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Abstract 

Habitat management efforts for the New England cottontail, a species of 

conservation concern, are primarily focused on creating and maintaining dense 

understory vegetation.  Native shrublands and forest types on Cape Cod provide large 

expanses of potential habitat for New England cottontail, but populations remain low in 

many of these areas.  To improve understanding of the habitat requirements for this 

threatened species, I explored the diet composition of New England cottontail on Cape 

Cod, surveyed available forage resources, and determined food preferences within scrub 

oak shrublands and other utilized vegetation types. 

I hypothesized that while dense scrub oak shrublands may provide excellent 

protective cover, food species preferred by New England cottontail are not limited to this 

habitat type and may be found in greater abundance within openings and along the edges 

of this vegetation community.   

To analyze food preferences of the New England cottontail on Cape Cod, I 

compared diet composition with resource availability.  Diet composition was determined 

using microhistological analysis of fecal pellets collected during previous habitat 

occupancy surveys.  A subset of diet composition data from six pellet collection sites was 

combined with resource availability sampling and browse observations at these sites to 

evaluate food preferences.  The relative availability of food resources for New England 

cottontail was determined through intensive vegetation sampling that counted the total 

number of available stems of each species within randomly stratified sampling plots at 

pellet collection sites.  A modified Johnson’s rank preference index was calculated that 



 

compared the relative use of different plant species by New England cottontail, 

represented by the relative percentages of different plants in the diet, with the relative 

abundance of different plant species available in occupied habitat.  Geographic analysis 

provided further information regarding how past disturbances and the implementation 

and timing of land management practices may relate to the availability of preferred food, 

vegetation structure, and New England cottontail utilization.   

At least 50 genera of plants comprised the diet of New England cottontail on Cape 

Cod, with native ericaceous shrubs comprising the largest portion of the diet.  Preferred 

foods included native trees, shrubs, and vines, such as aspen (Populus), dewberry 

(Rubus), hawthorne (Crataegus), grape (Vitis), birch (Betula), maple (Acer), holly (Ilex), 

huckleberry (Gaylussacia), pine (Pinus), and wintergreen (Gaultheria).  In addition, 

several grass species are preferred including Poa, Panicum, Bromus, Agrostis, Festuca, 

and Andropogon.  The habitat analysis showed that a wider range of preferred food 

species were available where there was more variation in habitat structure and 

disturbance history.  

I concluded that in areas where there is large expanses of existing native 

shrublands, the availability of preferred forage may play a role in successful habitat 

restoration.  By incorporating information about preferred food resources into the 

planning process for habitat management projects, prescriptions for prescribed fires and 

timber harvests can be adjusted to improve the success of these efforts in maintaining or 

restoring habitat.  Land management that increases the accessibility of preferred foods 

within existing native shrublands may enhance opportunities to assist in the conservation 

of viable populations of New England cottontail on Cape Cod.   
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Definition of Terms 

DOI – United States Department of Interior 

Early successional habitat – dense shrubs and young forest occurring either as a result of 
disturbance or natural edaphic and/or climatic conditions   

 
EC – Eastern cottontail (Sylvilagus floridanus), introduced to New England 

Impact Area – central portion of Camp Edwards that is largely off-limits due to a history 
of heavy mortar and artillery training and the presence of UXO  

 
JBCC – Joint Base Cape Cod (formerly the Massachusetts Military Reservation) 

LIDAR – Light Detection and Ranging, a remote sensing method that uses light in the 
form of a pulsed laser to measure ranges (variable distances) to the Earth 

 
MAARNG – Massachusetts Army National Guard 

MADFW – Massachusetts Division of Fisheries and Wildlife 

MMR – Massachusetts Military Reservation (now known as Joint Base Cape Cod) 

MNHESP – Massachusetts Natural Heritage & Endangered Species Program 

NEC – New England cottontail (Sylvilagus transitionalis) 

NRO – Camp Edwards Natural Resource Office 

NRCS – Natural Resources Conservation Service 

NWCG – The National Wildfire Coordinating Group 

Prescribed burning – the application of fire intentionally ignited by management actions 
to meet specific objectives (NWCG) 

 
RA – resource availability 

USFWS – United States Fish and Wildlife Service 

UXO – unexploded ordnance 
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Chapter I 

Introduction 

The New England cottontail (Sylvilagus transitionalis) is the only rabbit native to 

the northeastern United States, but the survival of the species is at risk (Chapman, 

Cramer, Dippenaar, & Robinson, 1992; DOI 2006).  From 2006 to 2015 the United States 

Fish and Wildlife Service (USFWS) listed the New England cottontail (NEC) as a 

candidate for endangered species designation (DOI, 2015).  Although NEC is no longer 

considered a candidate for listing as an endangered species, the future of New England’s 

only native rabbit is far from certain due to loss of suitable habitat (Litvaitis et al., 2008).  

The NEC continues to be the focus of rangewide conservation efforts that prioritize 

habitat restoration in areas where there are remaining populations (Fuller & Tur, 2012).   

Conservation initiatives aimed at creating or maintaining NEC habitat have 

emphasized the need for densely vegetated habitat structure rather than the availability of 

particular plant species as food within the habitat (Fuller & Tur, 2012).  However, habitat 

management efforts that achieve the targeted vegetation structure do not necessarily 

result in utilization of the habitat by NEC.  Large areas of potential habitat remain 

unoccupied or underutilized by NEC and there is a need to assess the efficacy of habitat 

restoration efforts (Warren, 2017).  Food availability may play an important role in 

determining habitat utilization, especially in areas like Cape Cod, where due to 

environmental conditions and land use history there is already an abundance of dense 

understory vegetation.  A better understanding of the relationships between utilized 
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habitat and NEC food preferences is needed in order to identify the ecological constraints 

that may limit the success of habitat restoration work  (Miller & Hobbs, 2007; Curtis 

2017a, 2017b).   

Research Significance and Objectives 

The goal of this research was to advance the understanding of habitat 

requirements for NEC, leading to improvements in habitat management and the potential 

for increasing populations within the extant range of this threatened species.  Specifically, 

this thesis investigated the food preferences of NEC on Cape Cod and how these food 

preferences relate to the vegetation composition and structure of utilized habitats.  

Results from this research will allow land managers and biologists to include information 

about preferred food species into the planning process for NEC habitat restoration, 

building upon past efforts to enhance habitat for NEC over the last decade.  Management 

treatments within forest and shrubland habitats of Cape Cod may be designed and 

implemented in order to promote the availability and accessibility of preferred food 

species.   

My research objectives were: 

• To improve the understanding of the relationship between NEC food preferences 

and utilized habitats on Cape Cod. 

• To investigate how food availability and habitat utilization relate to habitat 

restoration practices such as forest management and prescribed burning. 

• To provide guidance to land managers and assist with the development of habitat 

management prescriptions for NEC. 
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Background  

For much of the past decade the USFWS classified NEC as a candidate species 

for listing under the Endangered Species Act, resulting in many initiatives to restore and 

improve suitable habitat within the species’ extant range in New England and eastern 

New York.  However, it can be challenging to evaluate the success of NEC conservation 

efforts due to the variety of different habitat types where they are known to occur and the 

scarcity of NEC within the fragmented areas of remaining habitat.  Most conservation 

efforts have focused on the creation and management of early successional habitats such 

as young forests and shrublands (Fuller & Tur, 2012). 

New England Cottontail Abundance and Habitat Preferences 

Due to uncertainty regarding population dynamics and habitat requirements, one 

research priority over the past decade has been to estimate the abundance and distribution 

of NEC.  Once common throughout large areas of New England and eastern New York, 

NEC is now limited to five disjunct populations (Figure 1).  The current range has been 

estimated to be less than 15% of its historic range (Litvaitis et al., 2006). 

Current estimates for the abundance and distribution of NEC are largely based on 

genetic analysis of cottontail fecal pellets (Litvaitis et al., 2006).  This approach is 

necessary due to the difficulty of visually distinguishing NEC from the more abundant 

non-native Eastern cottontail (Sylvilagus floridanus).  Surveys for cottontail fecal pellets 

and subsequent genetic analysis has been accepted as a feasible, non-invasive, and cost-

effective method for determining NEC occupancy.  This technique has been adopted by 

researchers throughout New England and eastern New York and applied to geographic 

focus areas.  Protocols for cottontail fecal pellet surveys have been developed and 
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refined, and measuring habitat utilization remains a major objective of the researchers 

investigating NEC population dynamics (Fuller & Tur, 2012). 

 

Figure 1. Extant populations of New England cottontail (adapted from USFWS, 2015). 

 

Current estimates of abundance have a high degree of uncertainty due to the low 

population sizes of NEC within occupied habitat.  Habitat suitability models have been 

used to extrapolate the potential carrying capacity of habitat within NEC focus areas.  

The focus areas themselves have been developed by integrating limited information about 

remnant populations with land use analysis to provide information about where 
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opportunities existed to manage existing habitat or create new habitat. (Fuller & Tur, 

2012).   

Habitat goals and population goals established for each state’s focus areas have 

been set largely based on occupancy data and evaluation of habitat suitability (NEC 

Regional Technical Committee, 2017).  However, occupancy data is not sufficient 

enough to estimate population sizes or evaluate the success of restoration efforts.  

Baseline population estimates vary widely and have largely focused on smaller patches of 

NEC habitat in Maine, New Hampshire, Connecticut, and New York (Kovach & 

Brubaker, 2012).  There is less information about populations of NEC in large expanses 

of native shrublands, such as the pitch pine – scrub oak communities found on Cape Cod 

in southeastern Massachusetts (Curtis, 2017a).  Learning more about forage requirements 

for NEC in different habitats may provide opportunities for land managers to help bolster 

existing populations and further the long-term security of this species.   

Several variables determine the suitability of habitat for NEC (Table 1).  

Abundance of forage is considered important, but dense understory vegetation that 

provides cover from predators is considered the most important factor in habitat 

suitability by the majority of biologists familiar with NEC (Warren, Litvaitis, & 

Keirstead, 2015).  However, pitch pine-scrub oak communities have not been well 

represented in habitat suitability index models (Warren, 2017).  It is possible that food 

availability in these dense native shrubland habitats may be more of a limiting factor than 

vegetation structure. 
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Table 1. Variables determining New England cottontail habitat (Warren et al., 2015). 

 
 

Several factors are identified as contributing to the decrease in New England 

cottontail populations throughout its range, but a decline in suitable habitat due to 

changes in land use and associated forest succession is considered the primary factor 

(Litvaitis et al., 2008).  While some of this decline in suitable habitat has been from direct 

loss due to urban and suburban development, a major cause of declining NEC habitat has 

been associated changes in the landscape due to a decrease in natural and anthropogenic 

disturbances that previously maintained large areas of early successional forest and dense 

shrublands (Foster, Motzkin, Bernardos, & Cardoza, 2002). 

Prior to European settlement, areas of early successional habitat were established 

by a variety of disturbances such as flooding, beavers, wildfires, and coastal storms 

(Lorimer & White, 2003).  With European settlement and the coinciding clearing of lands 

for agriculture and timber harvesting, large areas of mature forest were removed from the 

landscape.  Subsequent and widespread agriculture abandonment in New England 

beginning in the mid-1800s increased available early successional and young forest 
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habitat throughout the region (Foster et al., 2002; Litvaitis, 1993; Litvaitis et al., 2008).  

However, as abandoned agricultural land matured into closed canopy forests, vegetation 

within the forest understory was shaded out and substantially reduced, leading to a 

decrease in suitable early successional habitat for NEC (Figure 2). 

 

Figure 2. Early successional habitat trends in New England (from Litvaitis, 1993). 

Habitat Management for New England Cottontail 

Over the last decade, tens of millions of dollars have been spent on restoring and 

maintaining habitat for NEC and thousands of acres of land have been actively managed 

to promote the recovery of this declining species.  In 2015, NEC was taken off the 

candidate list for designation as an endangered species.  This decision was largely 

justified by the perceived success of habitat management efforts and the anticipated 

success of continuing conservation initiatives (DOI, 2015).  However, there is still some 

uncertainty about what successful habitat management looks like.  

Habitat management for NEC has largely focused on developing dense vegetation 

structure rather than promoting a particular suite of plant species.  Management targets 

for desired vegetation structure are often described with an emphasis on metrics such as 
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stems per acre rather than the composition of desired species (Fuller & Tur, 2012).  One 

method commonly used to achieve this desired vegetation structure for NEC in New 

England landscapes is through the implementation of clearcuts that remove the majority 

of the forest canopy within a selected area.  Clearcuts provide patches of young, 

regenerating forest and early successional shrubland in areas that are otherwise 

dominated by mature forests with closed canopies and sparse understories.   

The young forest that is created by clearcuts is considered suitable early 

successional habitat for NEC within two to three years following the clearcut.  As the 

forest regenerates it continues to serve as valuable habitat for approximately two decades, 

with the rate of forest regeneration and shrub growth dependent on the pre-harvest stand 

composition.  However, habitat suitability for NEC then declines as the canopy closes 

and shades out the understory vegetation (Litvaitis, 2008).  While these forestry 

treatments have been successful at creating young forest on a rotational basis, they are 

also relatively expensive, especially in areas where there is no market value for the trees 

that are harvested.  In addition, clear cutting treatments often face resistance from the 

public due to aesthetic concerns and other perceptions related to the cutting of mature 

trees in areas where active forestry and agriculture are no longer prevalent due to 

extensive residential development.   

Cape Cod, a stronghold for NEC in Massachusetts, shares a similar landscape 

history as well as many of the same social challenges that complicate forest management 

in other areas of New England.  However, there are fundamental differences in the 

vegetation communities that are being managed on Cape Cod for NEC habitat, as well as 

the methods that are used to manage this habitat.  Cape Cod is unique in that it contains 
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thousands of acres of shrubland habitat that is “naturally self-sustaining” (Fuller & Tur, 

2012).  Factors that contribute to the abundance of native shrubland communities on 

Cape Cod include the prevalence of xeric soils, extensive wildfire history, and the 

presence of vegetation communities adapted to periodic fire. 

Cape Cod’s pitch pine – scrub oak ecosystems contain dense understory 

vegetation, including ericaceous shrubs such as blueberry (Vaccinium spp.) and 

huckleberry (Gaylussacia spp.), and scrub oaks (Quercus ilicifolia and Q. prinoides). 

These species provide NEC with both cover from predators and abundant forage.  In 

addition, many of these species are highly flammable and adapted to survive or 

regenerate after fire, creating a reinforcing feedback loop that allows this community to 

be maintained with fire or other surrogate disturbances. 

Habitat management on Cape Cod for NEC and other species of concern that 

depend on native shrubland vegetation often relies on maintaining or reintroducing 

historic fire regimes through the use of prescribed fire.  Prescribed fires are wildland fires 

planned and ignited to meet specific goals and objectives (NWCG, 2020).  A primary 

habitat management goal of prescribed fires implemented to improve habitat for NEC is 

to maximize stem density and shrub regrowth post fire (NE-FFM, 2015).  Fire kills above 

ground parts of woody vegetation, stimulating vigorous resprouting of fire-adapted shrub 

species in the understory, including the four species mentioned above, and the growth of 

herbaceous species (Figure 3).  Prescribed fires for NEC are planned and implemented at 

intervals which aim to create a mosaic of shrub habitat in different stages of succession 

across the landscape.   
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Figure 3. Understory vegetation resprouting following a prescribed burn on Cape Cod. 

Previous Research on Cottontail Diet, Food Preferences, and Habitat Selection 

 Previous research on cottontail diet examined seasonal changes in diet and found 

that cottontails generally eat more herbaceous plants during the growing season and 

transition to a diet with a higher proportion of woody plants during the winter (Dalke & 

Sime, 1941; Chapman, 1975).  Direct observations of cottontail feeding behavior showed 

the importance of foods such as gray birch (Betula populifolia), red maple (Acer rubrum), 

and blackberries and dewberries (Rubus spp.) in the winter, and a wide variety of forbs and 

grasses in the spring and summer.  These early studies did not distinguish between NEC 

and EC food preferences because they considered their feeding habits to be identical (Dalke 

& Sime, 1941).   

Other surveys of cottontail browse in the wild found that the most abundant plant 

species were the plants most often consumed, indicating no specific food preferences (Rice, 
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1975).  The availability of specific food species has generally not been considered to be a 

limiting factor in determining habit selection, and the structure of vegetation and its ability 

to provide protective cover is considered more important (Haugen, 1942; Eabry 1968).  

However, more recent studies prompted by an increased interest in habitat management for 

NEC have renewed interest in understanding the relative habitat value associated with 

different forage plants. 

Gottfried (2013) utilized cottontail fecal pellets for diet composition analysis in 

order to compare the diets of NEC and EC, confirming that in locations where both species 

occur, their diets were similar.  Diet composition analysis has also been used in tandem 

with vegetation surveys at sites in Rhode Island and Connecticut where cottontail pellets 

were collected in order to determine the food preferences of cottontails, confirming the 

importance of Rubus as a preferred food of both cottontail species (Gottfried, 2013; Finn, 

2018).   

Cottontail habitat and food preferences within Massachusetts have not been 

studied to the same extent as in Rhode Island and Connecticut.  Although there are 

similarities in land use history and a substantial amount of overlap in vegetation species 

between cottontail habitat in Massachusetts and other areas of southern New England, 

NEC habitat within the xeric pitch pine – scrub oak ecosystems of Cape Cod has several 

defining characteristics that differentiate it and warrant further investigation.  Sites in 

Rhode Island and Connecticut were often dominated by non-native invasive species, such 

as multiflora rose (Rosa multiflora) and Japanese barberry (Berberis thunbergii), and 

Asiatic bittersweet (Celastrus orbiculatus) (Gottfried, 2013; 2015).  In contrast, NEC 

habitat on Cape Cod is often dominated by scrub oak (Quercus ilicifolia), a native shrub 
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species that provides dense protective cover and is highly adapted to fire and other 

disturbances.   

Despite similarities in food preferences between both cottontail species, NEC is 

considered a habitat specialist and EC is considered a habitat generalist (Litvaitis, 2001).  

While NEC requires dense understory vegetation within forested areas or dense native 

shrublands, EC is able to forage outside of protective cover and exploit a wider range of 

habitats that include open areas and fragmented landscapes associated with urban and 

suburban development (Smith & Litvaitis, 2000).  Because EC are able to utilize a wider 

variety of habitat types, they have an advantage over NEC and may outcompete NEC for 

food resources if both species are established within the same area.   

Habitat restoration efforts for NEC in areas where both species occur need to be 

carefully planned in order to avoid creating further opportunities for EC to expand and 

monopolize food resources.  Competition from EC is considered especially important 

within fragmented landscapes (Fuller & Tur, 2012).  Fragmented landscapes may have a 

greater variety of forage available due to a larger proportion of edge habitat, but it is 

likely that fragmented habitat is less likely to support sustainable populations of NEC 

over the long term.  Although NEC and EC both occur on Cape Cod, large unfragmented 

scrub oak shrublands are present that are likely serving as a stronghold for NEC.  It is 

possible that preferred food species may be more important to NEC populations located 

within extensive native shrubland communities compared to other NEC habitat types that 

are associated with non-native plant species and different disturbance histories.  Habitat 

restoration planning should take into account ways to enhance habitat within landscapes 
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dominated by native plant communities without fragmenting these landscapes and 

making them susceptible to invasion by EC.         

New England Cottontail at Camp Edwards 

My primary research site was Camp Edwards, comprising 14,433 acres of 

Massachusetts Army National Guard (MAARNG) training lands on Cape Cod in 

southeastern Massachusetts.  Situated within the 22,000 acres of Joint Base Cape Cod, 

Camp Edwards contains the largest remaining pine barrens ecosystem in New England 

(Figure 4). 

 

Figure 4. Location of Joint Base Cape Cod in southeastern Massachusetts. 

 

Pine barrens consist of a continuum of forest, woodland, and shrubland natural 

community types that occur on xeric soils, with the presence of varying proportions of 
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pitch pine (Pinus rigida) and scrub oak (Quercus ilicifolia) as a defining characteristic 

(MNHESP, 2016).  Pine barrens at Camp Edwards have been identified as conservation 

targets because they represent one of the larger unfragmented areas of native shrubland 

habitat currently being utilized by NEC, and they can be sustained with the use of 

prescribed fire at a fraction of the cost of other methods used to create and manage 

habitat for NEC (Fuller & Tur, 2012).   

The composition of pine barrens communities varies depending on soil moisture 

and disturbance history, especially fire history.  Prior to European settlement, it is likely 

that these vegetation communities existed on Cape Cod in shifting occurrences, 

influenced primarily by the use of fire by Native Americans, and to a lesser extent by 

lightening ignitions (Patterson & Sassaman, 1988).  After European settlement, fire 

continued to play a role throughout the 17th, 18th, and 19th centuries, with the occurrence 

of wildfires generally related to increases in agricultural and industrial activities.  With 

the creation of the Massachusetts Military Reservation (now known as Joint Base Cape 

Cod) in the 20th century, and a subsequent increase in training activities, fire frequency 

increased dramatically (Grenier, 2006).   

Frequent wildfires created large expanses of scrub oak shrublands and pitch pine 

– scrub oak barrens at Camp Edwards that now provide crucial habitat for NEC, along 

with many other species of conservation concern (Ciaranca & Kelly, 2009).  In the late 

1990’s, concerns about the impact of military training on the water quality in the 

underlying aquifer led to a halt of all artillery and mortar weapons fire.  As a result, 

wildfires ignited by military training activities at Camp Edwards have been drastically 
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reduced, increasing the importance of prescribed fire in maintaining critical habitat for 

NEC and other species of concern. 

Over the past decade the MAARNG implemented landscape scale forestry and 

fire management to improve early successional forest and shrubland habitat for NEC in 

the Camp Edwards training areas, resulting in over 1,000 acres of wildlife habitat 

management (Curtis, 2017a, 2018).  Land management at Camp Edwards promotes early 

successional habitat with practices such as prescribed burning and timber harvests that 

maintain an open canopy forest and shrubland habitat with thick understory vegetation.  

Another practice commonly used to meet habit objectives is tree mastication, a 

mechanical method which shreds standing trees in place and typically targets areas of 

forest where a dense midstory may contribute to wildfire risk. 

Since 2009, MAARNG biologists have been actively involved with research 

focused on learning more about NEC populations on Cape Cod.  Biologists at Camp 

Edwards have collected data related to NEC abundance and habitat preferences using a 

variety of methods including fecal pellet surveys, live trapping, radio telemetry, and 

vegetation monitoring (Curtis & Kelley, 2011).  Genetic analysis resulting from the pellet 

surveys has allowed researchers to distinguish habitat being utilized by NEC from habitat 

being utilized by other lagomorphs (Kovach, Litvaitis, & Litvaitis, 2003).   

Fecal pellet searches at Camp Edwards confirmed the importance of scrub oak 

habitat for NEC.  Pellet searches were conducted across a range of different habitat types 

at Camp Edwards that are considered representative of vegetation community types 

found on Cape Cod, including different assemblages of oak and pitch pine forests and 

shrublands.  Pellet searches in scrub oak shrublands resulted in the highest number of 
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NEC pellets detected compared to other habitat types surveyed, despite the least amount 

of search effort in these areas (Curtis & Kelly, 2011).  

 Radio telemetry data collected from radio-collared rabbits also confirmed the 

importance of scrub oak habitat on Cape Cod.  Rabbits often restricted their movements 

across the landscape to scrub oak shrublands and pitch pine – scrub oak communities 

with abundant scrub oak, while avoiding other forest types with more closed canopies 

and less developed understory vegetation (Curtis & Kelly, 2011).  The largest expanses 

of high quality scrub oak habitat at Camp Edwards (Figure 5) coincide with areas that 

have extensive wildfire history due to ignitions from military training, including the 

Impact Area and adjacent lands (Figure 6). 

 

Figure 5. New England cottontail within native shrubland habitat on Cape Cod  
(Photo: MAARNG). 
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Figure 6. Native shrubland habitat at Camp Edwards. 
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Cooperation between researchers and managers involved in NEC conservation is 

important because it allows the sharing of research results and the ability to evaluate 

habitat management efforts throughout different focus areas in NEC’s extant range.  

Comparisons between different habit types have highlighted some of the differences 

between NEC populations at Camp Edwards and populations found elsewhere, including 

basic discrepancies in how populations are described.   

The term “patches” is commonly used by researchers to refer to discrete areas of 

dense shrubs and thickets likely to be occupied by NEC (Fuller & Tur, 2012).  Surveys 

throughout New England and eastern New York found that most of the remaining 

occupied patches were less than 7.4 acres, and researchers in New Hampshire described 

patches greater than 12.4 acres as large patches (Barbour & Litvaitis, 1993; Litvaitis et 

al., 2006).  In comparison, Camp Edwards has over 2,000 acres of largely unfragmented 

and contiguous scrub oak shrubland habitat, complicating the description of “patches” 

that is applied to other areas with occupied or potential habit within NEC’s extant range.   

Another distinct difference between NEC populations at Camp Edwards and 

populations off base is related to home ranges for individual rabbits.  Outside of Camp 

Edwards the home range sizes for individual rabbits have been estimated as being 

anywhere from less than an acre up to approximately 27 acres (DOI, 2009; Kovach & 

Kristensen, 2017; Kilpatrick & Goodie, 2019).  Home ranges for individual rabbits at 

Camp Edwards have been estimated as varying from ten acres to approximately 65 acres, 

with an average home range size of 36 acres (Curtis & Kelly, 2011).  In general, larger 

habitat patches are considered more suitable because the fragmentation of smaller areas 

of habitat result in an increased risk of predation from generalist carnivores and limit the 
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availability of cover and forage required by NEC (Villafuerte, Litvaitis, & Smith, 1997; 

Smith & Litvaitis, 2000).   

The relatively large size of home ranges estimated for NEC at Camp Edwards 

suggests that there is abundant habitat with adequate cover.  However, larger home 

ranges may also indicate that NEC are traveling further to find preferred forage, 

potentially putting them at risk to increased predation.  Although there are challenges to  

studying NEC throughout its remaining range, these challenges are compounded at Camp 

Edwards due to the extent of potentially available shrubland habitat, relatively large 

home ranges, and relatively low densities of NEC that occupy scrub oak shrublands.   

Despite large areas of thick early successional vegetation, potential habitat at 

Camp Edwards may not be utilized due to the lack of food resources that are available in 

other vegetation types (Curtis 2017a, 2017b, 2018).  Determining the food preferences of 

NEC on Cape Cod would allow biologists and land managers to ensure that forest and 

fire management prescriptions are designed to maximize the availability of preferred 

forage and improve the success of NEC habitat restoration efforts. 

Research Questions, Hypotheses, and Specific Aims 

The main question this research addressed was: Does food availability influence 

NEC habitat preferences in addition to habitat structure?  Specific research sub-questions 

and related hypotheses that I examined were: 

• What species of vegetation are being eaten by NEC in scrub oak shrublands?  I 

hypothesized that while dense scrub oak shrublands may provide the targeted 

habitat structure, the food species preferred by NEC are not limited to this habitat 
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type and may actually be found in greater abundance within openings and along 

the edges of this habitat. 

• How does the diet of NEC vary between different habitat types?  I hypothesized 

that the diet of NEC will have a greater variety of preferred food species, 

especially herbaceous plants, in habitat types that have more variable vegetation 

structure.  

• How do food preferences and utilized habitats relate to forest and fire 

management (harvests, prescribed burning, mastication, etc.) over the last ten 

years?  I hypothesized that there will be more availability of preferred food in 

areas with greater spatial and temporal variability of disturbances. 

Specific Aims  

This research aimed to improve the understanding of NEC food preferences and their 

relationships to different habitat types.  To conduct this research, I: 

• Examined the composition of the NEC diet on Cape Cod, utilizing diet 

composition analysis of previously collected NEC fecal pellets. 

• Surveyed the availability of food resources at locations where NEC fecal pellets 

were collected. 

• Determined food preferences of NEC on Cape Cod, utilizing diet composition 

data and the relative abundance of different food species and forage classes at the 

locations where the NEC fecal pellets were collected. 
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• Analyzed the relationships between NEC abundance, habitat type, and food 

preferences in relation to the forest and fire management history at different 

locations. 
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Chapter II 

Methods 

Utilizing cottontail fecal pellets collected by MAARNG biologists during 

previous occupancy surveys, I examined the diet of NEC on Cape Cod within different 

habitats.  Diet composition analysis of the collected pellets provided information about 

the relative percentage of different plant species in the NEC diet.  In addition, I analyzed 

a subset of diet composition data from six pellet collection sites, combined with resource 

availability sampling and browse observations at these sites, yielding information 

regarding the food preferences of NEC.  Geographic analysis of the land use and 

management history of the pellet collection sites provided further data regarding how past 

disturbances and the implementation and timing of land management practices such as 

prescribed burning, mastication, and timber harvests may relate to the availability of 

preferred food, vegetation structure, and NEC utilization. 

Diet Analysis 

Several approaches are available for investigating the diet composition of 

herbivores, including direct field observations of feeding behavior, monitoring plant 

species to detect evidence of browsing and grazing, analysis of esophagus, stomach, or 

rumen contents, and fecal analysis (Holchek, Vavra, & Pieper, 1982).  Fecal analysis of 

NEC pellets was chosen for this project because it is a non-intrusive method for 

collecting information on NEC, an uncommon species that is difficult to observe in the 

field.  Moreover, ongoing NEC population monitoring efforts already included the 
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collection of cottontail fecal pellets at the time of this project.  Cooperation between state 

and federal agencies allowed this data to be used for multiple purposes. 

Fecal Pellet Collection 

As a component of ongoing research focused on detecting occupancy and habitat 

associations of NEC on Cape Cod, biologists from MAARNG and other partner agencies 

collected cottontail fecal pellets from Camp Edward and off base locations (Curtis, 

2017a, 2017b, 2018).  Pellets collected off base were found at sites likely to be occupied 

by NEC based on previous surveys conducted by the Massachusetts Division of Fisheries 

and Wildlife (MADFW).  Pellets were collected during formal cottontail surveys or 

through incidental sampling when researchers encountered fresh pellets while working in 

the field. 

 Collection of cottontail fecal pellets used for this research occurred from 2011 to 

2018, with the majority of pellets collected from 2016 to 2018.  Pellets were collected 

primarily during the late fall, winter, and early spring.  Pellet collection was avoided 

during the late spring, summer, and early fall to due to warmer ambient temperatures that 

are associated with deterioration of the quality and quantity of DNA within fecal material 

(Luchini et al., 2002).  When multiple pellets were collected from one pile or found in 

close proximity to each other they were considered to be one sample consisting of 

multiple pellets.  The number of fecal pellets in each sample ranged from one to 16, with 

a median sample size of eight pellets.  All pellets were placed in vials on silica and left at 

room temperature for one hour before being stored in the freezer (M. Penella, personal 

communication, April 21, 2020).     



 

24 
 

Fecal pellets collected during formal surveys were found within or adjacent to a 

200 m x 200 m sampling area at each site; pellets collected incidentally were generally 

found within or in close proximity to these survey areas (Curtis, 2017b).  One exception 

was pellets collected within the Impact Area at Camp Edwards, where pellet collection 

was restricted to areas immediately adjacent to roads due to the presence of UXO.  

Although the pellets found within the Impact Area were collected over a larger area than 

at other sites, all pellets were found within similar habitat along well road clearings 

within pitch pine - scrub oak shrubland.  I grouped fecal pellet data from the Impact Area 

for analysis as one composite site.  I examined NEC diet composition data from a total of 

11 sites, including seven sites at Camp Edwards and four sites off base in the Towns of 

Falmouth, Sandwich, and Mashpee (Figure 7). 

Fecal Pellet Analysis 

All collected cottontail fecal pellets were sent to the University of Rhode Island 

(URI) Wildlife Genetics and Ecology Lab, where analysis of mitochondrial DNA was 

extracted to determine whether or not they were deposited by NEC (Kovach, Litvaitis, & 

Litvaitis, 2003).  In instances where a sample consisted of only a single pellet, it was sent 

to URI for genetic analysis and was not available for further analysis.  However, when 

samples were comprised of multiple pellets, a portion of the pellets were sent to URI for 

genetic analysis and the remaining pellets were available for diet composition analysis.  

Diet analysis focused solely on pellets confirmed as NEC by URI. 
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Figure 7. New England cottontail pellet collection sites on Cape Cod.  Site names are 
centered on the collection location. 
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Diet Composition Analysis 

In order to determine what plant species were consumed by NEC, fecal pellets 

confirmed as NEC were sent to the Wildlife Habitat and Nutrition Lab at Washington 

State University (WSU) for diet composition analysis (Davitt, 2016; WSU, 2020).  Fecal 

pellets were processed in the WSU laboratory in a multistage procedure that included 

grinding, washing, and filtering, followed by bleaching, staining, and extraction of plant 

tissue fragments for preparation on microscope slides (Davitt & Nelson, 1980) 

After plant tissues were extracted from each diet sample and prepared on 

microscope slides, the relative area covered by each plant species within a randomly 

located microscope view was used to estimate the percent composition of each plant 

species within a diet sample (Davitt & Nelson, 1980; Sparks & Malechek, 1968).  Plant 

tissues were identified to the genus level with microhistological methods that rely on 

characteristic distinctions in cellular structure to distinguish plant tissues of different 

species (Holechek et al., 1982). 

Depending on the number of fecal pellets provided to the WSU laboratory for 

each diet sample, a varying amount of extracted plant tissue was available for analysis, 

resulting in one to eight slides of extracted plant tissue available for analysis from each 

diet sample.  Each slide was examined with 25 randomly placed microscope views, 

resulting in between 25 to 200 views for each diet sample.  Diet samples analyzed in 

2017 were viewed either 25 times (one slide), 50 times (two slides), or 200 times (eight 

slides) depending on the number of fecal pellets in each diet sample, while all diet 

samples analyzed in 2018 were viewed 100 times (four slides). 
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For each diet sample, results of the diet composition analysis provided by the 

WSU laboratory were reported as percent diet composition, using the observed epidermal 

fragment cover for each randomly located microscope view as the sampling criterion 

(Davitt, 2016).  Each observed component of the diet was grouped within one of five 

forage classes of either grasses, sedge/rush, forbs, shrubs, or conifers, and the total 

percent diet composition for each forage class was reported.  The shrub forage class 

represented all non-coniferous woody plants.  Identification of ferns within the NEC diet 

was reported for a limited number of diet samples, but the identification was reported as 

questionable.  I created a sixth forage class to account for all mosses, ferns, and fern 

allies within the diet and this forage class category was also used for resource availability 

analysis. 

 For diet composition analysis, diet samples consisted of either an individual 

sample (with a variable number of pellets) collected at one site on one day, or a 

composite sample.  Composite samples included multiple pellet samples that were 

collected at the same site, within a time period covering a few days to one month.  A total 

of 63 diet samples collected from 11 different sites underwent diet composition analysis 

at WSU in 2017 and 2018, providing the relative percentage of each plant genus 

consumed by NEC at each site. 

After receiving the results of the NEC diet composition analysis, I examined the 

data for each diet sample and for each site.  I investigated trends on a site by site basis by 

combining the diet composition results from all diet samples that came from a particular 

site, and normalizing the data by the number of microscope views for each diet sample to 

arrive at an overall representation of NEC diet composition at each site.  In addition, I 
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combined all diet composition results from all sites, again normalizing for the number of 

microscope views for each diet sample, to arrive at an overall representation of NEC diet 

composition for all sites combined.  Diet composition results from each diet sample were 

examined individually with respect to their location to see if there were any trends that 

were missed when combining multiple diet samples and multiple sites. 

During the course of intensive vegetation sampling, all evidence of  cottontail 

browse within sample plots was noted, along with the plant species that was browsed.  

Researchers assisting with resource availability sampling were trained to distinguish 

evidence of deer browse, which has an irregular edge with hanging fibers, from cottontail 

browse which has a clean edge cut at a sharp angle.  It was not possible to distinguish 

between NEC and EC browse due to their similarity.  However, the sites that were chosen 

for resource sampling were based on locations where NEC fecal pellets were found and 

NEC were generally more abundant in these areas than EC. 

Resource Availability Analysis 

Six pellet collection sites were selected for resource availability sampling in order 

to learn more about the food that was available to NEC in the locations where diet 

samples were obtained.  Four sites were selected on Camp Edwards and two sites were 

selected off base in the Town of Falmouth and the Town of Sandwich (Figure 8). 

Sites for resource availability sampling were chosen based on the availability of 

results from diet composition analysis, as well as the accessibility of the sites for field 

work.  Sites were not selected if there was a high likelihood of encountering UXO from 

past military training.  Sites with recent (post pellet collection) disturbances, such as 

wildfires, prescribed fires, timber harvests, shrub mowing, or herbicide treatment were 



 

29 
 

not selected for resource sampling.  Two of the sites selected for resource availability 

sampling were adjacent to areas of recent disturbance, but the disturbed areas were 

excluded from sampling. 

 

Figure 8. New England cottontail resource availability sampling sites. 
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Resource Availability Sampling 

Methods for resource availability sampling were adapted and modified from 

protocol currently being used to assess NEC resource availability on Patience Island in 

Rhode Island (Finn, 2018).  Utilizing GPS coordinates recorded at the time of fecal pellet 

collections, a focus area for intensive vegetation sampling was established at each site 

selected for resource availability analysis.  This focus area was delineated using ESRI’s 

ArcGIS software (ArcMap 10.7.1) by buffering each pellet collection location with a 1.1-

ha polygon and then merging these polygons to create one focus area for each site.  The 

1.1-ha polygons centered on each diet sample are representative of an estimated 50% core 

use area for NEC (Kilpatrick, 2010).  

After merging all 50% core use areas for each individual pellet collection site, a 

centroid for the focus area was approximated in ArcGIS and then used as the center of a 

50 m x 50 m quadrant for vegetation sampling.  Two of the sites chosen for resource 

availability sampling were adjacent to areas with recent disturbances and it was necessary 

to deliberately place the center of the quadrant to avoid sampling these areas. 

 

Resource Availability Field Protocol   

Two technicians from the MAARNG Natural Resource Office and a botanist from 

the University of Massachusetts Amherst’s Department of Environmental Conservation 

assisted with resource availability sampling.  We navigated to each resource availability 

sampling site using georeferenced PDF mapping applications and located the center point 

of the vegetation sampling area.  We established the center of each 50 x 50 m quadrant 

with a forestry tripod and recorded GPS coordinates for the center point.  In order to 
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characterize the habitat structure, we took four photos in each of the cardinal directions 

and noted the dominant vegetation species present within the overstory, midstory, 

understory and groundcover.  We then conducted intensive vegetation sampling in 12 1 

m² plots within each sampling quadrant (Figure 9). 

 

Figure 9. NEC resource availability sampling diagram. 

 

The locations of the 12 sample plots were randomly stratified along four transect 

lines that originated at the center point of the 50 m x 50 m quadrant and terminated at 25 

m in each cardinal direction, with three plots placed along each transect line.  A series of 

random numbers between one and 24, generated using the RAND function in Microsoft 



 

32 
 

Excel, determined the starting location (in m) in relation to the center of the quadrant for 

each 1 m² sample plot along the four 25 m transect lines.   

Due to the density of the shrubland vegetation it was necessary to use a forestry 

laser (TruPulse 360) to lay out the transect lines and determine the location of each 

sampling plot.  Distances were measured by shooting the laser along the transect line 

back towards the tripod at the center of the plot, where a clipboard was attached to the 

tripod and raised above the height of the surrounding shrubs.  In areas where the density 

of the understory vegetation interfered with a clear shot to the center of the plot, the laser 

was used to measure the distance to the closest point within range of the center point 

along the transect line and the location of the sampling plot was based off this 

measurement. 

Within each 1 m² vegetation sample plot, all plant species were identified and the 

number of available stems within each quadrant was counted.  Available stems were 

defined as all stems ≤ 5 mm in diameter and ≤ 50 mm in height off of the ground based 

on previous research regarding the browsing habits of another lagomorph, the snowshoe 

hare (Bider, 1961; Pease et al., 1979; Grigal & Moody 1980; Wolff, 1977).  These 

sampling parameters resulted in a sample plot that was defined as the interior of a 

rectangular prism measuring 1m x 1m x 50 mm.  I constructed a sampling quadrat of 

PVC to delineate the base of this area.  We used calipers to measure the diameter of any 

stems within the sample plot if the diameter of the stems was not obviously ≤ 5 mm and 

we used 50 mm lengths of PVC to gauge the height of the sampling area.   

In order to accurately account for food availability, a “stem” was defined to 

include the primary growth originating from a plant’s apical meristem as well as all other 
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stems and shoots originating from axillary buds.  In order to accurately count the large 

numbers of stems in plots with a high density of clonal ericaceous shrubs, it was 

sometime necessary to use a destructive sampling technique. This technique involved 

first cutting around the edges of each sampling plot with pruners or loppers to remove 

plants that did not fall within the plot, then removing portions of clonal shrubs and 

counting each available stem as it was clipped and removed from the plot.   

Available vascular plant species observed during vegetation sampling were 

identified to the genus level at a minimum, and most plants were identified to the species 

level.  Unknown plants were collected, labelled, and identified with a field guide or 

dichotomous key at the end of each day of field work (Newcomb, 1977; Native Plant 

Trust, 2019; Peterson, 1968). 

Analysis of Resource Availability Data 

Resource availability data was compiled and analyzed for each site, as well as for 

all sites combined.  Plants species identified at each site were grouped according to the 

genus and forage classes used by diet composition analysis to enable comparison of 

usage and availability data sets.  Finer scale availability data collected during sampling 

was preserved separately for further analysis and a more complete description of habitat 

structure at each site.  

For each resource availably sampling site, the relative frequency and relative 

abundance of each plant species was calculated.  The relative frequency was calculated 

by dividing the number of sample plots in which each plant species occurred at an 

individual site by 12, the total number of sample plots at each site.  The relative 

abundance was calculated by dividing the number of available stems of each plant 
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species at a sampling site by the total number of available stems of all species combined 

at each site.  In addition, I combined resource availability data from all six sites and 

calculated the relative frequency and relative abundance of each plant species in order to 

arrive at an overall representation of the food plants available to NEC for all sites where 

resource availability sampling was conducted. 

Determination of NEC Food Preferences 

To provide information about NEC food preferences at six sites, I utilized data 

from diet composition analysis and resource availability sampling at the locations where 

the diet samples were collected. 

Ranking Procedure  

I used a ranking procedure that compared the usage of plant species with their 

availability.  This process resulted in a relative ranking of NEC food preferences, from 

“most preferred” to “least preferred” (Johnson, 1980). 

I ranked the 44 genera of plants identified as components of the NEC diet at the 

six pellet collection sites selected for resource availability sampling.  Plants were ranked 

by their percent diet composition within NEC diet samples averaged across all six sites.  

Plants comprising the highest average percentage of the NEC diet were assigned a usage 

rank of “1”, followed by rankings assigned with increasing values.  Plants comprising the 

same percentage within the NEC diet were assigned the same usage rank.  The largest 

number assigned as a usage rank corresponded to all plants that were available as food 

resources but not found within the NEC diet on Cape Cod. 
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I independently ranked the 56 genera of plants identified as available food 

resources for NEC at the six pellet collection sites selected for resource availability 

sampling.  Plants were ranked by their relative abundance as food resources within 

sampling areas at each site and averaged across all six sites.  The genus with the highest 

average relative availability were ranked as “1”, followed by rankings assigned with 

increasing values.  Plants that were available with the same relative abundance were 

assigned the same availability rank.  The largest number assigned as an availability rank 

corresponded to all plants that were found within the NEC diet on Cape Cod but not 

accounted for during resource availability sampling; these plants missing from any 

resource availability sample received an identical high number. 

I produced a relative ranking of NEC food preferences by using the difference 

between the usage ranking and the availability ranking for each plant.  Negative values 

for this difference were considered more preferred foods, positive value were considered 

less preferred, and zero values were considered neutral.  These values were ranked on a 

relative scale, with lower values denoting more preference than higher values. 

Preference Ranking by Site and Forage Class 

In order to examine how NEC food preferences varied between sites with 

different habitat types and vegetation structure, I used the same ranking procedures to 

determine NEC food preferences at each of the six individual pellet collection sites.  To 

examine how overall NEC food preferences may relate to forage class and vegetation 

structure, I used the same ranking procedures to determine NEC forage class preferences 

for the five different forage classes, combining usage and availability data from all 

resource availability sites combined. 
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Analysis of Land Use, Disturbance, and Management History 

In order to investigate the natural and anthropogenic factors that contribute to 

habitat utilization by NEC, I utilized geographic information systems (GIS) to evaluate 

past and current land use, disturbances, and vegetation structure for all NEC pellet 

collection sites.  For each site, I gathered information about land use history and 

management practices that may have influenced the forest and shrubland communities 

utilized by NEC.  In addition, I examined the food species preferred by NEC at each of 

the six resource availability sampling sites and how the availability of these food species 

may relate to past and current disturbances and management practices. 

GIS Analysis of NEC Pellet Collection and Resource Sampling Sites 

 All NEC pellet collection sites were analyzed through GIS methods and the 

following information was compiled for each site: 

1. Land use history and past disturbances 

2. Current land use, disturbance, and management practices 

3. Vegetation structure and habitat type 

4. Surficial geology and hydrology 

I also analyzed the geographic data compiled for each of the six NEC resource 

availability sampling sites and how it related to the availability of preferred food species.  

This analysis utilized information about specific plants consumed by NEC at these 

locations, examining plant growth traits, adaptations to disturbances, and responses to 

habitat management practices.  
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Chapter III 

Results 

Diet composition analysis of fecal pellets provided information about what plants 

were eaten by NEC within different utilized habitats on Cape Cod.  Resource availability 

sampling at six sites provided information about what the relative abundance of different 

plant species that are available for consumption by NEC at these locations.  Diet data and 

availability data were both ranked and these ranking were compared to determine relative 

food preferences of NEC on Cape Cod. 

Diet Composition Results 

Most (94.9%) of the plant tissues found in pellet samples used to infer diet were 

identified to the genus level, with 50 different genera identified as components of the 

NEC diet on Cape Cod.  Plants identified within the diet were ranked by the percent 

composition of each plant within the NEC diet on Cape Cod, calculated by determining 

the overall percent of each plant species out of all pellet samples combined (Appendix 1).  

In addition, diet composition was ranked for the subset of pellet samples collected at 

resource availability sampling sites (Appendix 2).  The top ten genera in the NEC diet on 

Cape Cod were identified, comprising more than two thirds (66.8%) of the NEC diet 

(Table 2). 

Plant tissues not identified to the genus level during diet composition analysis 

comprised approximately five percent (5.1 %) of all diet samples and all unknown plant 

tissues were categorized by forage class.  Mosses, ferns, and fern allies were considered 
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as one category, comprising less than one percent (0.07%) of the overall diet.  Although 

the WSU laboratory identified diet components to the genus level through 

microhistology, in many cases assumptions can be made as to what particular species is 

being consumed based on local knowledge or botanical inventory at the diet collection 

sites (Appendix 3).   

 Table 2. Top ten plant genera of NEC diet on Cape Cod. 

Genus Diet Composition Forage Class 
Vaccinium 10.3% shrub 
Gaultheria 10.0% shrub 
Carex 9.3% graminoid (sedge) 
Populus 6.9% shrub 
Gaylussacia 6.6% shrub 
Rubus 6.5% shrub 
Betula 5.1% shrub 
Quercus 5.0% shrub 
Pinus 4.1% conifer 
Festuca 3.0% graminoid (grass) 

Top ten components of NEC diet for all diet samples combined, with data normalized by 
the number of views for each diet sample. 

Forage Class 

Diet composition data also provided information about the different classes of 

forage used by NEC, with shrubs comprising more than two thirds (71.3%) of the NEC 

diet and graminoids (grasses, sedges, and rushes) comprising approximately one quarter 

(23.2%) of the NEC diet on Cape Cod (Table 3).  
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Table 3. Forage class components of NEC diet on Cape Cod. 

Forage Class Percent Diet Composition 
Shrubs 71.3% 
Grasses 13.2% 
Sedge/Rush 10.0% 
Conifers 4.1% 
Forbs 0.7% 
Mosses, Ferns, & Fern Allies 0.7% 

 

Analysis of combined diet data for all pellet collection sites was useful for 

recognizing overall foraging patterns of NEC, but analysis of diet composition for each 

individual pellet collection site provided more detail about feeding behaviors that may be 

related to habitat structure, forage availability, and food preferences.  Shrubs and 

graminoids generally comprised the bulk of the NEC diet at each pellet collection site, 

but the proportion of these components varied (Figure 10).  

 

Figure 10. Diet composition by forage class at 11 NEC pellet collection sites. 
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Diet composition results by forage class for the subset of diet samples collected at 

the six sites chosen for resource availability sampling (Table 4) were similar to overall 

forage class diet composition analyzed across all sites (Table 3).  However, analysis of 

combined NEC diet samples at these sites generally indicated lower proportions of shrubs 

(55.6% vs. 71.3%) and higher proportions of grasses, sedge/rush, and conifers in the diet 

(Table 4). 

Table 4. Forage class components of NEC diet at resource availability sites. 

Forage Class Percent Diet Composition 
Shrubs 55.6% 
Grasses 19.5% 
Sedge/Rush 15.6% 
Conifers 7.1% 
Mosses, Ferns, & Fern Allies 1.6% 
Forbs 0.7% 

Forage class components of NEC diet at resource availability sampling sites combined, 
with data normalized by the number of views for each diet sample. 

Resource Availability Results 

Most plants that met the sampling criteria of available NEC food resources were 

identified to the genus level, and the majority were identified to the species level 

(Appendix 3).  A total of 56 different genera were identified as available food resources 

for NEC on Cape Cod.  Plants identified at all six NEC pellet collection sites were ranked 

by their relative abundance (Appendix 3). 

The top ten plants available as food resources for NEC diet on Cape Cod were 

identified, together comprising 89.6% of the food resources available to NEC on Cape 

Cod (Table 5).  Relative abundance was chosen as the best metric for evaluating specific 
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food resources because it was directly tied to the quantity of a food item that was 

available for consumption within NEC habitat (Johnson, 1980).  Relative frequency 

provides less information about the availability of food resources, but provides 

information about the arrangement and distribution of available food items (Table 6). 

Table 5. Top ten most abundant food resources available for NEC on Cape Cod. 

Genus Relative Abundance Forage Class 
Vaccinium  38.8% shrub 
Gaultheria  16.3% shrub 
Gaylussacia  8.2% shrub 
Kalmia  7.5% shrub 
Quercus  5.9% shrub 
Mosses, Ferns, and Fern Allies 5.6% Mosses, Ferns, & Fern Allies 
Rubus  2.6% shrub 
Carex 2.5% graminoid (sedge) 
Juncus 1.1% graminoid (rush) 
Frangula  1.1% shrub 

Top ten most abundant food resources available for NEC on Cape Cod for all resource 
availability sampling sites combined. 

Table 6. Top ten most frequently available food resources for NEC on Cape Cod. 

Genus Relative Frequency Forage Class 
Quercus  67% shrub 
Vaccinium 67% shrub 
Gaultheria 58% shrub 
Rubus 53% shrub 
Smilax 49% shrub 
Prunus 46% shrub 
Kalmia 44% shrub 
Gaylussacia 40% shrub 
Carex 38% graminoid (sedge) 
Polygonatum 35% forb 

Top ten most frequently available food resources for NEC on Cape Cod for all resource 
availability sampling sites combined. 
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Most plant species that were available as food resources with a high relative 

abundance were also available with high frequency within NEC habitat.  This is due to 

the vegetative structure of scrub oak shrubland habitat on Cape Cod, characterized by a 

continuous shrub layer of Quercus and ericaceous species.  Plants that were available 

with a higher relative abundance compared to their relative frequency, such as mosses, 

ferns, Juncus, and Frangula are more often found in moist depressions within scrub oak 

shrublands or along edges of this habitat where there has been disturbance.  Plants with a 

higher relative frequency compared to their relative abundance included Smilax vines that 

climb beyond the ground layer where NEC forage, Prunus tree seedlings, and small herbs 

like Polygonatum. 

Food Preferences of New England Cottontail 

Relative food preferences for NEC on Cape Cod were ranked based on the 

differences between their usage ranking, determined by their percent diet composition, 

and their availability ranking, determined by their relative abundance.  Given the 

uncertainty in exact rankings for each genus because of inherent sampling error in 

estimating both diet and availability percentages, foods were grouped into four 

preferences classes (Table 7).  

Preferred foods were defined as plants that were consumed by NEC at a higher 

proportion than they were available within the habitat.  This definition was further refined 

to only include plants that made up at least 1% of the NEC diet.  This additional 

qualification was necessary in order to avoid overinflating the importance of plants that 

were consumed in trace amounts but were not accounted for in resource availability 

sampling. 
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Plants were described as “Not Preferred; Regularly Available” if their relative 

abundance as food resources within NEC habitat was higher than their proportion within 

the NEC diet.  In order to exclude plants that were only available as trace amounts and 

not consumed by NEC, this definition was further refined to only include plants that 

made up at least 1% of the available food resources. 

       Plants were described as “Regularly Eaten; Not Preferred” if they made up 

over 1% of the NEC diet, but their relative abundance as food resources within NEC 

habitat was higher than their proportion within the NEC diet.  Plants were described as 

“Neutral” if they were consumed by NEC in the same proportion that they were available 

within NEC habitat.   

Table 7. Preference classes utilized in ranking analysis of preferred foods. 
Preference Class Relative Preference Definition 

1 Preferred Food Usage Rank > Availability Rank;  
> 1% of Diet 

2 Neutral Usage Rank = Availability Rank;  
> 1% of Diet 

3 Regularly Eaten;  
Not  Preferred 

Usage Rank < Availability Rank;  
> 1% of Diet 

4 Not Preferred;  
Regularly Available 

Usage Rank < Availability Rank;  
> 1% Relative Abundance 

Two Johnson’s Rank Preference Indices were produced: 

1. Relative food preferences based on the average differences between use and 

availability from individual site rankings (Table 8 & Appendix 4) 

2. Relative food preferences based on data from all resource availability sites 

combined (Table 9 & Appendix 5) 
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While both indices provide valuable information, the preference index that used 

average differences from individual site rankings is likely a more accurate representation 

of food preferences on Cape Cod because it minimizes the influence of variability 

between sites. 

Table 8. Summary table of Johnson's rank preference index based on average differences 
between usage and availability from individual site rankings.   

Genus Difference Preference Class 
Populus -14.8 1 
Poa -9.3 1 
Crataegus -8.0 1 
Panicum -7.8 1 
Bromus -7.5 1 
Agrostis -7.2 1 
Vitis -6.7 1 
Betula -5.8 1 
Festuca -5.5 1 
Rubus -4.7 1 
Acer -3.3 1 
Ilex -3.3 1 
Gaylussacia -2.8 1 
Pinus -2.8 1 
Gaultheria -2.0 1 
Andropogon -1.0 1 
Carex 0.5 3 
Juncus 0.5 3 
Viburnum 0.5 3 
Vaccinium 0.8 3 
Smilax 3.3 3 
Quercus 4.0 3 
Total Mosses, Ferns, & Fern Allies 8.2 3 
Kalmia 17.2 4 

 
Relative food preferences of NEC, with lower numbers for the average differences 
between usage and availability representing more preferred foods and higher numbers 
representing less preferred foods.  Preference classes (1, 2, 3, or 4) are assigned based 
on definitions from Table 7.  The complete index is included in Appendix 4. 
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Table 9. Summary table of Johnson's rank preference index based on differences between 
usage and availability data from all resource availability sites combined. 

Genus Difference Preference Class 
Populus -42 1 
Bromus -36 1 
Panicum -36 1 
Crataegus -35 1 
Poa -32 1 
Pinus -29 1 
Betula -27 1 
Vitis -27 1 
Ilex -26 1 
Agrostis -22 1 
Acer  -21 1 
Festuca -8 1 
Carex -7 1 
Viburnum -5 1 
Smilax -4 1 
Andropogon -3 1 
Rubus -2 1 
Gaylussacia 1 3 
Vaccinium 1 3 
Quercus 3 3 
Gaultheria 4 3 
Juncus 10 3 
Total Mosses, Ferns, & Fern Allies 12 3 
Spiraea 19 4 
Baptisia 31 4 
Frangula 33 4 
Kalmia 39 4 

 
Relative food preferences of NEC, with lower numbers for the differences between usage 
and availability from all resource availability sites combined representing more 
preferred foods and higher numbers representing less preferred foods.  Preference 
classes (1, 2, 3, or 4) are assigned based on definitions from Table 7.  The complete index 
is included in Appendix 5. 
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Food Preferences of New England Cottontail by Site 

Using the same ranking procedures that were used to determine overall food 

preferences, food preferences were determined for four sites at Camp Edwards (Tables 

10, 11, 12, & 13) and two sites off base (Tables 14 & 15).  Plant species were grouped in 

preference classes based on the same criteria used for overall food preference ranking. 

Table 10. Summary table of Johnson's rank preference index for B-9 site. 

Genus Difference Preference Class 
Pinus -19 1 
Populus -14 1 
Agrostis -11 1 
Rubus -8 1 
Acer -6 1 
Carex -1 1 
Gaultheria -1 1 
Viburnum 0 2 
Gaylussacia 2 3 
Total Mosses, Ferns, & Fern Allies 4 3 
Quercus 6 3 
Vaccinium 6 3 
Kalmia 12 4 

 
Relative food preferences of NEC, with lower numbers for the differences between usage 
and availability representing more preferred foods and higher numbers representing less 
preferred foods.  Preference classes (1, 2, 3, or 4) are assigned based on definitions from 
Table 7. 
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Table 11. Summary table of Johnson's rank preference index for C-14 site. 

Genus Difference Preference Class 
Agrostis -15 1 
Festuca -12 1 
Poa -10 1 
Populus -9 1 
Rosa -9 1 
Rubus -8 1 
Vitis -7 1 
Betula -6 1 
Lonicera -5 1 
Smilax -4 1 
Elaeagnus -3 1 
Schizachyrium -2 1 
Myrica -2 1 
Carex -1 1 
Gaultheria 0 2 
Vaccinium 0 2 
Acer 2 3 
Gaylussacia 3 3 
Quercus 10 3 
Kalmia 18 4 
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Table 12. Summary table of Johnson's rank preference index for Kendrick site. 

Genus Difference Preference Class 
Panicum -38 1 
Aristida -30 1 
Populus -29 1 
Poa -28 1 
Bromus -26 1 
Crataegus -25 1 
Elaeagnus -22 1 
Agrostis -18 1 
Ilex -12 1 
Festuca -9 1 
Gaultheria -5 1 
Rubus -4 1 
Carex -3 1 
Gaylussacia -1 1 
Juncus 5 3 
Quercus 5 3 
Vaccinium 5 3 
Andropogon 7 3 
Total Mosses, Ferns, & Fern Allies 8 3 
Spiraea 9 3 
Lonicera 11 4 
Schizachyrium 13 4 
Solidago 14 4 
Prunus 15 4 
Corylus 16 4 
Kalmia 23 4 
Frangula 24 4 
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Table 13. Summary table of Johnson's rank preference index for Sierra Range site. 

Genus Difference Preference Class 
Populus -18 1 
Rosa -15 1 
Acer -14 1 
Salix -14 1 
Myrica -13 1 
Betula -12 1 
Rhus -11 1 
Viburnum -9 1 
Gaylussacia -2 1 
Rubus -2 1 
Gaultheria 1 3 
Vaccinium 1 3 
Quercus 10 4 
Baptisia 11 4 
Kalmia 15 4 

 

Table 14. Summary table of Johnson's rank preference index for Hatchville site. 

Genus Difference Preference Class 
Bromus -10 1 
Crataegus -8 1 
Gaylussacia -7 1 
Acer -7 1 
Populus -6 1 
Vaccinium -5 1 
Vitis -3 1 
Poa -3 1 
Quercus -2 1 
Rubus -1 1 
Lonicera 0 2 
Panicum 0 2 
Parthenocissus 3 3 
Smilax 10 4 
Carex 11 4 
Pinus 15 4 
Juniperus 15 4 
Prunus 17 4 
Toxicodendron 19 4 
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Table 15. Summary table of Johnson's rank preference index for Joe’s Woods site. 

Genus Difference Preference Class 
Pinus -17 1 
Andropogon -16 1 
Populus -13 1 
Gaylussacia -12 1 
Crataegus -11 1 
Gaultheria -9 1 
Festuca -8 1 
Carex -8 1 
Betula -7 1 
Ilex -6 1 
Bromus -5 1 
Quercus -5 1 
Agrostis -4 1 
Rubus -4 1 
Poa -3 1 
Juncus -2 1 
Vaccinium -2 1 
Corylus -1 1 
Viburnum 0 2 
Smilax 4 3 
Total Mosses, Ferns, & Fern Allies 19 4 
Prunus 23 4 
Bartonia 24 4 
Rhododendron 27 4 
Kalmia 28 4 
Toxicodendron 29 4 
Morella 31 4 
Clethra 32 4 

 

NEC food preferences were compared across all six sites.  Only two genera, 

Populus and Rubus, were determined to be preferred foods at all sites (Table 16).  Two 

species of Populus, P. grandidenta (big-toothed aspen), and P. tremuloides (quaking 

aspen) were observed in proximity to pellet collection sites, but neither tree species was 

accounted for during resource availability sampling.  Populus is generally not widespread 
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within forest and shrubland habitat on Cape Cod, occurring in small clonal patches 

interspersed within other vegetation types, suggesting that NEC are seeking out patches 

of this preferred forage within the landscape.  In response to fire, Populus resprouts 

vigorously, providing forage low to the ground and dense protective cover for NEC.  

In contrast to Populus, Rubus is widespread throughout a range of habitat types on 

Cape Cod.  The two species of Rubus that were accounted for during resource availability 

sampling were R. hispidus, and to a lesser extent R. flagellaris, both trailing vines that 

provide preferred forage low to the ground.  These dewberry species are adapted to a 

wide range of growing conditions, and they are able to persist as a ground cover 

underneath other native shrubs that may offer protection for NEC not provided by Rubus. 

Several species of grasses were determined to be preferred foods of NEC on Cape 

Cod.  Agrostis and Poa were preferred at half of all sites, and Bromus and Festuca were 

preferred at three quarters of all sites (Table 16).  Species in these genera are generally 

considered cool-season grasses, doing most of their growing during the spring and fall.  

Two species of warm-season grasses, Panicum and Andropogon, were determined to be 

preferred foods, but only at one site each.  Grasses were most commonly available and 

preferred as food resources at sites near road edges, powerlines, and agricultural sites, 

and it can be assumed that NEC seeks out these habitat features for foraging when they 

are available. 
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Table 16. Summary table comparing Johnson's rank preference indices for all sites. 
  Avg. Rank B-9 C-14 Kendrick Sierra Hatchville Joe's Woods 
Genus D PC D PC D PC D PC D PC D PC D PC 
Panicum -19.0 1 

    
-38 1 

  
0 2 

  

Populus -14.8 1 -14 1 -9 1 -29 1 -18 1 -6 1 -13 1 
Crataegus -14.7 1 

    
-25 1 

  
-8 1 -11 1 

Bromus -13.7 1 
    

-26 1 
  

-10 1 -5 1 
Agrostis -12.0 1 -11 1 -15 1 -18 1 

    
-4 1 

Poa -11.0 1 
  

-10 1 -28 1 
  

-3 1 -3 1 
Festuca -9.7 1 

  
-12 1 -9 1 

    
-8 1 

Ilex -9.0 1 
    

-12 1 
    

-6 1 
Betula -8.3 1 

  
-6 1 

  
-12 1 

  
-7 1 

Pinus -7.0 1 -19 1 
      

15 4 -17 1 
Acer -6.3 1 -6 1 2 3 

  
-14 1 -7 1 

  

Vitis -5.0 1 
  

-7 1 
    

-3 1 
  

Rubus -4.5 1 -8 1 -8 1 -4 1 -2 1 -1 1 -4 1 
Andropogon -4.5 1 

    
7 3 

    
-16 1 

Viburnum -3.0 3 0 2 
    

-9 1 
  

0 2 
Gaylussacia -2.8 1 2 3 3 3 -1 1 -2 1 -7 1 -12 1 
Gaultheria -2.8 1 -1 1 0 2 -5 1 1 3 

  
-9 1 

Carex -0.4 3 -1 1 -1 1 -3 1 
  

11 4 -8 1 
Vaccinium 0.8 3 6 3 0 2 5 3 1 3 -5 1 -2 1 
Juncus 1.5 3 

    
5 3 

    
-2 1 

Smilax 3.3 3 
  

-4 1 
    

10 4 4 3 
Quercus 4.0 3 6 3 10 3 5 3 10 4 -2 1 -5 1 
Total Mosses, Ferns, & Fern Allies 10.3 3 4 3 

  
8 3 

    
19 4 

Kalmia 19.2 4 12 4 18 4 23 4 15 4 
  

28 4 
 
Summary table comparing differences (D) between usage and availability, and preference classes (PC) for plants at all six sites.  
Genera are listed in order of average preference ranking between sites, with lower numbers representing more preferred foods.  
Blank cells indicate genera that did not fall within one of the four preference classes at particular site and were excluded from 
average preference ranking calculations.  Bold text indicates plants that were preferred at all sites.  
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It is possible that NEC preference for warm-season grasses was underestimated 

because fecal pellet collections took place during the cooler months of the year when 

cool-season grasses were more productive, while resource availability sampling took 

place during the summer when warm season grasses were more productive.  Preference 

for different herbaceous species may vary throughout the year and is likely more 

influenced by seasonality compared to NEC preference for different woody species.  All 

woody plants determined to be preferred foods of NEC were native species to Cape Cod, 

but preferred grasses included both warm-season native grasses, as well as cool-season 

grass genera that contain both native and non-native species. 

      Other genera determined to be preferred foods of NEC on Cape Cod included 

several native trees, shrubs, and vines (Table 16).  Crataegus (hawthorne), a shrub or 

small tree adapted to disturbance and forest edge habitat, was preferred at half of all sites.  

Betula (birch), preferred at half of all sites, shares similarities to Populus due to its patchy 

distribution on Cape Cod and ability to resprout dense growth after fire.  Additional 

species determined as preferred foods for at least two sites included Acer (maple), Ilex 

(holly), and Vitis (grape).  

Three native ericaceous shrubs, Vaccinium, Gaylussacia, and Gaultheria, 

comprised large portions of the NEC diet on Cape Cod and were available with high 

relative abundance across all sites.  The relative preference for these foods varied from 

site to site, and these ericaceous genera were overall more preferred at off-base sites 

(Table 16).  Gaylussacia was preferred at half of all sites and Gaultheria was preferred at 

three quarters of all sites, with preference for these foods generally higher at off-base 

sites.  Vaccinium, the most abundant genus available as a food resource across all sites, 
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was only preferred at the two off-base sites.  Kalmia, another native ericaceous shrub 

available at most sites, was not preferred and is toxic to many animals. 

Quercus (oak) was available with high relative abundance across all sites but was 

only a preferred food species at off-base sites (Table 16).  At least five species of 

Quercus were available as food for NEC across the six sites, with scrub oaks Q. ilicifolia 

and Q. prinoides most commonly available on base and tree oaks Q. alba and Q. velutina 

most commonly available off base.  Similar to Vaccinium, it is possible that the abundant 

availability of Quercus at sites influenced by fire artificially underestimated its value as 

food for NEC.  With the ability to provide both food and protective cover, plants like 

Quercus are important components of NEC habitat on Cape Cod.  The determination of 

relative food preferences is useful, but habitat management decisions that take into 

account NEC food preferences should also consider the other functions that plants may 

be serving in addition to food. 

Food Preferences of New England Cottontail by Forage Class 

Using the same ranking procedures that were used to determine food preferences, 

for different plants, I determined the relative food preferences of New England cottontail 

for the different forage classes (Table 17).  Forage classes were grouped in preference 

classes based on the same criteria used for overall food preference ranking. 

  



 

55 
 

 

Table 17. Johnson's rank preference index by forage class. 
Forage Class Difference Preference  
Grasses -3 More Preferred 
Conifers -2 More Preferred 
Sedge/Rush 0 Neutral 
Shrubs 0 Neutral 
Forbs 2 Less Preferred 
Mosses, Ferns, & Fern Allies 3 Less Preferred 

Relative food preferences of NEC by forage class, with lower numbers for the differences 
between usage and availability of different forage classes representing more preferred 
foods and higher numbers representing less preferred foods, and zero representing 
neutral preference.  

Grasses, often present along the edges of NEC habitat, were determined to be the 

most preferred forage class for NEC.  Conifers were also determined to be a preferred 

food for NEC to a lesser degree, but this was likely influenced by the fact that most fecal 

pellets were collected during the winter when other foods may have been less available.  

A neutral preference was determined for sedge/rush and shrub forage classes, and these 

two forage classes together made up the majority (71.2%) of the NEC diet on Cape Cod. 

Understanding preferences between different species within the shrub forage class is 

important due to their role in providing both forage and protective cover.   

Cottontail Browse Observations 

Evidence of cottontail browse was observed within a portion of sample plots at 

most sites during the course of resource availability sampling.  A total of 13 plant genera 

showed signs of cottontail browse (Figure 11).  These observations confirmed the 
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importance of Vaccinium, Quercus, and Rubus within NEC habitat on Cape Cod, 

although only Rubus was determined to be a preferred food of NEC at all sites. 

 

Figure 11. Cottontail browse observations by genus. 

 

The two Rubus species that were browsed within sample plots on Cape Cod were 

R. hispidus and R. flagellaris.  These two dewberry species are trailing vines that provide 

accessible preferred forage low to the ground, but do not provide protective cover like 

other more robust Rubus species such as R. allegheniensis (common blackberry).  The 

two Vaccinium species that were browsed within sample plots were V. angustifolium and 

V. pallidum., both lowbush blueberries that provide abundant forage and moderate 

protective cover.  The Quercus species that was browsed within sample plots was scrub 
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oak, Q. ilicifolia, a species that provides forage that is generally less preferred than Rubus 

and Vaccinium spp., but provides excellent protective cover.   

Geographic Analysis of New England Cottontail Sites on Cape Cod 

GIS analysis of pellet collection sites detected several associations between NEC 

habitat, disturbance history, resource availability, and food preferences (Tables 18 & 19).  

Most sites had a history of disturbance, with sheep grazing, wildfires, and military 

training being the most important historical disturbances at Camp Edwards.  Important 

historical disturbances at off-base sites included other types of agriculture, such as 

cranberry production, cattle grazing, and farming of crops, as well as wildfire.  

Agricultural activities at most sites have ceased, with the exception of cranberry farming 

that continues nearby some off-base sites.  Wildfires continue to occur, but their 

frequency and extent has been greatly diminished at all sites.  Although agricultural 

activities and wildfires have decreased in recent decades, both disturbances have had 

lasting impacts on vegetation and habitat types on Cape Cod. 

Current disturbances that continue to influence the vegetation structure of these 

sites include maintenance of utility easements and access roads, forest management 

activities, coastal storms, and wildfires.  Management of vegetation adjacent to utility 

easements and access roads often includes cutting of trees and mowing of shrubs along 

linear areas, with tree cutting increasing the density of shrubs after canopy removal, and 

shrub mowing along roadsides increasing the abundance of herbaceous species in these 

areas.  Forest management activities, including overstory thinning, prescribed burning, 

and shrub mowing all increase the availability of food for NEC by allowing more 
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sunlight into the understory and encouraging resprouting of shrub vegetation that makes 

up the largest component of the NEC diet on Cape Cod.   
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Table 18. GIS analysis of New England cottontail fecal pellet collection sites not included in resource availability sampling. 

Site 
Name 

Land Use & 
Disturbance 

History 

Current 
Land Uses 

Recent 
Disturbance 

& 
Management 

Dominant 
Vegetation and 
Habitat Type(s) 

Canopy Soils 
Proximity 

to 
Wetlands  

Top 3 Diet  

CV_N 

Military, 
Wildfire, 

Agriculture 
(sheep) 

Military, 
Conservation, 

Utility 
Easement,  
Industrial 

Powerline 
Management 

Powerlines, Pitch 
Pine-Scrub Oak, 
Pitch Pine-Oak 

Forest 

Open, 
Shrub, 
Tree 

Sand, 
Gravel, 
Moraine 

~ 450 m Carex, Pinus, 
Rubus 

Impact 
Area 

Wildfire, Military 
Agriculture 

(sheep) 

Military, 
Conservation 

Maintenance 
of Wells & 

Access Roads 

Scrub Oak 
Shrubland, Pitch 
Pine-Scrub Oak 

Shrub, 
Tree 

Sand, 
Gravel ~ 400 m 

Vaccinium,  
Populus,  

Gaultheria 

ISBC 

Military, 
Wildfire, 

Agriculture 
(sheep) 

Military, 
Conservation 

Recent 
Wildfire 
(2016) 

Pitch Pine-Scrub 
Oak, Scrub Oak 

Shrubland 

Tree, 
Shrub, 
Open 

Sand, 
Gravel ~ 750 m 

Vaccinium, 
Rubus, 

Gaylussacia 

Old 
Waquoit 

Agriculture 
(cranberries) 

Conservation, 
Agriculture 
(cranberries) 

Cranberry Bog 
Management 

Pine-Oak Forest, Red 
Maple Swamp, 
Cranberry Bog 

Tree, 
Shrub 

Sand, 
Gravel 

Wetlands 
Present  

Gaylussacia, 
Vaccinium, 

Rubus 

Simon 
Lowe Wildfire Conservation 

Overstory 
Thinning & 
Mastication 

(2013) 

Scrub Oak 
Shrubland, Pitch 
Pine-Scrub Oak 

Shrub, 
Tree 

Sand, 
Gravel ~ 450 m 

Betula, 
Gaultheria, 
Vaccinium 
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 Table 19. GIS analysis of New England cottontail fecal pellet collection sites included in resource availability sampling. 

Site 
Name 

Land Use & 
Disturbance 

History 

Current Land 
Uses 

Recent 
Disturbances 

& 
Management 

Dominant 
Vegetation & 

Habitat 
Type(s) 

Canopy Soils 
Distance 

to 
Wetlands 

Top 3 Diet  
Top 3 

Available 
Foods 

Top 3 
Preferred 

Foods 

B-9 

Military, 
Wildfire, 

Agriculture 
(sheep) 

Military, 
Conservation, 

Utility 
Easement, 

Compost Site 

Powerline 
Management, 
Invasive Plant 

Treatment 

Pitch Pine-Oak 
Forest,  

Powerlines 

Tree, 
Shrub, 
Open 

Sand,  
Gravel, 
Moraine 

~ 350 m 
Pinus, 

Gaultheria, 
Rubus 

Vaccinium, 
Gaylussacia, 
Gaultheria 

Pinus, 
Populus, 
Agrostis 

C-14 

Wildfire, 
Military, 

Agriculture 
(sheep) 

Military, 
Conservation, 

Utility Easement 
(adjacent) 

Shrub Mowing, 
Prescribed 

Fire, Powerline 
Management 

(adjacent) 

Scrub Oak 
Shrubland Shrub Sand,  

Gravel ~ 250 m 
Vaccinium, 
Gaultheria, 

Carex 

Vaccinium, 
Gaultheria, 
Gaylussacia 

Agrostis, 
Festuca, Poa 

Hatch-
ville 

Agriculture 
(cattle, crops, 
cranberries), 

Wildfire 

Conservation, 
Utility 

Easement, 
Residential 

Utility 
Easement, 
Residential 

Development 

Powerlines, 
Pine-Oak Forest, 

Red Maple 
Swamp 

Tree, 
Open 

Sand,  
Gravel 

Wetlands 
Present 

Rubus, Acer, 
Bromus 

Toxicoden-
dron, Rubus, 

Prunus 

Bromus, 
Crataegus, 

Gaylussacia 
& Acer (tie) 

Joe's 
Woods 

Agriculture 
(cranberries), 

Wildfire 
Conservation 

Abandoned 
Cranberry Bog, 
Coastal Storms 

Pitch Pine-Oak 
Forest, Shrub 
Swamp, Red 

Maple Swamp 

Tree, 
Shrub 

Fine Sand, 
Alluvium 

Wetlands 
Present 

Carex, 
Pinus, 

Vaccinium 

Moss/Fern, 
Smilax, 
Clethra 

Pinus, 
Andropogon, 

Populus 

Kendrick 

Military, 
Wildfire,  

Agriculture 
(sheep) 

Military, 
Conservation, 

Utility 
Easement,  
Industrial 

Powerline 
Management 

Pitch Pine-Scrub 
Oak, Powerlines 

Tree, 
Shrub, 
Open 

Moraine ~ 800 m 
Carex, 

Gaultheria, 
Agrostis 

Moss/Fern, 
Quercus, 

Vaccinium 

Panicum, 
Aristida, 
Populus 

Sierra 
Range 

Prescribed 
Fire, Wildfire, 

Military, 
Agriculture 

(sheep) 

Military, 
Conservation 

Prescribed 
Burn (2013) 

Pitch Pine-Scrub 
Oak 

Tree, 
Shrub 

Sand, 
Gravel ~ 325 m 

Gaylussacia, 
Vaccinium, 

Rubus 

Vaccinium, 
Kalmia, 

Gaylussacia 

Populus, 
Rosa, Acer 

& Salix (tie) 
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Wildfires and prescribed fires are both associated with a high abundance of 

Quercus and ericaceous species, including Vaccinium, Gaultheria, and Gaylusaccia.  All 

of these plants provide forage and all of them except Gaultheria provide protective cover. 

Ericaceous shrubs are typically associated with pitch pine - scrub oak communities and 

scrub oak shrublands.  Sites managed with prescribed fire had a high abundance of Q. 

ilicifolia and Q. prinoides, two scrub oaks that provide excellent protective cover.  Tree 

oaks are also able to provide dense shrub cover in areas that are managed with prescribed 

fire because their main trunk is often killed, leading to vigorous stump sprouting from the 

root collar. 

Dominant soils at most sites were sand and gravel.  Off-base sites were generally 

in closer proximity to wetlands than sites at Camp Edwards, providing different forage 

species not available on base.  However, abundance of preferred foods appeared to be 

most related to proximity to powerlines and fire history, with these disturbances 

contributing to a wider variety of preferred foods. 

Geographic analysis of pellet collection sites provided valuable information about 

how land use and disturbances, combined with soils and hydrology, influenced vegetation 

structure, food availability, and food preferences.  A lack of quantitative NEC abundance 

data for each site made it difficult to determine how availability of specific foods 

influences population sizes.  However, geographic analysis provided support for the 

hypothesis that a wider range of preferred food species were available where there was 

more variation in habitat structure and disturbance history.  
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Chapter IV 

Discussion 

As habitat management for NEC and other species of conservation concern 

continues to be a focus of efforts to restore and maintain local and regional biodiversity,  

an improved understanding of the relationships between habitat utilization, vegetation 

structure, and food preferences can provide guidance to land managers and biologists 

tasked with these challenges. 

Food Preferences, Forestry, and Fire 

Although current methods of maintaining pine barrens systems with prescribed 

fire and timber harvests appear to be successful in promoting the dense understory 

vegetation required by NEC, there may be opportunities to enhance the availability of 

preferred foods by adjusting management prescriptions. 

One opportunity that is relatively straightforward is locating habitat treatments 

adjacent to locations that are already supporting preferred food species.  For example, 

aspen (Populus) was identified as a preferred food species of NEC on Cape Cod.  Unlike 

other food species that are widely distributed throughout pitch pine - scrub oak 

ecosystems, aspen on Cape Cod tend to occur in discrete stands that exist as islands 

within scrub oak shrublands and pitch pine - scrub oak communities.  Locating prescribed 

burn units adjacent to aspen stands would improve forage opportunities for NEC utilizing 

scrub oak shrublands that are managed with fire.   



 

63 
 

Another option that could be used in conjunction with this approach is to manage 

the aspen stands themselves with prescribed fire, timber harvesting, or a combination of 

both.  As aspen stands reach maturity they gradually diminish in value as a food species 

for NEC.  However, as a clonal species aspen would respond favorably to fire and timber 

harvesting, regenerating young shoots from the base of the older more mature trees.  

Other species of conservation concern, such as ruffed grouse (Bonasa umbellus) and 

woodcock (Scolopax minor), also rely on young aspen stands and could benefit from this 

treatment.   

Most aspen stands on Camp Edwards are relatively small (< 3 acres) and could be 

easily located using aerial imagery and field surveys.  Birch (Betula), another tree 

identified as a preferred food species for NEC, could likely be managed in similar ways 

to aspen due to its capacity to resprout after cutting or fire.  Once aspen and birch stands 

are identified, staggered rotations for cutting and burning could be established for each 

stand in order to ensure that the food resources provided by these trees are distributed 

widely throughout an area over time rather than all stands maturing simultaneously.    

Grass species identified as preferred foods of New England cottontail are 

generally distributed along the edges of linear features such as roads, powerlines, 

firebreaks, and shooting ranges.  Locating prescribed burns in areas where dense scrub 

oak shrubland interfaces with these grassy areas would enhance NEC habitat by 

providing dense cover adjacent to preferred forage.  Although there are indirect ways to 

promote and expand existing populations of grass species through burning and cutting of 

competing woody vegetation, seeding grasses directly into disturbed areas would 

potentially provide added benefit.  Promoting grasses along firebreaks would allow the 
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edges of the firebreaks to be burned off quickly to establish containment lines during 

prescribed fires or wildfires. 

Several of the shrub species identified as preferred foods for NEC on Cape Cod, 

such as huckleberry (Gaylusaccia), wintergreen (Gaultheria), and dewberries and 

blackberries (Rubus), are widespread throughout Cape Cod and may not require special 

management strategies beyond the maintenance of current fire regimes.  However, these 

species would be suitable choices if there was a need to restore degraded areas with 

native shrubs. 

The conifer forage class consisted of only three available species, white pine 

(Pinus strobus), pitch pine (P. rigida), and eastern red cedar (Juniperus virginiana). 

Conifers were determined to be a preferred forage class and Pinus was determined to be a 

preferred food of NEC.  However, these determinations were influenced by high 

proportions of Pinus within the diet at only two sites, B-9 and Joe’s Woods.  Neither of 

these sites are typical of scrub oak shrubland habitat currently being managed by fire on 

Cape Cod, and at both sites the Pinus genus was represented exclusively by white pine 

seedlings.  In addition, the diet samples with high percentages of Pinus were generally 

samples collected during the middle of winter when other foods may not be as readily 

available. 

Several plants were identified as regularly eaten, but not identified as preferred 

food species within scrub oak shrublands, including Vaccinium and Quercus.  The 

importance of these foods should not be underestimated.  Both plants were abundantly 

available as resources, consistently made up large portions of the NEC diet on Cape Cod 

at all sites, and serve valuable habitat functions by providing multiple layers of dense 
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shrub cover for NEC.  Interestingly, both Vaccinium and Quercus were found to be 

preferred foods at the two off base sites where they were not as abundantly available, and 

ongoing research at sites in Rhode Island and Connecticut have also determined these to 

be preferred foods of NEC.   

It is likely that the high availability of Vaccinium and Quercus as resources for 

NEC at Camp Edwards artificially underestimated their importance by lowering values of 

preference.  Ranking processes that determine preferred foods are useful, but they should 

always be analyzed with respect to diet composition and resource availability data that 

provides additional information and context not apparent by the results of the ranking 

alone.  

 

Research Limitations 

One primary research limitation was related to the seasonality associated with 

NEC fecal pellet collection used for diet composition analysis.  Fecal pellets are typically 

collected during colder months of the year because it is often easier to locate them and 

the colder temperatures help maintain the integrity of pellets for DNA analysis.  It is 

likely that diet composition analysis based on pellets collected during warmer months of 

the year would result in higher proportions of herbaceous species, and observations of 

cottontail browse on herbaceous species would likely be more apparent at that time.  

Grasses, sedges, rushes, and forbs would all be expected to make up a larger portion of 

the NEC diet during the growing season, increasing their importance as a preferred food 

species.   
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Another research limitation is related to the accessibility of particular sites for 

resource availability sampling.  All sites within the Impact Area at Camp Edwards, as 

well as the ISBC site immediately north of the Impact Area, were excluded from resource 

availability sampling due to the presence of UXO (unexploded ordnance).  At over 2,000 

acres, the Impact Area forms the core of the scrub oak shrubland habitat at Camp 

Edwards and contains one of the largest examples of this community within the entire 

Northeast.  The relative abundance of NEC fecal pellets collected within the Impact Area 

has highlighted the importance of this core habitat for NEC on Cape Cod, but restrictions 

on accessing this area to conduct additional research are a major barrier to learning more 

about how NEC utilize food resources within this landscape. 

The ranking processes themselves are limited by the precision of the data that is 

ranked.  The results of fecal pellet analysis provided identification of plants to the genus 

level, but in several instances more than one species of a particular genus was sampled as 

an available resource.  While a lack of distinction between two different species of 

lowbush blueberries (Vaccinium spp.) in a scrub oak shrubland might not make a 

difference from a management perspective, distinguishing between lowbush blueberries 

and other Vaccinium species that are associated with wetlands, like cranberries and 

highbush blueberries, could impact management decisions.  Multiple off-base sites were 

located near abandoned cranberry bogs, but the diet composition results did not provide 

confirmation of how these former agricultural wetlands might be contributing to the 

forage availability.  

Precision in measuring resource availability is another potential source of error.  

Measuring and counting palatable stems of Quercus was much more straightforward than  
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accounting for trailing ground cover species or graminoids.  Discrepancies in how 

relative abundance is measured can alter the ranking process and impact the 

determination of preferred foods. 

 

Challenges for Further Research 

Management of native plant communities for NEC habitat on Cape Cod, while 

sharing similar goals to NEC habitat restoration projects taking place in other areas of 

New England, is unique in that long-lived native shrub species are often the target species 

that form the desired structure.  Compared to other forest management practices like 

clearcuts, which are more likely to alter the species composition initially but ultimately 

return to a closed canopy forest, prescribed burning within scrub oak shrublands does not 

typically alter the species composition to a large extent.   

Prescribed fire maintains plant communities that provide long-term habitat 

structure, but there is a need to improve the understanding of how different variables 

related to prescribed fire, such as seasonality, intensity, and severity, influence the 

abundance and accessibility of preferred food species for NEC.  In addition, fire is known 

to improve the nutritional value of many plant species utilized as forage by other grazing 

and browsing mammals, but the role that this may play in determining preferred food 

species for NEC has not been thoroughly investigated.  Implementation of prescribed fire 

is more cost-effective on a large scale than traditional forestry treatments and has the 

added benefit of reducing the potential for catastrophic wildfire.   

One challenge for maintaining fire-adapted systems as habitat for NEC is 

determining the optimum interval between treatments.  The period of time needed 
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between treatments to maintain a reduced fire hazard is sometimes shorter than the period 

of time needed in between treatments to maintain quality NEC habitat.  Similarly, the fire 

intensity and severity needed for these treatments does not always meet objectives for 

both ecological and wildfire hazard reduction.   

Some low severity prescribed fires may invigorate shrub growth in the understory 

but fail to consume enough flammable plant material to achieve a long-term reduction in 

wildfire hazard.  Conversely, prescribed fires with higher intensities may achieve a 

reduction in wildfire hazard, but if a fire consumes a large portion of the shrub 

component then the quality and quantity of protective cover for NEC within the habitat is 

reduced for a period of time.  Maintaining variability in prescribed fire treatments across 

large landscapes may be the best way to meet multiple objectives.   

Conclusions 

Dense shrubland habitat for NEC is available on Cape Cod, especially in areas 

being managed with fire.  However, quality of shrubland habitat depends on providing 

both protective cover and ample foraging opportunities.  The planning process for 

accepted wildlife habitat management practices within pitch pine – scrub oak shrublands 

and other fire adapted ecosystems on Cape Cod would benefit from an improved 

understanding of the food plants that are preferred by target species such as NEC. 

  Biologists and land managers should seek opportunities to learn more about how 

variability in disturbances within native shrublands relates to the abundance of preferred 

foods for NEC.  Through targeted treatments that regenerate preferred food species, it 

may be possible to enhance the quality of existing native shrubland habitat for NEC on 

Cape Cod.   
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Appendix 1 

Diet Composition Ranking - All Sites 

Genus Diet (Percent) Usage Rank 
Vaccinium 10.26% 1 
Gaultheria 10.02% 2 
Carex 9.31% 3 
Populus 6.94% 4 
Gaylussacia 6.59% 5 
Rubus 6.49% 6 
Betula 5.06% 7 
Quercus 5.04% 8 
Pinus 4.10% 9 
Festuca 2.99% 10 
Crataegus 2.47% 11 
Panicum 2.37% 12 
Corylus 2.25% 13 
Smilax 1.91% 14 
Agrostis 1.74% 15 
Viburnum 1.69% 16 
Ilex 1.63% 17 
Rosa 1.57% 18 
Acer 1.48% 19 
Andropogon 1.48% 20 
Bromus 1.39% 21 
Vitis 1.29% 22 
Myrica 1.04% 23 
Lonicera 0.73% 24 
Poa 0.71% 25 
Mosses, Ferns, & Fern Allies 0.70% 26 
Juncus 0.69% 27 
Berberis 0.55% 28 
Salix 0.50% 29 
Aristida 0.36% 30 
Spiraea 0.33% 31 
Elaeagnus 0.31% 32 
Danthonia 0.31% 33 
Cornus 0.25% 34 
Dichanthelium 0.18% 35 
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Schizachyrium 0.16% 36 
Deschampsia 0.16% 37 
Calamagrostis 0.13% 38 
Parthenocissus 0.10% 39 
Rhus 0.08% 40 
Kalmia 0.07% 41 
Alnus 0.06% 42 
Morella 0.04% 43 
Trifolium 0.03% 44 
Achillea 0.03% 45 
Antennaria 0.03% 45 
Amelanchier 0.02% 46 
Digitaria 0.02% 47 
Lyonia 0.01% 48 
Artemisia 0.01% 49 
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Appendix 2 

Diet Composition Ranking - Resource Availability Sites 

Genus Diet (Percent) Usage Rank 
Carex 14.14% 1 
Vaccinium 8.18% 2 
Pinus 7.14% 3 
Gaylussacia 6.96% 4 
Rubus 6.28% 5 
Gaultheria 5.81% 6 
Populus 3.95% 7 
Quercus 3.88% 8 
Agrostis 3.14% 9 
Andropogon 3.10% 10 
Festuca 2.80% 11 
Smilax 2.43% 12 
Bromus 2.25% 13 
Panicum 2.25% 13 
Crataegus 2.23% 14 
Acer 1.87% 15 
Poa 1.81% 16 
Viburnum 1.67% 17 
Mosses, Ferns, & Fern Allies 1.57% 18 
Juncus 1.49% 19 
Ilex 1.45% 20 
Betula 1.41% 21 
Vitis 1.07% 22 
Rosa 0.91% 23 
Aristida 0.76% 24 
Myrica 0.70% 25 
Berberis 0.64% 26 
Lonicera 0.59% 27 
Corylus 0.58% 28 
Elaeagnus 0.54% 29 
Spiraea 0.53% 30 
Salix 0.35% 31 
Deschampsia 0.28% 32 
Dichanthelium 0.27% 33 
Calamagrostis 0.27% 34 
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Schizachyrium 0.23% 35 
Parthenocissus 0.20% 36 
Rhus 0.20% 36 
Achillea 0.08% 37 
Cornus 0.07% 38 
Digitaria 0.06% 39 
Danthonia 0.05% 40 
Amelanchier 0.03% 41 
Alnus 0.03% 42 

 

 



 

 

Appendix 3 

Resource Availability Ranking 

Genus (species) 
Relative 

Abundance 
Availability 

Rank 
Vaccinium (angustifolium, pallidum, & corymbosum) 38.75% 1 
Gaultheria (procumbens) 16.26% 2 
Gaylussacia (baccata) 8.20% 3 
Kalmia (angustifolia) 7.52% 4 
Quercus (alba, coccinea, ilicifolia, velutina, & prinoides) 5.90% 5 
Mosses, Ferns, & Fern Allies 5.57% 6 
Rubus (hispidus & flagellaris) 2.63% 7 
Carex 2.50% 8 
Juncus 1.14% 9 
Frangula (alnus) 1.10% 10 
Spiraea (alba & tomentosa) 1.09% 11 
Baptisia (tinctoria) 0.97% 12 
Andropogon 0.78% 13 
Toxicodendron (radicans) 0.68% 14 
Prunus (serotina) 0.68% 15 
Smilax (rotundifolia & glauca) 0.65% 16 
Polygonatum (biflorum) 0.56% 17 
Lonicera (morrowii) 0.55% 18 
Festuca 0.52% 19 
Schizachyrium 0.39% 20 
Lysimachia (quadrifolia & borealis) 0.36% 21 
Viburnum (nudum & dentatum) 0.35% 22 
Corylus 0.30% 23 
Solidago (rugosa) 0.25% 24 
Aronia (floribunda) 0.21% 25 
Comptonia (peregrina) 0.21% 25 
Clethra (alnifolia) 0.21% 26 
Amelanchier 0.18% 27 
Dichanthelium (acuminatum & clandestinum) 0.18% 28 
Pyrola 0.17% 29 
Morella (caroliniensis) 0.16% 30 
Agrostis 0.15% 31 
Pinus (rigida & strobus) 0.15% 32 
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Epigaea (repens) 0.11% 33 
Juniperus (virginiana) 0.08% 34 
Potentilla 0.06% 35 
Acer (rubrum) 0.05% 36 
Melampyrum (lineare) 0.05% 36 
Rhododendron (viscosum) 0.05% 36 
Bartonia (virginica) 0.04% 37 
Aralia (nudicaulis) 0.04% 38 
Eurybia (spectabilis) 0.03% 39 
Nyssa (sylvatica) 0.03% 40 
Sassafras (albidum) 0.03% 41 
Parthenocissus (quinquefolia) 0.02% 42 
Celastrus (orbiculatus) 0.02% 43 
Maianthemum (canadense) 0.01% 44 
Calystegia (sepium) 0.01% 45 
Chimaphila (maculata) 0.01% 45 
Nuttallanthus (canadensis) 0.01% 45 
Hedera (helix) 0.01% 46 
Ilex (opaca) 0.01% 46 
Monotropa (uniflora) 0.00% 47 
Betula 0.00% 48 
Poa 0.00% 48 
Viola 0.00% 48 
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Appendix 4 

NEC Food Preference Ranking - Average Differences from Individual Site Rankings 

Genus Difference Preference 
Populus -14.83 More Preferred 
Poa -9.33 More Preferred 
Crataegus -8.00 More Preferred 
Panicum -7.83 More Preferred 
Bromus -7.50 More Preferred 
Agrostis -7.17 More Preferred 
Rosa -7.00 More Preferred 
Vitis -6.67 More Preferred 
Betula -5.83 More Preferred 
Festuca -5.50 More Preferred 
Rubus -4.67 More Preferred 
Myrica -3.67 More Preferred 
Acer -3.33 More Preferred 
Ilex -3.33 More Preferred 
Aristida -3.17 More Preferred 
Elaeagnus -3.00 More Preferred 
Gaylussacia -2.83 More Preferred 
Pinus -2.83 More Preferred 
Berberis -2.33 More Preferred 
Gaultheria -2.00 More Preferred 
Salix -1.83 More Preferred 
Calamagrostis -1.50 More Preferred 
Andropogon -1.00 More Preferred 
Deschampsia -1.00 More Preferred 
Rhus -0.67 More Preferred 
Carex 0.50 Less Preferred 
Juncus 0.50 Less Preferred 
Viburnum 0.50 Less Preferred 
Cornus 0.67 Less Preferred 
Achillea 0.83 Less Preferred 
Lonicera 0.83 Less Preferred 
Parthenocissus 0.83 Less Preferred 
Vaccinium 0.83 Less Preferred 
Alnus 1.00 Less Preferred 
Digitaria 1.00 Less Preferred 
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Danthonia 1.17 Less Preferred 
Antennaria 1.33 Less Preferred 
Artemisia 1.33 Less Preferred 
Lyonia 1.33 Less Preferred 
Trifolium 1.33 Less Preferred 
Viola 1.50 Less Preferred 
Hedera 1.67 Less Preferred 
Chimaphila 1.83 Less Preferred 
Nuttallanthus 1.83 Less Preferred 
Maianthemum 2.00 Less Preferred 
Sassafras 2.33 Less Preferred 
Aralia 2.50 Less Preferred 
Nyssa 2.50 Less Preferred 
Juniperus 2.67 Less Preferred 
Bartonia 2.83 Less Preferred 
Melampyrum 2.83 Less Preferred 
Corylus 3.00 Less Preferred 
Dichanthelium 3.17 Less Preferred 
Monotropa 3.17 Less Preferred 
Rhododendron 3.33 Less Preferred 
Schizachyrium 3.33 Less Preferred 
Smilax 3.33 Less Preferred 
Calystegia 3.50 Less Preferred 
Amelanchier 3.67 Less Preferred 
Celastrus 3.83 Less Preferred 
Morella 4.00 Less Preferred 
Potentilla 4.00 Less Preferred 
Quercus 4.00 Less Preferred 
Spiraea 4.00 Less Preferred 
Clethra 4.17 Less Preferred 
Eurybia 4.17 Less Preferred 
Aronia 4.33 Less Preferred 
Epigaea 4.67 Less Preferred 
Toxicodendron 6.00 Less Preferred 
Comptonia 6.17 Less Preferred 
Solidago 6.17 Less Preferred 
Pyrola 6.50 Less Preferred 
Baptisia 7.00 Less Preferred 
Lysimachia 8.00 Less Preferred 
Mosses, Ferns, & Fern Allies 8.17 Less Preferred 
Frangula 8.83 Less Preferred 
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Polygonatum 8.83 Less Preferred 
Prunus 13.33 Less Preferred 
Kalmia 17.17 Less Preferred 
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Appendix 5 

NEC Food Preference Ranking - All Resource Availability Sites Combined 

Genus Difference Preference 
Populus -42 More Preferred 
Bromus -36 More Preferred 
Panicum -36 More Preferred 
Crataegus -35 More Preferred 
Poa -32 More Preferred 
Pinus -29 More Preferred 
Betula -27 More Preferred 
Vitis -27 More Preferred 
Ilex -26 More Preferred 
Rosa -26 More Preferred 
Aristida -25 More Preferred 
Myrica -24 More Preferred 
Berberis -23 More Preferred 
Agrostis -22 More Preferred 
Acer -21 More Preferred 
Elaeagnus -20 More Preferred 
Salix -18 More Preferred 
Deschampsia -17 More Preferred 
Calamagrostis -15 More Preferred 
Rhus -13 More Preferred 
Achillea -12 More Preferred 
Cornus -11 More Preferred 
Digitaria -10 More Preferred 
Danthonia -9 More Preferred 
Festuca -8 More Preferred 
Alnus -7 More Preferred 
Carex -7 More Preferred 
Antennaria -6 More Preferred 
Artemisia -6 More Preferred 
Lyonia -6 More Preferred 
Parthenocissus -6 More Preferred 
Trifolium -6 More Preferred 
Viburnum -5 More Preferred 
Viola -5 More Preferred 
Monotropa -4 More Preferred 
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Smilax -4 More Preferred 
Andropogon -3 More Preferred 
Hedera -3 More Preferred 
Calystegia -2 More Preferred 
Chimaphila -2 More Preferred 
Nuttallanthus -2 More Preferred 
Rubus -2 More Preferred 
Maianthemum -1 More Preferred 
Celastrus 0 Neutral 
Gaylussacia 1 Less Preferred 
Vaccinium 1 Less Preferred 
Sassafras 2 Less Preferred 
Nyssa 3 Less Preferred 
Quercus 3 Less Preferred 
Eurybia 4 Less Preferred 
Gaultheria 4 Less Preferred 
Aralia 5 Less Preferred 
Corylus 5 Less Preferred 
Dichanthelium 5 Less Preferred 
Bartonia 6 Less Preferred 
Melampyrum 7 Less Preferred 
Rhododendron 7 Less Preferred 
Potentilla 8 Less Preferred 
Juniperus 9 Less Preferred 
Lonicera 9 Less Preferred 
Epigaea 10 Less Preferred 
Juncus 10 Less Preferred 
Mosses, Ferns, & Fern Allies 12 Less Preferred 
Morella 13 Less Preferred 
Amelanchier 14 Less Preferred 
Pyrola 14 Less Preferred 
Schizachyrium 15 Less Preferred 
Clethra 17 Less Preferred 
Aronia 18 Less Preferred 
Comptonia 18 Less Preferred 
Solidago 19 Less Preferred 
Spiraea 19 Less Preferred 
Lysimachia 22 Less Preferred 
Polygonatum 26 Less Preferred 
Prunus 28 Less Preferred 
Toxicodendron 29 Less Preferred 
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Baptisia 31 Less Preferred 
Frangula 33 Less Preferred 
Kalmia 39 Less Preferred 
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