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 Letter from the Seashore, to New York State Department of Environmental Conservation, 
regarding Species List Request, dated July 7, 2011 

 Letter from the Seashore, to U.S. Fish and Wildlife Service, regarding Species List Request, 
dated July 7, 2011 

 Letter from the Seashore, to SHPO, regarding Notification of Intent to Use NEPA Process 
to Meet Section 106 Obligations, dated July 13, 2011 

 Letter from the Seashore, to Unkechaug Indian Nation, regarding Notification of Intent to 
Use NEPA Process to Meet Section 106 Obligations, dated July 13, 2011 

 Letter from the Seashore, to Shinnecock Indian Nation, regarding Notification of Intent to 
Use NEPA Process to Meet Section 106 Obligations, dated July 13, 2011 

 Letter from the Seashore, to New York State Department of Environmental Conservation – 
Division of Fish, Wildlife, and Marine Resources, regarding Species List Request, dated July 
14, 2011 

 Letter from New York State Department of Environmental Conservation, to the Seashore, 
regarding the Public Scoping document, dated July 22, 2011 

 Letter from New York State Department of Environmental Conservation – Division of 
Fish, Wildlife, and Marine Resources, to the Seashore, regarding Species List Request, 
dated March 5, 2012 

 Letter from the Seashore, to SHPO, regarding Intent to Use 2008 Nationwide 
Programmatic Agreement to Meet Section 106 Obligations, dated May 30, 2014. 

 Letter from the Seashore, to Unkechaug Indian Nation, regarding Intent to Use 2008 
Nationwide Programmatic Agreement to Meet Section 106 Obligations, dated May 30, 
2014. 

 Letter from the Seashore, to Shinnecock Indian Nation, regarding Intent to Use 2008 
Nationwide Programmatic Agreement to Meet Section 106 Obligations, dated May 30, 
2014. 
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INTRODUCTION 

The vegetation monitoring plan enables the Seashore to analyze how vegetation within the 
boundaries of Fire Island National Seashore (Seashore) responds to management actions 
implemented as a result of the White-tailed Deer Management Plan and Environmental Impact 
Statement (plan/EIS). It also allows for the Seashore to monitor specific vegetation targets defined 
in the plan/EIS. 
 
Specific targets have been established for forested areas of the park which include: The Sunken 
Forest, Talisman, Blue Point, and The William Floyd Estate. Due to the difficulty in establishing 
vegetation targets in habitat types other than forests, such as an early successional open swale 
habitat, the Lighthouse and Otis Pike High Dune Wilderness Area do not have specific vegetation 
targets. The desired condition in these areas would be to simply see a positive response in 
vegetation and an increase in native species diversity. Below is an overview of the plan. Please note, 
detailed protocols for monitoring are not included in this document but will be available in a 
separate document. 
 
While not all areas throughout Fire Island can be monitored, data collected in surveyed areas can 
act as indicators for other non-surveyed areas. Only vegetation on federal tracts within the 
boundaries of the Seashore will be surveyed as part of this vegetation monitoring plan. Areas that 
fall within this plan are (from west to east) Lighthouse, Sunken Forest, Talisman, Blue Point, Otis 
Pike Fire Island High Dune Wilderness Area, and the William Floyd Estate. Monitoring of 
vegetation within established permanent plots will occur every 3 years (during the field season from 
May-September) after implementation of the plan/EIS. For logistical reasons, these surveys can be 
staggered within the 3 year period.  

VEGETATION AREAS 

LIGHTHOUSE 

This area is primarily characterized by northern beach grass, dune, interdune beach grass, beach 
heather mosaic, northern dune shrub land, maritime deciduous shrub forest, brackish meadow, 
northern interdunal cranberry swale, and northern salt shrub (Klopfer et al. 2002). Permanent plots 
will be established in 2014 before the implementation of the plan/EIS. 

SUNKEN FOREST      

The Sunken Forest is an old-growth maritime holly forest and is ranked as a critically imperiled (G1 
status) habitat. The desired future condition of the Sunken Forest is to maintain the character of the 
maritime holly forest in perpetuity by ensuring the regeneration of key canopy constituent tree 
species and a reasonable representation of herbs and shrubs reminiscent of its floristic composition 
when the Seashore was established.  
 
Targets. The Sunken Forest vegetation monitoring utilizes 10m x 10m permanent vegetation plots 
established by Hank Art in 1967 (Art 1976). Targets for the Sunken Forest were created by utilizing 
data collected in 1967, a time in which deer were rarely seen on Fire Island. These targets fall into 
the range of what was observed in 1967. 
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TABLE B-1. TARGET FOR DENSITY OF SAPLINGS (>1 M IN HEIGHT AND  
<3.0 CM DBH) IN THE SUNKEN FOREST. ADAPTED FROM (ART 1976) 

Common Name Scientific Name Stems/hectare 
Canadian serviceberry Amelanchier canadensis 380-580 
Sassafras Sassafras albidum 40-80 
Black gum Nyssa sylvatica 100-180 
American holly Ilex opaca 30-50 
Black cherry Prunus serotina 0-10 

 
 

TABLE B-2. TARGET FOR DENSITY OF SHRUBS (>1 M IN HEIGHT AND  
< 3.0 CM DBH) IN THE SUNKEN FOREST. ADAPTED FROM (ART 1976) 

Common Name Scientific Name Stems/hectare 
Chokeberry Aronia arbutifolia 400-750 
Inkberry Ilex glabra 300-550 

 
 

TABLE B-3. TARGET FOR PERCENT COVER OF ALL VASCULAR PLANTS < 1 M TALL 
 IN THE SUNKEN FOREST. ADAPTED FROM (ART 1976) 

Common Name Scientific Name Form Percent cover 
Canada mayflower Maianthemum canadense Herb 1-2% 
Starflower Trientalis borealis Herb 0.25% 
Sarsaparilla Aralia nudicaulis Herb 6-10% 
Solomon’s seal Maianthemum stellatum Herb 1-2% 
Bracken fern Pteridium aqualinum Herb 1% 
Poison ivy Toxicodendron radicans Herb/ Liana/Woody 6-10% 
Virginia creeper Parthenocissus quinquefolia Liana 3-4% 
Grapes Vitis spp. Liana 1-2% 
Canadian serviceberry Amelanchier canadensis Woody 1-2% 
Black huckleberry Gaylussacia baccata Woody 6-8% 
Northern bayberry Myrica pensylvanica Woody 1-2% 
Black gum Nyssa sylvatica Woody 1-2% 
Black cherry Prunus serotina Woody <1% 
Sassafras Sassafras albidum Woody 1-2% 
Highbush blueberry Vaccinium corymbosum Woody 1-3% 
Chokeberry Aronia arbutifolia Woody 1-2% 
Ink berry Ilex glabra Woody 1-2% 
Carolina rose Rosa carolina Woody 1-2% 
Bog cranberry Vaccinium oxycoccus Woody 1-2% 
Oaks Quercus spp. Woody 1% 
Winged sumac Rhus copallinum Woody 1-2% 
 TOTAL (native ground layer) ALL 40-45% 
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TABLE B-4. A REVISED FORM OF 
DOMIN-KRAJINA COVER CLASS 

Class Domin-Krajina 
1 <1% 
2 1% 
3 2-5% 
4 6-10% 
5 11-25% 
6 26-33% 
7 34-50% 
8 51-75% 
9 76-95% 

TALISMAN AND BLUE POINT 

Talisman and Blue Point are similar areas which mostly consist of maritime deciduous scrub forests 
and are also characterized by maritime holly forest (Klopfer et al. 2002). To monitor whether these 
two locations reach adequate recruitment or not, the Seashore modified the recruitment index and 
weighting factors established by McWilliams et al. 2005 (table C-5). While it was difficult to 
compare these forests to others in the Northeast, this modification seemed most appropriate after 
reviewing literature (see references below), considering vegetation survey methods practiced at this 
site, and reviewing the data available. These sections of maritime forests are also extremely stunted 
due to the conditions they grow in (barrier island). Permanent vegetation plots established in 2012 
by Jordan Raphael (NPS Biologist) are used to monitor vegetation targets. 
 
Targets. Densities of living “seedlings” are recorded within each 100 m2 (10 m x 10 m) permanent 
vegetation plot. There are 2 size class categories that need to be surveyed, and weighting factors are 
applied to each seedling according to its size class (table C-5). For example, one seedling that is 
greater than 150 cm in height and less than 1 cm DBH is equivalent to 50 “seedlings.” Forest 
regeneration targets (adequate recruitment) will be reached when an average of 2 seedlings per 
square meter (20,000 seedlings per ha) is observed. Table 6 is a list of species (genus for Quercus) 
that are used to monitor targets; these 7 added together must reach the threshold of 2 seedlings per 
m2 (20,000 seedlings per ha). Prunus serotina (black cherry) is left out of the targets due to its 
dominance within the understory. Evidence suggests that deer avoid this species, and it has 
increased in dominance as a result (Horsley, Stout, and DeCalesta 2003; Forrester 2004). 
 

TABLE B-5. SIZE CLASS WEIGHING. MODIFIED FROM  
MCWILLIAMS ET AL. 2005 

Height Class Weighting Factor 
  100-150 cm in height 20

 >150 cm in height and <1 cm DBH 50
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TABLE B-6. LIST OF TARGET “SEEDLING”  
SPECIES FOR EACH AREA 

Blue Point and Talisman 
Common Name Scientific Name 
American holly Ilex opaca 
Canadian serviceberry Amelanchier canadensis 
Sassafras Sassafras albidum 
Black gum Nyssa sylvatica 
Oak Quercus spp. 
Winged sumac Rhus copallinum 
Pitch pine Pinus rigida 

 
Table C-7 provides a list of species that will be monitored in the maritime forest on Fire Island (Sunken 
Forest, Talisman, and Blue Point). This is subject to change if an increase of a new species is detected. 
 

TABLE B-7. LIST OF SPECIES THAT WILL BE MONITORED  
IN THE MARITIME FOREST ON FIRE ISLAND 

Common Name Scientific Name Form 
Canada mayflower Maianthemum canadense Herb 
Starflower Trientalis borealis Herb 
Sarsaparilla Aralia nudicaulis Herb 
Solomon’s seal Maianthemum stellatum Herb 
Seaside goldenrod Solidago sempervirens  Herb 
Bracken fern Pteridium aqualinum Herb 
Cinnamon fern Osmunda cinnamomea Herb 
Spinulose woodfern Dryopteris carthusiana Herb 
Virginia marsh St. John’s wort Triadenum virginicum Herb 
Germander Teucrium canadense Herb 
Swamp smartweed Polygonum hydropiperoides Herb 
Sedges Carex spp. Herb 
Jewelweed Impatiens capensis Herb 
Eastern marsh fern Thelypteris palustris Herb 
Salt meadow cordgrass Spartina patens Herb 
Canada lettuce Lactuca canadensis Herb 
Rush n/a Herb 
Other grasses n/a Herb 
Poison ivy Toxicodendron radicans Herb/ Liana/Woody 
Blackberries Rubus spp. Liana 
Virginia creeper Parthenocissus quinquefolia Liana 
Grapes Vitis spp Liana 
Greenbriar Smilax rotundifolia Liana 
Cat greenbriar Smilax glauca Liana 
Canadian serviceberry Amelanchier canadensis Woody 
Salt bush Baccharis halimifolia  Woody 
Black huckleberry Gaylussacia baccata Woody 
Northern bayberry Myrica pensylvanica Woody 
Black gum Nyssa sylvatica Woody 
Black cherry Prunus serotina Woody 
Swamp azalea Rhododendron viscosum Woody 
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TABLE B-7. LIST OF SPECIES THAT WILL BE MONITORED IN THE  
MARITIME FOREST ON FIRE ISLAND (CONT’D) 

Common Name Scientific Name Form 
Sassafras Sassafras albidum Woody 
Highbush blueberry Vaccinium corymbosum Woody 
American holly Ilex opaca Woody 
Chokeberry Aronia arbutifolia Woody 
Ink berry Ilex glabra Woody 
Carolina rose Rosa carolina Woody 
Bog cranberry Vaccinium oxycoccus Woody 
Cranberry Vaccinium macrocarpon Woody 
Oaks Quercus spp. Woody 
Winged sumac Rhus copallinum Woody 
Eastern red cedar Juniperus virginiana  Woody 

OTIS PIKE FIRE ISLAND HIGH DUNE WILDERNESS AREA  

Much of the wilderness area is characterized by an extensive saltmarsh and reedgrass marsh 
network. This site is also vegetated by northern dune shrubland, northern beach grass dune, pitch 
pine dune woodland, highbush blueberry shrub forest, and beach heath dune (Klopfer et al. 2002). 
Permanent plots will be established in 2014, before the implementation of the plan/EIS. 

WILLIAM FLOYD ESTATE 

The wooded lots of the William Floyd Estate is dominated by coastal oak-heath forest and also 
characterized by pitch pine-oak forest, maritime deciduous scrub forest, acidic red maple basin 
swamp forest (red maple-tupelo dominant) (Klopfer et al. 2002). 
 
The Seashore has adopted recruitment index and weighting factors established and defined by 
McWilliams et al. 2005 (table C-8). This seemed most appropriate after reviewing literature (see 
references below), considering vegetation survey methods practiced at this site, and reviewing the 
data available. Permanent vegetation plots established by Jordan Raphael (NPS Biologist) in 2013 
are used to monitor vegetation targets. 
 
Targets. Forest regeneration targets (adequate recruitment) will be reached when an average of 2 
seedlings (native and deer preferred species) per square meter is observed (McWilliams et al. 2005). 
To monitor for vegetation targets, the densities of living seedlings greater than 5 cm in height but less 
than 1 cm DBH are recorded within the four 1 m2 subplots located at the corners of each 100 m2 (10 x 
10 m) plot. There are four height class categories that are surveyed, and weighting factors are applied 
to each seedling according to its height class (table C-2). For example, one seedling that is greater than 
150 cm in height and less than 1 cm DBH is equivalent to 50 seedlings that are 5 cm–30 cm in height.  

TABLE B-8. HEIGHT CLASS AND WEIGHTING FACTORS  
MODIFIED FROM MCWILLIAMS ET AL. 2005 

Height Class Weighting Factor 
5-30 cm 1 
30-100 cm 2 
100-150 cm 20 
>150 cm and < 1 cm DBH 50 
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Common nonnative invasive species found on Fire Island and the William Floyd Estate. This is 
subject to change if an increase of a new species is detected. 
 

TABLE B-9. LIST OF NONNATIVE INVASIVE SPECIES FOUND 
ON FIRE ISLAND AND THE WILLIAM FLOYD ESTATE 

Common Name Scientific Name 
Autumn olive Elaeagnus umbellata 
Black locust Robinia pseudoacacia 
Canada thistle Cirsium arvense 
Chinese lespedeza Lespedeza cuneata 
Chinese/Japanese wisteria Wisteria spp. 
Common mullein Verbascum thapsus 
Common reed Phragmites spp. 
Garlic mustard Alliaria petiolata 
Japanese barberry Berberis thunbergii 
Japanese black pine Pinus thunbergii 
Japanese honeysuckle Lonicera japonicus 
Japanese knotweed Polygonum cuspidatum 
Lesser celandine Ranunculus ficaria 
Mugwort Artemesia vulgaris 
Multiflora rose Rosa multiflora 
Norway maple Acer platanoides 
Oriental bittersweet Celastrus orbiculatus 
Spotted knapweed Centaurea maculosa 
Tree of heaven Ailanthus altissima 
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INTRODUCTION 

Deer population and deer behaviors will be monitored to gauge success of actions taken to meet 
Seashore objectives for the White-tailed Deer Management Plan and Environmental Impact 
Statement (plan/EIS) for Fire Island National Seashore. Objectives are written for the entire 
Seashore (Seashore-wide), as well as for specific areas such as the Sunken Forest, Fire Island 
communities, and the William Floyd Estate.  
 
As outlined in chapter 2 of the plan/EIS, targets have been defined for deer population and deer 
behavior. This monitoring plan serves as a strategic operating plan for monitoring deer population 
and deer behavior throughout the life of the plan/EIS. Data collected will be used to inform 
Seashore managers on the success of management actions in the preferred alternative.         

DEER POPULATION MONITORING 

BACKGROUND 

Distance sampling surveys have been conducted at Fire Island National Seashore to estimate white-
tailed deer densities within certain areas of Fire Island since 1995 (Underwood, Verret, and Fischer 
1998). This annual effort was done in tandem with the long-term fertility control research project 
through 2009 and has been continued since. The Seashore has been separated into several 
locales/sites for surveying: Robert Moses State Park, Lighthouse Tract, Kismet to Lonelyville, 
Ocean Beach to Ocean Bay Park, Sailors Haven, Fire Island Pines, Davis Park, Fire Island 
Wilderness and the William Floyd Estate. The goal each year is to survey all sites; however, not all 
locales are surveyed every year due to staffing, budgetary and time constraints. Protocols are 
outlined in Underwood, Verret, and Fischer (1998) and were updated in NPS (2009).  
 
Distance sampling theory accounts for partial detection, assuming that only animals directly on the 
survey route or transect will be detected, and that the probability of detection will decrease away 
from the transect line (Buckland et al 1993). This alleviates the need to correct for missed animals. 
The detection function describes the decrease in ability of the surveyor to detect objects with 
increasing distance from the transect. The area around the transect where objects are counted can 
be computed from this function. This model is then used to calculate the effective strip width 
(ESW), where the number of animals detected inside the ESW equals the number of animals 
detected outside the ESW.  
 
The Seashore uses DISTANCE 6. 0 (Thomas et al 2010), a free software program, to fit the 
detection function, calculate the ESW and fit a density function to the distance sampling data 
collected. This process is used to generate deer densities for white-tailed deer within each of the 
study units at Fire Island National Seashore. The Seashore has partnered with Dr. H. B Underwood 
(USGS and SUNY-ESF) in generating deer densities from DISTANCE 6. 0 from field data collected 
by NPS staff and interns.  

SURVEY PROCEDURES/DATA COLLECTION 

Sites, along with routes, for monitoring deer populations across Fire Island and at the William 
Floyd Estate are detailed in Underwood, Verret, and Fischer (1998) and NPS (2009). The name and 
length of each boardwalk or road is stored in a digital database for community sites (except Davis 
Park) and the William Floyd Estate. Samples of boardwalk segments or roads are drawn randomly 
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for a given survey. The total number of boardwalks or roads selected is based upon a minimum 
length of transect required to achieve a desired level of precision (Underwood, Verret, and Fischer 
1998). For all other sites with smaller areas and accessibility there are predetermined routes that 
meet the length requirement for a desired level of precision (Underwood, Verret, and Fischer 1998; 
NPS 2009). Community sites and most natural areas on Fire Island are surveyed every year, 
whereas the William Floyd Estate and Fire Island Wilderness are surveyed every 2-3 years. Once 
the plan/EIS is implemented, these areas would also be surveyed annually.  
 
Surveys are initiated either 20 minutes before official sunrise or timed so the survey is finished just 
before sunset. This is to ensure sampling is conducted when deer are most active. In addition, the 
surveyor must proceed slowly in order to scan both sides of the transect thoroughly and with equal 
efficiency. If conducting the survey from within a vehicle, speeds are constrained to no more than 
10 mph.    
 
When a deer group ( ≥ 1 deer) is encountered, data should be collected as rapidly and quietly as 
possible. Ideally, deer should be detected and observed before they become aware of the 
researcher’s presence. Binoculars are utilized to observe details of appearance and behavior when 
necessary (e.g., determining sex or age at a distance).  
 
In the communities (with random survey routes), observations of deer are recorded on the first 
passage through a segment of the selected boardwalk. Any observations made while backtracking 
through a boardwalk are not counted. The surveyor should take the shortest route from one 
selected boardwalk to the next to minimize the time lapse between observations. This also allows 
deer less time to travel, thereby reducing the chances of viewing the same animal more than once. A 
map and pre-determined route should be chosen and studied before starting the survey.  
 
The following is a list of data to be collected in the field: 
 

1) Herd Composition 
 

Individuals within each deer group encountered are classified according to sex and age at the 
time of sampling. Group size is also included. If group membership is questionable, distances 
and angles to each deer are recorded as if it were alone. These observations are marked 
uniquely, then discussed and resolved later.  
 
Sex is classified as (1) male, (2) female or (3) unknown. Age is classified as (1) fawn (less than 1 
year-old), (2) yearling (between 1-2 years old), (3) adult (greater than 2 years old) and (4) 
unknown. In addition, it should be noted whether fawns have spots visible on their coats. 
Physical morphological criteria developed from numerous observations of deer are used to 
determine the sex and age of individuals.   
 
2) Perpendicular Distance 

 
After initial observations are made, the perpendicular distance from the observer is recorded 
using a hand-held laser rangefinder. If the deer has moved from its original location, the 
distance from another object close by can be used. The distance is estimated for deer less than 
15 m away by the observer.  
 
If the perpendicular distance cannot be measured directly, the following measurements are 
taken: (1) radial distance (i.e., distance from where you located deer), (2) transect direction 
(compass bearing), and (3) object direction (compass bearing). These measurements are used to 
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calculate the angle to the object and perpendicular distance is computed later in DISTANCE. 
In addition, a GPS point should be recorded for each detection.      
 
3) Ancillary Data 

Ancillary data includes: information on the initial, habituation/reactive and undesirable food 
conditioning behavior of deer in each detection (Table B-1); forage type, if applicable (table B-
1); start/end times of each survey; and GPS points for each detection.  
 

NOTE: There are three properties of distance data that are fundamental for reliable density 
estimation: 
 

1) The person/s surveying a particular unit must remain the same within sampling of that unit 
due to individual differences in detection.  

2) There must be enough objects observed by the surveyor/s to adequately describe the 
probability of detection as a function of the perpendicular distance from the transect. In 
sum, the more objects (i.e., deer) observed, the smoother the representation of the 
detection function. For distance data of deer at Fire Island National Seashore we aim for 
60-80 detections per site each year. This number may need to be adjusted in the future, as 
the preferred alternative is implemented and the white-tailed deer population declines.  

3) The transect length needs to be sufficient to achieve a desired level of precision. Based on 
estimates generated in DISTANCE, the total length needed to travel has been estimated for 
each study site.   

DEER BEHAVIOR MONITORING 

Behavioral data of deer is collected in conjunction with distance sampling data. Initial behaviors of 
deer when first sighted were collected from 1995 through 2007. Undesired behaviors were also 
noted, such as a deer feeding from a trash can. However, it’s uncertain how standardized and 
consistent these notes have been through time.  
 
Since 2008, we have followed a standard protocol for monitoring deer behavior. First, we use the 
same sites used for distance sampling and categorize them as Community or Non-community. 
Community sites include: Kismet to Lonelyville, Ocean Beach to Ocean Bay Park, Fire Island Pines 
and Davis Park. Non-community sites include: Robert Moses State Park, Lighthouse Tract, Sailors 
Haven, Wilderness-West (Watch Hill to Bellport Beach) and Wilderness-East (Bellport Beach to 
Wilderness Visitor Center). A specific objective in the White-tailed Deer and Vegetation 
Management plan/EIS is to reduce human-deer interactions within Fire Island communities (i.e., 
community sites). Non-community sites provide the Seashore with acceptable targets (rather than 
just zero) for deer behaviors related to human-deer interactions.  
 
Two different kinds of deer behavior are recorded: (1) initial behaviors, including food 
conditioning behaviors and forage type (if applicable); and (2) habituation/reactive behaviors (table 
B-1). Initial behavior refers to the behavior that the majority of the group are engaged in at the time 
of detection. Habituation/reactive behaviors describe response to the observer’s presence; an 
individual or group of deer within a detection is considered unaffected if they do not react to the 
observer’s presence. The behaviors during the surveys could be affected by the distance of the deer 
from the transect, and whether an individual or deer group is aware of the observer’s presence. 
Behaviors are coded (table B-1) and proportions calculated.  
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TABLE C-1: BEHAVIOR AND FORAGE TYPE CATEGORIES AND CODES DURING  
WHITE-TAILED DEER DISTANCE SAMPLING SURVEYS, POST-2008 

Initial Behaviors Food Conditioning Behaviors
Code Activity Code Activity
ST Standing F4 Foraging from a 4-Poster device 
FO Foraging FT Foraging from an overturned trash can
BE Bedding FD Being directly fed by a person 
WA Walking 
RU Running 
Habituation/Reactive Behaviors Forage Type
Code Activity Code Type
AP Approached N Native plant
UN Unaffected NNP Non-native plant or food 
WA Walked away 
RA Ran away 

 
Three additional food conditioning behaviors are also noted: (1) foraging from a 4-Poster device, 
(2) foraging from an overturned trash can/s, or (3) being fed by a person. These are noted in 
addition to the initial and habituation/reactive behaviors already being recorded for each detection, 
if they occurred. Since 2008 these three additional behaviors have only been observed in 
community areas.  
 
Forage type is a subcategory of foraging and is noted when applicable as (1) native plants or (2) 
nonnative plants or food. Nonnative plants or food includes ornamental plantings, identifiable 
nonnative plants, corn from 4-Poster devices, garbage or any other food items.   
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INTRODUCTION  

Managing the high density 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 highly dense in many 
areas in the United States (Fagerstone et al. 2002). Traditional wildlife management techniques such 
as hunting and trapping are often unfeasible, publicly unacceptable, or illegal in many parks, urban, 
and suburban areas, forcing wildlife managers to seek alternative management methods (Kilpatrick 
and Walter 1997; Muller, Warren, and Evans 1997). The use of reproductive control as a wildlife 
management tool has been studied for several decades. 
 
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 a closed population with no 
immigration or emigration. In an open population, where there is much animal movement into and 
out of an area being considered for treatment, the use of fertility control agents is not likely to be 
successful in decreasing a population (Rudolph, Porter, and Underwood 2000). Good estimates of 
population emigration, immigration, birth and survival rates are needed before predictive models 
can be used to approximate the effort required to successfully use contraception as a population 
management technique. 
 
The purpose of this document is to provide NPS managers at Fire Island National Seashore with: (1) 
a brief overview of contemporary reproductive control options as they pertain to white-tailed deer; 
(2) an outline of the primary advantages, disadvantages and challenges related to the application of 
wildlife fertility control agents including population management challenges, regulatory issues, 
potential logistical issues, and consumption issues; (3) an evaluation of current fertility control agents 
against criteria established by the Seashore for use of a reproductive control agent. This document is 
not intended to be exhaustive but to provide a scientifically sound basis for understanding and 
evaluating deer management alternatives that include reproductive control of female deer.    
 
It is important to note that some of the most critical elements of a successful population level fertility 
control program focus on ecological and logistical questions rather than the efficacy of fertility 
control agents in individual animals. It should also be noted that technology and regulation is 
changing rapidly in this field and updated information should be reviewed prior to implementation 
of a deer management program that involves fertility control.  
 
There is general agreement that controlling large, open, free-ranging populations of wild ungulates 
solely with a contraceptive vaccine is impractical and unlikely to succeed because of the logistical 
difficulties of treating significant numbers of deer (Rutberg et al. 2004; Garrott et al. 1992; Garrott 
1995; Warren 2000; Rudolph, Porter, and Underwood 2000; Cowan, Pech, and Curtis 2002; Merrill, 
Cooch, and Curtis 2003, 2006). There is also agreement that fertility control as an exclusive means of 
managing populations cannot reduce wildlife population size rapidly (Rutberg and Naugle 2008a; 
Kirkpatrick and Turner 2008). The few long-term (greater than 10 years) research projects evaluating 
population level effects of porcine zona pellucida vaccine (PZP) on long-lived species (horses and 
deer) support this statement. At Assateague Island National Seashore, PZP treatments were 
successful in reducing the wild horse population 16% (from 160 to 135 individuals) between 1994 
and 2009 (15 years). The park expects to reach the target population size of 80–100 horses in another 
5-8 years (Zimmerman, pers. comm., 2009). At Fire Island National Seashore, the Fire Island 
communities funded a research study through The Humane Society of the United States to evaluate 
the viability of immunocontraception as a newly emerging form of deer population control. The 
program began in 1993 and ended in 2009, lasting 16 years. Seashore staff report a 33% reduction in 
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overall deer population size (from approximately 600 to 400 individuals) between 1994 and 2009 
(Bilecki, pers. comm., 2009). In the most intensively treated areas of Fire Island, deer population size 
decreased up to 55% over 15 years (Rutberg and Naugle 2008a). All population level studies have 
been conducted in relatively closed populations. The appropriateness of fertility control as a deer 
management tool is heavily dependent on specific park objectives, local deer population dynamics, 
and the purpose and need for management. 

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 when the goal is population management (Warren 2000; Garrott and Siniff 1992).  
 
Regulation of wildlife fertility control agents can be confusing. If a product is intended for use in a 
food-producing animal, it must be deemed safe for human consumers. Regardless of its use in food 
animals, a fertility control agent must be considered safe for use in the target species and not present 
environmental health hazards to non-target species. Until 2006, the Food and Drug Administration 
(FDA) was the agency responsible for regulation of wildlife contraceptives and their potential for 
drug residues. In 2006, the Environmental Protection Agency assumed responsibility for regulating 
contraceptives for use in free-ranging wildlife and feral animals (Fagerstone et al. 2010). After a 
product is federally registered with the EPA it must also be registered for use in each individual state 
where a wildlife management agency or organization would like to apply a product.  
 
The EPA in consultation with the contraceptive manufacturer/sponsor will determine the safety of 
the product and marking requirements for free-ranging animals treated with contraceptives. Prior to 
EPA registration products can be studied in free-ranging populations to gather safety and efficacy 
data under an experimental use permit (EUP) which is obtained from the EPA by the product’s 
sponsor. Until products are registered by the EPA, and marking requirements made explicit, animals 
treated with any fertility control product should be permanently marked.  
 
Marking is also needed for long-term monitoring of contraceptive efficacy in individual animals, 
determining which deer have been treated during implementation and for efficient re-treatment, and 
to monitor population vital rates. Finally, while NPS units have jurisdiction for wildlife management 
within their borders, parks are strongly encouraged to cooperate and coordinate with state agencies 
to manage cross boundary wildlife resources whenever possible (43 CFR § 24). Therefore, parks 
should also communicate with appropriate state agencies regarding marking of treated animals in 
areas where deer may cross park boundaries. The disadvantages of permanent marking are primarily 
related to the substantial additional labor and costs of the first year’s capture and marking of treated 
animals, sustainability of this effort over the long-term, capture associated stress to individual deer 
(compared to remote delivery), and potential social acceptance concerns. Despite these drawbacks, 
marking is nearly always warranted when considering a fertility control program.  
 
There are three basic categories of reproductive control technology: (1) immunocontraceptives 
(vaccines), (2) non-immunological methods (pharmaceuticals), and (3) physical sterilization. 
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Immunocontraceptives 

It has been suggested that immunocontraceptive vaccines offer significant promise for future wildlife 
management (Rutberg et al. 2004). Immunocontraception involves injecting an animal with a vaccine 
that stimulates its immune system to produce antibodies against a protein (antigen) involved in 
reproduction (Warren 2000). In order to induce sufficient antibody production, an adjuvant is 
combined with the antigen. 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. Using a 2 dose 
vaccination protocol Curtis et al. (2002) demonstrated approximately 85-90% decrease in the 
number of fawns born per female after vaccination with either GnRH or PZP immunocontraceptive 
vaccines in white-tailed deer. Likewise, Rutberg and Naugle (2008a) showed a 75% decrease in 
annual fawn production using traditional PZP vaccination in two relatively closed white-tailed deer 
populations and most recently demonstrated 95-100% decrease in fawning the first year and 65-70% 
the second year after a single vaccination using several long-term and delayed release PZP vaccines 
(Rutberg et al. 2013). In a more contemporary version of the GnRH vaccine, Gionfriddo et al. (2009, 
2011) found approximately 70-90% infertility the first year and 40-50% infertility the second year in 
white-tailed deer after a single vaccination. The GnRH vaccine has not been evaluated at the 
population level. Efficacy generally decreases as antibody production wanes when using any 
immunocontraceptive. Reduced pregnancy rates can usually be expected for 1-2 years post-
treatment with immunocontraceptive vaccines although there is the potential for longer-term or 
even permanent sterility (Fraker et al. 2002; Miller et al. 2008, 2009; Gionfriddo et al. 2011; Rutberg 
et al. 2013). Duration of infertility is strongly related to the conjugate-antigen design, the adjuvant 
used, how the vaccine is delivered, and the host’s immune system (Miller et al. 2008, Kirkpatrick et 
al. 2009).  
 
Porcine Zona Pellucida (PZP). The majority of immunocontraceptive research in wildlife has been 
conducted using PZP vaccines. PZP vaccines stimulate production of antibodies directed towards 
specific outer surface proteins of domestic pig ova (eggs). Pig ova are sufficiently similar to many 
other mammals’ ova and antibodies produced will cross-react with the vaccinated animal’s own 
ovum. PZP antibodies prevent fertilization, presumably by blocking the sperm attachment sites on 
the zona which surrounds the ovum. There are currently several PZP vaccine products being 
developed, one is called SpayVac®, another is simply called PZP, and finally there is heat extruded 
and cold evaporated pelleted PZP. Each can be mixed with different adjuvants which may change 
their efficacy. 
 
SpayVac® (ImmunoVaccine Technologies, Halifax) uses a liposome preparation of PZP mixed with 
an adjuvant to induce antibody production. This vaccine has been evaluated in a variety of species, 
including captive and to a lesser extent free-ranging white-tailed deer (Brown et al. 1997; Fraker et al. 
2002; Locke et al. 2007; Rutberg and Naugle 2009; Rutberg et al. 2013). Potential advantages of 
SpayVac® compared to the native PZP vaccine are: 1) a more rapid immune response, 2) higher 
antibody titers, 3) a higher proportion of antibodies that bind to target sites, and 4) longer duration 
of efficacy (Fraker and Bechert 2007; Miller et al. 2009). Although little long-term data on population 
level effects exists for SpayVac®, it is assumed effects are similar to those for the native PZP 
formulation. The second PZP vaccine, often called “native” PZP, has been used extensively in 
captive wildlife species in the course of investigating its effectiveness (Kirkpatrick et al. 1997; Turner, 
Kirkpatrick, and Liu 1996; Walter et al. 2002a, 2002b). This vaccine requires multiple vaccinations 
(e.g., 2 the first year and yearly thereafter) to maintain high antibody titers. The native PZP vaccine 
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has also been tested at length in free-ranging white-tailed deer (Rutberg and Naugle 2008a; Naugle et 
al. 2002; Rudolph, Porter, and Underwood 2000; Rutberg et al. 2004; Walter et al. 2002a, 2002b; 
Walter, Kilpatrick, and Gregonis 2003). Potential benefits of the native vaccine include the ability to 
deliver the vaccine remotely via darts, its safety in pregnant deer and non-target species (Barber and 
Fayrer-Hosken 2000), and the availability of at least some long-term data on population level effects 
(Rutberg and Naugle 2008a).  
 
Finally, the delayed release heat extruded or cold evaporated pelleted vaccine has recently been 
tested in free-ranging deer. Advantages are increased efficacy and single application which lasts up to 
two years but requires hand-injection and has strict vaccine storage requirements (Rutberg et al. 
2013). There are no long-term or population level data on this new technology. 
 
Challenges to the use of all PZP vaccines include lack of regulatory approval for use in free-ranging 
deer populations, behavioral impacts (e.g., continued estrous cycling), out of season fawning, and 
possibly changes in body condition. None of the PZP vaccines are currently registered for use in 
free-ranging deer but may be in the future (see above for regulatory issues).  
 
PZP based vaccines often cause out of season breeding behavior in treated deer because 
reproductive hormones which are responsible for estrous cycling are not suppressed (Miller et al. 
2009; McShea et al. 1997; Fraker et al. 2002; McShea and Rappole 1997). Repeated estrous cycling 
has the potential to extend the population breeding season and male/female rutting behaviors. 
Additionally, extended estrous seasons may result in late pregnancies if the vaccine fails (Fraker et al. 
2002; McShea et al. 1997). Fawning later in the summer/fall may lead to higher fawn mortality as 
winter ensues. Any effect that extends the rut also has the potential for secondary effects to both 
male and female deer. Increased attempts to breed may result in increased deer movements. It has 
been suggested that this may encourage deer-vehicle collisions. However, the only known research 
evaluating this specific issue reported that deer treated with PZP were at no greater risk of being 
involved in a deer-vehicle collision than untreated deer (Rutberg and Naugle 2008b).  
 
Increased activity during rut can be energetically costly for both sexes. While this is likely offset by 
the lack of pregnancy demands in female deer it may have cumulative effects on energy expenditures 
in male deer (Walter, Kilpatrick, and Gregonis 2003; McShea et al. 1997). Alternatively, PZP-treated 
females may experience increased body condition and a longer life span compared to untreated 
individuals as a result of reduced energetic costs of pregnancy and lactation (Warren 2000; Hone 
1992). For example, at Assateague Island National Seashore, the life span of horses treated with PZP 
has been extended from an average age at death of 20 years to 26-30 years (Kirkpatrick and Turner 
2008; Zimmerman, pers. comm., 2009). Longer life span may extend the time needed to observe a 
decline in population size (Kirkpatrick and Turner 2008). Studies in white-tailed deer investigating 
effects on body condition are equivocal (Walter, Kilpatrick, and Gregonis 2003; McShea et al. 1997). 
There are no long-term studies investigating potential extended survival in free-ranging wild deer. 
 
Successful field application of a fertility control program requires both an effective agent and a 
practical delivery system (Cowan, Pech, and Curtis 2002). Although PZP vaccines may be 
successfully delivered remotely through darting, the native PZP vaccine that has been tested most 
extensively requires a series of two initial doses followed by periodic boosters in order to maintain 
infertility. The need for multiple doses leads to significant logistical issues when working with free-
ranging white-tailed deer, particularly when the number of deer to be treated is high. SpayVac® does 
not require a first year booster and may prove to be easier to implement because follow-up doses 
would only be required every 3-7 years (Fraker, pers. comm., 2009), however, to our knowledge 
SpayVac® has not been delivered remotely. The new long-term pellets cannot be delivered via dart. 
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Many studies have modeled and a few field studies have tested population-level effects of PZP 
vaccination (Rutberg et al. 2004; Nielsen, Porter, and Underwood 1997; Rudolph, Porter, and 
Underwood 2000; Rutberg and Naugle 2008a; Rutberg et al. 2013). Research evaluating the 
effectiveness of PZP in reducing the size of deer populations has focused on moderate to high 
density deer populations of relatively small size (less than 300-500 individuals). Within these 
populations, long-term (greater than 10 years) data indicates that population size may gradually 
decline using PZP treatments (Kirkpatrick and Turner 2008; Rutberg and Naugle 2008a). Rutberg 
and Naugle (2008a) reported a 27% decline in the size of a small, relatively closed, suburban deer 
population (approximately 250 deer) between 1997 and 2002, as a result of PZP treatments and 
potentially other stochastic events. However, level of success in reducing population size varies 
widely. For example, deer density on Fire Island National Seashore was significantly reduced in 
some areas but reduced very little in other areas likely due to inability to treat significant numbers of 
does in certain areas (Rutberg and Naugle 2008a; Underwood 2005). Site specific modeling using 
accurate population demographic and vital rate data as well as knowledge of local deer behavior, 
land access availability and likelihood of achieving treatment application goals is needed to 
determine how fast a population can be reduced and how deep a reduction can be achieved.   
 
Additional information on PZP may be obtained at: 
http://www.aphis.usda.gov/wildlife_damage/nwrc/research/reproductive_control/index.shtml or 
http://www.pzpinfo.org. 
 
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 (luteinizing hormone and follicle stimulating hormone) that control the 
function of reproductive organs (Hazum and Conn 1988). In an attempt to interrupt this process, 
research has focused on eliminating the ability of GnRH to trigger the release of reproductive 
hormones. One option is vaccination against GnRH. Antibodies produced in response to vaccination 
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 and 
preventing ovulation.  
 
GnRH vaccines have been investigated in a variety of wild and domestic ungulates (hoofed 
mammals) (Adams and Adams 1990; Curtis et al. 2002; Miller, Johns, and Killian 2000c; Miller, 
Rhyan, and Drew 2004). One GnRH vaccine that has been developed specifically for wildlife 
contraception is GonaCon™. GonaCon™ is registered with the EPA as a restricted use pesticide to 
control white-tailed deer fertility. The label requires marking the treated animal to prevent 
accidental re-injection and giving the vaccine by hand-injection which limits the potential for non-
target animal and environmental exposure to the vaccine.  
 
Potential benefits of this vaccine include a relatively long-lasting contraceptive effect (1-2 years and 
potentially longer) and possibly the lack of repeated estrous cycles (Curtis et al. 2002). In free-
ranging white-tailed deer, GonaCon™ is estimated to be  70–90% effective in preventing pregnancy 
during the first year post-treatment, and approximately 40–50% effective in the second year 
(Gionfriddo et al. 2009, 2011), however long-term field efficacy data currently does not exist. 
Although the label indicates a minimum of 1 year efficacy, the contraceptive effect typically lasts two 
years and possibly longer in some individuals (Fagerstone et al. 2008). Repeated estrous cycling and 
other behavioral changes in white-tailed deer have not been consistently documented in association 
with GnRH vaccines (Curtis et al. 2008). However, Killian et al. (2008) reported that behavioral 
expressions of estrus were only decreased for 1–2 years post-treatment and increased in subsequent 
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years despite does remaining infertile and Curtis et al. (2002) reported sporadic and delayed estrous 
cycling with prolonged fawning season in GnRH vaccinated deer as contraceptive effects waned.  
 
GnRH vaccines have many of the same challenges associated with PZP including the need for 
repeated treatment to maintain long-term infertility, and the need to mark treated animals. 
Additionally, as with any vaccine which uses the adjuvant AdjuVac™, immune response to the 
adjuvant may interfere with determination of the animal’s Johne’s disease status (a gastrointestinal 
disease of potential regulatory importance for domestic livestock) (Miller et al. 2008). Managers 
should be aware of this prior to vaccination if neighboring lands have domestic livestock grazing. 
 
Other challenges to use of GonaCon™ include potential health effects on treated deer (Kirkpatrick, 
Lyda, and Frank 2011), lack of information related to effectiveness at the population level in free-
ranging deer, and requirement for hand-injection. Killian et al. 2006a concluded that GonaCon™ was 
safe for deer and that there were no adverse health impacts associated with unintentional repeated 
vaccination. Granulomas (a localized inflammatory response to the vaccine that occurs at the site of 
injection and can persist for many years post-treatment) and injection site abscesses are consistently 
associated with vaccination; however, they do not appear to cause negative health impacts (Curtis et 
al. 2008; Gionfriddo et al. 2009). Overall, no debilitating, long-term impacts on health or changes in 
behavior have been consistently associated with GnRH vaccination in female deer. 
 
Similar site specific modeling and population data are required for evaluating the potential for 
success in managing a free-ranging deer population with GonaCon™ as was described for PZP 
immunocontraception. 
 
Additional information may be obtained at:    
http://www.aphis.usda.gov/wildlife_damage/nwrc/research/reproductive_control/index.shtml  

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 highly active analogs of GnRH which are similar in structure 
and action to the endogenous hormone. The exact mechanism of action of GnRH agonists is not 
completely understood; regardless they suppress the biological activity of endogenous GnRH. As a 
result of this suppression, reproductive hormones are not released (Aspden et al. 1996; D’Occhio, 
Aspden, and Whyte 1996). Continuous administration of the agonist is necessary to maintain 
infertility. This can be accomplished with controlled-release formulations or surgically implanted 
pumps or by daily administration. 
 
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. The wide variation in response is likely due to a combination of type of 
agonist, dose, treatment regime, reproductive status, sex, and species (Becker and Katz 1997). 
Therefore, it is important to fully understand the effects of a product on a given species. Although 
many GnRH agonists are used in human as well as veterinary medicine only a few have been 
investigated in wildlife species (Becker and Katz 1997; Vickery 1986). GnRH agonists have been 
tested primarily in mule deer and elk and been shown to both suppress reproductive hormones and 
prevent pregnancy (Baker et al. 2002, 2004, 2005; Conner et al. 2007).  
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 Leuprolide acetate: Leuprolide is a GnRH agonist that when administered as a controlled-
release formulation, results in 100% pregnancy prevention in treated female elk and mule 
deer (Baker et al. 2002, 2004; Conner et al. 2007). In addition, the treatment is reversible, and 
the effects last only for a single breeding season (Baker et al. 2004; Trigg et al. 2001). 
Advantages of leuprolide acetate are that it is 100% effective in preventing pregnancy, is safe 
for human consumption (Baker et al. 2004), can be delivered remotely (Baker et al. 2005), 
does not result in physiological side effects, and there are few behavioral effects (Baker et al. 
2004). Treatment did not suppress reproductive behavior during the breeding season but 
also did not prolong behaviors into the non-breeding season. 
 
Leuprolide is FDA-approved for use in humans and has been used experimentally in cervids. 
It is not currently approved for use in free-ranging wildlife as a fertility control drug. It is not 
known if this application will be pursued in the future. The need to deliver leuprolide 
subcutaneously via hand injection has traditionally been considered a significant barrier to 
the long-term application of this drug as a wildlife management tool. However, Baker et al. 
(2005) successfully applied the treatment through dart delivery which may extend the 
practical application of this contraceptive.  
 
Treatment using leuprolide differs from GnRH vaccines in that it does not require an 
adjuvant and does not induce an antibody reaction. Therefore, inflammatory responses to 
adjuvant components and other physiological effects, often observed with 
immunocontraceptives, have not been observed in association with leuprolide. It does, 
however, require a slow release implant that remains under the skin or in the muscle. 
Additionally, leuprolide does not likely pose a threat to the environment or nontarget species 
because the drug is not absorbed through the oral route of administration (Baker et al. 2004). 
Marking requirements for animals treated with leuprolide implants are currently unknown 
because it is not a registered wildlife contraceptive. 
 
One drawback to the use of leuprolide is the need to treat animals within a short timeframe 
prior to the breeding season (Conner et al. 2007). If a female is not retreated each year then 
she has the same chances of becoming pregnant as an animal that was never treated. The 
need to treat a potentially large number of individuals within a short period of time on an 
annual basis reduces the feasibility of leuprolide as a wildlife management tool, particularly 
for large, free-ranging, open deer populations.  
 

 Histrelin acetate: Histrelin acetate is effective in suppressing a key reproductive hormone in 
white-tailed deer (Becker and Katz 1995). However, testing was conducted 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 (either 
agonist or antagoinst). A GnRH analog is a synthetic peptide similar to the body’s own 
gonadotropin-releasing hormone. Using the analog as a carrier, a cellular toxin can be delivered to 
specific cells in the pituitary which produce reproductive hormones. Internalization of the toxin 
leads to cell death. When this occurs, the production of reproductive hormones (leuteinizing 
hormone and follicle stimulating hormone) is affected. This process has been studied in male dogs 
(Sabeur et al. 2003), domestic sheep (Nett et al. 1999), rats (Kovacs et al. 1997), and female mule deer 
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(Baker et al. 1999) but the technology is still in the developmental stages and not ready for use in 
free-ranging wildlife.  
 
Steroid Hormones. The field of wildlife contraception began with research examining the 
manipulation of reproductive steroid hormones (Matschke 1977a, 1977b, 1980). Treatment usually 
entails the application of synthetic hormones, such as norgestomet, and melangestrol acetate 
(Jacobsen, Jessup, and Kesler 1995; DeNicola, Kesler, and Swihart 1997a; Fagerstone et al. 2010). 
Available products are administered via slow release implants or repeated feeding and have 
demonstrated variable efficacy and duration of infertility. Most products that are available are used 
in domestic animal or zoological veterinary medicine and have not been tested widely in free-ranging 
wildlife. Issues related to using steroids include difficulties in treating large numbers of animals for 
extended periods of time, potential reproductive tract pathological side effects experienced by the 
treated animals, and concerns over the consumption of treated animals by nontarget species and 
humans. Although many of these hormones are used as growth promotants in domestic food animal 
production, they are not labeled for use in free-ranging wildlife. Currently, this method of 
contraception is not being pursued by the wildlife management community. 
 
Contragestives. Contragestives are products that prevent or 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 Swihart 1997b; 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 the animal has been treated 
with this product. Challenges 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. These limitations make their use in free-ranging populations for fertility control purposes 
unlikely. 
 
Sterilization. Surgical sterilization of females is an effective method of controlling reproduction and 
has been used extensively in domestic animal medicine. However, implementation requires capture, 
general anesthesia, and surgery conducted by a veterinarian which is generally considered labor 
intensive and costly (Boulanger et al. 2012) and calls into question the long-term sustainability of 
sterilization as a wildlife management tool, except under very limited circumstances. Boulanger et al. 
(2012) notes that surgical sterilization is a costly but effective technique for reducing suburban deer 
herds if 80% or more of the female deer in a population are sterilized and that proportion is 
maintained over time. Overall success was greatest for closed populations. Only in rare 
circumstances is physical sterilization reversible. 
 
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. 
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EVALUATION OF FERTILITY CONTROL AGENTS BASED ON 
SELECTION CRITERIA ESTABLISHED BY  

FIRE ISLAND NATIONAL SEASHORE 
Five criteria were established for Fire Island National Seashore that reflect minimum desired 
conditions for using a reproductive control agent. Only when these criteria are met would 
reproductive control be implemented. These criteria assume that the agent poses no significant 
health risk to the deer. 
 

1. There is a federally approved and state-registered fertility control agent for application to 
free-ranging white-tailed deer populations 

2. The agent provides multiple year (three or more) efficacy (80-100%) to minimize the cost 
and labor required to administer the drug to a large number of deer annually  

3. The agent can be administered through remote injection to avoid capturing the animal on a 
regular basis and to increase the efficiency of distribution  

4. The agent would leave no harmful residual in the meat (meat would be safe for human and 
non-target animal consumption)  

5. The agent would have minimal impact on deer behavior (e.g., reproductive behaviors, social 
behaviors, out of season estrous cycling)  
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TABLE D-1. EVALUATION OF FERTILITY CONTROL AGENTS BASED ON  
SELECTION CRITERIA FOR FIRE ISLAND NATIONAL SEASHORE  

Agent 

Criterion 1 
Federally 
Approved 
and State 
Registered 

Criterion 2 
Multi-year 

efficacy (3+) 

Criterion 3 
Capable of 

remote 
administration 

Criterion 4 
Meat Safe for 

Humans 

Criterion 5 
Minimal Impact 

on Deer 
Behavior 

Immunocontraceptives 
“Native” PZP  No No Yes Likely, but need EPA 

approval 
No – repeated 
estrous cycles 

SpayVac® No Possiblyc Unknown No – repeated 
estrous cycling 

Long-term pelleted 
PZP 

No Possiblyd No Unknown – likely 
repeated estrous 
cycles 

GnRH Noa Possiblye  Possiblyf Yes Yes  
GnRH Agonists      
Leuprolide Acetate No No Yes Likely but need EPA 

approval 
Yes 

Histrelin Acetate No No No Likely but need EPA 
approval 

Unknown 

Other 
GnRH Toxins No Unknown Unknown  Likely but unknown Unknown 
Steroid Hormones No No Unknown Unlikely, but need 

regulatory guidance 
Unknown 

Contragestives No No Yes Yes Yes 
Physical sterilization - 
ovariectomy 

Not applicableg Yes - 
permanent 

No Yes – after 
anesthesia 
withdrawal date 

No – lack of 
reproductive 
hormones will 
change 
reproductive 
behaviors and 
likely social 
behaviors 

Physical sterilization 
– tubal ligation 

Not applicableg Yes - 
permanent 

No Yes – after 
anesthesia 
withdrawal date 

No – repeated 
estrous cycles 

a Federally approved but not registered in the state of New York for use in free ranging white-tailed deer populations. 
b Recent research demonstrates excellent efficacy using a single dose of native PZP primer combined with heat extruded pellets 

in year 1 (96%), moderate in year two (74%), and little efficacy by year three (Rutberg et al. 2013). The data regarding cold 
evaporated pellets is inconclusive (Rutberg et al. 2013). 

c  SpayVac® has demonstrated 80%-100% efficacy for up to 5-7 years in horses and deer (Fraker, pers. comm., 2009; Miller et 
al. 2009; Killian et al. 2008). The term “possibly is used because long-term studies (greater than 5 years) have been 
conducted only in captive deer and had a small sample size in each treatment group (N=5) (Miller et al. 2009). The only 
longer term study in free-ranging white-tailed deer did not evaluate past the third year (Rutberg et al. 2013). 

d Long-term pelleted PZP has not been adequately evaluated past year two in free-ranging deer to determine extended efficacy 
(Rutberg et al. 2013) 

e Research on one-shot, multiyear GnRH vaccine in penned/captive deer indicates GonaCon is 88-100% effective in year 1, 47-
100% effective in year 2, and 25-80% effective up to 5 years post-treatment (Miller et al. 2008). The term “possibly” is used 
because the multi-year formulation has been used only in captive deer, had a small sample size, and lacks confidence intervals 
on the data. Work in free-ranging deer suggests lower efficacy rates and shorter duration of efficacy (Gionfriddo et al. 2009, 2011). 

f  Work published in elk used dart delivery to administer the GnRH vaccine (Killian et al. 2009). 
g Not applicable because this is a veterinary procedure rather than a product. The procedure requires general anesthesia, a 

veterinarian to perform surgery, post-operative antibiotics, and is likely associated with a higher mortality rate (approximately 
6%; MacLean et al. 2006) than anesthesia alone (approximately 1.5%; Rutberg et al. 2013). Results in permanent 
sterilization. 
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