harmful 
to humans 

 Apply any time of year 
 Remote delivery 
possible  

 No apparent adverse 
health effects  

 Reversible 
 Available for use as an 
INAD 

 Requires 
periodic booster 
vaccinations  

 Only useful in 
females  

 Females 
continue to 
cycle out of 
natural 
breeding season  

 Not 100% 
effective  

 Potential 
adjuvant 
problems  

 Animals must be 
permanently 
marked  

GnRH Vaccine Immunization - 
antibodies directed 
at a protein 
hormone that is 
needed for 
reproduction 

Same as above plus: 
 Stops hormonal cycling 
 Applicable to both 
males and females 

 

 May remove 
primary and 
secondary 
sexual 
characteristics 

 Animals must be 
permanently 
marked 

 Incompletely 
tested in free-
ranging 
populations 

GnRH Agonists: 
Leuprolide/ 
Histrelin 

Overwhelming GnRH 
receptors on 
anterior pituitary 
suppress release of 
reproductive 
hormones 

 No hormonal meat 
residues 

 No effect on 
reproductive 
behaviors 

 FDA approved for 
therapeutic use in 
humans 

 Slow-release formula 
available  

 Remote delivery 
possible 

 Continuous release 
micro-pump (surgically 
implanted) available 

 Annual 
treatment prior 
to breeding 
season  

 Drug meat 
residue 
withdrawal 
period not well 
established  

 Animals must be 
permanently 
marked 
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Table E-1 Summary of the Perceived Advantages and Disadvantages of 
Different Reproductive Control Agents for Deer (continued) 

Reproductive 
Control Agent 

Mechanism Advantages Disadvantages 

GnRH Toxin Linking a GnRH 
analog to a cellular 
toxin which targets 
and kills GnRH 
receptors preventing 
release of 
reproductive 
hormones 

 May cause permanent 
sterility 

 More research is 
needed before 
using this 
product in free-
ranging 
populations 

Steroid 
Hormones: 
Progestins/ 
Estrogens 

Controlling the 
reproductive cycle 
by administering 
steroid hormones or 
their analogues 

 Variable efficacy 
 Variable duration 

 Some 
formulations 
can accumulate 
in tissues and 
may pose a 
health risk to 
scavengers or 
humans 

 Some steroids 
can be harmful 
to the target 
species 

 Animals must be 
marked 

 Administered by 
slow release 
implants or 
repeated 
feeding 

Contragestion: 
PGF2α 

Pre-term pregnancy 
termination  

 Administered by 
biobullet or hand 
injection 

 FDA approved for use 
in domestic large 
animals 

 No meat withdrawal 
period in domestic 
cattle 

 Administered 
when the 
animal is 
pregnant 

 Re-breeding 
may occur if 
given early    

 Increased 
health 
complications if 
given late  
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