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FOREWORD

The following report and survey of deer population densities in New Jersey was commissioned by the New Jersey
Farm Bureau as part of an overall initiative concerning deer over-population. Simple visual observations and
anecdotal accounts from farmers across the state point to surplus deer at levels creating unacceptable impacts to
residents, landowners and businesses in the state.
Farm Bureau’s renewed efforts in this policy area surfaced in early 2018 with a ten-point questionnaire among its
farmer members and a re-examination of the extensive studies by N.J. Agricultural Experiment Station at Rutgers
University on deer over-population during 1998-2005. Questions arose about the actual number of deer
throughout the state, whether deer numbers were uniform or concentrated in certain areas, and how the game code
administrators evaluated the deer herd size.
Drone (UAV-unmanned aerial vehicles) technology is gradually working its way into a variety of agricultural
management practices in recent years. One application is mounting an infrared camera to the drone for the purpose
of identifying livestock and wildlife from low altitudes in the sky. This is a significant improvement in video
quality and cost savings from helicopter-based deer counting that was employed by Rutgers AES in the late
1990’s.
The first drone-based deer count sponsored by Farm Bureau was conducted by the Drone Academy on Dave
Bond’s farm near Ringoes in August 2018. That was followed by the same type of survey at the NJAES Snyder
Research Farm in Pittstown (September) and the Stewart Farm in North Hanover (October). These flights were
experimental, testing things such as the use of the technology/acquisition of FAA permits/establishing survey
parameters/interaction with farmland owners/need for wildlife biology expertise/cost estimating/and so forth.
The deer counting project work transitioned to the wildlife habitat management firm of Steward Green from
Bridgewater in early 2019. A plan of work was established that was farm-centric, statewide and representative of
agronomic/landscape features of New Jersey agriculture. County Boards of Agriculture were consulted and some
of their representatives became participants in the coordination of the drone flights; many county boards also
contributed financially to the project.
As the data in the report shows, eight separate project flights covering eight counties and 15,694 acres (25 sq. mi.)
were subject to the counting. Those results provide a baseline of data that can be expanded by other drone-based
deer survey work using a methodology similar to that used by Steward Green. Work initiated by Farm Bureau in
Burlington County was completed in January 2020; other agricultural areas can be done on an as-needed basis. It is
hoped that municipalities, county parkland, corporate campus areas and forest landowners will contract for their
own deer density surveys and thereby add to the emerging database.
This data collection work is essential as background information to the upcoming policy debates on deer
management that need to happen in New Jersey.

_________________________
Peter J. Furey, Executive Director
New Jersey Farm Bureau
March 2020
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New Jersey White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS
Infrared; New Jersey Farm Bureau
Executive Summary. White‐tailed deer (Odocoileus virginianus) garner more attention than any other species in
New Jersey. Wildlife watchers, photographers, and hunters contribute millions of dollars each year to the state’s
economy while pursuing deer. At the same time, deer are responsible for New Jersey’s agricultural producers
and other citizens suffering millions of dollars’ worth of damage to crops, landscaping and vehicles annually.
White‐tailed deer were present in New Jersey at the time of settlement in the 1600s but by 1900, market hunting
and habitat destruction had nearly extirpated deer from the state. A combination of wildlife laws, a changing
landscape throughout the 20th century that resulted in abundant deer habitat, and reduced deer harvest has
caused a drastic increase in deer numbers in New Jersey in recent decades.
It is going to take broad stakeholder engagement and commitment to a combination of varied recommendations
in order to properly reduce New Jersey’s deer herd to manageable levels.
New Jersey Farm Bureau (NJFB) contracted with Steward Green to complete a deer population density survey
using sUAS (drones) in select agricultural areas of NJ that have historically experienced large economic losses due
to deer overabundance. All areas that were sampled have deer populations far exceeding biological (BCC) and
cultural carrying capacity (CCC); as seen by excessive landscape and agricultural damage, lack of forest
regeneration, and increases in invasive species, automobile collisions and prevalence of Lyme disease.
The results of the drone flights suggest that at a minimum there were 2,558 deer counted in the sampling areas,
which equates to 104 deer per square mile averaged for areas covered in the data collection. At maximum there
were 2,736 deer counted in the sampling areas, which equates to 112 deer per square mile averaged for areas
covered in the data collection.
Deer population levels are currently not compatible with the varied interests of NJ citizens. Large numbers of
deer are harbored on both private and public lands that do not allow hunting. As an evolutionary prey species,
deer exhibit a high fecundity rate, enabling them to rapidly increase in number. Presently, non‐lethal
management techniques (such as contraceptives) and lethal management techniques (such as recreational
hunting) are not adequate to regulate New Jersey’s overabundant deer population, nor is non‐hunting mortality
(disease, injury and predators) enough to reduce the herd to satisfactory levels.
It is obvious that New Jersey needs a state‐wide Deer Management Plan like many of the surrounding states. A
state‐wide Community‐Based Deer Management Coordinator would be instrumental in engaging municipalities
and coordinating deer management to increase effectiveness. Greater hunter access to both public and private
land is crucial, as are changes to liberalize the game code. Venison donation programs must be expanded, and
some form of commercial hunting needs to be considered.
__________________________
Gene Huntington
Steward Green, February 2020
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Objective. Provide NJFB with white‐tailed deer population density estimates in select agricultural areas
throughout New Jersey.
Study Areas. Areas sampled encompassed (8) study areas totaling approximately 15,694 acres, or 25 square
miles, consisting of a mix of upland woodland, agricultural fields, residential, fragmented woodland parcels,
wetlands, grassland bird habitat and minor open water. Sample areas were within Atlantic, Burlington,
Cumberland, Gloucester, Hunterdon, Mercer, Monmouth, Passaic, Salem, Somerset and Warren Counties, New
Jersey, See Figure 1. These areas were chosen because of their varied agricultural uses and the deer damage
reported at County Board of Agriculture meetings.
Figure 1. NJFB Deer Population Density Study Areas.
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Methodology:
Infrared Accuracy. Steward Green LLC (SG) is providing NJFB with infrared thermal digital aerial imagery analysis
and reporting within the study areas. The intent of the data collection is to confirm deer population densities at
the time of data collection. The data collection required nighttime thermal Forward‐Looking Infrared (FLIR) aerial
photogrammetry of the study areas, most importantly collecting imagery that will best indicate white‐tailed deer
heat signatures. Optimum data collection is during the night and during colder months before the deciduous
trees have produced leaves, allowing infrared sensors penetration to the ground. The colder ground
temperatures contrast greater with heat signatures produced by deer. The infrared heat signatures produce a
reliable method of “counting” the deer in analysis by an experienced, skilled technician. Vertical Take‐Off and
Landing (VTOL) Unmanned Aerial Systems (UAS), or drones, were used legally and safely to collect the data.
Flights were completed less than 400’ above ground level (AGL). Equipment was calibrated in the field to ensure
geographic accuracy.
Overcount prevention. Flights were conducted manually to produce the best results, as using this method allows
the technician to pause, hover, circle areas, zoom and even change the oblique sensor angle when there are
questionable heat signatures behind structures, underneath cover, grouped together, etc. This is different from
traditional methods using fixed wing airplanes that fly strip transects with fixed optics. Areas are flown
systematically, reducing risk of overcounting as groups of deer are identified through the process and noted.
Geo‐referencing was performed in the field for accurate locations, vegetation type and mapping. Analysis was
performed both in the field and afterward in the lab to determine the number of deer counted in the study. ESRI
Data Collector was used in the field to record numbers and make field notes. This method is becoming
increasingly more dependable for the population density data collection of ungulates (Chabot and Bird 2015).
Species specific. With a trained wildlife biologist or experienced professional performing the analysis, deer can be
distinguished from other ungulates such as cattle, horses, sheep, goats, etc., and other mammals such as fox,
raccoon and coyote. Scale, location and habit are the main determining factors.
Table 1. New Jersey Counties Summary NJFB Deer Population Density Study 2019‐2020.

Requirements. SG is approved to perform small Unmanned Aerial System (sUAS) operations based on our
certifications with Federal Aviation Administration (FAA) and standard procedures. Missions were performed
below 400’ Above Ground Level (AGL). UAS data was collected legally and safely. Before any small Unmanned
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Aerial System (sUAS) flights were conducted, SG determined whether there were any Temporary Flight
Restrictions (TFRs) issued by FAA. These were nighttime operations, that required additional FAA nighttime pilot
certifications, which SG possess. Additional FAA waiver authorization was also required for nighttime flights,
which are also maintained by SG.
Table 2. New Jersey Counties Acreage covered in NJFB Deer Population Density Study 2019‐2020

Process. Site reconnaissance included FAA mandatory daytime inspections of the project areas to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, high voltage electric
lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined and mapped. 94 missions were conducted safely between the
hours of 8 PM and 7 AM April 1 through 29, 2019, and January 30‐31, 2020, covering areas systematically, with
one Pilot in Command (PIC), Visual Observer (VO), an observer familiar with the land and small Unmanned Aerial
Vehicles (sUAVs). Conditions were excellent as the ground temperatures were cool enough to provide excellent
contrast and the skies were clear. Deciduous trees had not yet leafed out and evergreen tree coverage was
minimal in most instances. Other heat signatures observed included boulders, field springs, pockets of water,
streams, streetlights, active chimneys, drain inlets, electric transformers, cars in driveways, pets and other
mammals. These signatures were quite different from those of deer. Images were collected using a Vertical Take‐
Off and Landing (VTOL) sUAS with high‐resolution visual imaging thermal infrared sensors flying manual missions
to ensure complete coverage of the study area, adequate image overlap, and repeatability. Quality saturation
data collection of the project area was completed, encompassing approximately 15,694 acres or 25 square miles.
Deer heat signatures were visible and clear.
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Figure 2. Examples of deer heat signatures in agricultural fields

Thermal imagery was analyzed both in the field and then more thoroughly in the lab to determine accurate heat
signatures of deer. A minimum, or “deer confirmed” and a maximum, or “deer possible” count from the analysis
of the data was also performed. The minimum count includes deer confirmed from the data, while the maximum
count includes deer counted that were likely, but not confirmed as deer. The number counted as minimum is
based on a few factors; that the deer counted was confirmed a deer by an experienced professional and/or
wildlife biologist, that the deer was indeed in character with a deer sighting (shape, size, scale, movement, etc.)
and that the deer had not already been counted. As with any infrared data collection, there can be areas that are
unseen, such as underneath evergreen trees, or other obstacles, where deer can be present yet not seen as a
heat signature. Still, there are possible deer observed in the data collection that are not counted in the minimum
deer analysis. See Tables 1, 2, 3 and Figures 2 and 3.
This information was then used to create geographic location maps with points of interest (the heat signatures of
deer), mission and data information.
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Figure 3. Example- Maximum Deer Density Map Area 2 East, Franklin Township, Somerset County NJ
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Table 3. Complete New Jersey Counties Summary NJFB Deer Population Density Study 2019‐2020

Results. At a minimum there were 2,558 deer counted in the sampling areas, which equates to 104 deer per
square mile averaged for areas covered in the data collection. At maximum there were 2,736 deer counted in
the sampling areas, which equates to 112 deer per square mile averaged for areas covered in the data collection.
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Overview. The number of a species that a given parcel of habitat can sustainably support over an extended
period of time is defined as the “biological carrying capacity” or BCC. Deer reproduction can cause populations to
exceed BCC. When BCC is exceeded, habitat quality decreases and herd health and physical conditions decline
(McCullough 1979, McShea et al. 1997). Cultural carrying capacity is more relevant in urbanized settings and is
the maximum number of deer that can coexist compatibly with local human populations.
All of the areas surveyed in this study have a deer density that is beyond the threshold of both biological and
cultural carrying capacities, which has led to intolerable crop and landscape damage, intensified invasive flora
and depleted forest habitat and the increased threat of automobile collisions and transmission of Lyme disease.
Effective deer management aims for a deer population level that will allow the natural environment to thrive
while striking an acceptable balance between people and deer.
Agriculture. Modern farming practices have caused crop yields to climb, aided by advances in improved crop
varieties, herbicides, and fertilization methods. These superior plants containing added nutrients provide
higher yields and excellent nutrition for New Jersey’s growing deer herd at the expense of farmer profitability.
In the late 1990s, Rutgers University conducted a study among the agricultural community due to rising losses
in crop production due to deer damage. Responding farmers reported that deer were responsible for 70% of
their wildlife‐caused crop losses and that in 1997, that amount totaled between $5‐10 million. 25% of
responding farmers reported abandoning a parcel of tillable ground because of excessive damage and 36% of
farmers have ceased growing their preferred crops as a result of excessive damage. In total, responding
farmers expended an estimated 67,855 paid labor hours and spent $620,073 annually on attempting to
control losses due to deer (NJAES Center for Wildlife Damage 1998).
Due to an increase in member complaints regarding deer, New Jersey Farm Bureau conducted an informal
survey of its farmer members in 2018 on deer‐related losses. 36% of respondents reported annual crop
damage of $10,000 or more, 11% claimed $25,000 in damage and 5% reported losses greater than $50,000.
Most farmer respondents had altered their farming practices, some by planting less profitable crops and
others by giving up fields entirely.
Agricultural damage has been reported in all the sampling areas in this report. A variety of non‐lethal and
lethal management techniques have consistently been implemented in all the sampled areas but have not
succeeded in reducing local deer populations to achieve economic viability for farmers.
Forest Ecology. Forest ecology suffers tremendously from deer over‐browsing. Impacts to the forest
understory start becoming deleterious when population densities surpass twenty deer per square mile,
impeding upon forest regeneration (Drake et al. 2002). At densities greater than 100 per square mile,
woodlands are void of understory from constant deer pressure through herbivory. Scientists and ecologists
have predicted that if this trajectory of flora devastation is allowed to continue, New Jersey will lose its native
forests in mere decades (Horsley et al. 2003). Without proper understory, new seedlings never become
mature trees, thus the forest is lost through attrition and the overall structure and composition of vegetation
changes as non‐native, invasive plant species invade (Alverson et al. 1988, Cote et al. 2004, Horsely et al.
2003). Without biodiversity in the woodlands, other species suffer as well as direct and indirect results of deer
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overabundance (Alverson et al. 1988). Insectivorous birds, that also eat ticks, nesting on or near the ground
such as oven birds and other neo‐tropical migratory birds do not have habitat, which can contribute to
population declines. When understory habitat is disappearing, biodiversity decreases across the board,
negatively affecting other species of flora and fauna (Horsley et al. 2003). Insects lose feeding species and
pollinators lose nectar sources and host plants. When more of the understory is eaten, root systems that hold
soil in place are lessened causing erosion and sedimentation to increase. Failure to acknowledge such
ecological interactions and allowing such dense populations of deer works directly against preservation of
natural diversity (Alverson et al. 1988). Native planting programs, reforestation and other conservation
programs are very difficult to implement with high deer densities.
Vehicular Accidents. Vehicular accidents caused by deer cost New Jersey residents millions of dollars in
insurance claims annually and sometimes end in human fatality (Jennings 2017, Sherman 2018). The number
of claims in NJ is high and many of the minor accidents do not even get reported. From October to December
of 2016, AAA counted 4,463 reported deer‐vehicle collisions in New Jersey (Flammia 2018).
According to new data by the National Insurance Crime Bureau, there were 16,905 claims for animal‐caused
losses filed by motorists in New Jersey last year (2017)—a 14.1 percent increase over the previous year
(Sherman 2018).
Hillsborough Township, located in Somerset County, New Jersey, had the most reported vehicular accidents
related to deer in 2017, making 316 insurance claims (Sherman 2018). The part of Hillsborough sampled in
this report had a deer density minimum of 98 and maximum of 105 deer per square mile. Somerset County
had a recent human fatality due to an unfortunate vehicular deer collision (Jennings 2017). Flemington, in
Hunterdon County, had 202 incidents, and Monmouth County had over 851 claims (Sherman 2018). Passaic
County suffered a recent fatality when a motorcyclist hit a deer in Wayne (Torrejon 2019).
Disease. Lyme disease is a severe problem for people in
New Jersey, with cases increasing over the last two
decades. In 2017, there were 5,092 reported cases
of Lyme disease in the state, the highest yearly total in
nearly two decades according to new data from the New
Jersey Department of Health (Kent 2018). Ticks use deer
to feed, mate, reproduce, and disperse (Cote et al. 2004,
Kent 2018). With large populations of deer and dwindling
habitat for insectivorous ground nesting birds, such
conditions have allowed ticks to thrive, thus the Lyme
disease epidemic. When the deer density is greater than
biological and/or cultural carrying capacity, the risk of
disease increases for the deer as well (Cote et al. 2004).
Figure 4. New Jersey Counties Lyme Cases in 2017
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Open Space and Neighboring Properties. Male deer have a typical home range of one square mile
(Diefenbach 2014). This can be affected by foraging habitat, cover and accessibility. New Jersey is fortunate to
have many local, state and national parks, as well as preserved farmland, open space, conservation easements,
wildlife management areas, game preserves, forest preserves, golf courses, etc. However, these tracts of land
become deer sanctuaries if not adequately managed, aiding in excessive population growth while harboring
the species from effective hunting programs. 43% of respondents from the 1998 Rutgers deer survey
indicated the presence of a 100 acre or greater parcel of land serving as a deer refuge within one mile of the
area of their most severe crop losses. 50% of respondents in the same survey with intolerable losses indicated
a refuge within a mile of their most severely affected fields. Most refuges were reported under private
ownership, with publicly owned parcels causing problems in Monmouth, Mercer, Hunterdon and Burlington
counties (NJAES Center for Wildlife Damage 1998).
Recommendations. The State of New Jersey needs to develop a Deer Management Plan similar to what’s been
published for the surrounding states. Local deer population goals need to be established throughout NJ so that
deer density reduction goals may be devised based on the biological and cultural carrying capacities of each
region. An environmental and economic assessment of the current deer overpopulation must be conducted in
order to determine the CCC.
NJDEP community‐based deer management programs should be encouraged through County Boards of
Agriculture. There should be a state position considered for a Community‐Based Deer Management
Coordinator. Legislation should be passed to require all public lands to adequately manage the deer
populations as well as all other wildlife. Legislation also needs to be supported to restrict the feeding but
allow for baiting of deer. Those who harbor wildlife need to be held financially accountable for damage,
perhaps through the issuance of citations and fines. Increasing deer harvest is essential. For example,
simplification of NJ’s deer zones, liberalization of the depredation process and use of crossbows, the issuance
of “superpermits” and the ability to safely drive public lands and hunt with firearms on Sundays would all help
to facilitate increased deer harvests.
A program to match agricultural landowners with recreational hunters should be considered in order to
increase harvest pressure on farmlands experiencing deer damage to crops. Participating hunters would need
to be safe, ethical, proficient at deer harvesting and educated on the biological goals of the program. Venison
should be donated through certified programs feeding the hungry in NJ, yet there needs to be adequate
funding to make that possible. Organizations like Hunters Helping the Hungry (HHH) only have funding for a
very limited amount of deer to be processed, and funds have historically run out well before the season ends.
In addition to funding, HHH needs more qualified local butchers throughout the state to participate in the
donation program.
Fencing can be effective in certain areas, yet also “pushes” the issue out to neighboring properties. The NJ
State Agricultural Development Committee (SADC) currently has a deer‐fencing program for preserved
farmland. This program needs to be replicated by the NJ Department of Agriculture for farms that are not part
of the preservation program. The NJDEP Green Acres program should consider developing a similar program
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to that of the SADC, where deer fencing grants could be made available to owners or farmers leasing
preserved open space. In addition to a state program, USDA‐NRCS should consider amending their programs
to include deer fencing as an eligible practice for cost‐share grants.
A myriad of non‐lethal deer damage management techniques are available, but have not been proven to be
effective on a large scale. Deterrents use sound, visual, or tactile cues to frighten deer from areas where they
are causing damage. Deterrents which are set off by the offending deer or those with irregular cues tend to
be more effective since deer easily become acclimated to deterrents. Repellants use taste or scent to
discourage deer from eating treated plants or entering treated areas. Repellants are expensive, require
reapplication after rain events and may lose effectiveness at temperatures below freezing. Tests of fertility
control in deer populations in fenced enclosures have demonstrated limited effectiveness. Currently, there
are no fertility control agents for use in white‐tailed deer approved for use in New Jersey. If registered, future
use of fertility control will have limited applicability, especially for large populations of free‐ranging deer.
Implementation of a fertility control program would be costly and herd reductions would still be necessary to
reduce damage since fertility control does not directly reduce deer numbers.
Some form of commercial hunting must also be considered. Declines in hunter recruitment coupled with
dramatic growth in numbers of white‐tailed deer have challenged our ability to manage deer populations
through regulated hunting. Regulated commercial harvest could help to reduce overabundant populations of
deer; provide a source of healthy, natural, green, locally produced protein; promote economic growth,
entrepreneurship, and market expansion; and public engagement and appreciation (Vercauteren 2011).
It is going to take stakeholder commitment to a combination of these recommendations in order to properly
reduce New Jersey’s deer herd to manageable levels.
‐End of State Report‐
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Appendix A

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Atlantic County
Study Area. Area sampled encompassed (5) mission areas totaling approximately 557 acres, almost 1 square mile,
consisting of a mix of upland pineland woodland, agricultural fields (mostly vegetable crops), residential, fragmented
woodland parcels, wetlands and minor open water. These areas were chosen because of their varied agricultural uses and
the deer damage reported at County Board of Agriculture meetings. Neighboring areas are Egg Harbor City & Galloway
Township. Bass River is to the north and Wharton State Forest to the northwest. See Figures 1 and 2.
Figure 1. Atlantic County NJFB Deer Population Density Study State Orientation Map
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Figure 2. Atlantic County NJFB Deer Population Density Study Area.

Process. Site reconnaissance included FAA mandatory
daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site
hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers,
water towers, severe changes in elevation, large trees,
etc. Launch/landing sites were also pre‐determined. See
Figure 3.
Atlantic County study area required 11 missions the
early morning of April 17, covering areas systematically,
with one Pilot in Command (PIC), Visual Observer (VO),
observer familiar with the land and small Unmanned
Aerial Vehicles (sUAVs). Temperature on April 17 at
4am was 47° F with clear skies and waxing gibbous
moon, providing excellent conditions to collect thermal
data. Deciduous trees had not yet leafed out and
evergreen tree coverage was moderate to heavy. Other
heat signatures observed included boulders, field springs,
pockets of water, streams, streetlights, active chimneys,
drain inlets, electric transformers, cars in driveways, pets
and other mammals.
th

Figure 3. sUAS Launch/land coverage Map and Flight Plan for Atlantic County.
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Figure 4. Thermal imagery example, NJFB Atlantic County

Images were collected using a Vertical Take‐
Off and Landing (VTOL) sUAS with high‐
resolution visual imaging thermal infrared
sensors, flying manual missions to ensure
complete coverage of the study area,
adequate image overlap, and
repeatability. We completed a quality
saturation data collection of the project
area, approximately 557 acres, almost one
square mile. Deer heat signatures were
visible and clear, contrasting with colder
surroundings and demonstrating scale.
See Figures 4 and 5.

Figure 5. Thermal imagery example, NJFB Atlantic County.
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Results. At a minimum, there were 161 deer counted in the sampling area, which equates to 185 deer per square
mile for area sampled in the data collection. At maximum, there were 169 deer counted in the sampling areas,
which equates to 194 deer per square mile for area sampled in the data collection. See Table 1 and Figures 6 and
7.
Table 1. Deer Density‐ Maximum vs. Minimum, Atlantic County, NJ

Atlantic County:
Acres

Area 1

Deer Max Max SM Deer minMin SM

557

169

194

161

185

Figure 6. Minimum Deer Density Map, Atlantic County, NJ
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Figure 7. Maximum Deer Density Map, Atlantic County, NJ

‐End of Appendix A‐
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Appendix B

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Burlington County
Study Area. Areas sampled encompassed (3) study areas totaling approx. 2,964 acres, about 5 square miles, consisting of a
mix of upland woodland, agricultural fields, tree nurseries, sod farms, residential, fragmented woodland parcels, grassland
bird habitat, wetlands and minor open water. The Delaware River lies to the west, Crystal Lake Park to the North and the
Rutgers Eco Complex to the Northeast. The Burlington County Fairgrounds is adjacent to Area 1 North. McGuire Airforce
Base and Fort Dix is located just to the East of Areas 1 & 2, requiring additional airspace approvals from both the FAA and
McGuire AB. Brendan Byrne State Forest, as well as Wharton State Forest are to the east of Area 3. See Figures 1, 2, 3 & 4.
Figure 1. Burlington County NJFB Deer Population Density Study Area location map.
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Figure 2. Burlington County NJFB Deer Population Density Study Area 1 North, Mansfield Township.

Figure 3. Burlington County NJFB Deer Population Density Study Area 2 East, Springfield Township.
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Figure .4 Burlington County NJFB Deer Population Density Study Area 3 South, Tabernacle Township.

Process. Site reconnaissance included FAA mandatory daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined. See Figures 5, 6 & 7.
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Figure 5. sUAS Launch/land coverage Map and Flight Plan for Area 1 North, Mansfield Township.

Figure 6. sUAS Launch/land coverage Map and Flight Plan for Area 2, Springfield Township
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Figure 7. sUAS Launch/land coverage Map and Flight Plan for Area 3 South, Tabernacle Township.

The Burlington County study areas required 14 missions the nights and early mornings of January 30‐31, covering
areas systematically, with one Pilot in Command (PIC), Visual Observer (VO), observer familiar with the land and
small Unmanned Aerial Vehicles (sUAVs). Temperature on January 31st at 2am was 29° F with clear skies and
waxing gibbous moon, providing excellent conditions to collect thermal data. All missions were conducted safely.
Conditions were excellent as the ground temps were cool and the skies were clear. Deciduous trees were void of
leaves and evergreen tree coverage was minimal in the northern sites to moderate in Area 3 South. Other heat
signatures observed included boulders, field springs, pockets of water, streams, streetlights, active chimneys,
drain inlets, electric transformers, cars in driveways, junk lots, pets and other mammals.
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Figure 8. Thermal imagery example, NJFB Burlington County; Area 2, Springfield Township

Deer in woodland
Juliustown

Images were collected using a Vertical Take‐Off and Landing (VTOL) sUAS with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate image
overlap, and repeatability. We completed a quality saturation data collection of all project areas flown,
approximately 2,964 acres, about 5 square miles. The Burlington County samplings were represented by three
areas; Area 1 North in Mansfield Township, Area 2 in Springfield Township and Area 3 South in Tabernacle
Township. These areas were then broken into smaller areas due to coverage capability. Deer heat signatures
were visible and clear. See Figures 8, 9 & 10.
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Figure 9. Thermal imagery examples, NJFB Burlington County, Areas 1, 2 & 3.

Figure 10. Thermal imagery examples, NJFB Burlington County NJ
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Figure 11. Minimum Deer Density Map, Burlington County, NJ
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Figure 12. Maximum Deer Density Map, Burlington County, NJ

Results. At a minimum, there were 511 deer counted in the sampling areas, which equates to 110 deer per
square mile for areas covered in the data collection. At maximum, there were 526 deer counted in the sampling
areas, which equates to 114 deer per square mile for areas covered in the data collection. In this study we have
not factored in fencing nor vehicular accident or deer harvest information related to deer. See Figures 11‐18 and
Table 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Burlington County, NJ
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Figure 13. Minimum Deer Density Map Area 1 North, Mansfield Township

Figure 14. Minimum Deer Density Maps Area 2, Springfield Township
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Figure 15. Minimum Deer Density Maps Area 3 South, Tabernacle Township

Figure 16. Maximum Deer Density Maps Area 1 North, Columbus
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Figure 17. Maximum Deer Density Maps Area 2, Springfield Township

Figure 18. Maximum Deer Density Maps Area 3 South, Tabernacle Township

‐End of Appendix B‐
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Appendix C

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Cumberland County
Study Area. Areas sampled encompassed (3) study areas in Cumberland, Salem, Gloucester and Atlantic counties totaling
approximately 1,520 acres or 2.4 square miles, consisting of a mix of upland woodland, agricultural fields (mostly vegetable
crops), residential, fragmented woodland parcels, wetlands and minor open water. These areas were chosen because of
their varied agricultural uses and the deer damage reported at County Board of Agriculture meetings. For simplicity, we will
refer to the areas comprised in this chapter as “Cumberland”. Surrounding towns include the city of Vineland, Buena Vista,
Pittsgrove, Franklin and Millville. See Figures 1, 2, 3 & 4.
Figure 1. Cumberland County NJFB Deer Population Density Study State Orientation Map

31 | P a g e

Figure 2. Cumberland County NJFB Deer Population Density Study Area 1 Northwest.

Figure 3. Cumberland County NJFB Deer Population Density Study Area 2 East.
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Figure 4. Cumberland County NJFB Deer Population Density Study Area 3 South.

Process. Site reconnaissance included FAA mandatory daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined. See Figure 4.
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Figure 4. sUAS Launch/land coverage Map and Flight Plan for Cumberland County.

Cumberland County study areas required 11 missions the nights of early mornings of April 16‐17, covering areas
systematically, with one Pilot in Command (PIC), Visual Observer (VO), observer familiar with the land and small
Unmanned Aerial Vehicles (sUAVs). Temperature on April 17 at 1 am was 49° F with clear skies and waxing
gibbous moon, providing excellent conditions to collect thermal data. Deciduous trees had not yet leafed out and
evergreen tree coverage was minimal. Other heat signatures observed included boulders, field springs, pockets of
water, streams, streetlights, active chimneys, drain inlets, electric transformers, cars in driveways, pets and other
mammals.
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Figure 5. Thermal imagery example, NJFB Cumberland County; Area 2 East

Images were collected using a Vertical Take‐Off and Landing (VTOL) sUAS with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate image
overlap, and repeatability. We completed a quality saturation data collection of all project areas flown,
approximately 1,520 acres or 2.4 square miles. The Cumberland County sampling was represented by 3 areas;
Area 1 Northwest, Area 2 East and Area 3 South. These areas were then broken into smaller units due to
coverage capability. Deer heat signatures were visible and clear, contrasting with colder surroundings and
demonstrating scale. See Figures 5 and 6.
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Figure 6. Thermal imagery example, NJFB Cumberland County, Areas 1, 2 & 3.

Results. At a minimum, there were 245 deer counted in the sampling areas, which equates to 103 deer per
square mile for areas sampled in the data collection. At maximum, there were 255 deer counted in the sampling
areas, which equates to 107 deer per square mile for areas sampled in the data collection. See Figures 7,8, 9, 10
and 11 and Table 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Cumberland County, NJ

Cumberland County:
Acres

Area 1 Northwest
Area 2 East
Area 3 South
Totals:

707
345
468
1520

Deer Max Max SM Deer minMin SM

76
115
64
255

69
213
88
107

75
112
58
245

68
208
79
103

36 | P a g e

Figure 7. Minimum Deer Density Map, Cumberland County, NJ

Figure 8. Maximum Deer Density Map, Cumberland County, NJ
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Figure 9. Deer Density Maps Area 1 Northwest, Cumberland
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Figure 10. Deer Density Maps Area 2 East, Cumberland
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Figure 11. Maximum Deer Density Maps Area 3, South

‐End of Appendix C‐
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Appendix D

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Hunterdon County
Study Area. Areas sampled encompassed (3) study areas totaling approximately 1,659 acres or 2.6 square miles, consisting
of a mix of upland woodland, agricultural fields, residential, fragmented woodland parcels, wetlands and minor open
water. These areas were chosen because of their varied agricultural uses and the deer damage reported at County Board of
Agriculture meetings. Neighboring towns include Hopewell, Pennington, Lambertville, East & West Amwell and Ringoes.
Stony Brook, The Watershed Institute, St. Michael’s Farm Preserve, Skyview Preserve, Sourland Mountain Preserve,
Washington Crossing Park and the Delaware River are all in the vicinity. See Figures 1 and 2.
Figure 1. Hunterdon County NJFB Deer Population Density Study State Orientation Map
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Figure 2. Hunterdon County NJFB Deer Population Density Study Area 1 Northeast, Area 2 West and Area 3 South.

Process. Site reconnaissance included FAA mandatory daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined. See Figure 3.
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Figure 3. sUAS Launch/land coverage Map and Flight Plan for Hunterdon County.

The Hunterdon/Mercer County study areas required 11 missions the nights of early mornings of April 27 & 28,
covering areas systematically, with one Pilot in Command (PIC), Visual Observer (VO), observer familiar with the
land and small Unmanned Aerial Vehicles (sUAVs). Temperature on April 28 at 1am was 42° F with partly cloudy
skies and last quarter moon, providing excellent conditions to collect thermal. Deciduous trees had not yet
leafed out completely and evergreen tree coverage was minimal. Other heat signatures observed included
boulders, field springs, pockets of water, streams, streetlights, active chimneys, drain inlets, electric
transformers, cars in driveways, pets and other mammals.
th
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Figure 4. Thermal imagery example, NJFB Hunterdon County

Images were collected using a Vertical Take‐Off and Landing (VTOL) sUAS with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate image
overlap, and repeatability. We completed a quality saturation data collection of all project areas flown,
approximately 1,693 acres or 2.6 square miles. The Hunterdon County samplings were represented by 3 areas;
Area 1 Northeast, Area 2 West and Area 3 Southwest. These areas were then broken into smaller areas due to
coverage capability. Deer heat signatures were visible and clear, contrasting with colder surroundings and
demonstrating scale. See Figures 4 and 5.
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Figure 5. Thermal imagery examples, NJFB Hunterdon County.

Results. At a minimum, there were 230 deer counted in the sampling areas, which equates to 89 deer per square
mile for areas sampled in the data collection. At maximum, there were 231 deer counted in the sampling areas,
which equates to 89 deer per square mile for areas sampled in the data collection. See Figures 6,7, 8, 9, 10 and
Table 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Hunterdon County, NJ

Hunterdon/Mercer County:
Acres

Area 1 Northeast
Area 2 West
Area 3 Southwest
Totals:

691
207
761
1659

Deer Max Max SM Deer minMin SM

97
14
120
231

90
43
101
89

96
14
120
230

89
43
101
89
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Figure 6. Minimum Deer Density Map, Hunterdon County, NJ

Figure 7. Maximum Deer Density Map, Hunterdon County, NJ
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Figure 8. Deer Density Maps Area 1 Northeast
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Figure 9. Deer Density Maps Area 2 West
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Figure 10. Deer Density Maps Area 3, Southwest

‐End of Appendix D‐
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Appendix E

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Monmouth County
Study Area. Areas sampled encompassed (3) study areas totaling approximately 3,390 acres or 5.3 square miles, consisting
of a mix of upland woodland, agricultural fields, residential, fragmented woodland parcels, wetlands and minor open water.
These areas were chosen because of their varied agricultural uses and the deer damage reported at County Board of
Agriculture meetings. Neighboring towns are Millstone, Roosevelt and Clarksburg. Six Flags Great Adventure, Assunpink
Wildlife Management Area, Perrineville Lake Park, Turkey Swamp Park and Colliers Mills Wildlife Management Area are in
the general area. See Figures 1 and 2.
Figure 1. Monmouth County NJFB Deer Population Density Study State Orientation Map
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Figure 2. Monmouth County NJFB Deer Population Density Study Area 1 Northeast, Area 2 West and Area 3 South.

Process. Site reconnaissance included FAA mandatory daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined. See Figure 3.
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Figure 3. sUAS Launch/land coverage Map and Flight Plan for Monmouth County.

The Monmouth County study areas required 9 missions the nights of early mornings of April 17‐18, covering
areas systematically, with one Pilot in Command (PIC), Visual Observer (VO), observer familiar with the land and
small Unmanned Aerial Vehicles (sUAVs). Temperature on April 18 at 1am was 51° F with partly cloudy skies and
waxing gibbous moon, providing excellent conditions to collect thermal data. Deciduous trees had not yet leafed
out and evergreen tree coverage was minimal. Other heat signatures observed included boulders, field springs,
pockets of water, streams, streetlights, active chimneys, drain inlets, electric transformers, cars in driveways, pets
and other mammals.
th
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Figure 4. Thermal imagery example, NJFB Monmouth County

Images were collected using a Vertical Take‐Off and Landing (VTOL) sUAS with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate image
overlap, and repeatability. We completed a quality saturation data collection of all project areas flown,
approximately 3,390 acres, about 5.3 square miles. The Cumberland County samplings were represented by 3
areas; Area 1 Northeast, Area 2 West and Area 3 South. These areas were then broken into smaller areas due to
coverage capability. Deer heat signatures were visible and clear, contrasting with colder surroundings and
demonstrating scale. See Figures 4 and 5.
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Figure 5. Thermal imagery examples, NJFB Monmouth County.

Results. At a minimum, there were 344 deer counted in the sampling areas, which equates to 65 deer per square
mile for areas sampled in the data collection. At maximum, there were 350 deer counted in the sampling areas,
which equates to 66 deer per square mile for areas sampled in the data collection. See Figures 6, 7, 8, 9, 10 and
Table 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Monmouth County, NJ

Monmouth County:
Acres

Area 1 Northeast
Area 2 West
Area 3 South
Totals:

757
681
1952
3390

Deer Max Max SM Deer minMin SM

96
121
133
350

81
114
44
66

92
121
131
344

78
114
43
65
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Figure 6. Minimum Deer Density Map, Monmouth County, NJ

Figure 7. Maximum Deer Density Map, Monmouth County, NJ
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Figure 8. Deer Density Maps Area 1 Northeast, Monmouth
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Figure 9. Deer Density Maps Area 2 West, Monmouth
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Figure 10. Maximum Deer Density Maps Area 3, South, Monmouth

‐End of Appendix E‐
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Appendix F

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Passaic County
Study Area. Areas sampled encompassed (3) study areas totaling approximately 940 acres or 1.5 square miles, consisting of
a mix of upland woodland, agricultural fields, golf courses, residential, fragmented woodland parcels, wetlands and minor
open water. These areas were chosen because of their varied agricultural uses and the deer damage reported at County
Board of Agriculture meetings. Neighboring towns include Wayne, Pompton Lakes, Riverdale, Butler, Kinnelon and West
Milford. Apshawa Preserve, Silas Condict County Park, Echo Lake, Norvin Green State Forest, Wanaque Reservoir, William
Paterson University and High Mountain Reserve Park are all surrounding or close by. See Figures 1 and 2.
Figure 1. Passaic County NJFB Deer Population Density Study State Orientation Map
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Figure 2. Passaic County NJFB Deer Population Density Study Area 1 Northwest, Area 2 East and Area 3 Southeast.

Process. Site reconnaissance included FAA mandatory daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined. See Figure 3.
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Figure 3. sUAS Launch/land coverage Map and Flight Plan for Passaic County.

The Passaic County study areas required 12 missions the nights of early mornings of April 28 & 29, covering areas
systematically, with one Pilot in Command (PIC), Visual Observer (VO), observer familiar with the land and small
Unmanned Aerial Vehicles (sUAVs). Temperature on April 29 at 1am was 44° F with fair skies and waning
crescent moon, providing excellent conditions to collect thermal data. Deciduous trees had not yet leafed out
and evergreen tree coverage was minimal. Other heat signatures observed included boulders, field springs,
pockets of water, streams, streetlights, active chimneys, drain inlets, electric transformers, cars in driveways, pets
and other mammals.
th
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Figure 4. Thermal imagery examples, NJFB Passaic County

Images were collected using a Vertical Take‐Off and Landing (VTOL) sUAS with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate image
overlap, and repeatability. We completed a quality saturation data collection of all project areas flown,
approximately 940 acres or 1.5 square miles. The Passaic County sampling was represented by 3 areas; Area 1
Northwest, Area 2 East and Area 3 Southeast. These areas were then broken into smaller units due to coverage
capability. Deer heat signatures were visible and clear, contrasting with colder surrounds and demonstrating
scale. See Figure 4.
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Figure 5. Minimum Deer Density Map, Passaic County, NJ
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Figure 6. Maximum Deer Density Map, Passaic County, NJ

Results. At a minimum, there were 65 deer counted in the sampling areas, which equates to 44 deer per square
mile for areas sampled in the data collection. At maximum, there were 81 deer counted in the sampling areas,
which equates to 55 deer per square mile for areas sampled in the data collection. See Figures 5, 6, 7, 8, 9 and
Table 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Passaic County, NJ

Passaic County:
Acres

Area 1 Northwest
Area 2 East
Area 3 Southeast
Totals:

Deer Max Max SM Deer minMin SM

255
278
407
940

27
9
45
81

68
21
71
55

24
5
36
65

60
12
57
44
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Figure 7. Deer Density Maps Area 1 Northwest
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Figure 8. Deer Density Maps Area 2 East
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Figure 9. Deer Density Maps Area 3, Southeast

‐End of Appendix F‐
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Appendix G

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared; New
Jersey Farm Bureau, Somerset County
Study Area. Areas sampled encompassed (2) study areas totaling approximately 2,834 acres or 4.43 square miles, consisting
of a mix of upland woodland, agricultural fields, residential, fragmented woodland parcels, wetlands and minor open water.
The Mattawang Golf Course, located in Montgomery Township, lies within “Area 1 West”. Part of Six Mile Run and the
Negri‐Nepote Native Grassland Preserve are located within the Franklin Township “Area 1 East” study area. The Millstone
River and Colonial Park lie to the east, Duke Farms is to the northwest. Sourland Mountain Preserve is nearby. See Figures 1,
2 and 3.
Figure 1. Somerset County NJFB Deer Population Density Study Area location map.
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Figure 2. Somerset County NJFB Deer Population Density Study Area 1 West, Hillsborough Township.

Figure 3. Somerset County NJFB Deer Population Density Study Area 2 East, Franklin Township.
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Process. Site reconnaissance included FAA mandatory daytime inspections of the project area to evaluate
ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High voltage
electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large trees, etc.
Launch/landing sites were also pre‐determined. See Figures 4 and 5.
Figure 4. sUAS Launch/land coverage Map and Flight Plan for Area 1 West, Hillsborough Township.

Figure 5. sUAS Launch/land coverage Map and Flight Plan for Area 2 East, Franklin Township.
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The Somerset County study areas required 21 missions the nights of early mornings of April 3‐5, covering areas
systematically, with one Pilot in Command (PIC), Visual Observer (VO), observer familiar with the land and small
Unmanned Aerial Vehicles (sUAVs). Temperature on April 3 at 1am was 39‐41° F with clear to fair skies and
waning crescent to new moon, providing excellent conditions to collect thermal data. Deciduous trees had not
yet leafed out and evergreen tree coverage was minimal. Other heat signatures observed included boulders,
field springs, pockets of water, streams, streetlights, active chimneys, drain inlets, electric transformers, cars in
driveways, pets and other mammals.
Figure 6. Thermal imagery example, NJFB Somerset County; Area 2 East, Franklin Township

Images were collected using a Vertical Take‐Off and Landing (VTOL) sUAS with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate image
overlap, and repeatability. A quality saturation data collection of all project areas flown was completed, of
approximately 2,834 acres or 4.43 square miles. The Somerset County sampling was represented by two areas;
Area 1 West in Hillsborough Township and Area 2 East in Franklin Township. These areas were then broken into
smaller units due to coverage capability. Deer heat signatures were visible and clear, contrasting with colder
surroundings and demonstrating scale. See Figures 6, 7 and 8.
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Figure 7. Thermal imagery example, NJFB Somerset County, Areas 1 & 2

Figure 8. Thermal imagery example, NJFB Somerset County, Areas 1 & 2
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Figure 9. Minimum Deer Density Map, Somerset County, NJ

Figure 10. Maximum Deer Density Map, Somerset County, NJ
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Results. At a minimum, there were 402 deer counted in the sampling areas, which equates to 91 deer per square
mile for areas sampled in the data collection. At maximum, there were 446 deer counted in the sampling areas,
which equates to 101 deer per square mile for areas sampled in the data collection. See Figures 9, 10, 11, 12, 13,
14 and Table 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Somerset County, NJ

Somerset County:
Acres

Area 1 West
Area 2 East
Totals:

1626
1208
2834

Deer Max Max SM Deer min Min SM

268
178
446

105
94
101

248
154
402

98
82
91

Figure 11. Minimum Deer Density Map Area 1 West, Hillsborough
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Figure 12. Minimum Deer Density Maps Area 2 East, Franklin

Figure 13. Maximum Deer Density Maps Area 1 West, Hillsborough
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Figure 14. Maximum Deer Density Maps Area 2 East, Franklin

‐End of Appendix G‐

76 | P a g e

Appendix H

White-Tailed Deer (Odocoileus virginiana) Population Density Survey using sUAS Infrared;
Warren County, New Jersey Farm Bureau
Study Area. Warren County areas sampled encompassed (4) study areas totaling approximately 1,830 acres or
3 square miles, consisting mostly of large agricultural fields (soybeans field corn and hay), some residential,
fragmented woodlands, open space parcels and minor open water. The Delaware River lies to the west, Merrill
Creek Reservoir, the town of Harmony to the southwest and the town of Washington to the southeast.
Buckhorn Creek Wildlife Management Area, Buckhorn Creek, Roaring Rock Park and Montana Mountain are all
in the vicinity. The study area is surrounded by much of the same type of agriculture and larger tracts of open
space and forested lands. See Figures 1, 2 and 3.
Figure 1. Warren County NJFB Deer Population Density Study Area location map.
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Figure 2. Warren County NJFB Deer Population Density Study Area with surrounding Open Space.

Figure 3. Warren County NJFB Area Maps.
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Process. Site reconnaissance included 2 days of FAA mandatory daytime inspections of the project area to
access ingress/egress, potential launch/landing points, site hazards, obstructions, flight patterns, etc. High
voltage electric lines and towers, cell phone and radio towers, water towers, severe changes in elevation, large
trees, etc., were noted during these investigations. Launch/landing sites were also pre‐determined. See Figure
4.
The Warren County study areas required 11 missions the night of April 1 and early morning of April 2, covering
areas systematically, at least once with one crew, pilot in command (PIC), visual observer (VO), observer
familiar with the land and sUAV. Temperature on April 2 at 1am was 26° F with fair skies and waning crescent
moon, providing excellent conditions to collect thermal data. Deciduous trees had not yet leafed out and
evergreen tree coverage was minimal to moderate. Other heat signatures observed included boulders, filed
springs, pockets of water, streams, streetlights, active chimneys, drain inlets, electric transformers, cars in
driveways and other mammals.
nd

Images were collected using a VTOL small Unmanned Aerial System (sUAS) with high‐resolution visual imaging
thermal infrared sensors flying manual missions to ensure complete coverage of the study area, adequate
image overlap, and repeatability. Enough quality data was collected to conclude saturation data collection of
all project areas flown, approximately 1,830 acres. The entire area was broken into 4 sections due to coverage
capacity, see Figures 5 & 6.
Figure 4. Warren County Flight Maps
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Figure 5. Warren County NJFB Heat signature example.

Figure 6. Warren County NJFB Heat signature examples.
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This information was then used to create geographic location maps with points of interest (the heat signatures
of deer), mission and data information. Neighboring New Jersey open space properties were also located on
the maps.
Results. At a minimum, there were 600 deer counted in the Warren County sampling areas, which equates to
210 deer per square mile for areas sampled in the data collection. At maximum, there were 678 deer counted
in the sampling areas, equating to 237 deer per square mile. See Figures 7, 8, 9, 10, 11, 12 and Tables 1.
Table 1. Deer Density‐ Maximum vs. Minimum, Warren County, NJ

Warren County:
Acres

Area 1 Northwest
Area 2 Northeast
Area 3 West
Area 4 South
Totals:

150
175
1055
450
1830

Deer Max Max SM Deer minMin SM

70
153
336
119
678

299
560
204
169
237

56
131
310
103
600

239
479
184
146
210

Figure 7. Warren County Maximum Population Density Map.
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Figure 8. Warren County Maximum Population Density Map with Open Space Identified.

Figure 9. Warren County Minimum Population Density Map.

82 | P a g e

Figure 10. Warren County Area 1 Maximum Population Density Map.

Figure 11. Warren County Area 2 Maximum Population Density Map.

Figure 12. Warren County Area 3 Maximum Population Density Map.

Figure 13. Warren County Area 4 Maximum Population Density Map.

‐End of Appendix H‐
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Glossary of Terms
Above Ground Level (AGL) – Height sUAV is above ground level
Acclimate – To adjust to new conditions.
Aerial – Happening or operating in or from the air.
Attrition – Gradual reduction of strength or effectiveness of something resultant from sustained pressure.
Biodiversity – An equilibrium in nature when ecological factors such as flora, fauna, and ecosystem services,
such as soil, water, and air, are in healthy balance with each other adding to their positive
codependent sustenance.
Biological Carrying Capacity (BCC) – The number of a species that a given parcel of habitat can sustainably
support over an extended period of time. When BCC is exceeded, habitat quality decreases and [deer]
herd health and physical conditions decline (McCullough 1979, McShea et al. 1997).
Calibrate – To correlate the readings of an instrument with those of a standard in order to check the
instrument’s accuracy; to adjust to take external factors into account or to allow comparison with
other data (Lexico 2020).
Carrying Capacity – Maximum number of species supported in an environment, dependent on the health of
that environment, without degrading the health of other species or ecosystem services.
Conservation Easements – Legally binding documents that preserve land for future generations by restricting
or conditioning certain rights or uses, such as the right to subdivide or develop the property, to protect
conservation values, such as the preservation of agricultural and forestry lands and the protection of
water quality (Watershed Agricultural Council 2019).
Cultural Carrying Capacity (CCC) – The maximum number of a species that can coexist compatibly with local
human populations.
Deciduous Trees – Tree species that lose their leaves at the end of their growing season (Biology Dictionary
2020).
Deleterious – Causing harm or damage (Lexico 2020).
Depredation – Depredation permits can be issued by NJ Division of Fish & Wildlife to reduce the number of
deer in situations where they are causing harm to agricultural assets.
Deterrent – A non‐lethal damage management technique that utilizes sound, visual, or tactile cues to frighten
the specie (deer) from areas where they are problematic.
Digital – Relating to, using, or storing data or information in the form of digital signals via computer
technology (Lexico 2020).
Egress – A way out (Lexico 2020).
Erosion‐ soil displacement due to wind, freezing or water run‐off, usually because environmental conditions
are unhealthy or lacking in root structure that generally hold soils in place.
Esri Data Collector – A mobile data collection app made to capture and edit data accurately and easily from
the field and return it to the office (Esri 2020).
Evergreen Trees – Trees that retain their green leaves/needles throughout the year (Lexico 2020).
Extirpate – To do away with, completely remove or destroy.
Fauna – The animals of a particular region, habitat, or geological period (Lexico 2020).
Fecundity Rate – Also known as “reproductive rate”; quantifies the number of offspring an organism produces
over time (Biology Dictionary 2020).
Federal Aviation Administration (FAA) – The agency of the US Department of Transportation responsible for
the regulation and oversight of civil aviation within the US, as well as operation and development of
the National Airspace System. Its primary mission is to ensure safety of civil aviation (SKYbrary 2016).
Fixed Wing – An aircraft designed similar to that of an airplane, allowing for a larger flight range, yet requiring
a larger takeoff/landing zone (DroneDeploy 2017).
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Flora – The plants of a particular region, habitat, or geological period (Lexico 2020).
Forest Ecology – The scientific study of the interrelated patterns, processes, flora, fauna, and ecosystems in
forests (Wikipedia 2020).
Forest Preserves – Areas of forest ecosystems protecting the flora, fauna and scenic beauties.
Forest Regeneration – The act of renewing tree cover by establishing young trees naturally or artificially
(Watson et al. n.d.).
Forest Understory – Also known as “undergrowth” or “underbrush”; refers to the underlying layer of
vegetation (saplings, shrubs, and other plant life) growing beneath a forest’s canopy.
Forward‐Looking Infrared (FLIR) – Technology that detects thermal energy, or variances in heat.
Game Code – Fishing, hunting, and trapping regulations maintained by the Division of Fish & Wildlife within
the Department of Environmental Protection.
Game Preserves – An area of land where wildlife is hunted in a controlled and legal way, managed by the NJ
Division of Fish & Wildlife.
Geo‐reference – To take an ordinary image, drawing, schematic, etc. and give it real‐world coordinates
(GISGeography 2017).
Heat Signature – A visual representation of the unique exterior temperature of an object or living thing.
Herbivory – To feed on vegetation.
Image Overlap – The amount by which one photograph includes the area covered by another photograph and
is typically expressed as a percentage (Natural Resources Canada 2016).
Infrared – Electromagnetic radiation having a wavelength just greater than that of the red end of the visible
light spectrum but less than that of microwaves. Infrared radiation wavelengths range from 800 nm to
1 mm and are emitted particularly by heated objects (Lexico 2020).
Ingress – A place or means of entrance or access (Lexico 2020).
Insectivorous – Descriptive of species that feed on insects.
Invasive Species – Any kind of living organism that is not native to an ecosystem and causes harm; can harm
the environment, economy, or even human health; can grow and reproduce quickly, and spread
aggressively, with potential to cause harm; does not necessarily come from another country (National
Wildlife Federation n.d.).
Last Quarter Moon – Also known as a “third quarter moon” or a “half‐moon”; occurs when one‐half of the
moon appears to be illuminated by direct sunlight and the fraction of the moon’s disc that is
illuminated is decreasing (Full Moon Phases 2019).
Leaf Out – When deciduous trees develop their leaves.
Lyme Disease – The most common tick‐borne illness in North America, Europe and Asia, transmitted by the
bite of an infected deer tick (Mayo Clinic Staff 2019).
Maximum Count – Includes deer counted in the data that have been confirmed, plus deer that are likely, but
not confirmed. These numbers are considered probable yet have not been confirmed due to poor
visibility or obstacles obstructing the line of vision.
Minimum Count – Deer counted in the data that have been confirmed by an experienced professional/wildlife
biologist based on shape, size, scale, movement, habit, etc. and has not already been counted.
Mission – A flight conducted for the purpose of collecting data. Multiple missions may be flown from the same
launch/landing site if necessary.
Native – Descriptive of species naturally occurring in a particular region, ecosystem, or habitat without human
introduction; native plants and wildlife have developed symbiotic relationships and therefore offer the
most sustainable habitat (National Wildlife Federation n.d.).
Neo‐tropical Migratory Birds – Western Hemisphere bird species in which the majority of individuals breeds
north of the Tropic of Cancer and winters south of that same latitude (Smithsonian n.d.). (The Tropic of
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Cancer is a line of latitude 23 degrees north of the equator which marks the northern extent of the
tropics.)
New Moon – Also known as a “dark moon”; occurs when the moon is not visible from the Earth (Full Moon
Phases 2019).
Open Space – Provides a variety of environmental and economic benefits including protection of water
resources, preservation of biodiversity and wildlife habitats, creation of greenways, enhancement of
urban centers, and support of recreational opportunities (NJDEP 2018).
Over‐browsing – Eating vegetation so much that it becomes detrimental to the environment.
Photogrammetry – The use of photography in surveying and mapping to measure distances between objects
(Lexico 2020).
Pilot in Command (PIC) – The person controlling the sUAV and ultimately responsible for the entire operation,
cause and effect of the drone as per Part 107 of FAA rules and regulations
Population Density – Represents the number of species within a specific measured area.
Preserved Farmland – The Farmland Preservation Program is administered by the State Agriculture
Development Committee (SADC), which coordinates with County Agriculture Development Boards,
municipal governments, nonprofit organizations and landowners in the development of plans that best
meet the needs of individual landowners (SADC 2006).
Reforestation – The process of replanting an area with trees (Lexico 2020).
Repeatability – The capability of performing the process of data collection in repetition, increasing efficiency
and accuracy of the study.
Repellant – A non‐lethal damage management technique that utilizes taste or scent to discourage species
(deer) from eating treated plants or entering treated areas.
Sampling Areas – Sub‐areas of study defined by counties, townships, city blocks, or other well‐defined
geographic sections of the population of which the survey is being conducted.
Saturation Data Collection – Saturation occurs when redundancy is reached in data analysis and signals to
researchers that they may cease data collection (Faulkner and Trotter 2017).
Sedimentation‐ soil displacement post erosion, soil and sediment build up elsewhere of origin.
Site Reconnaissance – A daytime survey to identify actual and potential hazards, to become familiar with the
layout of the sampling site, and to identify launch/landing locations and access to said locations.
Species – a category of biological classification ranking immediately below the genus or subgenus, comprising
related organisms or populations potentially capable of interbreeding, and being designated by a
binomial that consists of the name of a genus followed by a Latin or latinized uncapitalized noun or
adjective agreeing grammatically with the genus name (Merriam‐Webster 2020)
Stakeholder – Any person, organization, social group, or society at large that has an interest, investment or
concern in the matter (Lexico 2020).
Strip Transects – A methodology that involves defining a strip of a certain width within the area of study,
collecting data only within these constraints. The estimated densities are then extrapolated to the
uncovered areas to gain a population estimate (Aars 2019).
Superpermits – A proposed change in hunting permits by the Division of Fish & Wildlife to make hunting more
affordable. Currently, in addition to purchasing a hunting license, hunters are required to purchase a
permit for each zone in which they hunt. A superpermit would allow the purchase of a single permit
covering all zones in certain regulation sets.
Temporary Flight Restriction (TFR) – A type of Notice to Airmen (NOTAM) that defines an area restricted to air
travel due to a hazardous condition, a special event, or a general warning for the entire FAA airspace
(FAA n.d.).
Thermal – Relating to heat (Lexico 2020).
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Tillable Ground – Capable of being farmed productively.
Ungulate – A hoofed mammal (Lexico 2020).
Unmanned Aerial System (UAS) – Or a small Unmanned Aerial System (sUAS) describes a drone.
Vertical Take‐Off and Landing (VTOL) – Single or multiple rotor aircraft capable of taking off, hovering, and
landing vertically, allowing for greater maneuverability
Visual Observer (VO) – The person responsible for maintaining situational awareness and visual line‐of‐sight,
as well as for alerting the rest of the crew about potential hazards during sUAS operations (UAV
Coach).
Waning Crescent Moon – Also known as an “old moon”; occurs when part but less than one‐half of the moon
is illuminated by direct sunlight, creating the crescent shape (Full Moon Phases 2019).
Waxing Gibbous Moon – Occurs when the moon appears to be more than one‐half but not fully illuminated by
direct sunlight (Full Moon Phases 2019).
Wildlife Management Areas – Administered by the Division of Fish & Wildlife’s Bureau of Land Management,
preserves a diversity of fish and wildlife habitats, providing countless outdoor recreational
opportunities for NJ residents and visitors (NJ Division of Fish & Wildlife 2020).

Steward Green LLC has been consulting clients for many years in conservation, wildlife habitat regeneration and
ecosystem services development. Our lead consultant has been performing successful heat signature work since 2001,
starting with helicopter, then airplane mounted Forward Looking Infrared (FLIR). In 2013, we started using sUAS with
thermal infrared sensors as the technology became more reliable, the data collected with better quality, more affordable
and safer than traditional methods. Steward Green has also completed deer density surveys in Pennsylvania, New York,
Maryland and New Jersey for the areas of Watchung, The Watershed Institute Preserve in Pennington, Sussex County,
Raritan Township, Readington Township and Falls Brook.
Mapping. All maps throughout this report were created by Steward Green™ using ArcGIS® software by ESRI. ArcGIS® and ArcMap™ are the
intellectual property of Esri and are used herein under license. Copyright © Esri. All rights reserved. For more information about Esri® software,
please visit www.esri.com. All data included in this report was collected in the Spring of 2019 using thermal imagery obtained by sUAS. Data was
recorded in the field using the Collector for ArcGIS data collection application. Imagery was later reviewed to ensure data accuracy. All maps were
created using the Web Mercator coordinate system. The following is a citation of map layers used that were not created by Steward Green™: State,
Local and Nonprofit Open Space of New Jersey https://njogis‐newjersey.opendata.arcgis.com/datasets/4a1f9d3075a04cd792a14f78b9697df3_65
Note: The maps representing open space data included in this report were developed using New Jersey Department of Environmental Protection
Geographic Information System digital data, but this secondary product has not been verified by NJDEP and is not state authorized or endorsed.

87 | P a g e

Map Sources: NJDEP's Geographic Information System (GIS), Esri, DigitalGlobe, GeoEye, i‐cubed, Esri ArcGIS World Imagery Base Layer, USDA FSA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community
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