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(ABSTRACT) 

I examined the relationship of bird assemblages and species to habitat patterns over 

landscapes composed of a mosaic of habitat elements. I surveyed songbirds using a 

variation of the variable circular plot method during the 1994 and 1995 breeding seasons 

on 20 sites ranging in size from 50 to 72 ha on the Quantico Marine Corps Base, VA. 

Measures of community performance including species diversity, species richness, species 

equitability, and indices of relative abundance were calculated for each site. I determined 

the large-scale habitat characteristics of each site by analyzing coverages of each site from 

Quantico’s GIS database using FRAGSTATS. Landscape patches were defined using 2 

' different classification schemes to determine if both SAF cover type and generalized 

habitat classifications could be used to determine which large-scale habitat elements 

influence bird species and assemblages. I used stepwise multiple regression and stepwise 

logistic regression to determine which large-scale habitat measures and combinations 

thereof were associated with high and low measures of community performance. 

Diversity as measured by the Shannon-Wiener diversity index and the Simpson’s 

diversity index was positively related to the amount of high-contrast edge in a landscape in



the SAF cover type based analysis. In the generalized habitat type based analysis, diversity 

was positively related to the number of different patch types per unit area in a landscape 

and negatively related to the percentage of hardwood forest in a landscape. 

The number of different patch types per unit area, the amount of contrast-weighted 

edge per unit area, and the percentage of mixed pine/hardwood forest in a landscape were 

selected most frequently as significant predictors of individual species relative abundance 

in both the SAF cover type and generalized habitat type based analyses. 

Habitat diversity was the most important factor influencing the large-scale 

selection of habitat by bird species on Quantico. With respect to individual species 

models, the 2 analyses yielded comparable results, and I believe that many of the common 

bird species occurring on Quantico can be managed according to either the SAF cover 

type classifications or the generalized habitat type classifications.
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INTRODUCTION 

There is a growing concern over the status of many species of North American 

breeding birds. This concern is based on the numerous studies that have indicated 

breeding bird populations have declined dramatically during the last several decades in 

many parts of North America (Wilcove and Terborgh 1984, Morton and Greenberg 1989, 

Terborgh 1989, Askins et al. 1990). This decline is particularly well documented for 

populations of Neotropical migratory birds that breed in forests and grasslands of the 

eastern United States and Canada (Hutto 1988, Robbins et al. 1989, Johnston and Hagan 

1989). The 2 primary causes cited for the serious decline of Neotropical migrants are 

fragmentation of habitat on their temperate breeding grounds and the large-scale loss of 

habitat on their tropical wintering grounds, both a result of urban and suburban expansion, 

agriculture, and deforestation (Terborgh 1989, Askins et al. 1990, Finch 1991). There is 

some debate as to which of these has the greatest impact on Neotropical migrants. There 

is a substantial amount of evidence supporting each and some researchers believe the 

decline is likely a function of the cumulative effects of both (Morton and Greenberg 1989, 

Askins et al. 1990). 

Studies on the effects of forest fragmentation on breeding birds in the eastern 

United States are extensive and indicate that the detrimental effects of forest 

fragmentation on Neotropical migrants are numerous (see review in Askins 1990). 

Among them are loss of habitat, higher predation rates, increased cowbird parasitism, and



increased intraspecific and interspecific competition (Whitcomb et al. 1981, Brittingham 

and Temple 1983, Wilcove 1985, Hutto 1988, Terborgh 1989, Faaborg et al. 1993). 

There is an urgency to develop management plans that will improve the quality 

(and possibly quantity) of habitat for Neotropical migrants. This urgency has led to a 

surge in research on the needs of Neotropical migrants and on their relationship to their 

environment (Askins et al. 1990). Neotropical migratory birds represent a diverse group 

of organisms that require a broad array of often disparate habitat conditions. Developing 

management plans for their protection and recovery is therefore complicated. A relatively 

new approach in dealing with this problem is the development of statistical models that 

simplify the relationships between birds and habitat and facilitate population management 

(Schamberger and O’Neil 1986). 

Modeling wildlife-habitat relationships has become an increasingly useful tool in 

contemporary wildlife management, particularly with respect to birds (Verner 1986). 

Knowledge of ecological relationships has broadened immensely in recent history and has 

shown how complex and intricate the relationships between wildlife and habitat truly are. 

Modeling is one potentially effective solution to the problem of managing dynamic wildlife 

populations in a highly varied and changing environment (Shugart and Urban 1986). 

Habitat models may be used to predict the distribution and abundance of species, assess 

the suitability of habitat, and to predict what effects changes in habitat might have on a 

population. Wildlife-habitat relationship modeling has traditionally been limited to a single 

species [e.g. Habitat Suitability Index (HSI) models, Pattern Recognition (PATREC) 

models, Habitat Capability (HC) models] (Berry 1986). However, as our knowledge of



ecological processes expands, so does the development of modeling techniques. The trend 

in modeling has been from single species models to multiple species or community models. 

The obvious advantage to multiple species models is the ability to manage an assemblage 

of species under a single management plan (Graul and Miller 1984, Schroeder 1992). 

A common approach to understanding the relationships of bird species and habitat 

is to examine the relationship of a single bird species to a specific vegetative character 

such as what might be found in an individual’s territory (Shugart and Urban 1986). 

However, it is evident that bird populations are limited not only by the individual patches 

they occupy but are affected by the surrounding landscape as well (Freemark et. al. 1993). 

Freemark and Collins (1989) discussed this relationship in terms of landscape 

context. They found that the relationship of forest fragments to the surrounding 

landscape, specifically to the proportion of forest nearby or the proximity to larger forests, 

affected the abundance and distribution of bird species. Similarly, Whitcomb et al. (1981) 

found that the degree of isolation of forest fragments significantly influenced the 

distribution and abundance of bird species. They acknowledged that the concept of 

landscape context goes much further and includes the interrelatedness of forest patches 

within forest fragments. They presented a number of examples that illustrate the complex 

relationship between spatiotemporal habitat heterogeneity and bird distribution and 

diversity (see review in Whitcomb et al. 1981). Hagan et al. (1995) looked at the 

importance of landscape context to bird assemblages and species in another way. They 

calculated a series of contrast indices for stand type, age, and closure which described the 

degree of difference between a sampled stand and surrounding stands within a 1-km



radius. They found that the presence or absence of a number of bird species was related 

to the amount of similar habitat within a 1-km radius of where the species was detected 

(homogeneous landscapes). 

An important consideration in examining the relationship of birds and habitat is 

spatial scale. Spatial scale greatly influences the perceived relatedness of bird species and 

assemblages and habitat (Wiens et al. 1987, Steele 1992). Birds select habitat at a number 

of different spatial scales. Those habitat features selected at one scale may not be selected 

at another. Indeed, most of the studies examining habitat associations at more than one 

spatial scale have found at least some species that selected different habitat features 

between scales (Steele 1992). 

Another important consideration in describing relationships of bird species and 

habitat is habitat definition. As Whitcomb et al. (1981) aptly point out, “even an 

apparently uniform expanse of forest is, at some level of discrimination, a mosaic of 

habitat patches.” A landscape mosaic is defined by the patches that compose it. Patches 

may be defined in narrow or broad terms (Schamberger and O’Neil 1986). The way in 

which these patches are defined influences the results of habitat models which in turn 

affects the perceived relatedness of birds and habitat (Schamberger and O’Neil 1986). 

The perception of the relationship between birds and habitat is particularly important from 

a management perspective because it is the foundation of avian management and 

conservation planning. 

My approach, then, was to examine the needs of individual species as well as 

entire assemblages of birds over landscapes composed of a mosaic of habitat elements.



My principle objective was to determine which large-scale habitat elements influence bird 

assemblage diversity and individual bird species abundance. I had 2 specific objectives: 

1. To determine species richness, relative species diversity, and relative abundance 

of bird assemblages and species on sites of varying landscape diversity. 

2. To develop quantitative models for bird assemblages and species based on 

specific and general habitat classifications. 

STUDY AREA 

The Quantico Marine Corps Base, Quantico, Virginia is located on the west bank 

of the Potomac River in Stafford, Prince William, and Fauquier Counties, approximately 

35 miles south of Washington, DC. It encompasses > 24,300 hectares and is divided into 

the eastern Coastal Plain section (2,830 ha) and the western Piedmont Region section 

(21,530 ha) (Natural Resources Conservation Report 1993). A range of habitat types is 

represented on Quantico including woodlands, shrublands, grasslands, and wetlands, all of 

which are subject to natural resource management programs. 

Approximately 21,600 ha of Quantico are forested (Natural Resources 

Conservation Report 1993). General forest cover types include hardwood, 

pine-hardwood, and pine. Banker (1994) found that most hardwood stands on Quantico 

were dominated by oaks (Quercus spp.), hickories (Carya spp.), yellow poplar 

(Liriodendron tulipifera), sweetgum (Liquidambar styraciflua) and red maple (Acer 

rubrum). Pine-hardwood stands were dominated primarily by Virginia pine (Pinus 

virginianus) and oak. Pine stands were dominated by either a mixture of loblolly (P.



taeda) and shortleaf (P. echinata) pine or Virginia pine. Approximately 1,660 ha of 

Quantico is nonforested habitat; primarily native grass and early successional shrublands. 

The remaining area is improved grounds, including managed turf grass and developed 

areas (Natural Resources Conservation Report 1993). 

STUDY SITE SELECTION 

Ten sites of approximately 60 ha each were stratified randomly selected and 

established each field season (n = 20) (Figure 1). It was necessary to confine site selection 

to those areas of the base where daily or every-other-day access was assured. I sampled a 

gradient of sites with respect to the relative apparent degree of fragmentation or 

patchiness. To facilitate this, we generated a forest stand coverage map of the base using 

ArcView (ESRI 1994). I assumed that smaller patches were associated with areas of 

greater fragmentation and larger patches were associated with areas of lower 

fragmentation. Each forest stand was classified by size class (<6 ha, 8-15 ha, and 20-30 

ha) and assigned a number. Stands within each size class were then selected at random. A 

clear, plastic template (60 ha) was aligned on the center of the stand and was used to 

determine the fragmentation category of that potential site. Fragmentation categories 

were defined by the range of degrees of fragmentation that could reasonably be found on 

Quantico and included low (<4 patches), medium (5-7 patches), and high (> 8 patches) 

fragmentation. Sites were selected and categorized until 3 minimally, 4 moderately, and 3 

highly fragmented sites were obtained each season.
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FIELD METHODS 

Birds 

Data collection began the first week in May and ended the second week in August 

in 1994 and 1995. A variation of the variable-circular plot method (Reynolds et al. 1980) 

was utilized. Point-count surveying was chosen over other survey techniques because of 

Ne 

its flexibility of use in a variety of habitats, the ability to sample the largest area per unit of 

effort, and its relative ease of implementation in the field (Verner 1985a, Verner 1985b). 

Twelve point-count stations were established at each site. This number 

represented the number of stations a single observer could effectively cover in 1 survey 

morning. Stations were evenly distributed (250 m apart) throughout each site starting 

from a randomly selected location. A separation distance of 250 m was used to obtain an 

accurate representation of the bird assemblage on each study site while minimizing the 

likelihood of dual counts of individuals between and among points. 

Point-count surveys began 15 minutes prior to official sunrise and continued until 

each of the 12 stations had been surveyed. Each survey lasted 8 minutes and no 

acclimation period was used. This survey time period was chosen as a compromise 

between maximizing the potential number of birds detected during a counting period 

while minimizing the risk of counting individuals more than once during a single point- 

count survey (Verner 1988). Additionally, it allowed us to adequately visit and travel 

between each of the 12 point-count stations within the first 4 hours after sunrise when bird



activity is at its daily peak (Robbins 1981). Surveys were not performed during inclement 

weather including rain, dense fog, and high wind (>10 km/hr). 

Prior to the initiation of a survey, the site number, the observer, the date, the visit 

number, the point-count station number, and the starting time were recorded. When an 

individual bird was detected, its species was determined and its position from the point 

was estimated (Om-10m, 11m-20m, 21m-30m, 31m-50m, 71m-90m, >90m). Distance 

intervals were used to minimize the effects of human error and distance estimation bias. 

Birds that were detected flying over or through the plot were recorded in a separate 

category (fly). Additionally, bird species detected within the study site while the observer 

was traveling between stations (but not detected during surveys) were recorded. These 

observations were used in the determination of species richness for a particular site only. 

Each site was surveyed 8 times. After the first 4 sampling periods, the order in which the 

stations were sampled was reversed so that all stations had an opportunity to be sampled 

during the early morning peak in bird activity. 

Habitat 

Habitat data were obtained from the Quantico Marine Corps Base’s Geographical 

Information System (GIS) database. Themes used in the evaluation included forest stands, 

roads, creeks, ponds, rivers, and topography.



ANALYTICAL METHODS 

Birds 

Using program DISTANCE (Laake et al. 1993), densities were calculated by site 

for species having >20 individuals observed in that site. Additionally, abundance indices, 

defined as the number of individuals observed of a species per station per visit were 

calculated for all species on each site. A correlation analysis was performed to determine 

if density estimates and abundance indices were correlated. The analysis indicated that 

they were highly correlated and supported the use of abundance indices as appropriate 

indicators of density. 

Four bird assemblage measures were calculated for each site: Simpson’s diversity 

index, the Shannon-Wiener diversity index, Pielou’s equitability index (Pielou 1966, Peet 

1974, Ludwig and Reynolds 1988, Krebs 1989) and the total number of species detected 

(Table 1). 

Habitat 

Habitat was evaluated at a large scale and was analyzed using FRAGSTATS 

(McGarigal and Marks 1995). The Global Positioning System (GPS) was used to 

determine the location of each point count station in each site. A coverage of point-count 

stations was generated in PC Arc Info for each site using the coordinates obtained from 

GPS. Then in UNIX-Arc Info, a polygon coverage was generated for each site by using 

the 8 outermost points of each site as vertices. This new polygon coverage was then 

10



Table 1. Mnemonic codes, definitions, and formulas for measures used to describe bird 

assemblages in study sites on the Quantico Marine Corps Base, VA. 1994 and 1995. 
  

  

Mnemonic Code Definition Formula 

TOTSPP Total number of species detected in site 

H’ Shannon-Wiener Diversity Index »(p))(logyopi) 
pi = Proportion of total sample 
belonging to the ith species 

J Pielou’s Equitability Index B’/Binax 
H’ = Shannon-Wiener Index 

H' max = logioS 

(S = # of species in community) 

SIMP 1 - Simpson’s Diversity Index 1 - > [n;(n,-1)/N(N-1)] 
nj = # of individuals in ith sample 
N = Total # of species in the 
sample (3-nji) 

11



buffered 100 meters, an area representing the effective area sampled for birds. This 

buffered coverage was then superimposed on the forest stand coverage obtained from the 

Quantico Marine Corps Base and used to “clip” out the corresponding forest stand 

coverage. The clipped coverage for each site was then analyzed using the vector version 

of FRAGSTATS (UNIX based) on a SUN workstation. 

Each stand of the forest stand coverage provided by Quantico was defined 

according to Society of American Foresters (SAF) cover type classifications (Eyre 1980) 

and age in years (Table 2). A new coverage was created for each site by redefining the 

cover type classifications into generalized habitat type classifications that incorporated age 

class (0-1, 2-10, 11-30, 31-70, >70 yrs.) and general habitat type (pine, hardwood, 

pine/hardwood mix, other) (Table 2). Age classes were defined to reflect perceived forest 

stand successional stages on Quantico (i.e. clearcut/seedling, sapling, pole, mature, old 

growth). The new coverage for each site was analyzed as before using FRAGSTATS. 

FRAGSTATS generates a number of patch, class, and landscape indices 

(McGarigal and Marks 1995). Indices were selected based on their perceived relevance to 

bird species and communities as well as their relevance to the objectives of this study 

(Table 3). Additionally, indices were selected to eliminate comparable measurements. A 

number of the indices generated by FRAGSTATS are partially or completely redundant 

(McGarigal and Marks 1995). 
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Table 2. SAF cover type and generalized habitat type classifications used to define forest 
stands on the Quantico Marine Corps Base, VA. 1994 and 1995. 
  

Classification Code 
  

SAF Cover Type 

  

Field/shrub - early succession 4 
Native Grass 5 
Managed Turf/agriculture 6 
Clearcut 7 
Chestnut oak 44 
White oak/black oak/northern red oak 52 
White oak 53 

Yellow poplar 37 
Yellow poplar/eastern hemlock 58 

Yellow poplar/white oak/northern red oak 59 
River birch/sycamore 61 

Pin oak/sweetgum 65 
Virginia pine/oak 78 
Virginia pine 79 

Loblolly pine 81 

Loblolly pine/hardwood 82 
Sweetgum/yellow poplar 87 

Generalized Habitat Type 

Field/shrub - early succession 4 
Native Grass 5 
Managed Turf/agriculture 6 
Clearcut (forest, age 0-1) 7 

Pine, age 2-10 12 

Pine, age 11-30 13 
Pine, age 31-70 14 
Pine, age > 70 15 
Hardwood, age 2-10 22 

Hardwood, age 11-30 23 

Hardwood, age 31-70 24 
Hardwood, age > 70 25 

Pine/hdwd mix, age 2-10 32 
Pine/hdwd mix, age 11-30 33 
Pine/hdwd mix, age 31-70 34 
Pine/hdwd mix, age > 70 35 
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Table 3. Habitat measures* used as independent variables in the development of multiple 
regression and logistic regression models for bird species and assemblages on the Quantico Marine 

Corps Base, VA. 1994 and 1995. 
  

  

Mnemonic Code Units Description 

AGE1 % Percentage of landscape made up of 0 -10 year old 
forest patches. 

AGE2 % Percentage of landscape made up of 11-30 year old 
forest patches. 

AGE3 % Percentage of landscape made up of 31-70 year old 
forest patches. 

AGE4 % Percentage of landscape made up of > 70 year old 
forest patches. 

CWED m/ha Contrast-weighted edge density. Incorporates both 
edge density and edge contrast in a single index. 

ED m/ha Edge density. Linear measure of amount of edge per 
unit area. 

HDWD % Percentage of landscape made up of hardwood patch 
types. 

IJI % Interspersion and Juxtaposition Index. A measure of 

the extent to which patch types are interspersed. 

MIX % Percentage of landscape made up of pine/hardwood 
mix patch types. 

NCA Number core areas. Number of disjunct core areas 

(i.e. internal patch area > 100 m from patch edge) in 
landscape. 

PD #/100 ha Patch density. Number of habitat patches per unit 

area. 

PINE % Percentage of landscape made up of pine patch types. 

PRD #/100 ha Patch richness density. Number of patch types per 
unit area. 

SHEI Shannon’s evenness index. A measure of the 

distribution of area among patch types. 

TCAI % Total core area index. Percentage of landscape that 
is core area. 

* See McGarigal and Marks (1995) for formulas and more detailed descriptions of habitat measures. 
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Data Analysis 

Multicollinearity diagnostics were performed on all independent variables. Those 

variables accounting for the highest degree of multicollinearity were removed. Eleven 

independent variables were included in the SAF cover type coverage analysis: patch 

density (PD), edge density (ED), contrast-weighted edge density (CWED), number of 

core areas (NCA), total core area index (TCAI), patch richness density (PRD), Shannon’s 

evenness index (SHE]), interspersion and juxtaposition index (IJI), percentage of 

landscape made up of pine (PINE), percentage of landscape made up of hardwood 

(HDWD), and percentage of landscape made up of pine/hardwood mix (MIX). Fifteen 

independent variables were included in the generalized habitat type coverage analysis. 

This number included all of the independent variables used in the SAF cover type coverage 

analysis with the addition of percentage of landscape made up of forest, age 0-10 years 

(AGE), age 11-30 years (AGE2), age 31-70 years (AGE3), and age > 70 years (AGE4). 

Stepwise multiple linear regression was used to determine which habitat measures 

were significant predictors of bird assemblage diversity and species abundance (Meyers 

1986, SAS Institute 1989). Only those bird species occurring in > 17 sites were included 

in the single species analysis (Appendix A). For species occurring in < 17 sites, data were 

converted to a binary, presence and absence response and stepwise logistic regression was 

performed (Hosmer and Lemeshow 1989, SAS Institute 1989). In both the stepwise 

multiple linear regression and the stepwise logistic regression, the significance level for a 
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variable to enter a model was set at .25 (SLE = .25) and the significance level for a 

variable to stay in a model was set at .1 (SLS = .1). 

RESULTS 

Models Based On SAF Cover Type Classifications 

Habitat Measures.--Eleven habitat variables were used in the stepwise multiple 

regression analysis based on SAF cover type classifications for bird assemblages and for 

species occurring in > 17 sites. Each variable appeared in at least one model. The same 

habitat variables were used in the stepwise logistic regression analysis based on SAF cover 

type classifications for bird species occurring in < 17 sites. Of these variables, patch 

density, edge density, number of core areas, and total core area index were not significant 

in any logistic regression models. 

Patch richness density was selected most often as a significant predictor of bird 

species abundance, appearing in 11 of the 36 species models developed using multiple 

regression (Table 4) and logistic regression (Table 5). In 6 of the 11 models, species 

abundance was negatively related to patch richness density. The percentage of 

pine/hardwood forest in a landscape appeared in 6 of the 36 models and was positively 

related to species abundance in 5 of these. Contrast-weighted edge density appeared in 5 

models and was positively related to species abundance in 3 of these. The remaining 

habitat measures appeared in < 4 species models each. Edge density was selected least 

often as a significant predictor of species abundance, appearing in 1 model. 
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�P�I�N�E� �0�.�1�5�0� �0�.�0�6�9� �4�.�6�9�1� �0�.�0�3�0� 

�W�h�i�t�e�-�e�y�e�d� �v�i�r�e�o� �I�n�t�e�r�c�e�p�t� �4�.�5�6�0� �2�.�6�6�7� �2�.�9�2�3� �0�.�0�8�7� �8�0� �8�8�.�9� �7�2�.�7� 
�L�I� �0�.�0�8�2� �0�.�0�4�7� �3�.�0�8�9� �0�.�0�7�9� 

�C�o�m�m�o�n� �y�e�l�l�o�w�t�h�r�o�a�t� �I�n�t�e�r�c�e�p�t� �-�4�.�5�8�2� �2�.�6�5�6� �2�.�9�7�5� �0�.�0�8�5� �8�5� �9�1�.�7� �7�5�.�0� 
�U�I� �0�.�0�9�9� �0�.�0�5�0� �3�.�9�9�7� �0�.�0�4�6� 

�R�u�f�o�u�s�-�s�i�d�e�d� �t�o�w�h�e�e� �I�n�t�e�r�c�e�p�t� �-�2�.�0�5�1� �1�4�6�3� �1�.�9�6�5� �0�.�1�6�1� �6�5� �7�5�.�0� �5�0�.�0� 
�P�R�D� �0�.�3�2�9� �0�.�1�8�9� �3�.�0�4�5� �0�.�0�8�1� 

�P�e�r�m�a�n�e�n�t� �R�e�s�i�d�e�n�t�s� 
�H�a�i�r�y� �w�o�o�d�p�e�c�k�e�r� �I�n�t�e�r�c�e�p�t� �4�.�1�8�3� �2�.�0�9�8� �3�.�9�7�5� �0�.�0�4�6� �6�5� �7�8�.�6� �3�3�.�3� 

�C�W�E�D� �-�~�0�.�0�8�9� �=� �0�.�0�5�2� �2�.�9�1�3� �0�.�0�8�8� 
� � 

�*� �S�e�e� �T�a�b�l�e� �3�.� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �h�a�b�i�t�a�t� �m�e�a�s�u�r�e�s�.� 
�©� �S�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �g�r�e�a�t�e�r� �v�a�l�u�e� �b�a�s�e�d� �o�n� �t�h�e� �W�a�l�d� �3�?� �s�t�a�t�i�s�t�i�c�.� 
�*� �P�e�r�c�e�n�t�a�g�e� �o�f� �a�l�l� �r�e�s�p�o�n�s�e�s� �t�h�a�t� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�.� 
�4� �P�e�r�c�e�n�t�a�g�e� �o�f�  ��e�v�e�n�t �� �r�e�s�p�o�n�s�e�s� �t�h�a�t� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �t�o� �b�e�  ��e�v�e�n�t ��.� 
�*� �P�e�r�c�e�n�t�a�g�e� �o�f�  ��n�o� �e�v�e�n�t �� �r�e�s�p�o�n�s�e�s� �t�h�a�t� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �t�o� �b�e�  ��n�o� �e�v�e�n�t ��.� 
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�B�i�r�d� �A�s�s�e�m�b�l�a�g�e� �M�o�d�e�l�s�.�-�-�F�o�u�r� �m�e�a�s�u�r�e�s� �o�f� �b�i�r�d� �a�s�s�e�m�b�l�a�g�e� �d�i�v�e�r�s�i�t�y� �a�n�d� �b�i�r�d� 

�a�s�s�e�m�b�l�a�g�e� �r�i�c�h�n�e�s�s� �w�e�r�e� �m�o�d�e�l�e�d� �u�s�i�n�g� �s�t�e�p�w�i�s�e� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n� �(�T�a�b�l�e� �4�)�.� �A�l�l� �b�i�r�d� 

�a�s�s�e�m�b�l�a�g�e� �m�o�d�e�l�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�P� �<� �0�.�0�1�)�.� �T�h�e� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�3�2� 

�t�o� �0�.�6�7�.� 

�T�h�e� �m�o�d�e�l� �f�o�r� �P�i�e�l�o�u ��s� �e�q�u�i�t�a�b�i�l�i�t�y� �i�n�d�e�x� �y�i�e�l�d�e�d� �t�h�e� �h�i�g�h�e�s�t� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�6�7� �a�n�d� 

�i�n�c�o�r�p�o�r�a�t�e�d� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s�,� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� 

�f�o�r�e�s�t�.� �T�h�e� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �a�m�o�n�g� 

�s�p�e�c�i�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �a�n�d� �t�o� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� 

�i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �S�i�m�p�s�o�n ��s� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �m�o�d�e�l� �y�i�e�l�d�e�d� �a�n� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�6�2� �a�n�d� 

�i�n�c�o�r�p�o�r�a�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �a�n�d� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-� 

�j�u�x�t�a�p�o�s�i�t�i�o�n� �i�n�d�e�x�.� �D�i�v�e�r�s�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�i�s� �i�n�d�e�x� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �e�d�g�e� 

�p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �b�o�t�h� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-� 

�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n� �o�f� �p�a�t�c�h�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �S�h�a�n�n�o�n�-�W�i�e�n�e�r� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �m�o�d�e�l� �y�i�e�l�d�e�d� �a�n� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�4�2� 

�a�n�d� �i�n�c�o�r�p�o�r�a�t�e�d� �a� �s�i�n�g�l�e� �r�e�g�r�e�s�s�o�r�,� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�.� �T�h�e� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� 

�t�h�a�t� �d�i�v�e�r�s�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�i�s� �i�n�d�e�x� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-� 

�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �m�o�d�e�l� �f�o�r� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �y�i�e�l�d�e�d� �t�h�e� �l�o�w�e�s�t� 

�a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�3�2� �a�n�d� �i�n�c�o�r�p�o�r�a�t�e�d� �1� �r�e�g�r�e�s�s�o�r�,� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-�j�u�x�t�a�p�o�s�i�t�i�o�n� 

�2�0



�i�n�d�e�x� �.� �S�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n� �o�f� �p�a�t�c�h�e�s� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� 

�s�p�e�c�i�e�s� �A�b�u�n�d�a�n�c�e� �M�o�d�e�l�s�.�-�-�M�u�l�t�i�p�l�e� �R�e�g�r�e�s�s�i�o�n� �A�n�a�l�y�s�i�s� 

�T�w�e�n�t�y�-�s�i�x� �b�i�r�d� �s�p�e�c�i�e�s� �w�e�r�e� �m�o�d�e�l�e�d� �u�s�i�n�g� �s�t�e�p�w�i�s�e� �m�u�l�t�i�p�l�e� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� 

�(�T�a�b�l�e� �4�)�.� �T�h�e� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�1�1� �(�b�l�u�e�-�g�r�a�y� �g�n�a�t�c�a�t�c�h�e�r�,� �C�a�r�o�l�i�n�a� 

�c�h�i�c�k�a�d�e�e�,� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r�)� �t�o� �0�.�7�4� �(�w�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h�)�.� �T�h�e� �m�o�d�e�l�s� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �b�l�u�e�-�g�r�a�y� �g�n�a�t�c�a�t�c�h�e�r�,� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r�,� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e�,� �a�n�d� 

�e�a�s�t�e�r�n� �t�u�f�t�e�d� �t�i�t�m�o�u�s�e� �w�e�r�e� �m�a�r�g�i�n�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �(�0�.�0�5�<�P�<�0�.�1�)�.� �M�o�d�e�l�s� �w�e�r�e� �n�o�t� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �6� �s�p�e�c�i�e�s� �(�b�l�u�e� �j�a�y�,� �m�o�u�r�n�i�n�g� �d�o�v�e�,� �n�o�r�t�h�e�r�n� �p�a�r�u�l�a�,� �p�i�n�e� �w�a�r�b�l�e�r�,� �r�e�d�-� 

�b�e�l�l�i�e�d� �w�o�o�d�p�e�c�k�e�r�,� �y�e�l�l�o�w�-�t�h�r�o�a�t�e�d� �v�i�r�e�o�)� �b�e�c�a�u�s�e� �n�o� �r�e�g�r�e�s�s�o�r�s� �m�e�t� �t�h�e� �0�.�2�5� 

�s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �c�r�i�t�e�r�i�o�n� �t�o� �e�n�t�e�r� �t�h�e� �m�o�d�e�l� �o�r� �t�h�e� �0�.�1� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �c�r�i�t�e�r�i�o�n� �t�o� �s�t�a�y� 

�i�n� �t�h�e� �m�o�d�e�l�.� 

�F�i�v�e� �s�p�e�c�i�e�s�,� �e�a�s�t�e�r�n� �w�o�o�d�-�p�e�e�w�e�e�,� �o�v�e�n�b�i�r�d�,� �L�o�u�i�s�i�a�n�a� �w�a�t�e�r�t�h�r�u�s�h�,� �h�o�o�d�e�d� 

�w�a�r�b�l�e�r�,� �a�n�d� �s�c�a�r�l�e�t� �t�a�n�a�g�e�r� �h�a�d� �m�o�d�e�l�s� �t�h�a�t� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �P� �<� �0�.�0�5� �b�u�t� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �0�.�0�1� �l�e�v�e�l� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e�.� �T�h�e� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �f�o�r� �a�l�l� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� 

�w�a�s� �<� �0�.�2�7�.� �T�h�e� �e�l�e�v�e�n� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �m�o�d�e�l�s� �t�h�a�t� �w�e�r�e� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�0�.�0�1�)� 

�h�a�d� �a�d�j�u�s�t�e�d� �R�?� �v�a�l�u�e�s� �>� �0�.�2�8� �(�y�e�l�l�o�w�-�b�i�l�l�e�d� �c�u�c�k�o�o�,� �a�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r�,� �w�o�o�d� �t�h�r�u�s�h�,� �r�e�d�-� 

�e�y�e�d� �v�i�r�e�o�,� �A�m�e�r�i�c�a�n� �c�r�o�w�,� �w�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h�,� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d�,� �d�o�w�n�y� 

�w�o�o�d�p�e�c�k�e�r�,� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r�,� �C�a�r�o�l�i�n�a� �w�r�e�n�,� �N�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l�)�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �i�m�p�o�r�t�a�n�t� �t�r�e�n�d�s� �a�n�d� �p�a�t�t�e�r�n�s� �i�n� �t�h�e� �d�a�t�a�,� �o�n�l�y� �t�h�o�s�e� �s�p�e�c�i�e�s� �m�o�d�e�l�s� �t�h�a�t� 

�w�e�r�e� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�0�.�0�1�)� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l� �(�T�a�b�l�e� �4�)�.� 

�2�1



�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �y�e�l�l�o�w�-�b�i�l�l�e�d� �c�u�c�k�o�o�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �4�3�%� �o�f� �t�h�e� 

�v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e�i�r� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �n�u�m�b�e�r� �o�f� �c�o�r�e� 

�a�r�e�a�s� �a�n�d� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�.� �T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �y�e�l�l�o�w�-�b�i�l�l�e�d� �c�u�c�k�o�o�s� �w�a�s� 

�p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �b�o�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� 

�p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �a�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �4�4� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� 

�i�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� 

�a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �(�T�a�b�l�e� �4�)�.� �B�o�t�h� �o�f� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �w�e�r�e� 

�n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �a�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r� �a�b�u�n�d�a�n�c�e�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �w�o�o�d� �t�h�r�u�s�h� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �3�2� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e�i�r� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x� �.� �W�o�o�d� �t�h�r�u�s�h� �a�b�u�n�d�a�n�c�e� 

�a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�e�r�e� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d�.� 

�T�h�e� �r�e�d�-�e�y�e�d� �v�i�r�e�o� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� �3� �r�e�g�r�e�s�s�o�r�s�,� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-� 

�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a�,� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a�,� �a�n�d� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�a�r�e�a� �a�m�o�n�g� �p�a�t�c�h� �t�y�p�e�s�,� �w�h�i�c�h� �a�c�c�o�u�n�t�e�d� �f�o�r� �5�7� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �o�f� �r�e�d�-�e�y�e�d� �v�i�r�e�o�s�.� �R�e�d�-�e�y�e�d� �v�i�r�e�o� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �e�a�c�h� �o�f� 

�t�h�e�s�e�.� 

�'� �T�h�e� �A�m�e�r�i�c�a�n� �c�r�o�w� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y� �a�n�d� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� 

�d�e�n�s�i�t�y�,� �w�h�i�c�h� �a�c�c�o�u�n�t�e�d� �f�o�r� �5�1� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e�.� �T�h�e� 

�a�b�u�n�d�a�n�c�e� �o�f� �A�m�e�r�i�c�a�n� �c�r�o�w�s� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� 

�i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� 

�a�r�e�a�.� 

�2�2



�T�h�e� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x�,� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-�j�u�x�t�a�p�o�s�i�t�i�o�n� �i�n�d�e�x�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �a�c�c�o�u�n�t�e�d� �f�o�r� �7�4� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �w�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h� 

�a�b�u�n�d�a�n�c�e�.� �T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �w�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h�e�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� 

�b�o�t�h� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �a�n�d� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n� �o�f� �p�a�t�c�h�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� �1� �r�e�g�r�e�s�s�o�r�,� �p�a�t�c�h� �d�e�n�s�i�t�y�,� �w�h�i�c�h� 

�e�x�p�l�a�i�n�e�d� �2�8� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d�s�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d�s� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� 

�p�a�t�c�h�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�P�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�,� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �e�x�p�l�a�i�n�e�d� 

�6�7� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r�s�.� �D�o�w�n�y� 

�w�o�o�d�p�e�c�k�e�r� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �e�a�c�h� �v�a�r�i�a�b�l�e�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �3�8� �%� �o�f� �t�h�e� 

�v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �t�h�e� �n�u�m�b�e�r� 

�o�f� �c�o�r�e� �a�r�e�a�s� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�.� �T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� 

�p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �b�o�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �a�n�d� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �C�a�r�o�l�i�n�a� �w�r�e�n�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �6�0� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� 

�t�h�e�i�r� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x�,� 

�p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�.� �T�h�e� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �o�f� �C�a�r�o�l�i�n�a� �w�r�e�n�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �e�a�c�h� �o�f� �t�h�e�s�e� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� 

�2�3



�t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�i�t�h� �w�h�i�c�h� �i�t� �w�a�s� 

�n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d�.� 

�T�h�e� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� �p�a�t�c�h� �d�e�n�s�i�t�y�,� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� 

�a�n�d� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �w�h�i�c�h� �a�c�c�o�u�n�t�e�d� �f�o�r� �7�3� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� 

�n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l� �a�b�u�n�d�a�n�c�e�.� �T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l�s� �w�a�s� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �p�a�t�c�h�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� 

�b�o�t�h� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� 

�t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�S�p�e�c�i�e�s� �A�b�u�n�d�a�n�c�e� �M�o�d�e�l�s�.�-�-� �L�o�g�i�s�t�i�c� �R�e�g�r�e�s�s�i�o�n� �A�n�a�l�y�s�i�s� 

�T�e�n� �s�p�e�c�i�e�s� �w�e�r�e� �s�u�c�c�e�s�s�f�u�l�l�y� �m�o�d�e�l�e�d� �u�s�i�n�g� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �(�T�a�b�l�e� �5�)�.� �T�h�e� 

�e�s�t�i�m�a�t�e�d� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �(�p�e�r�c�e�n�t�a�g�e� �o�f� �a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� �p�r�e�d�i�c�t�e�d� 

�c�o�r�r�e�c�t�l�y�)� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� �r�a�n�g�e�d� �f�r�o�m� �6�0� �%� �(�p�r�a�i�r�i�e� �w�a�r�b�l�e�r�)� �t�o� �8�5� �%� �(�K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�,� 

�g�r�a�y� �c�a�t�b�i�r�d�,� �c�o�m�m�o�n� �y�e�l�l�o�w�t�h�r�o�a�t�)�.� �T�h�e� �e�s�t�i�m�a�t�e�d� �s�e�n�s�i�t�i�v�i�t�y� �(�p�e�r�c�e�n�t�a�g�e� �o�f�  ��p�r�e�s�e�n�c�e �� 

�r�e�s�p�o�n�s�e�s� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�)� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�0� �%� �(�A�m�e�r�i�c�a�n� �r�o�b�i�n�)� �t�o� 

�9�3�.�3� �%� �(�i�n�d�i�g�o� �b�u�n�t�i�n�g�)�.� �E�s�t�i�m�a�t�e�d� �s�p�e�c�i�f�i�c�i�t�y� �(�p�e�r�c�e�n�t�a�g�e� �o�f�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� 

�p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�)� �r�a�n�g�e�d� �f�r�o�m� �0�.�0� �%� �(�g�r�e�a�t�-�c�r�e�s�t�e�d� �f�l�y�c�a�t�c�h�e�r�)� �t�o� �9�2�.�3� �%� �(�g�r�a�y� �c�a�t�b�i�r�d�)�.� 

�E�a�c�h� �s�p�e�c�i�e�s� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� �1� �r�e�g�r�e�s�s�o�r�.� �S�e�v�e�n� �o�f� �t�h�e� �m�o�d�e�l�s� �i�n�c�o�r�p�o�r�a�t�e�d� �v�a�r�i�a�b�l�e�s� 

�t�h�a�t� �h�a�d� �a� �m�a�r�g�i�n�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �(�0�.�0�5�<�P�<�0�.�1�)� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �o�v�e�r�a�l�l� �m�o�d�e�l� �p�r�e�d�i�c�t�a�b�i�l�i�t�y�.� 

�T�h�r�e�e� �m�o�d�e�l�s� �i�n�c�o�r�p�o�r�a�t�e�d� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�0�.�0�5�)� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �o�v�e�r�a�l�l� 

�m�o�d�e�l� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �(�K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�,� �g�r�a�y� �c�a�t�b�i�r�d�,� �c�o�m�m�o�n� �y�e�l�l�o�w�t�h�r�o�a�t�)�.� �T�h�e�s�e� 

�m�o�d�e�l�s� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l�.� 
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�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �K�e�n�t�u�c�k�y� 

�w�a�r�b�l�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�i�n�t�e�r�s�p�e�r�s�i�o�n� �o�f� �p�a�t�c�h�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �U�s�i�n�g� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-�j�u�x�t�a�p�o�s�i�t�i�o�n� �i�n�d�e�x� �a�s� �a� 

�p�r�e�d�i�c�t�o�r�,� �8�5� �%� �o�f� �a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�,� 
�-� �t�o�m�e�s�,� �o�e� �m�e�m�e�n�t�o�s� �o�a� 

�9�0�.�9� �%� �o�f�  ��p�r�e�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�,� �a�n�d� �7�7�.�8� �%� �o�f�  ��a�b�s�e�n�c�e �� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �f�o�r� �g�r�a�y� �c�a�t�b�i�r�d�s� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� �f�o�r�e�s�t� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� �T�h�e� �m�o�d�e�l� �c�o�r�r�e�c�t�l�y� �p�r�e�d�i�c�t�e�d� �8�5� �%� �o�f� �a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �7�1�.�4� �%� �o�f�  ��p�r�e�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �a�n�d� �9�2�.�3� �%� �o�f�  ��a�b�s�e�n�c�e �� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �f�o�r� �c�o�m�m�o�n� 

�y�e�l�l�o�w�t�h�r�o�a�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n� �o�f� 

�p�a�t�c�h�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �U�s�i�n�g� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-�j�u�x�t�a�p�o�s�i�t�i�o�n� �i�n�d�e�x� �a�s� �a� �p�r�e�d�i�c�t�o�r�,� �8�5� �%� �o�f� 

�a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�,� �9�1�.�7� �%� �o�f�  ��p�r�e�s�e�n�c�e �� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y� �a�n�d� �7�5� �%� �o�f�  ��a�b�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� 

�p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�.� 

�M�o�d�e�l�s� �B�a�s�e�d� �O�n� �G�e�n�e�r�a�l�i�z�e�d� �H�a�b�i�t�a�t� �T�y�p�e� �C�l�a�s�s�i�f�i�c�a�t�i�o�n�s� 

�H�a�b�i�t�a�t� �M�e�a�s�u�r�e�s�.�-�-�F�i�f�t�e�e�n� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �s�t�e�p�w�i�s�e� �m�u�l�t�i�p�l�e� 

�r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �b�a�s�e�d� �o�n� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �f�o�r� �b�i�r�d� �a�s�s�e�m�b�l�a�g�e�s� 

�a�n�d� �s�p�e�c�i�e�s� �o�c�c�u�r�r�i�n�g� �i�n� �>� �1�7� �s�i�t�e�s�.� �T�w�o� �o�f� �t�h�e�s�e� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s�,� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x� 
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�a�n�d� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-�j�u�x�t�a�p�o�s�i�t�i�o�n� �i�n�d�e�x� �w�e�r�e� �n�o�t� �s�e�l�e�c�t�e�d� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� 

�s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�n� �a�n�y� �m�o�d�e�l�.� �T�h�e� �s�a�m�e� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �s�t�e�p�w�i�s�e� 

�l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �b�a�s�e�d� �o�n� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �f�o�r� �b�i�r�d� �s�p�e�c�i�e�s� 

�o�c�c�u�r�r�i�n�g� �i�n� �<� �1�7� �s�i�t�e�s�.� �O�f� �t�h�e�s�e�,� �t�h�e� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x�,� �S�h�a�n�n�o�n ��s� �e�v�e�n�n�e�s�s� �i�n�d�e�x�,� 

�|� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�o�r�e�s�t� �0�-�1�0� �y�e�a�r�s� �o�l�d�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�o�r�e�s�t� 

�1�1�-�3�0� �y�e�a�r�s� �o�l�d�,� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s�,� �a�n�d� �t�h�e� �i�n�t�e�r�s�p�e�r�s�i�o�n�-�j�u�x�t�a�p�o�s�i�t�i�o�n� �i�n�d�e�x� �d�i�d� �n�o�t� 

�a�p�p�e�a�r� �i�n� �a�n�y� �m�o�d�e�l�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� 

�p�e�r�.�u�n�i�t� �a�r�e�a� �w�e�r�e� �s�e�l�e�c�t�e�d� �m�o�s�t� �o�f�t�e�n� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� �b�i�r�d� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e�,� 

�e�a�c�h� �a�p�p�e�a�r�i�n�g� �i�n� �8� �o�f� �3�8� �s�p�e�c�i�e�s� �m�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n� �(�T�a�b�l�e� �6�)� 

�a�n�d� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �(�T�a�b�l�e� �7�)�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� 

�w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�n� �6� �o�f� �t�h�e� �8� �m�o�d�e�l�s� �i�n� �w�h�i�c�h� �i�t� �a�p�p�e�a�r�e�d�.� 

�C�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�n� �6� �o�f� �t�h�e� �8� 

�m�o�d�e�l�s� �i�n� �w�h�i�c�h� �i�t� �a�p�p�e�a�r�e�d�.� �T�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �a�p�p�e�a�r�e�d� 

�i�n� �7� �o�f� �t�h�e� �3�8� �s�p�e�c�i�e�s� �m�o�d�e�l�s� �a�n�d� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�n� �4� �o�f� 

�t�h�e�s�e�.� 

�O�f� �t�h�e� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �m�o�d�e�l�s�,� �e�d�g�e� �d�e�n�s�i�t�y�,� �a�n�d� �t�h�e� 
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�T�a�b�l�e� �7�.� �E�s�t�i�m�a�t�e�d� �c�o�e�f�f�i�c�i�e�n�t�s� �a�n�d� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �o�f� �m�o�d�e�l�s� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �s�t�e�p�w�i�s�e� �l�o�g�i�s�t�i�c� 
�r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�e�s� �f�o�r� �p�r�e�d�i�c�t�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �b�i�r�d� �s�p�e�c�i�e�s� �o�n� �s�t�u�d�y� �s�i�t�e�s�,� �Q�u�a�n�t�i�c�o� 
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�P�e�r�m�a�n�e�n�t� �r�e�s�i�d�e�n�t�s� 
�H�a�i�r�y� �w�o�o�d�p�e�c�k�e�r� �I�n�t�e�r�c�e�p�t� �2�.�0�3�5� �0�.�8�7�4� �5�.�4�2�3� �0�.�0�2�0� �6�5� �8�5�.�7� �1�6�.�7� 

�C�W�E�D� �-�0�.�0�8�7� �0�.�0�4�8� �3�.�3�0�6� �0�.�0�6�9� 
� � 

�*� �S�e�e� �T�a�b�l�e� �3�.� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �h�a�b�i�t�a�t� �m�e�a�s�u�r�e�s�.� 
�®� �S�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �g�r�e�a�t�e�r� �v�a�l�u�e� �b�a�s�e�d� �o�n� �t�h�e� �W�a�l�d� �y�?� �s�t�a�t�i�s�t�i�c�.� 
�©� �P�e�r�c�e�n�t�a�g�e� �o�f� �a�l�l� �r�e�s�p�o�n�s�e�s� �t�h�a�t� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�.� 
�4� �P�e�r�c�e�n�t�a�g�e� �o�f�  ��e�v�e�n�t �� �r�e�s�p�o�n�s�e�s� �t�h�a�t� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �t�o� �b�e�  ��e�v�e�n�t ��.� 
�*� �P�e�r�c�e�n�t�a�g�e� �o�f�  ��n�o� �e�v�e�n�t �� �r�e�s�p�o�n�s�e�s� �t�h�a�t� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �t�o� �b�e�  ��n�o� �e�v�e�n�t ��.� 
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�a�s�s�e�m�b�l�a�g�e� �m�o�d�e�l�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�0�.�0�1�)�;� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�4�3� �t�o� 

�0�.�5�9�.� �T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �P�i�e�l�o�u ��s� �e�q�u�i�t�a�b�i�l�i�t�y� �i�n�d�e�x� �y�i�e�l�d�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �a�d�j�u�s�t�e�d� �R �� 

�v�a�l�u�e� �o�f� �0�.�5�9� �a�n�d� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �w�e�r�e� �t�h�e� �g�r�e�a�t�e�s�t� �p�r�e�d�i�c�t�o�r�s� �o�f� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�i�n�d�i�v�i�d�u�a�l�s� �a�m�o�n�g� �s�p�e�c�i�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �P�i�e�l�o�u ��s� �e�q�u�i�t�a�b�i�l�i�t�y� �i�n�d�e�x� �w�a�s� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� 

�e�d�g�e� �d�e�n�s�i�t�y�.� �T�h�e� �m�o�d�e�l� �f�o�r� �t�h�e� �S�h�a�n�n�o�n�-�W�i�e�n�e�r� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �y�i�e�l�d�e�d� �a�n� �a�d�j�u�s�t�e�d� �R�?� 

�v�a�l�u�e� �o�f� �0�.�5�6� �a�n�d� �i�n�c�o�r�p�o�r�a�t�e�d� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� 

�f�o�r�e�s�t�.� �D�i�v�e�r�s�i�t�y�,� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�i�s� �i�n�d�e�x�,� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �p�a�t�c�h� 

�t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� 

�i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �S�i�m�p�s�o�n ��s� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �m�o�d�e�l� �y�i�e�l�d�e�d� �a�n� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�4�4� �a�n�d� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� 

�w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� �d�i�v�e�r�s�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�i�s� �i�n�d�e�x�.� �S�i�m�p�s�o�n ��s� �i�n�d�e�x� �w�a�s� 

�p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �y�i�e�l�d�e�d� �t�h�e� 

�l�o�w�e�s�t� �a�d�j�u�s�t�e�d� �R�?� �v�a�l�u�e� �o�f� �0�.�4�3� �a�n�d� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� 

�t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 
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�S�p�e�c�i�e�s� �A�b�u�n�d�a�n�c�e� �M�o�d�e�l�s�.�-�-�M�u�l�t�i�p�l�e� �R�e�g�r�e�s�s�i�o�n� �A�n�a�l�y�s�i�s� 

�T�w�e�n�t�y�-�s�i�x� �b�i�r�d� �s�p�e�c�i�e�s� �w�e�r�e� �m�o�d�e�l�e�d� �u�s�i�n�g� �s�t�e�p�w�i�s�e� �m�u�l�t�i�p�l�e� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� 

�(�T�a�b�l�e� �6�)�.� �A�d�j�u�s�t�e�d� �R �� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�1�7�(�w�o�o�d� �t�h�r�u�s�h�,� �y�e�l�l�o�w�-�t�h�r�o�a�t�e�d� �v�i�r�e�o�)� �t�o� 

�0�.�7�7� �(�d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r�)�.� �A�l�l� �m�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�.�0�5�)�.� �M�o�d�e�l�s� �w�e�r�e� 

�n�o�t� �d�e�v�e�l�o�p�e�d� �f�o�r� �3� �s�p�e�c�i�e�s� �(�b�l�u�e� �j�a�y�,� �n�o�r�t�h�e�r�n� �p�a�r�u�l�a�,� �p�i�n�e� �w�a�r�b�l�e�r�)� �b�e�c�a�u�s�e� �n�o�n�e� �o�f� �t�h�e� 

�r�e�g�r�e�s�s�o�r�s� �m�e�t� �t�h�e� �0�.�2�5� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �c�r�i�t�e�r�i�o�n� �t�o� �e�n�t�e�r� �t�h�e� �m�o�d�e�l� �o�r� �t�h�e� �0�.�1� 

�s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �c�r�i�t�e�r�i�o�n� �t�o� �s�t�a�y� �i�n� �t�h�e� �m�o�d�e�l�.� 

�E�l�e�v�e�n� �s�p�e�c�i�e�s� �(�y�e�l�l�o�w�-�b�i�l�l�e�d� �c�u�c�k�o�o�,� �w�o�o�d� �t�h�r�u�s�h�,� �y�e�l�l�o�w�-�t�h�r�o�a�t�e�d� �v�i�r�e�o�,� �w�o�r�m�-� 

�e�a�t�i�n�g� �w�a�r�b�l�e�r�,� �o�v�e�n�b�i�r�d�,� �L�o�u�i�s�i�a�n�a� �w�a�t�e�r�t�h�r�u�s�h�,� �h�o�o�d�e�d� �w�a�r�b�l�e�r�,� �m�o�u�r�n�i�n�g� �d�o�v�e�,� �r�e�d�-� 

�b�e�l�l�i�e�d� �w�o�o�d�p�e�c�k�e�r�,� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r�,� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e�)� �h�a�d� �m�o�d�e�l�s� �t�h�a�t� �w�e�r�e� 

�m�o�d�e�r�a�t�e�l�y� �s�i�g�n�i�f�i�c�a�n�t� �(�0�.�0�1�<�P�<�0�.�0�5�)�(�T�a�b�l�e� �6�)�.� �E�a�c�h� �o�f� �t�h�e�s�e� �m�o�d�e�l�s�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� 

�o�f� �t�h�o�s�e� �f�o�r� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r� �a�n�d� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e�,� �h�a�d� �a�n� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �<� �0�.�3�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e�s� �y�i�e�l�d�e�d� �a�n� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�4�2�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�a�t�c�h�e�s�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �0� �-� �1�0� 

�y�e�a�r� �o�l�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r� �m�o�d�e�l� �h�a�d� �a�n� �a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e� �o�f� �0�.�3�4� �a�n�d� �i�n�c�o�r�p�o�r�a�t�e�d� 

�2� �r�e�g�r�e�s�s�o�r�s�,� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �w�i�t�h� �w�h�i�c�h� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� 

�a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �w�i�t�h� �w�h�i�c�h� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� 

�r�e�l�a�t�e�d�.� 
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�T�w�e�l�v�e� �o�f� �t�h�e� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �m�o�d�e�l�s� �w�e�r�e� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�0�.�0�1�)� �a�n�d� �h�a�d� 

�a�d�j�u�s�t�e�d� �R �� �v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�2�9� �t�o� �0�.�7�7� �(�T�a�b�l�e� �6�)�.� �T�h�e�s�e� �m�o�d�e�l�s� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� 

�d�e�t�a�i�l�.� 

�T�h�e� �e�a�s�t�e�r�n� �w�o�o�d�-�p�e�e�w�e�e� �m�o�d�e�l� �y�i�e�l�d�e�d� �a�n� �a�d�j�u�s�t�e�d� �R�?� �v�a�l�u�e� �o�f� �0�.�4�5� �a�n�d� 

�i�n�c�o�r�p�o�r�a�t�e�d� �2� �r�e�g�r�e�s�s�o�r�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�j�u�n�c�t� �c�o�r�e� �a�r�e�a�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �w�i�t�h� �w�h�i�c�h� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d�,� �a�n�d� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �p�a�t�c�h� �d�i�s�t�r�i�b�u�t�i�o�n� �a�s� 

�m�e�a�s�u�r�e�d� �b�y� �S�h�a�n�n�o�n ��s� �e�v�e�n�n�e�s�s� �i�n�d�e�x�,� �w�i�t�h� �w�h�i�c�h� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d�.� 

�T�h�e� �a�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �7�3� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �o�f� �a�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �p�a�t�c�h� �d�e�n�s�i�t�y�,� 

�p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� �f�o�r�e�s�t�,� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�.� 

�A�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r� �a�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �p�a�t�c�h�e�s� �p�e�r� �u�n�i�t� 

�a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� 

�a�r�e�a�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� �f�o�r�e�s�t�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �b�l�u�e�-�g�r�a�y� �g�n�a�t�c�a�t�c�h�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �4�5� �%� �o�f� �t�h�e� 

�v�a�r�i�a�t�i�o�n� �i�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �2� 

�r�e�g�r�e�s�s�o�r�s�.� �A�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� 

�a� �l�a�n�d�s�c�a�p�e� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �1�1� �-� �3�0� �y�e�a�r� �o�l�d� �f�o�r�e�s�t� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �r�e�d�-�e�y�e�d� �v�i�r�e�o� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� 

�e�d�g�e� �d�e�n�s�i�t�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �a�c�c�o�u�n�t�e�d� �f�o�r� �4�1� �%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� 

�3�2



�t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �r�e�d�-�e�y�e�d� �v�i�r�e�o�s�.� �R�e�d�-�e�y�e�d� �v�i�r�e�o� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �>� �7�0� �y�e�a�r� �o�l�d� 

�f�o�r�e�s�t� �a�c�c�o�u�n�t�e�d� �f�o�r� �4�6� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �s�c�a�r�l�e�t� �t�a�n�a�g�e�r�s�;� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �b�o�t�h� �v�a�r�i�a�b�l�e�s� �w�a�s� �p�o�s�i�t�i�v�e�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �A�m�e�r�i�c�a�n� �c�r�o�w�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �5�6� �%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� 

�t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �A�m�e�r�i�c�a�n� �c�r�o�w�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �t�h�e� 

�a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�j�u�n�c�t� �c�o�r�e� �a�r�e�a�s� �i�n� 

�l�a�n�d�s�c�a�p�e�.� �T�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �c�r�o�w�s� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� 

�e�d�g�e� �d�e�n�s�i�t�y� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s�.� 

�T�h�e� �w�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �5�3� �%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e�i�r� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�j�u�n�c�t� �c�o�r�e� 

�a�r�e�a�s� �a�n�d� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�a�t�c�h�e�s� �i�n� �l�a�n�d�s�c�a�p�e� �a�s� �m�e�a�s�u�r�e�d� �b�y� �S�h�a�n�n�o�n ��s� 

�e�v�e�n�n�e�s�s� �i�n�d�e�x�.� �W�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �b�o�t�h� �t�h�e� 

�n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �S�h�a�n�n�o�n ��s� �e�v�e�n�n�e�s�s� �i�n�d�e�x�.� 

�T�h�e� �m�o�d�e�l� �f�o�r� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d�s� �i�n�c�o�r�p�o�r�a�t�e�d� �1� �r�e�g�r�e�s�s�o�r� �w�h�i�c�h� �a�c�c�o�u�n�t�e�d� 

�f�o�r� �2�9� �%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d�s�.� �B�r�o�w�n�-� 

�h�e�a�d�e�d� �c�o�w�b�i�r�d� �a�b�u�n�d�a�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �1�1� �-� �3�0� �y�e�a�r� �o�l�d� 

�f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �7�7� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �o�f� �d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �5� �r�e�g�r�e�s�s�o�r�s�.� 

�3�3



�T�h�e� �a�b�u�n�d�a�n�c�e� �o�f� �d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r�s� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� 

�p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a�,� �t�h�e� �e�v�e�n�n�e�s�s� �o�f� �p�a�t�c�h� �d�i�s�t�r�i�b�u�t�i�o�n�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� �f�o�r�e�s�t�,� 

�a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e�  �� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �>� �7�0� �y�e�a�r� �o�l�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �m�o�d�e�l� �f�o�r� �e�a�s�t�e�r�n� �t�u�f�t�e�d� �t�i�t�m�o�u�s�e� �i�n�c�o�r�p�o�r�a�t�e�d� �3� �r�e�g�r�e�s�s�o�r�s�,� �c�o�n�t�r�a�s�t�-� 

�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s�,� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�,� �w�h�i�c�h� �a�c�c�o�u�n�t�e�d� �f�o�r� �5�1� �%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e�.� �T�h�e� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �e�a�s�t�e�r�n� �t�u�f�t�e�d� �t�i�t�m�o�u�s�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� 

�c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �a�n�d� 

�n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�j�u�n�c�t� �c�o�r�e� �a�r�e�a�s�.� 

�T�h�e� �C�a�r�o�l�i�n�a� �w�r�e�n� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �4�6� �%� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� 
�L�o� 

�e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�C�a�r�o�l�i�n�a� �w�r�e�n� �a�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �b�o�t�h�.� 

�N�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l� �a�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-� 

�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�.� 

�T�h�i�s� �m�o�d�e�l� �a�c�c�o�u�n�t�e�d� �f�o�r� �7�1� �%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l� �a�b�u�n�d�a�n�c�e�.� 

�S�p�e�c�i�e�s� �A�b�u�n�d�a�n�c�e� �M�o�d�e�l�s�.�-�-�L�o�g�i�s�t�i�c� �R�e�g�r�e�s�s�i�o�n� �A�n�a�l�y�s�i�s� � � 

�T�w�e�l�v�e� �s�p�e�c�i�e�s� �w�e�r�e� �s�u�c�c�e�s�s�f�u�l�l�y� �m�o�d�e�l�e�d� �u�s�i�n�g� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �(�T�a�b�l�e� �7�)�.� �T�h�e� 

�e�s�t�i�m�a�t�e�d� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �(�p�e�r�c�e�n�t�a�g�e� �o�f�  ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� �p�r�e�d�i�c�t�e�d� 

�c�o�r�r�e�c�t�l�y�)� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� �r�a�n�g�e�d� �f�r�o�m� �6�0� �%� �(�r�u�f�o�u�s�-�s�i�d�e�d� �t�o�w�h�e�e�)� �t�o� �9�0� �%� �(�c�h�i�p�p�i�n�g� 

�3�4



�s�p�a�r�r�o�w�)�.� �S�e�n�s�i�t�i�v�i�t�y� �(�p�e�r�c�e�n�t�a�g�e� �o�f�  ��p�r�e�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�)� �r�a�n�g�e�d� 

�f�r�o�m� �3�3�.�3� �%� �(�c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w�)� �t�o� �8�7�.�5� �%� �(�g�r�e�a�t�-�c�r�e�s�t�e�d� �f�l�y�c�a�t�c�h�e�r�)�.� �S�p�e�c�i�f�i�c�i�t�y� 

�(�p�e�r�c�e�n�t�a�g�e� �o�f�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�)� �f�o�r� �t�h�e�s�e� �m�o�d�e�l�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�0� 

�%� �(�g�r�e�a�t�-�c�r�e�s�t�e�d� �f�l�y�c�a�t�c�h�e�r�)� �t�o� �1�0�0� �%� �(�c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w�)�.� �E�a�c�h� �m�o�d�e�l�,� �w�i�t�h� �t�h�e� 

�e�x�c�e�p�t�i�o�n� �o�f� �g�r�a�y� �c�a�t�b�i�r�d�,� �i�n�c�o�r�p�o�r�a�t�e�d� �1� �r�e�g�r�e�s�s�o�r�.� �T�h�e� �g�r�a�y� �c�a�t�b�i�r�d� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� 

�2� �r�e�g�r�e�s�s�o�r�s�.� �N�i�n�e� �m�o�d�e�l�s� �i�n�c�o�r�p�o�r�a�t�e�d� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �h�a�d� �a� �m�a�r�g�i�n�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�(�0�.�0�5�<�P�<�0�.�1�)� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �o�v�e�r�a�l�l� �m�o�d�e�l� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �(�T�a�b�l�e� �7�)�.� �T�h�r�e�e� �m�o�d�e�l�s� 

�(�K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�,� �c�o�m�m�o�n� �y�e�l�l�o�w�t�h�r�o�a�t�,� �f�i�e�l�d� �s�p�a�r�r�o�w�)� �i�n�c�o�r�p�o�r�a�t�e�d� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� 

�c�o�n�t�r�i�b�u�t�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�P�<�0�.�0�5�)� �t�o� �o�v�e�r�a�l�l� �m�o�d�e�l� �p�r�e�d�i�c�t�a�b�i�l�i�t�y�.� �T�h�e�s�e� �m�o�d�e�l�s� �w�i�l�l� �b�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �o�f� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�s� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� 

�p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �U�s�i�n�g� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �a�s� �a� �p�r�e�d�i�c�t�o�r�,� �7�0� �%� �o�f� �a�l�l� 

 ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�,� �7�2�.�7� �%� �o�f�  ��p�r�e�s�e�n�c�e �� 

�r�e�s�p�o�n�s�e�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�,� �a�n�d� �6�6�.�7� �%� �o�f�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� 

�c�o�r�r�e�c�t�l�y�.� 

�U�s�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �3�1�-�7�0� �y�e�a�r� �o�l�d� �f�o�r�e�s�t� �a�s� �a� �s�i�n�g�l�e� �p�r�e�d�i�c�t�o�r�,� �t�h�e� �c�o�m�m�o�n� 

�y�e�l�l�o�w�t�h�r�o�a�t� �m�o�d�e�l� �c�o�r�r�e�c�t�l�y� �c�l�a�s�s�i�f�i�e�d� �7�5� �%� �o�f� �a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d�/�o�r�  ��a�b�s�e�n�c�e �� �r�e�s�p�o�n�s�e�s� 

�c�o�r�r�e�c�t�l�y�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�o�m�m�o�n� �y�e�l�l�o�w�t�h�r�o�a�t�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� 

�t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �3�1�-�7�0� �y�e�a�r� �o�l�d� �f�o�r�e�s�t�.� 

�T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �f�o�r� �f�i�e�l�d� �s�p�a�r�r�o�w�s� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �>� �7�0� �y�e�a�r� �o�l�d� 
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�f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �T�h�e� �m�o�d�e�l� �p�r�e�d�i�c�t�e�d� �7�5� �%� �o�f� �a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d�  ��a�b�s�e�n�c�e �� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �5�7�.�1� �%� �o�f�  ��p�r�e�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �a�n�d� �8�4�.�6� �%� �o�f�  ��a�b�s�e�n�c�e �� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �c�o�r�r�e�c�t�l�y�.� 

�T�h�o�u�g�h� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y� �c�o�n�t�r�i�b�u�t�e�d� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y� �t�o� �t�h�e� �o�v�e�r�a�l�l� 

�p�r�e�d�i�c�t�a�b�i�l�i�t�y� �(�P�=�0�.�0�9�8�)� �o�f� �t�h�e� �m�o�d�e�l� �f�o�r� �c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w�s�,� �t�h�e� �c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w� �m�o�d�e�l� 

�y�i�e�l�d�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �o�f� �a�l�l� �t�h�e� �m�o�d�e�l�s�,� �p�r�e�d�i�c�t�i�n�g� �9�0� �%� �o�f� �a�l�l�  ��p�r�e�s�e�n�c�e �� �a�n�d� 

 ��a�b�s�e�n�c�e �� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �c�o�r�r�e�c�t�l�y�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�a�s� 

�p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a�.� �T�h�i�s� �m�o�d�e�l� �w�a�s� 

�l�e�s�s� �e�f�f�e�c�t�i�v�e� �a�t� �p�r�e�d�i�c�t�i�n�g� �t�h�e�  ��p�r�e�s�e�n�c�e �� �o�f� �c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w�s� �(�3�3�.�3� �%� �p�r�e�d�i�c�t�e�d� 

�c�o�r�r�e�c�t�l�y�)� �y�e�t� �h�i�g�h�l�y� �e�f�f�e�c�t�i�v�e� �a�t� �p�r�e�d�i�c�t�i�n�g� �t�h�e�i�r�  ��a�b�s�e�n�c�e �� �(�1�0�0� �%� �p�r�e�d�i�c�t�e�d� �c�o�r�r�e�c�t�l�y�)�.� 

�D�I�S�C�U�S�S�I�O�N� 

�I�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �c�e�n�t�r�a�l� �q�u�e�s�t�i�o�n� �I� �a�d�d�r�e�s�s�e�d� �w�a�s�  ��W�h�a�t� �a�r�e� �t�h�e� �l�a�r�g�e�-�s�c�a�l�e� �h�a�b�i�t�a�t� 

�e�l�e�m�e�n�t�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �b�i�r�d� �a�s�s�e�m�b�l�a�g�e� �d�i�v�e�r�s�i�t�y� �a�n�d� �b�i�r�d� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e�? �� 

�T�r�a�d�i�t�i�o�n�a�l�l�y�,� �s�t�u�d�i�e�s� �d�e�d�i�c�a�t�e�d� �t�o� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �h�a�b�i�t�a�t� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �n�o�n�-�g�a�m�e� �b�i�r�d� 

�s�p�e�c�i�e�s� �a�n�d� �b�i�r�d� �a�s�s�e�m�b�l�a�g�e�s� �h�a�v�e� �f�o�c�u�s�e�d� �o�n� �t�h�e� �i�m�m�e�d�i�a�t�e� �a�r�e�a� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s �� 

�o�c�c�u�r�r�e�n�c�e� �(�S�h�u�g�a�r�t� �a�n�d� �U�r�b�a�n� �1�9�8�6�)�.� �E�f�f�o�r�t�s� �g�e�n�e�r�a�l�l�y� �h�a�v�e� �b�e�e�n� �t�a�r�g�e�t�e�d� �a�t� �m�e�a�s�u�r�i�n�g� 

�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�e� �f�o�r�e�s�t� �p�a�t�c�h� �o�r� �s�t�a�n�d� �w�i�t�h�i�n� �w�h�i�c�h� �a� �g�i�v�e�n� �s�p�e�c�i�e�s� �i�s� 

�d�e�t�e�c�t�e�d� �(�M�o�r�r�i�s�o�n� �e�t� �a�l�.� �1�9�8�7�,� �L�y�n�c�h� �a�n�d� �W�h�i�g�h�a�m� �1�9�8�4�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �s�u�c�h� �s�t�u�d�i�e�s� 

�i�n�v�a�r�i�a�b�l�y� �e�x�a�m�i�n�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �b�i�r�d�s� �t�o� �m�i�c�r�o�-� �o�r� �m�e�s�o�-�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s�,� �o�f�t�e�n� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �s�o�m�e� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �0�.�0�4�-�h�a� �c�i�r�c�u�l�a�r� �p�l�o�t� �v�e�g�e�t�a�t�i�o�n� �s�a�m�p�l�i�n�g� �t�e�c�h�n�i�q�u�e� 

�(�J�a�m�e�s� �a�n�d� �S�h�u�g�a�r�t� �1�9�7�0�)�.� �I�t� �i�s� �e�v�i�d�e�n�t�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �b�i�r�d�s� �r�e�s�p�o�n�d� �t�o� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� 
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�a�t� �a� �m�u�c�h� �l�a�r�g�e�r� �s�c�a�l�e� �(�F�r�e�e�m�a�r�k� �e�t�.� �a�l�.� �1�9�9�3�)�.� �N�o�t� �o�n�l�y� �a�r�e� �t�h�e�y� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �m�i�c�r�o�-� 

�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �p�a�t�c�h�e�s� �i�n� �w�h�i�c�h� �t�h�e�y� �o�c�c�u�r� �b�u�t� �a�r�e� �a�l�s�o� �i�n�f�l�u�e�n�c�e�d� �b�y� 

�m�a�c�r�o�-�l�e�v�e�l� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �l�a�n�d�s�c�a�p�e� �(�F�r�e�e�m�a�r�k� �a�n�d� �C�o�l�l�i�n�s� �1�9�8�9�)�.� 

�T�h�i�s� �o�b�v�i�o�u�s�l�y� �h�a�s� �i�m�p�o�r�t�a�n�t� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� �b�i�r�d�s�.� 

�B�y� �e�x�a�m�i�n�i�n�g� �h�a�b�i�t�a�t� �s�t�r�u�c�t�u�r�e� �a�n�d� �c�o�m�p�o�s�i�t�i�o�n� �a�t� �a� �l�a�n�d�s�c�a�p�e� �s�c�a�l�e�,� �m�a�n�a�g�e�m�e�n�t� �w�o�u�l�d� 

�m�o�v�e� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �p�a�t�c�h� �t�o� �t�h�e� �p�a�t�c�h� �m�o�s�a�i�c�.� �S�p�e�c�i�e�s� �w�o�u�l�d� �n�o� �l�o�n�g�e�r� �b�e� �m�a�n�a�g�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �m�i�c�r�o�-�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �o�f� �a� �s�i�n�g�l�e� �h�a�b�i�t�a�t� �p�a�t�c�h� �o�r� �t�y�p�e�.� �R�a�t�h�e�r�,� �s�p�e�c�i�e�s� 

�w�o�u�l�d� �b�e� �m�a�n�a�g�e�d� �o�v�e�r� �a� �l�a�r�g�e�r� �a�r�e�a� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �m�a�c�r�o�-�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �o�f� �a� 

�c�o�l�l�e�c�t�i�o�n� �o�f� �h�a�b�i�t�a�t� �p�a�t�c�h�e�s�.� 

�A� �l�a�n�d�s�c�a�p�e� �m�o�s�a�i�c� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �d�e�f�i�n�e�d� �b�y� �t�h�e� �p�a�t�c�h� �u�n�i�t�s� �t�h�a�t� �c�o�m�p�o�s�e� �i�t�.� 

�I�n�d�i�v�i�d�u�a�l� �p�a�t�c�h� �u�n�i�t�s� �i�n� �t�u�r�n� �c�a�n� �b�e� �d�e�f�i�n�e�d� �i�n� �a� �n�u�m�b�e�r� �o�f� �w�a�y�s�.� �D�e�f�i�n�i�t�i�o�n�s� �m�a�y� �b�e� 

�b�a�s�e�d� �o�n� �v�e�r�y� �b�r�o�a�d� �o�r� �v�e�r�y� �n�a�r�r�o�w� �h�a�b�i�t�a�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �a�n�d� �m�a�y� �i�n�c�o�r�p�o�r�a�t�e� �p�a�t�c�h� 

�c�o�m�p�o�s�i�t�i�o�n�,� �p�a�t�c�h� �s�t�r�u�c�t�u�r�e�,� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �t�h�e�r�e�o�f�.� �T�h�e� �w�a�y� �i�n� �w�h�i�c�h� �t�h�e�s�e� �p�a�t�c�h�e�s� 

�a�r�e� �d�e�f�i�n�e�d� �i�n�f�l�u�e�n�c�e�s� �h�o�w� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �a� �b�i�r�d� �s�p�e�c�i�e�s� �o�r� �a�s�s�e�m�b�l�a�g�e� �a�n�d� 

�h�a�b�i�t�a�t� �i�s� �p�e�r�c�e�i�v�e�d�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �o�b�s�e�r�v�e�d� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �b�i�r�d�s� �a�n�d� �h�a�b�i�t�a�t� 

�e�l�e�m�e�n�t�s� �m�a�y� �n�o�t� �b�e� �e�q�u�a�l�l�y� �s�t�r�o�n�g� �f�o�r� �g�e�n�e�r�a�l� �a�n�d� �s�p�e�c�i�f�i�c� �p�a�t�c�h� �u�n�i�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� 

�F�r�o�m� �a� �m�a�n�a�g�e�m�e�n�t� �p�e�r�s�p�e�c�t�i�v�e�,� �t�h�e� �p�e�r�c�e�p�t�i�o�n� �o�f� �h�o�w� �b�i�r�d�s� �a�n�d� �h�a�b�i�t�a�t� �a�r�e� �r�e�l�a�t�e�d� �1�s� 

�p�a�r�t�i�c�u�l�a�r�l�y� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� �i�t� �a�f�f�e�c�t�s� �h�o�w� �a�v�i�a�n� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �c�o�n�s�e�r�v�a�t�i�o�n� 

�d�e�c�i�s�i�o�n�s� �a�r�e� �m�a�d�e�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a�n� �a�v�i�a�n� �m�a�n�a�g�e�m�e�n�t� �p�r�o�g�r�a�m� �b�a�s�e�d� �o�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� 

�d�e�r�i�v�e�d� �f�r�o�m� �g�e�n�e�r�a�l� �h�a�b�i�t�a�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �m�a�y� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �a� �g�r�e�a�t�e�r� 

�n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �o�v�e�r� �a� �l�a�r�g�e�r� �a�r�e�a� �a�n�d� �m�a�y� �b�e� �l�e�s�s� �c�o�s�t�l�y� �i�n� �t�e�r�m�s� �o�f� �m�o�n�e�y�,� �t�i�m�e�,� �a�n�d� 

�e�f�f�o�r�t� �t�o� �i�m�p�l�e�m�e�n�t�.� �I�n� �l�i�g�h�t� �o�f� �t�h�i�s�,� �I� �e�x�a�m�i�n�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �b�i�r�d�s� �t�o� �l�a�r�g�e�-�s�c�a�l�e� 
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�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �u�s�i�n�g� �g�e�n�e�r�a�l� �a�n�d� �s�p�e�c�i�f�i�c� �p�a�t�c�h� �u�n�i�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� �I� �f�i�r�s�t� �a�n�a�l�y�z�e�d� �e�a�c�h� 

�s�i�t�e� �u�s�i�n�g� �S�A�F� �c�o�v�e�r� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�h�i�c�h� �a�r�e� �b�a�s�e�d� �s�o�l�e�l�y� �o�n� �s�p�e�c�i�e�s� �c�o�m�p�o�s�i�t�i�o�n�.� �I� 

�t�h�e�n� �a�n�a�l�y�z�e�d� �e�a�c�h� �s�i�t�e� �u�s�i�n�g� �a� �h�a�b�i�t�a�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �t�h�a�t� �c�o�m�b�i�n�e�d� �g�e�n�e�r�a�l� �s�p�e�c�i�e�s� 

�c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �a�g�e� �s�t�r�u�c�t�u�r�e�.� 

�A�s�s�e�m�b�l�a�g�e� �M�e�a�s�u�r�e�s� 

�S�A�F� �C�o�v�e�r� �T�y�p�e� �S�u�m�m�a�r�y�.�-�-�I�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�e�s� �b�a�s�e�d� �o�n� �S�A�F� �c�o�v�e�r� �t�y�p�e� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �h�i�g�h�e�r� �a�s�s�e�m�b�l�a�g�e� �d�i�v�e�r�s�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �S�h�a�n�n�o�n�-�W�i�e�n�e�r� �d�i�v�e�r�s�i�t�y� 

�i�n�d�e�x� �a�n�d� �t�h�e� �S�i�m�p�s�o�n ��s� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �w�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e�s� �s�u�c�h� �a�s� 

�t�h�o�s�e� �b�e�t�w�e�e�n� �a�n� �e�a�r�l�y� �s�u�c�c�e�s�s�i�o�n�a�l� �f�i�e�l�d� �a�n�d� �a� �m�a�t�u�r�e� �f�o�r�e�s�t�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �n�o�t� 

�u�n�e�x�p�e�c�t�e�d�.� �T�h�e� �t�e�n�d�e�n�c�y� �f�o�r� �i�n�c�r�e�a�s�e�d� �d�i�v�e�r�s�i�t�y� �a�n�d� �a�b�u�n�d�a�n�c�e� �o�f� �w�i�l�d�l�i�f�e� �i�n� �t�h�e� 

�t�r�a�n�s�i�t�i�o�n� �a�r�e�a� �b�e�t�w�e�e�n� �2� �o�r� �m�o�r�e� �h�a�b�i�t�a�t� �p�a�t�c�h�e�s� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �e�d�g�e� �e�f�f�e�c�t� �(�O�d�u�m� 

�1�9�7�1�)�.� �E�d�g�e� �e�f�f�e�c�t� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �e�v�i�d�e�n�t� �i�n� �b�i�r�d� �p�o�p�u�l�a�t�i�o�n�s� �(�G�a�t�e�s� �a�n�d� �G�y�s�e�l� �1�9�7�8�)�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �b�i�r�d� �d�i�v�e�r�s�i�t�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�d�g�e�s� �i�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �c�o�m�b�i�n�e�d� �p�r�e�s�e�n�c�e� �o�f� 

�b�i�r�d� �s�p�e�c�i�e�s� �f�r�o�m� �a�d�j�a�c�e�n�t� �h�a�b�i�t�a�t� �p�a�t�c�h�e�s� �w�i�t�h� �t�h�o�s�e� �b�i�r�d� �s�p�e�c�i�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �e�d�g�e� 

�a�r�e�a� �i�t�s�e�l�f�.� 

�T�h�e� �a�m�o�u�n�t� �o�f� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �(�n�o�t� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d�)� �w�a�s� �s�e�l�e�c�t�e�d� �a�s� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �d�i�v�e�r�s�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �S�i�m�p�s�o�n ��s� �D�i�v�e�r�s�i�t�y� �I�n�d�e�x�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �d�i�v�e�r�s�i�t�y� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �t�h�e� �a�m�o�u�n�t� �o�f� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�i�s� �r�e�s�u�l�t� �p�o�i�n�t�s� �o�u�t� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�l�e�a�r�l�y� �d�e�f�i�n�i�n�g� �w�h�a�t� �w�e� �m�e�a�n� �b�y�  ��e�d�g�e�. �� 

�I� �a�d�h�e�r�e�d� �t�o� �t�h�e� �s�t�r�i�c�t�e�s�t� �d�e�f�i�n�i�t�i�o�n� �o�f� �e�d�g�e�,� �t�h�a�t� �i�s� �t�h�e� �l�i�n�e� �(�o�r� �a�r�e�a�)� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� 

�u�n�i�o�n� �o�f� �t�w�o� �d�i�s�s�i�m�i�l�a�r� �h�a�b�i�t�a�t� �p�a�t�c�h�e�s� �(�M�c�G�a�r�i�g�a�l� �a�n�d� �M�a�r�k�s� �1�9�9�5�)�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� 
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�p�a�p�e�r�s� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �e�x�a�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�d�g�e� �o�n� �b�i�r�d� �s�p�e�c�i�e�s� �,� �h�o�w�e�v�e�r�,� �d�e�f�i�n�e� 

�e�d�g�e� �a�s� �t�h�e� �l�i�n�e� �(�o�r� �a�r�e�a�)� �b�e�t�w�e�e�n� �a�d�j�a�c�e�n�t� �f�o�r�e�s�t�e�d� �a�n�d� �n�o�n�-�f�o�r�e�s�t�e�d� �a�r�e�a�s�.� �I�n� �t�h�e� �p�r�e�s�e�n�t� 

�s�t�u�d�y�,� �t�h�e�s�e� �c�o�n�s�t�i�t�u�t�e�d� �h�i�g�h� �c�o�n�t�r�a�s�t� �e�d�g�e�s� �a�n�d� �m�a�d�e� �u�p� �o�n�l�y� �a� �s�m�a�l�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� 

�e�d�g�e� �i�n� �e�a�c�h� �l�a�n�d�s�c�a�p�e�.� �A�s� �f�a�r� �a�s� �I� �a�m� �a�w�a�r�e�,� �f�e�w� �a�v�i�a�n�-�h�a�b�i�t�a�t� �s�t�u�d�i�e�s� �h�a�v�e� �c�o�n�s�i�d�e�r�e�d� 

�e�d�g�e�s� �o�f� �e�v�e�n� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �c�o�n�t�r�a�s�t�.� �I� �b�e�l�i�e�v�e� �t�h�a�t� �b�y� �o�n�l�y� �e�x�a�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �h�i�g�h�-� 

�c�o�n�t�r�a�s�t� �e�d�g�e�s�,� �r�e�s�e�a�r�c�h�e�r�s� �r�i�s�k� �o�v�e�r�l�o�o�k�i�n�g� �a�n�y� �p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �l�o�w�e�r� 

�c�o�n�t�r�a�s�t� �e�d�g�e�s� �t�o� �b�i�r�d� �s�p�e�c�i�e�s�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �p�o�i�n�t� �o�u�t� �h�o�w�e�v�e�r� �t�h�a�t� �b�y� �u�s�i�n�g� �s�u�c�h� �a� 

�s�t�r�i�c�t� �d�e�f�i�n�i�t�i�o�n� �o�f� �e�d�g�e�,� �a�n� �a�n�a�l�y�s�i�s� �o�f� �a� �G�I�S� �d�a�t�a�b�a�s�e� �w�i�t�h� �r�e�l�a�t�i�v�e�l�y� �s�p�e�c�i�f�i�c� �p�a�t�c�h� �t�y�p�e� 

�d�e�f�i�n�i�t�i�o�n�s� �m�a�y� �i�n�d�i�c�a�t�e� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�o�r�e� �e�d�g�e� �i�n� �a� �l�a�n�d�s�c�a�p�e� �t�h�a�n� �w�h�a�t� �w�o�u�l�d� �b�e� 

�p�r�e�s�e�n�t� �u�s�i�n�g� �a� �m�o�r�e� �t�r�a�d�i�t�i�o�n�a�l� �a�n�d� �l�e�s�s� �s�t�r�i�c�t� �d�e�f�i�n�i�t�i�o�n� �o�f� �e�d�g�e�.� �T�h�i�s� �o�b�v�i�o�u�s�l�y� �s�h�o�u�l�d� 

�b�e� �g�i�v�e�n� �c�a�r�e�f�u�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� �T�h�o�u�g�h� �m�y� �r�e�s�u�l�t�s� �d�o� �n�o�t� �a�l�l�o�w� �m�e� �t�o� �m�a�k�e� �a�n�y� 

�i�n�f�e�r�e�n�c�e�s� �a�b�o�u�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�o�w�e�r� �c�o�n�t�r�a�s�t� �e�d�g�e�s� �o�n� �b�i�r�d� �s�p�e�c�i�e�s�,� �t�h�e�y� �d�o� �h�i�g�h�l�i�g�h�t� �t�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �e�x�a�m�i�n�i�n�g� �l�o�w�e�r� �c�o�n�t�r�a�s�t� �e�d�g�e�s� �a�n�d� �s�u�g�g�e�s�t� �a�n� �i�m�p�o�r�t�a�n�t� �a�r�e�a� �f�o�r� �f�u�r�t�h�e�r� �-� 

�r�e�s�e�a�r�c�h�.� 

�G�e�n�e�r�a�l�i�z�e�d� �H�a�b�i�t�a�t� �T�y�p�e� �S�u�m�m�a�r�y�.�-�-�U�n�d�e�r� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� 

�d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� 

�b�i�r�d� �a�s�s�e�m�b�l�a�g�e� �d�i�v�e�r�s�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �b�o�t�h� �t�h�e� �S�h�a�n�n�o�n�-�W�i�e�n�e�r� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �a�n�d� �t�h�e� 

�S�i�m�p�s�o�n ��s� �d�i�v�e�r�s�i�t�y� �i�n�d�e�x�.� �D�i�v�e�r�s�i�t�y� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �a�m�o�u�n�t�s� �o�f� �h�a�r�d�w�o�o�d� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� �H�a�g�a�n� �(�1�9�9�5�)� �h�a�d� �s�i�m�i�l�a�r� �r�e�s�u�l�t�s� �i�n� �a� �s�t�u�d�y� �o�f� �l�a�n�d�b�i�r�d�s� �i�n� �a�n� �i�n�d�u�s�t�r�i�a�l� �f�o�r�e�s�t� 

�l�a�n�d�s�c�a�p�e� �i�n� �n�o�r�t�h�e�r�n� �M�a�i�n�e�.� �H�e� �f�o�u�n�d� �t�h�a�t� �o�u�t� �o�f� �9� �b�r�o�a�d� �h�a�b�i�t�a�t� �c�a�t�e�g�o�r�i�e�s�,� �m�a�t�u�r�e� 
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�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �s�u�p�p�o�r�t�e�d� �t�h�e� �l�o�w�e�s�t� �b�i�r�d� �d�i�v�e�r�s�i�t�y� �a�n�d� �t�h�e� �l�o�w�e�s�t� �b�i�r�d� �d�e�n�s�i�t�y� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� �O�f� �m�i�d�-�a�g�e� �a�n�d� �m�a�t�u�r�e� �f�o�r�e�s�t� �c�a�t�e�g�o�r�i�e�s�,� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �s�u�p�p�o�r�t�e�d� �a� �l�o�w�e�r� 

�b�i�r�d� �d�i�v�e�r�s�i�t�y� �t�h�a�n� �b�o�t�h� �m�i�x�e�d� �s�o�f�t�w�o�o�d�/�h�a�r�d�w�o�o�d� �a�n�d� �s�o�f�t�w�o�o�d� �f�o�r�e�s�t�s� �(�H�a�g�a�n� �1�9�9�5�)�.� 

�A�n� �a�d�d�i�t�i�o�n�a�l� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�i�s� �r�e�s�u�l�t� �m�a�y� �l�i�e� �i�n� �t�h�e� �f�a�c�t� �t�h�a�t� �o�v�e�r�a�l�l� �l�a�n�d�s�c�a�p�e� �d�i�v�e�r�s�i�t�y� 

�d�e�c�l�i�n�e�s� �a�s� �l�a�r�g�e�r� �a�r�e�a�s� �a�r�e� �c�o�m�p�o�s�e�d� �o�f� �1� �h�a�b�i�t�a�t� �t�y�p�e� �(�s�e�e� �f�o�l�l�o�w�i�n�g� �d�i�s�c�u�s�s�i�o�n� �o�n� �p�a�t�c�h� 

�r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�)�.� �G�i�v�e�n� �t�h�e� �p�r�e�d�o�m�i�n�a�n�c�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �o�n� �m�y� �s�t�u�d�y� �a�r�e�a�,� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�o�u�l�d� �a�c�c�o�m�p�a�n�y� �a� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �d�e�c�r�e�a�s�e� �i�n� �h�a�b�i�t�a�t� �h�e�t�e�r�o�g�e�n�e�i�t�y� �a�n�d� �t�h�u�s� �a� �d�e�c�r�e�a�s�e� �i�n� �b�i�r�d� �s�p�e�c�i�e�s� 

�d�i�v�e�r�s�i�t�y�.� 

�D�i�v�e�r�s�i�t�y� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� �M�a�n�y� �b�i�r�d� �s�p�e�c�i�e�s�,� �t�h�o�u�g�h� �p�r�i�m�a�r�i�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �s�i�n�g�l�e� �p�a�t�c�h� �t�y�p�e�,� �o�f�t�e�n� 

�r�e�q�u�i�r�e� �a� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s� �t�o� �m�e�e�t� �d�i�f�f�e�r�e�n�t� �l�i�f�e� �r�e�q�u�i�s�i�t�e�s� �(�H�i�l�d�e�n� �1�9�6�5�,� 

�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�)�.� �W�i�t�h� �r�e�s�p�e�c�t� �t�o� �l�a�n�d�s�c�a�p�e� �c�o�m�p�o�s�i�t�i�o�n�,� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �i�s� 

�e�s�s�e�n�t�i�a�l�l�y� �a� �m�e�a�s�u�r�e� �o�f� �h�a�b�i�t�a�t� �d�i�v�e�r�s�i�t�y�,� �t�h�o�u�g�h� �i�t� �i�n�c�o�r�p�o�r�a�t�e�s� �n�o� �m�e�a�s�u�r�e� �o�f� �e�v�e�n�n�e�s�s� 

�o�r� �d�i�s�t�r�i�b�u�t�i�o�n�.� �O�t�h�e�r� �a�u�t�h�o�r�s� �h�a�v�e� �f�o�u�n�d� �a� �p�o�s�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �m�e�a�s�u�r�e�s� �o�f� 

�a�v�i�a�n� �d�i�v�e�r�s�i�t�y� �a�n�d� �m�e�a�s�u�r�e�s� �o�f� �h�a�b�i�t�a�t� �d�i�v�e�r�s�i�t�y� �a�s� �w�e�l�l�.� �J�o�h�n�s�o�n� �(�1�9�7�5�)� �f�o�u�n�d� �t�h�a�t� �a�n� 

�i�n�d�e�x� �o�f� �h�a�b�i�t�a�t� �d�i�v�e�r�s�i�t�y� �e�x�p�l�a�i�n�e�d� �9�1�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�i�r�d� �s�p�e�c�i�e�s� 

�o�n� �s�t�u�d�y� �a�r�e�a�s� �i�n� �t�h�e� �w�e�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �S�i�m�i�l�a�r�l�y�,� �J�o�h�n�s�t�o�n� �a�n�d� �O�d�u�m� �(�1�9�5�6�)� 

�o�b�s�e�r�v�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �b�i�r�d� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �p�l�a�n�t� �d�i�v�e�r�s�i�t�y�.� �T�h�e�y� 

�b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�i�s� �t�r�e�n�d� �w�a�s� �a�l�s�o� �t�r�u�e� �o�f� �b�i�r�d� �d�i�v�e�r�s�i�t�y� �a�n�d� �t�h�e�o�r�i�z�e�d� �t�h�a�t� �i�t� �w�a�s� �a� �r�e�s�u�l�t� �o�f� 

�a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �a�v�a�i�l�a�b�l�e� �n�i�c�h�e�s�.� 
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�S�p�e�c�i�e�s� �A�b�u�n�d�a�n�c�e� �M�e�a�s�u�r�e�s� 

�P�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �w�e�r�e� �s�e�l�e�c�t�e�d� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� 

�i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �f�o�r� �b�o�t�h� �t�h�e� �S�A�F� �c�o�v�e�r� �t�y�p�e� �b�a�s�e�d� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� 

�g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �b�a�s�e�d� �a�n�a�l�y�s�i�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�w�o� �a�n�a�l�y�s�e�s� �h�a�v�e� �t�h�e�r�e�f�o�r�e� 

�b�e�e�n� �c�o�m�b�i�n�e�d� �a�n�d� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �c�o�n�c�u�r�r�e�n�t�l�y�.� 

�P�a�t�c�h� �R�i�c�h�n�e�s�s� �D�e�n�s�i�t�y�.�-�-�P�a�t�c�h� �n�c�h�n�e�s�s� �d�e�n�s�i�t�y� �w�a�s� �s�e�l�e�c�t�e�d� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �a�s� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �f�o�r� �b�o�t�h� �s�e�t�s� �o�f� �a�n�a�l�y�s�e�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� 

�s�p�e�c�i�e�s� �w�h�o�s�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�l�a�t�e�d� �t�o� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �w�a�s� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �e�v�e�n�l�y� �d�i�s�t�r�i�b�u�t�e�d� �b�e�t�w�e�e�n� �t�h�o�s�e� �t�h�a�t� �w�e�r�e� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �a�n�d� �t�h�o�s�e� �t�h�a�t� 

�w�e�r�e� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d�.� 

�A�n� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�i�s� �d�i�c�h�o�t�o�m�y� �m�a�y� �l�i�e� �i�n� �e�a�c�h� �s�p�e�c�i�e�s �� �h�a�b�i�t�a�t� �s�p�e�c�i�f�i�c�i�t�y�,� �i�.�e�.� 

�h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�s� �a�n�d� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s�.� �H�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�s� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �s�e�l�e�c�t� �a� 

�h�o�m�o�g�e�n�o�u�s� �l�a�n�d�s�c�a�p�e� �m�a�d�e� �u�p� �o�f� �1� �t�o� �a� �f�e�w� �d�i�f�f�e�r�e�n�t� �f�a�v�o�r�a�b�l�e� �c�o�v�e�r� �t�y�p�e�s� �a�n�d� �w�o�u�l�d� 

�d�e�c�l�i�n�e� �i�n� �a�b�u�n�d�a�n�c�e� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �c�o�v�e�r� �t�y�p�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �i�n�c�r�e�a�s�e�d�.� 

�S�p�e�c�i�e�s� �t�h�a�t� �a�r�e� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s� �l�i�k�e�l�y� �w�o�u�l�d� �b�e�n�e�f�i�t� �b�y� �h�a�v�i�n�g� �a� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� 

�d�i�f�f�e�r�e�n�t� �c�o�v�e�r� �t�y�p�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� 

�T�h�e� �A�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r�,� �o�v�e�n�b�i�r�d�,� �s�c�a�r�l�e�t� �t�a�n�a�g�e�r�,� �d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r�,� �C�a�r�o�l�i�n�a� 

�c�h�i�c�k�a�d�e�e�,� �C�a�r�o�l�i�n�a� �w�r�e�n�,� �w�o�o�d� �t�h�r�u�s�h�,� �a�n�d� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r� �e�a�c�h� �s�h�o�w�e�d� �d�e�c�r�e�a�s�i�n�g� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�.� �T�h�e� �A�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r� �i�s� �a� 

�f�o�r�e�s�t�-�i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �w�i�t�h� �a� �s�t�r�o�n�g� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �m�a�t�u�r�e� �r�i�p�a�r�i�a�n� �f�o�r�e�s�t� �(�R�o�b�b�i�n�s� �e�t� �a�l�.� 

�4�1



�1�9�8�9�,� �B�r�a�u�n�i�n�g� �1�9�9�2�,� �M�u�r�r�a�y� �a�n�d� �S�t�a�u�f�f�e�r� �1�9�9�5�)�.� �H�a�g�a�n� �e�t� �a�l�.� �(�1�9�9�5�)� �r�a�n�k�e�d� �t�h�e� �h�a�b�i�t�a�t� 

�s�p�e�c�i�f�i�c�i�t�y� �o�f� �7�2� �b�i�r�d� �s�p�e�c�i�e�s� �b�y� �s�u�c�c�e�s�s�i�o�n�a�l� �s�t�a�g�e�s� �i�n� �f�o�r�e�s�t�e�d� �a�r�e�a�s� �i�n� �M�a�i�n�e�.� �S�c�a�r�l�e�t� 

�t�a�n�a�g�e�r�s� �a�n�d� �d�o�w�n�y� �w�o�o�d�p�e�c�k�e�r�s� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�s�,� �s�h�o�w�i�n�g� 

�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �m�e�d�i�u�m�-�a�g�e� �a�n�d� �m�a�t�u�r�e� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�.� �T�h�e� �o�v�e�n�b�i�r�d� �i�s� �a� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r� 

�s�p�e�c�i�e�s� �(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�)� �t�h�a�t� �h�a�s� �a� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �m�a�t�u�r�e�,� �c�o�n�t�i�g�u�o�u�s�,� �i�n�t�e�r�i�o�r� 

�f�o�r�e�s�t�e�d� �h�a�b�i�t�a�t� �(�V�a�n� �H�o�r�n� �a�n�d� �D�o�n�o�v�a�n� �1�9�9�4�)�.� �T�h�e� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r� �i�s� �a� �f�o�r�e�s�t� 

�i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�,� �R�o�b�b�i�n�s� �e�t� �a�l�.� �1�9�8�9�)� �t�h�a�t� �r�e�q�u�i�r�e�s� �l�a�r�g�e�-�d�i�a�m�e�t�e�r� 

�t�r�e�e�s� �f�o�r� �n�e�s�t�i�n�g� �a�n�d� �r�o�o�s�t�i�n�g�.� �I�t� �h�a�s� �a� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �l�a�t�e�-�s�u�c�c�e�s�s�i�o�n�a�l� �a�n�d� �o�l�d� �g�r�o�w�t�h� 

�f�o�r�e�s�t�s� �(�B�u�l�l� �a�n�d� �J�a�c�k�s�o�n� �1�9�9�5�)�.� 

�T�h�e�r�e� �i�s� �s�o�m�e� �d�e�b�a�t�e� �o�n� �t�h�e� �h�a�b�i�t�a�t� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �t�h�e� �w�o�o�d� �t�h�r�u�s�h�.� �I�t� �i�s� �a�s�s�o�c�i�a�t�e�d� 

�p�r�i�m�a�r�i�l�y� �w�i�t�h� �m�a�t�u�r�e� �f�o�r�e�s�t�s�,� �h�o�w�e�v�e�r� �i�t� �o�f�t�e�n� �i�n�h�a�b�i�t�s� �f�o�r�e�s�t� �e�d�g�e�s� �a�n�d� �s�u�b�u�r�b�a�n� �a�r�e�a�s� 

�(�J�a�m�e�s� �e�t� �a�l�.� �1�9�8�4�,� �W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�4�)�.� �T�h�e� �h�a�b�i�t�a�t� �d�e�s�c�r�i�p�t�i�o�n� �b�y� �J�a�m�e�s� �e�t� �a�l�.� �(�1�9�8�4�)� 

�d�o�e�s� �i�n�d�i�c�a�t�e� �s�o�m�e� �d�e�g�r�e�e� �o�f� �h�a�b�i�t�a�t� �s�p�e�c�i�f�i�c�i�t�y�,� �h�o�w�e�v�e�r�.� �T�h�e�y� �w�r�i�t�e�,�  ��t�h�e� �w�o�o�d� �t�h�r�u�s�h� 

�i�s� �a� �c�o�m�m�o�n� �i�n�h�a�b�i�t�a�n�t� �o�f� �m�a�n�y� �t�y�p�e�s� �o�f� �(�m�e�s�i�c�)� �d�e�c�i�d�u�o�u�s� �f�o�r�e�s�t� �w�i�t�h�i�n� �i�t�s� �g�e�o�g�r�a�p�h�i�c� 

�r�a�n�g�e�;� �a�l�l� �h�a�v�e� �a� �w�e�l�l�-�s�h�a�d�e�d� �u�n�d�e�r�s�t�o�r�y� �t�h�a�t� �c�o�n�t�a�i�n� �a�t� �l�e�a�s�t� �a� �f�e�w� �s�m�a�l�l� �t�r�e�e�s� �w�i�t�h� �l�o�w�,� 

�e�x�p�o�s�e�d� �b�r�a�n�c�h�e�s� �a�n�d� �a� �f�a�i�r�l�y� �o�p�e�n� �f�o�r�e�s�t� �f�l�o�o�r� �w�i�t�h� �m�o�i�s�t�,� �d�e�c�a�y�i�n�g� �l�e�a�f�y� �l�i�t�t�e�r�.� �T�h�e�s�e� �a�r�e� 

�f�e�a�t�u�r�e�s� �o�f� �d�i�r�e�c�t� �i�m�p�o�r�t�a�n�c�e� �t�o� �i�t�s� �l�i�f�e� �h�i�s�t�o�r�y� �a�n�d� �a�r�e� �p�r�o�b�a�b�l�y� �t�h�e� �p�r�i�m�a�r�y� �d�e�t�e�r�m�i�n�a�n�t�s� 

�o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �a�b�u�n�d�a�n�c�e� �o�f� �t�h�e� �s�p�e�c�i�e�s�. �� �T�h�e� �w�o�o�d� �t�h�r�u�s�h� �m�o�d�e�l� �t�h�a�t� 

�i�n�c�o�r�p�o�r�a�t�e�d� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�a�s�e�d� �o�n� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� 

�a�n�d� �t�h�o�u�g�h� �r�e�l�a�t�i�v�e�l�y� �w�e�a�k� �(�R ��.�4� �=� �0�.�1�7�)�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �(�P� �<� �0�.�0�5�)�.� �I� �b�e�l�i�e�v�e�,� �o�n� �m�y� 

�s�t�u�d�y� �a�r�e�a�,� �t�h�e� �w�o�o�d� �t�h�r�u�s�h� �w�a�s� �a�c�t�i�n�g� �a�s� �a� �h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�.� 

�4�2



�T�h�o�u�g�h� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e� �a�n�d� �C�a�r�o�l�i�n�a� �w�r�e�n� �w�e�r�e� 

�n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �i�t� �m�a�y� �b�e� �e�r�r�o�n�e�o�u�s� �t�o� �c�o�n�c�l�u�d�e� �t�h�a�t� �t�h�e�s�e� 

�s�p�e�c�i�e�s� �a�r�e� �h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�s�.� �T�h�e� �C�a�r�o�l�i�n�a� �w�r�e�n� �c�l�e�a�r�l�y� �i�s� �a� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t� �i�n�h�a�b�i�t�i�n�g� 

�a�n� �a�r�r�a�y� �o�f� �h�a�b�i�t�a�t�s� �r�a�n�g�i�n�g� �f�r�o�m� �e�a�r�l�y� �s�u�c�c�e�s�s�i�o�n�a�l� �f�o�r�e�s�t�s� �t�o� �m�a�t�u�r�e� �f�o�r�e�s�t�s� �o�f� �a�n�y� �t�y�p�e� 

�(�H�a�g�g�e�r�t�y� �a�n�d� �M�o�r�t�o�n� �1�9�9�5�)�.� �T�h�e�y� �d�o� �e�q�u�a�l�l�y� �w�e�l�l� �i�n� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r�s� �a�n�d� �f�o�r�e�s�t� �e�d�g�e�s� 

�(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�)� �a�n�d� �a�r�e� �c�o�m�m�o�n� �i�n� �p�a�r�k�s� �a�n�d� �r�e�s�i�d�e�n�t�i�a�l� �a�r�e�a�s� �(�B�u�c�k�e�l�e�w� �a�n�d� �H�a�l�l� 

�1�9�9�4�)�.� �T�h�o�u�g�h� �t�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �C�a�r�o�l�i�n�a� �w�r�e�n�s� �(�b�a�s�e�d� �o�n� �S�A�F� �c�o�v�e�r� �t�y�p�e� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�)� �w�a�s� �q�u�i�t�e� �g�o�o�d� �(�R�7�.�4� �=� �0�.�6�0�,� �P� �<� �.�0�1�)�,� �t�h�e� �s�i�m�p�l�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�i�r� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �a�n�d� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �w�a�s� �v�e�r�y� �l�o�w� �(�r�=� �0�.�0�1�)�.� �I� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e� 

�s�e�l�e�c�t�i�o�n� �o�f� �t�h�i�s� �v�a�r�i�a�b�l�e� �w�a�s� �a� �s�t�a�t�i�s�t�i�c�a�l� �a�r�t�i�f�a�c�t� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� 

�r�e�g�r�e�s�s�o�r�s� �i�n� �t�h�e� �s�t�e�p�w�i�s�e� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�.� �C�o�m�p�l�i�m�e�n�t�e�d� �b�y� �o�n�e� �o�r� �m�o�r�e� �o�f� 

�t�h�e� �o�t�h�e�r� �r�e�g�r�e�s�s�o�r�s� �i�n� �t�h�e� �m�o�d�e�l� �(�c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�,� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x�,� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�)�,� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� 

�r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �C�a�r�o�l�i�n�a� �w�r�e�n�s�;� �a�l�o�n�e�,� �h�o�w�e�v�e�r�,� �t�h�i�s� 

�r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �n�e�g�l�i�g�i�b�l�e�.� 

�M�u�r�r�a�y� �a�n�d� �S�t�a�u�f�f�e�r� �(�1�9�9�5�)� �i�n� �t�h�e�i�r� �s�t�u�d�y� �o�f� �b�i�r�d�s� �i�n� �c�e�n�t�r�a�l� �A�p�p�a�l�a�c�h�i�a�n� �r�i�p�a�r�i�a�n� 

�f�o�r�e�s�t�s� �c�l�a�s�s�i�f�i�e�d� �t�h�e� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e� �a�s� �a�  ��M�a�t�u�r�e� �F�o�r�e�s�t� �G�e�n�e�r�a�l�i�s�t�. �� �I�n� �P�e�n�n�s�y�l�v�a�n�i�a�,� 

�B�r�a�u�n�i�n�g� �(�1�9�9�2�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e� �i�n�h�a�b�i�t�s�  ��w�o�o�d�e�d� �h�a�b�i�t�a�t�s� �o�f� �a�l�l� 

�k�i�n�d�s �� �a�n�d� �i�s� �c�o�m�m�o�n� �i�n� �s�u�b�u�r�b�a�n� �a�r�e�a�s�.� �W�h�i�t�c�o�m�b� �e�t� �a�l�.� �(�1�9�8�1�)� �c�l�a�s�s�i�f�i�e�d� �i�t� �a�s� �a�n� 

�i�n�t�e�r�i�o�r�/�e�d�g�e� �s�p�e�c�i�e�s� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �i�t� �c�o�u�l�d� �o�c�c�u�p�y� �i�n�t�e�r�i�o�r� �f�o�r�e�s�t� �a�n�d� �f�o�r�e�s�t�-�e�d�g�e� �h�a�b�i�t�a�t� 

�e�q�u�a�l�l�y� �w�e�l�l�.� �T�h�e� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e� �(�b�a�s�e�d� �o�n� �S�A�F� �c�o�v�e�r� �t�y�p�e� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n�s�)� �i�n�c�o�r�p�o�r�a�t�e�d� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �a�s� �t�h�e� �o�n�l�y� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �i�t�s� 
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�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e�.� �T�h�e� �m�o�d�e�l� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �P� �<� �0�.�1� �b�u�t� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �P� �<� �0�.�0�5� 

�a�n�d� �w�a�s� �v�e�r�y� �w�e�a�k� �o�v�e�r�a�l�l� �(�R�s�4� �=� �0�.�1�1�)�.� 

�T�h�e� �y�e�l�l�o�w�-�b�i�l�l�e�d� �c�u�c�k�o�o�,� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r�,� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l�,� �A�m�e�r�i�c�a�n� 

�r�o�b�i�n�,� �r�u�f�o�u�s�-�s�i�d�e�d� �t�o�w�h�e�e�,� �r�u�b�y�-�t�h�r�o�a�t�e�d� �h�u�m�m�i�n�g�b�i�r�d�,� �a�n�d� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r� �e�a�c�h� 

�s�h�o�w�e�d� �i�n�c�r�e�a�s�i�n�g� �a�b�u�n�d�a�n�c�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �a�n�d� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� 

�b�e� �c�o�n�s�i�d�e�r�e�d� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s�.� 

�Y�e�l�l�o�w�-�b�i�l�l�e�d� �c�u�c�k�o�o�s�,� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l�s�,� �A�m�e�r�i�c�a�n� �r�o�b�i�n�s�,� �r�u�f�o�u�s�-�s�i�d�e�d� �t�o�w�h�e�e�s�,� 

�a�n�d� �r�u�b�y�-�t�h�r�o�a�t�e�d� �h�u�m�m�i�n�g�b�i�r�d�s� �a�r�e� �a�l�l� �c�l�e�a�r�l�y� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s�.� �W�h�i�t�c�o�m�b� �e�t� �a�l�.� �(�1�9�8�1�)� 

�c�l�a�s�s�i�f�i�e�d� �e�a�c�h� �o�f� �t�h�e�s�e� �s�p�e�c�i�e�s� �a�s� �i�n�t�e�r�i�o�r�/�e�d�g�e� �s�p�e�c�i�e�s� �(�w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �A�m�e�r�i�c�a�n� 

�r�o�b�i�n� �w�h�i�c�h� �w�a�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �a� �f�i�e�l�d�/�e�d�g�e� �s�p�e�c�i�e�s�)�.� �I�n�t�e�r�i�o�r�/�e�d�g�e� �s�p�e�c�i�e�s� �a�r�e� �t�h�o�s�e� �t�h�a�t� �a�r�e�  �� 

�c�o�m�m�o�n� �t�o� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r�s� �a�n�d� �f�o�r�e�s�t� �e�d�g�e�s� �a�n�d� �s�u�r�v�i�v�e� �e�q�u�a�l�l�y� �w�e�l�l� �i�n� �b�o�t�h�.� �F�u�r�t�h�e�r� 

�s�u�p�p�o�r�t� �f�o�r� �t�h�e�s�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �i�s� �g�i�v�e�n� �b�y� �H�a�g�a�n� �e�t� �a�l�.� �(�1�9�9�5�)� �w�h�o� �c�l�a�s�s�i�f�i�e�d� �t�h�e� 

�A�m�e�r�i�c�a�n� �r�o�b�i�n� �a�s� �a�n� �e�a�r�l�y� �s�u�c�c�e�s�s�i�o�n�a�l� �g�e�n�e�r�a�l�i�s�t� �a�n�d� �R�o�b�i�n�s�o�n� �e�t� �a�l�.� �(�1�9�9�6�)� �w�h�o� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �r�u�b�y�-�t�h�r�o�a�t�e�d� �h�u�m�m�i�n�g�b�i�r�d� �r�e�g�u�l�a�r�l�y� �o�c�c�u�p�i�e�d� �p�i�n�e�,� �m�i�x�e�d� 

�p�i�n�e�/�h�a�r�d�w�o�o�d�,� �a�n�d� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�s� �a�s� �w�e�l�l� �a�s� �c�l�e�a�r�i�n�g�s�,� �f�o�r�e�s�t� �e�d�g�e�s�,� �g�a�r�d�e�n�s�,� �a�n�d� 

�o�r�c�h�a�r�d�s�.� �T�h�e� �a�p�p�a�r�e�n�t� �e�x�c�e�p�t�i�o�n�s� �t�o� �t�h�i�s� �t�r�e�n�d� �a�r�e� �t�h�e� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r� �a�n�d� �t�h�e� �w�o�r�m�-� 

�e�a�t�i�n�g� �w�a�r�b�l�e�r�.� 

�H�a�b�i�t�a�t� �d�a�t�a� �f�o�r� �t�h�e� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r� �a�r�e� �s�o�m�e�w�h�a�t� �c�o�n�f�l�i�c�t�i�n�g�,� �h�o�w�e�v�e�r� �m�o�s�t� 

�a�u�t�h�o�r�s� �c�o�n�c�u�r� �t�h�a�t� �i�t� �i�s� �a� �f�o�r�e�s�t�-�i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �r�e�q�u�i�r�i�n�g� �l�a�r�g�e� �a�r�e�a�s� �o�f� �c�o�n�t�i�g�u�o�u�s� �f�o�r�e�s�t� 

�(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�,� �L�y�n�c�h� �a�n�d� �W�h�i�g�h�a�m� �1�9�8�4�,� �R�o�b�b�i�n�s� �e�t� �a�l�.� �1�9�8�9�,� �B�r�a�u�n�i�n�g� �1�9�9�2�,� 

�B�u�c�k�e�l�e�w� �a�n�d� �H�a�l�l� �1�9�9�4�)�.� �I�n� �W�e�s�t� �V�i�r�g�i�n�i�a�,� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r�s� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�m�a�t�u�r�e� �d�e�c�i�d�u�o�u�s� �f�o�r�e�s�t� �t�h�a�t� �l�a�c�k�s� �a� �d�e�n�s�e� �u�n�d�e�r�s�t�o�r�y� �(�B�u�c�k�e�l�e�w� �a�n�d� �H�a�l�l� �1�9�9�4�)�.� �I�n� 
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�c�o�n�t�r�a�s�t�,� �B�r�a�u�n�i�n�g� �(�1�9�9�2�)� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a�,� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �i�t�s� �h�a�b�i�t�a�t� �i�s� �s�o�m�e�w�h�a�t� �v�a�r�i�a�b�l�e�;� 

�h�o�w�e�v�e�r�,� �i�t� �a�l�w�a�y�s� �i�n�c�l�u�d�e�s� �a� �d�e�n�s�e� �u�n�d�e�r�s�t�o�r�y�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �L�y�n�c�h� �a�n�d� �W�h�i�g�h�a�m� �(�1�9�8�4�)� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r� �s�h�o�w�s� �a� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �p�i�n�e� �f�o�r�e�s�t�,� �a�l�t�h�o�u�g�h� �t�h�e�y� 

�c�o�n�c�e�d�e�d� �t�h�a�t� �t�h�e�i�r� �r�e�s�u�l�t�s� �s�h�o�u�l�d� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �w�i�t�h� �c�a�u�t�i�o�n� �b�e�c�a�u�s�e� �o�f� �t�h�e� �s�m�a�l�l� �n�u�m�b�e�r� 

�o�f� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r�s� �o�n� �t�h�e�i�r� �s�t�u�d�y� �a�r�e�a�.� �P�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �w�a�s� �t�h�e� �o�n�l�y� 

�r�e�g�r�e�s�s�o�r� �s�e�l�e�c�t�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r� �m�o�d�e�l�.� �T�h�o�u�g�h� �t�h�e� �s�i�m�p�l�e� 

�c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �o�f� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r�s� �a�n�d� �p�a�t�c�h� �r�i�c�h�n�e�s�s� 

�d�e�n�s�i�t�y� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �(�r� �=� �0�.�4�0�,� �P� �<� �0�.�0�5�)�,� �t�h�e� �o�v�e�r�a�l�l� �m�o�d�e�l� �f�i�t� �w�a�s� �p�o�o�r� �(�R ��a�4� �=� �0�.�1�1�,� �P� 

�=� �0�.�0�8�)�.� 

�T�h�e� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r� �i�s� �a� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�a�r�g�e� �a�r�e�a�s� �o�f� 

�c�o�n�t�i�g�u�o�u�s� �m�a�t�u�r�e� �f�o�r�e�s�t� �t�h�a�t� �h�a�v�e� �a� �d�e�n�s�e� �u�n�d�e�r�s�t�o�r�y� �(�L�y�n�c�h� �a�n�d� �W�h�i�g�h�a�m� �1�9�8�4�,� 

�R�o�b�b�i�n�s� �e�t� �a�l�.� �1�9�8�9�)�.� �I�n� �V�i�r�g�i�n�i�a�,� �M�c�S�h�e�a� �e�t� �a�l�.� �(�1�9�9�5�)� �f�o�u�n�d� �t�h�a�t� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�s� 

�w�e�r�e� �s�e�l�e�c�t�i�n�g� �c�o�v�e� �h�a�r�d�w�o�o�d�s� �w�i�t�h� �r�e�l�a�t�i�v�e�l�y� �d�e�n�s�e� �u�n�d�e�r�s�t�o�r�y� �w�i�t�h�i�n� �f�o�r�e�s�t� �p�a�t�c�h�e�s�.� 

�C�o�m�m�o�n� �t�o� �a�l�l� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �h�a�b�i�t�a�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r� �i�s� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �a� �d�e�n�s�e� �u�n�d�e�r�s�t�o�r�y�.� �W�i�t�h�i�n� �g�e�n�e�r�a�l� �h�a�b�i�t�a�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� 

�a�b�u�n�d�a�n�c�e� �o�f� �a� �s�p�e�c�i�e�s� �m�a�y� �b�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �h�a�b�i�t�a�t� �s�t�r�u�c�t�u�r�e� �a�n�d� �c�o�m�p�o�s�i�t�i�o�n� �a�t� �s�m�a�l�l�e�r� 

�s�p�a�t�i�a�l� �s�c�a�l�e�s� �(�R�o�t�e�n�b�e�r�r�y� �1�9�8�5�)�.� �I� �p�o�s�t�u�l�a�t�e� �t�h�a�t� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�s� �w�e�r�e� �r�e�s�p�o�n�d�i�n�g� �t�o� 

�h�a�b�i�t�a�t� �f�e�a�t�u�r�e�s� �a�t� �a� �s�m�a�l�l�e�r� �s�c�a�l�e� �t�h�a�n� �t�h�a�t� �o�f� �m�y� �s�t�u�d�y�.� �A�n� �e�x�a�m�p�l�e� �o�f� �h�a�b�i�t�a�t� �s�e�l�e�c�t�i�o�n� �a�t� 

�d�i�f�f�e�r�e�n�t� �s�p�a�t�i�a�l� �s�c�a�l�e�s� �i�s� �g�i�v�e�n� �b�y� �S�t�e�e�l�e� �(�1�9�9�2�)�.� �H�e� �f�o�u�n�d� �t�h�a�t� �b�l�a�c�k�-�t�h�r�o�a�t�e�d� �b�l�u�e� 

�w�a�r�b�l�e�r�s� �w�e�r�e� �s�e�l�e�c�t�i�n�g� �a�r�e�a�s� �w�i�t�h� �h�i�g�h� �s�h�r�u�b� �d�e�n�s�i�t�y�;� �h�o�w�e�v�e�r�,� �w�i�t�h�i�n� �t�h�e�s�e� �a�r�e�a�s�,� 

�i�n�d�i�v�i�d�u�a�l� �t�e�r�r�i�t�o�r�i�e�s� �w�e�r�e� �n�o�t� �l�o�c�a�t�e�d� �w�h�e�r�e� �s�h�r�u�b� �d�e�n�s�i�t�y� �w�a�s� �h�i�g�h�.� �I� �b�e�l�i�e�v�e� �t�h�a�t� 

�K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�s� �w�e�r�e� �s�e�l�e�c�t�i�n�g� �h�a�b�i�t�a�t� �w�i�t�h� �d�e�n�s�e� �u�n�d�e�r�s�t�o�r�y� �w�i�t�h� �s�e�c�o�n�d�a�r�y� 
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�c�o�n�s�i�d�e�r�a�t�i�o�n� �t�o� �l�a�r�g�e�r� �s�c�a�l�e� �h�a�b�i�t�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �I� �d�i�d� �n�o�t� �t�a�k�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�n� 

�u�n�d�e�r�s�t�o�r�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�o� �I� �a�m� �u�n�a�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�r�e� �i�s� �a� �d�i�r�e�c�t� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �s�h�r�u�b� �d�e�n�s�i�t�y� �a�n�d� �h�a�b�i�t�a�t� �t�y�p�e�.� �G�i�v�e�n� �t�h�e� �p�o�s�i�t�i�v�e� �r�e�s�p�o�n�s�e� �o�f� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�s� 

�t�o� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �I� �d�o� �n�o�t� �b�e�l�i�e�v�e� �s�u�c�h� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s�.� 

�P�e�r�c�e�n�t�a�g�e� �o�f� �P�i�n�e�/�H�a�r�d�w�o�o�d� �F�o�r�e�s�t�.�-�-� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� 

�f�o�r�e�s�t� �w�a�s� �s�e�l�e�c�t�e�d� �s�e�c�o�n�d� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� 

�a�n�d� �w�a�s� �s�e�l�e�c�t�e�d� �m�o�r�e� �o�f�t�e�n� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �t�h�a�n� �e�i�t�h�e�r� 

�p�i�n�e� �o�r� �h�a�r�d�w�o�o�d� �b�y� �t�h�e�m�s�e�l�v�e�s�.� �F�o�r� �t�h�e� �c�o�m�b�i�n�e�d� �r�e�s�u�l�t�s� �o�f� �S�A�F� �c�o�v�e�r� �t�y�p�e� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �a�n�d� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�a�s� �s�e�l�e�c�t�e�d� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �i�n� �9� �s�p�e�c�i�e�s� �m�o�d�e�l�s� �a�n�d� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �r�e�l�a�t�i�v�e� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�n� 

�7� �o�f� �t�h�e�s�e�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�p�p�e�a�r�e�d� �i�n� �6� �s�p�e�c�i�e�s� 

�m�o�d�e�l�s� �a�n�d� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �i�n� �4�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�e� 

�f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �7� �s�p�e�c�i�e�s� �m�o�d�e�l�s� �a�n�d� �w�a�s� �n�e�g�a�t�i�v�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �i�n� �4�.� 

�I�n� �g�e�n�e�r�a�l�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �a� �t�r�e�n�d� �e�x�i�s�t�s� �w�h�e�r�e�b�y� �h�i�g�h�e�r� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�a�n�d�s�c�a�p�e�s� �w�i�t�h� �p�i�n�e�/�h�a�r�d�w�o�o�d� �m�i�x�e�d� �f�o�r�e�s�t�s� �a�n�d� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� 

�d�e�c�l�i�n�e�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� �t�h�a�t� �i�s� �d�o�m�i�n�a�t�e�d� �b�y� �e�i�t�h�e�r� �p�i�n�e� �o�r� �h�a�r�d�w�o�o�d� �a�l�o�n�e�.� �A�s� �w�a�s� 

�d�i�s�c�u�s�s�e�d� �i�n� �d�e�t�a�i�l� �e�a�r�l�i�e�r�,� �t�h�e�r�e� �i�s� �c�o�n�s�i�d�e�r�a�b�l�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �b�i�r�d� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y� 

�i�n�c�r�e�a�s�e�s� �w�i�t�h� �h�a�b�i�t�a�t� �d�i�v�e�r�s�i�t�y�.� �B�i�r�d� �s�p�e�c�i�e�s� �a�r�e� �a�b�l�e� �t�o� �m�e�e�t� �m�o�r�e� �o�f� �t�h�e�i�r� �n�e�e�d�s� �(�s�h�e�l�t�e�r�,� 

�f�o�o�d�,� �e�t�c�.�)� �i�n� �m�o�r�e� �d�i�v�e�r�s�e� �h�a�b�i�t�a�t�s�.� �M�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �h�a�b�i�t�a�t� �s�h�a�r�e�s� �t�h�e� 
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�c�o�m�b�i�n�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �b�o�t�h� �p�i�n�e� �a�n�d� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�s� �a�n�d� �i�s� �m�o�r�e� �d�i�v�e�r�s�e� �t�h�a�n� 

�e�i�t�h�e�r� �o�n�e� �b�y� �i�t�s�e�l�f�.� 

�H�a�g�a�n� �e�t� �a�l�.� �(�1�9�9�5�)� �i�n� �M�a�i�n�e� �f�o�u�n�d� �t�h�a�t� �m�a�t�u�r�e� �h�a�r�d�w�o�o�d� �s�t�a�n�d�s� �s�u�p�p�o�r�t�e�d� �t�h�e� 

�l�o�w�e�s�t� �d�i�v�e�r�s�i�t�y� �a�n�d� �a�b�u�n�d�a�n�c�e� �o�f� �b�i�r�d� �s�p�e�c�i�e�s� �o�u�t� �o�f� �9� �b�r�o�a�d� �h�a�b�i�t�a�t� �c�a�t�e�g�o�r�i�e�s� �a�n�d� 

�m�e�d�i�u�m�-�a�g�e� �m�i�x�e�d�w�o�o�d� �s�t�a�n�d�s� �s�u�p�p�o�r�t�e�d� �a� �v�e�r�y� �h�i�g�h� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�.� �T�h�e�y� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �h�i�g�h� �b�i�r�d� �d�i�v�e�r�s�i�t�y� �o�f� �m�i�x�e�d�w�o�o�d� �f�o�r�e�s�t� �w�a�s� �a� �r�e�s�u�l�t� �o�f� �i�t� �b�e�i�n�g� �u�s�e�d� 

�b�y� �b�o�t�h� �s�o�f�t�w�o�o�d� �a�n�d� �h�a�r�d�w�o�o�d� �s�p�e�c�i�a�l�i�s�t�s�.� 

�K�e�r�p�e�z� �a�n�d� �S�t�a�u�f�f�e�r� �(�1�9�8�9�)� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �i�n� �a�v�i�a�n� �c�o�m�m�u�n�i�t�i�e�s� �o�f� �s�o�u�t�h�e�a�s�t�e�r�n� 

�f�o�r�e�s�t�s�,� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�s� �p�r�o�v�i�d�e�d� �o�p�t�i�m�a�l� �o�r� �s�u�i�t�a�b�l�e� �h�a�b�i�t�a�t� �f�o�r� �m�o�r�e� �b�r�e�e�d�i�n�g� �b�i�r�d� 

�s�p�e�c�i�e�s� �t�h�a�n� �l�o�b�l�o�l�l�y�/�s�h�o�r�t�l�e�a�f� �p�i�n�e� �f�o�r�e�s�t�s�.� �T�h�e�y� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �p�i�n�e�/�h�a�r�d�w�o�o�d� 

�f�o�r�e�s�t�s� �p�r�o�v�i�d�e�d� �o�p�t�i�m�a�l� �o�r� �s�u�i�t�a�b�l�e� �h�a�b�i�t�a�t� �f�o�r� �a� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �w�i�n�t�e�r�i�n�g� �b�i�r�d� �s�p�e�c�i�e�s� 

�t�h�a�n� �e�i�t�h�e�r� �l�o�b�l�o�l�l�y�/�s�h�o�r�t�l�e�a�f� �p�i�n�e� �o�r� �o�a�k�/�h�i�c�k�o�r�y� �f�o�r�e�s�t�s�.� �J�o�h�n�s�t�o�n� �a�n�d� �O�d�u�m� �(�1�9�5�6�)� 

�f�o�u�n�d� �t�h�a�t� �p�i�n�e� �f�o�r�e�s�t�s� �o�n� �t�h�e� �G�e�o�r�g�i�a� �P�i�e�d�m�o�n�t� �s�u�p�p�o�r�t�e�d� �a� �v�e�r�y� �l�o�w� �d�e�n�s�i�t�y� �o�f� �b�i�r�d�s� �a�n�d� 

�b�i�r�d� �d�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�d� �a�s� �t�h�e� �h�a�r�d�w�o�o�d� �c�o�m�p�o�n�e�n�t� �i�n� �p�i�n�e� �f�o�r�e�s�t�s� �i�n�c�r�e�a�s�e�d�.� 

�T�e�m�p�l�e� �e�t� �a�l�.� �(�1�9�7�9�)� �n�o�t�e� �t�h�a�t� �t�h�e� �a�v�i�a�n� �d�i�v�e�r�s�i�t�y� �o�f� �n�o�r�t�h� �c�e�n�t�r�a�l� �a�n�d� �n�o�r�t�h�e�a�s�t�e�r�n� 

�(�U�.�S�.�)� �m�i�x�e�d� �c�o�n�i�f�e�r�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�s� �i�s� �a�m�o�n�g� �t�h�e� �h�i�g�h�e�s�t� �o�f� �a�n�y� �f�o�r�e�s�t� �t�y�p�e� �i�n� �N�o�r�t�h� 

�A�m�e�r�i�c�a�.� �T�h�e�y� �o�f�f�e�r� �a� �g�o�o�d� �r�e�v�i�e�w� �o�f� �t�h�e� �p�r�o�b�a�b�l�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �h�i�g�h� �b�i�r�d� �d�i�v�e�r�s�i�t�y� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�i�x�e�d� �c�o�n�i�f�e�r�o�u�s�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �t�y�p�e�s�.� 

�C�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y�.�-�-�T�h�e� �a�m�o�u�n�t� �o�f� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �p�e�r� �u�n�i�t� 

�a�r�e�a� �w�a�s� �s�e�l�e�c�t�e�d� �t�h�e� �t�h�i�r�d� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �i�n� �b�o�t�h� �t�h�e� �S�A�F� �c�o�v�e�r� �t�y�p�e� �b�a�s�e�d� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� 
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�t�y�p�e� �b�a�s�e�d� �a�n�a�l�y�s�i�s�.� �H�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e�s� �a�r�e� �c�r�e�a�t�e�d� �b�e�t�w�e�e�n� �g�r�e�a�t�l�y� �d�i�s�s�i�m�i�l�a�r� �h�a�b�i�t�a�t� 

�p�a�t�c�h�e�s�.� �O�n� �Q�u�a�n�t�i�c�o�,� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e�s� �w�e�r�e� �t�y�p�i�c�a�l�l�y� �b�e�t�w�e�e�n� �m�a�t�u�r�e� �f�o�r�e�s�t� �t�y�p�e�s� 

�a�n�d� �n�o�n�-�f�o�r�e�s�t� �t�y�p�e�s� �o�r� �b�e�t�w�e�e�n� �m�a�t�u�r�e� �f�o�r�e�s�t� �a�n�d� �e�a�r�l�y� �s�u�c�c�e�s�s�i�o�n�a�l� �f�o�r�e�s�t�.� �T�h�e�r�e�f�o�r�e�,� 

�o�n� �Q�u�a�n�t�i�c�o�,� �s�p�e�c�i�e�s� �f�a�v�o�r�i�n�g� �a�n�d� �a�v�o�i�d�i�n�g� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e�s� �w�o�u�l�d� �b�e� �t�h�o�s�e� �s�p�e�c�i�e�s� 

�t�y�p�i�c�a�l�l�y� �c�l�a�s�s�i�f�i�e�d� �a�s� �e�d�g�e� �a�n�d� �i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�i�s� �d�i�v�i�s�i�o�n� �h�o�l�d�s� �t�r�u�e� �f�o�r� 

�t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y�.� 

�T�h�e� �h�a�i�r�y� �w�o�o�d�p�e�c�k�e�r� �a�n�d� �r�e�d�-�e�y�e�d� �v�i�r�e�o� �d�e�c�r�e�a�s�e�d� �i�n� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �a�m�o�u�n�t�s� �o�f� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a�l�a�n�d�s�c�a�p�e�.� �T�h�e�h�a�i�r�y� �~�~� 

�w�o�o�d�p�e�c�k�e�r� �i�s� �a� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�)� �w�i�t�h� �a� �l�o�w� �t�o�l�e�r�a�n�c�e� �f�o�r� 

�f�o�r�e�s�t� �e�d�g�e� �(�R�o�b�b�i�n�s� �e�t� �a�l�.� �1�9�8�9�)�.� �W�h�i�t�c�o�m�b� �e�t� �a�l�.� �(�1�9�8�1�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �r�e�d�-�e�y�e�d� �v�i�r�e�o� 

�w�a�s� �a�n� �i�n�t�e�r�i�o�r�/�e�d�g�e� �s�p�e�c�i�e�s�,� �h�o�w�e�v�e�r� �R�o�b�b�i�n�s� �e�t� �a�l�.� �(�1�9�8�9�)� �f�o�u�n�d� �a�n� �i�n�c�r�e�a�s�i�n�g� 

�p�r�o�b�a�b�i�l�i�t�y� �o�f� �o�c�c�u�r�r�e�n�c�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �f�o�r�e�s�t� �a�r�e�a�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �w�h�e�n� �a�v�a�i�l�a�b�l�e�,� �t�h�i�s� 

�s�p�e�c�i�e�s� �s�e�l�e�c�t�s� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r� �o�v�e�r� �f�o�r�e�s�t� �e�d�g�e�.� 

�T�h�e� �A�m�e�r�i�c�a�n� �c�r�o�w�,� �C�a�r�o�l�i�n�a� �w�r�e�n�,� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l�,� �e�a�s�t�e�r�n� �t�u�f�t�e�d� �t�i�t�m�o�u�s�e�,� 

�y�e�l�l�o�w�-�b�r�e�a�s�t�e�d� �c�h�a�t�,� �a�n�d� �c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w� �e�a�c�h� �s�h�o�w�e�d� �i�n�c�r�e�a�s�i�n�g� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� 

�w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �a�m�o�u�n�t�s� �o�f� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e� �p�e�r� �u�n�i�t� �a�r�e�a� �i�n� �a�l�a�n�d�s�c�a�p�e�.� �W�h�i�t�c�o�m�b�e�t� �~�~� 

�a�l�.� �(�1�9�8�1�)� �c�l�a�s�s�i�f�i�e�d� �A�m�e�r�i�c�a�n� �c�r�o�w� �a�n�d� �y�e�l�l�o�w�-�b�r�e�a�s�t�e�d� �c�h�a�t� �a�s� �e�d�g�e� �s�p�e�c�i�e�s� �a�n�d� 

�c�l�a�s�s�i�f�i�e�d� �t�h�e� �c�h�i�p�p�i�n�g� �s�p�a�r�r�o�w� �a�s� �a� �f�i�e�l�d�/�e�d�g�e� �s�p�e�c�i�e�s�.� �C�a�r�o�l�i�n�a� �w�r�e�n�s�,� �n�o�r�t�h�e�r�n� �c�a�r�d�i�n�a�l�s�,� 

�a�n�d� �e�a�s�t�e�r�n� �t�u�f�t�e�d� �t�i�t�m�i�c�e� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �i�n�t�e�r�i�o�r�/�e�d�g�e� �s�p�e�c�i�e�s�.� 

�N�u�m�b�e�r� �o�f� �C�o�r�e� �A�r�e�a�s�.�-�-�T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �t�h�o�u�g�h� �n�o�t� 

�s�e�l�e�c�t�e�d� �i�n� �h�i�g�h� �f�r�e�q�u�e�n�c�y� �i�n� �e�i�t�h�e�r� �a�n�a�l�y�s�i�s�,� �a�p�p�e�a�r�e�d� �i�n� �9� �m�o�d�e�l�s� �o�v�e�r�a�l�l� �w�h�e�n� �t�h�e� �r�e�s�u�l�t�s� 
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�o�f� �t�h�e� �2� �a�n�a�l�y�s�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e�r�e� �w�a�s� �n�o� �o�v�e�r�l�a�p� �o�f� �s�p�e�c�i�e�s� �w�h�o�s�e� �m�o�d�e�l�s� �i�n�d�i�c�a�t�e�d� 

�a� �s�i�g�n�i�f�i�c�a�n�t� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �b�e�t�w�e�e�n� �t�h�e� �2� �a�n�a�l�y�s�e�s�.� �R�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �6� �o�f� �t�h�e� �9� �s�p�e�c�i�e�s� �m�o�d�e�l�s�.� 

�S�p�e�c�i�e�s� �m�a�y� �h�a�v�e� �b�e�e�n� �a�c�t�i�n�g� �i�n� �1� �o�f� �2� �w�a�y�s� �w�i�t�h� �r�e�g�a�r�d�s� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �a� 

�l�a�n�d�s�c�a�p�e�.� �F�i�r�s�t�,� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r� �a�n�d� �f�o�r�e�s�t� �e�d�g�e� �s�p�e�c�i�e�s� �m�a�y� �h�a�v�e� �b�e�e�n� �r�e�s�p�o�n�d�i�n�g� 

�p�o�s�i�t�i�v�e�l�y� �a�n�d� �n�e�g�a�t�i�v�e�l�y�,� �r�e�s�p�e�c�t�i�v�e�l�y� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �p�r�o�v�i�d�e�d� 

�t�h�a�t� �t�h�e�s�e� �c�o�r�e� �a�r�e�a�s� �r�e�p�r�e�s�e�n�t� �m�a�t�u�r�e�,� �c�o�n�t�i�g�u�o�u�s�,� �f�o�r�e�s�t�e�d� �h�a�b�i�t�a�t�.� �T�h�i�s� �m�a�y� �o�r� �m�a�y� �n�o�t� 

�h�a�v�e� �b�e�e�n� �t�h�e� �c�a�s�e�.� �C�o�r�e� �a�r�e�a� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �i�n�t�e�r�n�a�l� �a�r�e�a� �o�f� �a� �p�a�t�c�h� �>� �1�0�0� �m�e�t�e�r�s� 

�f�r�o�m� �t�h�e� �p�a�t�c�h ��s� �e�d�g�e�.� �C�o�r�e� �a�r�e�a� �t�h�e�r�e�f�o�r�e� �m�a�y� �i�n�c�l�u�d�e� �n�o�n�-�f�o�r�e�s�t�e�d� �a�n�d� �e�a�r�l�y� 

�s�u�c�c�e�s�s�i�o�n�a�l� �h�a�b�i�t�a�t�s�.� �I�n� �l�i�g�h�t� �o�f� �t�h�i�s�,� �a�n�o�t�h�e�r� �p�o�t�e�n�t�i�a�l� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e�s�e� �r�e�s�u�l�t�s� �m�a�y� 

�b�e� �t�h�a�t� �h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�s� �a�n�d� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s� �w�e�r�e� �r�e�s�p�o�n�d�i�n�g� �p�o�s�i�t�i�v�e�l�y� �a�n�d� 

�n�e�g�a�t�i�v�e�l�y�,� �r�e�s�p�e�c�t�i�v�e�l�y� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �H�a�b�i�t�a�t� 

�s�p�e�c�i�a�l�i�s�t�s� �w�o�u�l�d� �s�e�l�e�c�t� �s�i�t�e�s� �w�i�t�h� �a� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �l�a�r�g�e� �c�o�n�t�i�g�u�o�u�s� �a�r�e�a�s� �o�f� �a� 

�f�a�v�o�r�a�b�l�e� �h�a�b�i�t�a�t� �t�y�p�e� �w�h�e�r�e�a�s� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s� �w�o�u�l�d� �a�v�o�i�d� �t�h�e�s�e� �s�i�t�e�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� 

�m�o�s�t� �l�i�k�e�l�y� �a�r�e� �a� �f�u�n�c�t�i�o�n� �o�f� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �b�o�t�h� �o�f� �t�h�e�s�e� �s�c�e�n�a�r�i�o�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� 

�L�o�u�i�s�i�a�n�a� �w�a�t�e�r�t�h�r�u�s�h�,� �p�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r�,� �a�n�d� �o�v�e�n�b�i�r�d� �e�a�c�h� �r�e�s�p�o�n�d�e�d� �p�o�s�i�t�i�v�e�l�y� �t�o� 

�a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �E�a�c�h� �i�s� �a� �f�o�r�e�s�t� �i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �a�s� 

�w�e�l�l� �a�s� �a� �h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t� �(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�,� �V�a�n� �H�o�r�n� �a�n�d� �D�o�n�o�v�a�n� �1�9�9�4�,� �B�u�l�l� �a�n�d� 

�J�a�c�k�s�o�n� �1�9�9�5�,� �R�o�b�i�n�s�o�n� �e�t� �a�l�.� �1�9�9�5�)�.� �T�h�e� �A�m�e�r�i�c�a�n� �c�r�o�w�,� �w�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h�,� �a�n�d� 

�e�a�s�t�e�r�n�-�t�u�f�t�e�d� �t�i�t�m�o�u�s�e� �e�a�c�h� �r�e�s�p�o�n�d�e�d� �n�e�g�a�t�i�v�e�l�y� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �~� 

�a�r�e�a�s�.� �E�a�c�h� �i�s� �a�n� �e�d�g�e� �s�p�e�c�i�e�s� �o�r� �i�n�t�e�r�i�o�r� �e�d�g�e� �s�p�e�c�i�e�s� �a�s� �w�e�l�l� �a�s� �a� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t� 

�(�W�h�i�t�c�o�m�b� �e�t� �a�l�.� �1�9�8�1�,� �P�r�a�v�o�s�u�d�o�v� �a�n�d� �G�r�u�b�b� �1�9�9�3�,� �G�r�u�b�b� �a�n�d� �P�r�a�v�o�s�u�d�o�v� �1�9�9�4�)�.� 
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�E�d�g�e� �d�e�n�s�i�t�y�.�-�-�O�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� 

�m�o�d�e�l�s� �f�r�o�m� �b�o�t�h� �t�h�e� �S�A�F� �c�o�v�e�r� �t�y�p�e� �a�n�d� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �b�a�s�e�d� 

�a�n�a�l�y�s�e�s�,� �e�d�g�e� �d�e�n�s�i�t�y� �w�a�s� �s�e�l�e�c�t�e�d� �l�e�a�s�t� �f�r�e�q�u�e�n�t�l�y� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �r�e�l�a�t�i�v�e� 

�a�b�u�n�d�a�n�c�e�.� �T�h�i�s�,� �a�c�c�o�m�p�a�n�i�e�d� �b�y� �t�h�e� �r�e�s�u�l�t� �t�h�a�t� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y� �w�a�s� �o�n�e� 

�o�f� �t�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �s�e�l�e�c�t�e�d� �v�a�r�i�a�b�l�e�s�,� �f�u�r�t�h�e�r� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�l�e�a�r�l�y� 

�d�e�f�i�n�i�n�g� �e�d�g�e� �i�n� �a� �h�a�b�i�t�a�t� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �c�o�n�c�e�p�t� �o�f� 

�c�o�n�t�r�a�s�t� �i�n� �i�t�s� �d�e�f�i�n�i�t�i�o�n�.� 

�S�A�F� �C�o�v�e�r� �T�y�p�e� �v�s�.� �G�e�n�e�r�a�l�i�z�e�d� �H�a�b�i�t�a�t� �T�y�p�e� 

�H�a�b�i�t�a�t� �p�a�t�c�h�e�s� �w�e�r�e� �d�e�f�i�n�e�d� �i�n� �2� �d�i�f�f�e�r�e�n�t� �w�a�y�s�,� �w�h�i�c�h� �f�o�r�m�e�d� �t�h�e� �b�a�s�i�s� �f�o�r� �2� 

�s�e�p�a�r�a�t�e� �a�n�a�l�y�s�e�s�.� �T�h�e� �f�i�r�s�t� �a�n�a�l�y�s�i�s� �w�a�s� �b�a�s�e�d� �o�n� �p�a�t�c�h�e�s� �d�e�f�i�n�e�d� �u�s�i�n�g� �S�A�F� �c�o�v�e�r� �t�y�p�e� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� �T�h�e� �s�e�c�o�n�d� �w�a�s� �b�a�s�e�d� �o�n� �p�a�t�c�h�e�s� �d�e�f�i�n�e�d� �u�s�i�n�g� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �t�h�a�t� �i�n�c�o�r�p�o�r�a�t�e�d� �g�e�n�e�r�a�l� �s�p�e�c�i�e�s� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �a�g�e� �s�t�r�u�c�t�u�r�e�.� �B�o�t�h� 

�s�p�e�c�i�e�s� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �a�g�e� �s�t�r�u�c�t�u�r�e� �h�a�v�e� �a�n� �e�f�f�e�c�t� �o�n� �h�o�w� �b�i�r�d�s� �s�e�l�e�c�t� �h�a�b�i�t�a�t� �(�H�i�l�d�e�n� 

�1�9�6�5�,� �C�o�d�y� �1�9�8�5�,� �M�e�y�e�r�s� �a�n�d� �O�d�u�m� �1�9�9�1�)�.� 

�D�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�e�s� �b�a�s�e�d� �o�n� �t�h�e� �2� �h�a�b�i�t�a�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�s�c�h�e�m�e�s� �w�e�r�e� �m�o�s�t� �o�b�v�i�o�u�s� �i�n� �t�h�e� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� 

�b�i�r�d� �a�s�s�e�m�b�l�a�g�e� �d�i�v�e�r�s�i�t�y� �a�n�d� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s�.� �C�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� �d�e�n�s�i�t�y� �w�a�s� 

�s�e�l�e�c�t�e�d� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �a�s�s�e�m�b�l�a�g�e� �d�i�v�e�r�s�i�t�y� �i�n� �t�h�e� �S�A�F� �c�o�v�e�r� �t�y�p�e� �b�a�s�e�d� 

�a�n�a�l�y�s�e�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �p�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� 

�l�a�n�d�s�c�a�p�e� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� �d�i�v�e�r�s�i�t�y� �i�n� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� 
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�b�a�s�e�d� �a�n�a�l�y�s�e�s�.� �T�h�o�u�g�h� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� �o�f� �d�i�v�e�r�s�i�t�y� �w�e�r�e� �d�i�f�f�e�r�e�n�t�,� �h�a�b�i�t�a�t� 

�d�i�v�e�r�s�i�t�y� �a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e� �b�e�h�i�n�d� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �v�a�r�i�a�b�l�e�s� �i�n� �b�o�t�h� �a�n�a�l�y�s�e�s�.� 

�A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �d�i�f�f�e�r�e�n�c�e� �c�a�n� �b�e� �s�e�e�n� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �t�h�a�t� �r�e�s�p�o�n�d�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �e�a�c�h� �a�n�a�l�y�s�i�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �w�h�o�s�e� 

�r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s� �i�n� �a� �l�a�n�d�s�c�a�p�e� 

�d�o�u�b�l�e�d� �i�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �b�a�s�e�d� �o�n� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e�s�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �a�s� 

�t�h�e� �t�o�t�a�l� �a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �t�h�e� �m�o�r�e� �s�p�e�c�i�f�i�c� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e� �t�o� �t�h�e� 

�m�o�r�e� �i�n�c�l�u�s�i�v�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e�,� �i�t�s� �i�m�p�o�r�t�a�n�c�e� �t�o� �b�i�r�d� �s�p�e�c�i�e�s� �i�n�c�r�e�a�s�e�d�.� �S�u�p�p�o�r�t�i�n�g� 

�t�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �i�s� �t�h�e� �r�e�s�u�l�t� �t�h�a�t� �t�h�e� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x�,� �w�h�i�c�h� �i�s� �a� �m�e�a�s�u�r�e� �o�f� �t�h�e� �t�o�t�a�l� 

�a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �i�n�c�r�e�a�s�e�d� �i�n� �1�7� �s�i�t�e�s� �a�n�d� �d�i�d� �n�o�t� �c�h�a�n�g�e� �i�n� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �3� �w�h�e�n� �s�i�t�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e�.� �T�h�i�s� 

�c�h�a�n�g�e� �w�a�s� �w�h�o�l�l�y� �a� �f�u�n�c�t�i�o�n� �o�f� �h�o�w� �p�a�t�c�h�e�s� �w�e�r�e� �d�e�f�i�n�e�d� �i�n� �e�a�c�h� �a�n�a�l�y�s�i�s�.� �A� �n�u�m�b�e�r� �o�f� 

�f�a�c�t�o�r�s� �c�o�n�f�o�u�n�d� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�i�s� �r�e�s�u�l�t�,� �h�o�w�e�v�e�r�.� �F�i�r�s�t�,� �t�h�e� �t�o�t�a�l� �c�o�r�e� �a�r�e�a� �i�n�d�e�x� 

�w�a�s� �n�o�t� �s�e�l�e�c�t�e�d� �a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r� �o�f� �r�e�l�a�t�i�v�e� �a�b�u�n�d�a�n�c�e� �i�n� �a�n�y� �o�f� �t�h�e� �s�p�e�c�i�e�s� 

�m�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �u�n�d�e�r� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e�.� �S�e�c�o�n�d�l�y�,� �t�h�e� �n�u�m�b�e�r� �o�f� 

�c�o�r�e� �a�r�e�a�s� �d�e�c�r�e�a�s�e�d� �i�n� �8� �s�i�t�e�s� �w�h�e�n� �S�A�F� �c�o�v�e�r� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �r�e�c�l�a�s�s�i�f�i�e�d� �i�n�t�o� 

�m�o�r�e� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e�s� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �i�t� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �a� �g�o�o�d� �i�n�d�i�c�a�t�o�r� �o�f� �t�h�e� 

�t�o�t�a�l� �a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a� �i�n� �a� �l�a�n�d�s�c�a�p�e�.� �G�i�v�e�n� �t�h�a�t� �t�h�e� �t�o�t�a�l� �a�m�o�u�n�t� �o�f� �c�o�r�e� �a�r�e�a� �w�a�s� 

�i�n�d�e�e�d� �h�i�g�h�e�r� �o�n� �s�i�t�e�s� �w�i�t�h� �p�a�t�c�h�e�s� �d�e�f�i�n�e�d� �u�s�i�n�g� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� 

�t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �c�o�n�t�i�g�u�i�t�y� �o�f� �t�h�e� �c�o�r�e� �a�r�e�a� �m�a�y� �n�o�t� �b�e� �a�s� 

�i�m�p�o�r�t�a�n�t� �a�s� �t�h�e� �w�a�y� �t�h�e� �c�o�r�e� �a�r�e�a� �i�s� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �s�i�t�e�.� 
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�I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �4� �a�d�d�i�t�i�o�n�a�l� �r�e�g�r�e�s�s�o�r�s� �(�A�G�E�1�,� �A�G�E�2�,� �A�G�E�3�,� �A�G�E�4�)� 

�w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �b�a�s�e�d� �o�n� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� �D�i�f�f�e�r�e�n�c�e�s� �i�n� 

�t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �v�a�r�i�a�b�l�e�s� �m�a�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �m�o�r�e� �g�e�n�e�r�a�l� �h�a�b�i�t�a�t� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �i�n�c�l�u�d�i�n�g� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �a�g�e� �s�t�r�u�c�t�u�r�e� �t�o� �t�h�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e� �o�r� �t�h�e�y� 

�m�a�y� �b�e� �f�r�o�m� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �m�o�r�e� �r�e�g�r�e�s�s�o�r�s� �i�n� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s�.� 

�A� �n�u�m�b�e�r� �o�f� �s�i�m�i�l�a�r�i�t�i�e�s� �c�a�n� �b�e� �n�o�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �2� �a�n�a�l�y�s�e�s� �a�s� �w�e�l�l�,� 

�p�a�r�t�i�c�u�l�a�r�l�y� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� �m�o�d�e�l�s�.� �T�h�o�u�g�h� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �v�a�r�i�a�b�l�e�s� 

�s�e�l�e�c�t�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �a�n�y� �g�i�v�e�n� �m�o�d�e�l� �w�e�r�e� �d�i�f�f�e�r�e�n�t�,� �t�h�e� �v�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �a�s� �t�h�e� �b�e�s�t� 

�p�r�e�d�i�c�t�o�r�s� �o�f� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �w�e�r�e� �t�h�e� �s�a�m�e� �f�o�r� �b�o�t�h�.� �P�a�t�c�h� �r�i�c�h�n�e�s�s� �d�e�n�s�i�t�y�,� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �i�n� �a� �l�a�n�d�s�c�a�p�e�,� �a�n�d� �c�o�n�t�r�a�s�t�-�w�e�i�g�h�t�e�d� �e�d�g�e� 

�d�e�n�s�i�t�y� �w�e�r�e� �t�h�e� �3� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �s�e�l�e�c�t�e�d� �p�r�e�d�i�c�t�o�r�s� �o�f� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �i�n� �b�o�t�h� 

�a�n�a�l�y�s�e�s�.� �W�i�t�h� �r�e�s�p�e�c�t� �t�o� �i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� �m�e�a�s�u�r�e�s�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �2� �a�n�a�l�y�s�e�s� �s�u�p�p�o�r�t� 

�e�a�c�h� �o�t�h�e�r�.� �B�o�t�h� �a�p�p�a�r�e�n�t�l�y� �c�a�n� �b�e� �u�s�e�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �w�h�i�c�h� �l�a�r�g�e�-�s�c�a�l�e� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� 

�i�n�f�l�u�e�n�c�e� �b�i�r�d� �a�s�s�e�m�b�l�a�g�e�s� �a�n�d� �s�p�e�c�i�e�s�.� 

�O�v�e�r�a�l�l�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �h�a�b�i�t�a�t� �d�i�v�e�r�s�i�t�y� �i�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� 

�l�a�r�g�e�-�s�c�a�l�e� �s�e�l�e�c�t�i�o�n� �o�f� �h�a�b�i�t�a�t� �b�y� �b�i�r�d� �s�p�e�c�i�e�s� �o�n� �Q�u�a�n�t�i�c�o�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �e�d�g�e� �s�p�e�c�i�e�s� �a�n�d� �h�a�b�i�t�a�t� �g�e�n�e�r�a�l�i�s�t�s� �a�r�e� �s�e�l�e�c�t�i�n�g� �l�a�n�d�s�c�a�p�e�s� �w�i�t�h� �g�r�e�a�t�e�r� 

�a�m�o�u�n�t�s� �o�f� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e�,� �g�r�e�a�t�e�r� �d�e�n�s�i�t�y� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�t�c�h� �t�y�p�e�s�,� �h�i�g�h�e�r� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �t�y�p�e�s�,� �a�n�d� �f�e�w�e�r� �c�o�r�e� �a�r�e�a�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �f�o�r�e�s�t� 

�i�n�t�e�r�i�o�r� �s�p�e�c�i�e�s� �a�n�d� �s�p�e�c�i�a�l�i�s�t�s� �a�r�e� �s�e�l�e�c�t�i�n�g� �l�a�n�d�s�c�a�p�e�s� �w�i�t�h� �n�o� �e�d�g�e�s� �o�r� �l�o�w�-�c�o�n�t�r�a�s�t� 

�e�d�g�e�s�,� �f�e�w�e�r� �n�u�m�b�e�r� �o�f� �p�a�t�c�h� �t�y�p�e�s� �p�e�r� �u�n�i�t� �a�r�e�a�,� �a�n�d� �a� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �c�o�r�e� �a�r�e�a�s�.� 
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�M�a�n�a�g�e�m�e�n�t� �I�m�p�l�i�c�a�t�i�o�n�s� 

�B�i�r�d� �s�p�e�c�i�e�s� �m�e�e�t� �t�h�e�i�r� �n�e�e�d�s� �i�n� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �w�a�y�s� �a�n�d� �r�e�q�u�i�r�e� �a� �v�a�r�i�e�t�y� �o�f� �o�f�t�e�n� 

�d�i�s�p�a�r�a�t�e� �h�a�b�i�t�a�t� �c�o�n�d�i�t�i�o�n�s� �t�o� �d�o� �s�o�.� �H�a�b�i�t�a�t� �p�r�e�f�e�r�r�e�d� �b�y� �o�n�e� �s�p�e�c�i�e�s� �m�a�y� �b�e� �h�a�b�i�t�a�t� 

�a�v�o�i�d�e�d� �b�y� �a�n�o�t�h�e�r�.� �A�s� �a� �r�e�s�u�l�t�,� �n�o� �s�i�n�g�l�e� �m�a�n�a�g�e�m�e�n�t� �p�l�a�n� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �b�e�n�e�f�i�t� �a�l�l� 

�s�p�e�c�i�e�s�.� �I�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�f�i�n�e� �c�l�e�a�r� �m�a�n�a�g�e�m�e�n�t� �o�b�j�e�c�t�i�v�e�s� �a�s� �t�o� �w�h�i�c�h� �s�p�e�c�i�e�s� �a�r�e� �i�n� 

�n�e�e�d� �o�f� �m�a�n�a�g�e�m�e�n�t�.� 

�I�f� �a� �m�a�n�a�g�e�r� �i�s� �m�a�n�a�g�i�n�g� �f�o�r� �b�i�r�d� �d�i�v�e�r�s�i�t�y�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t� �t�h�a�t� �a�n� 

�a�t�t�e�m�p�t� �s�h�o�u�l�d� �b�e� �m�a�d�e� �a�t� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e� �i�n� �a� �l�a�n�d�s�c�a�p�e� �a�s� �a� 

�w�e�l�l� �a�s� �m�a�n�a�g�i�n�g� �f�o�r� �a� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �m�i�x�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �p�a�t�c�h�e�s�.� �I�f� �t�h�e� �m�a�n�a�g�e�m�e�n�t� 

�o�b�j�e�c�t�i�v�e� �i�s� �t�o� �p�r�o�t�e�c�t� �a�r�e�a�-�s�e�n�s�i�t�i�v�e� �s�p�e�c�i�e�s�,� �h�i�g�h�-�c�o�n�t�r�a�s�t� �e�d�g�e�s� �s�h�o�u�l�d� �b�e� �a�v�o�i�d�e�d� �a�n�d� 

�l�a�r�g�e� �a�r�e�a�s� �o�f� �c�o�n�t�i�g�u�o�u�s� �m�i�x�e�d� �p�i�n�e�/�h�a�r�d�w�o�o�d� �f�o�r�e�s�t� �s�h�o�u�l�d� �b�e� �m�a�i�n�t�a�i�n�e�d�.� �I�f�t�h�e� 

�o�b�j�e�c�t�i�v�e� �i�s� �t�o� �m�a�n�a�g�e� �f�o�r� �h�a�b�i�t�a�t� �s�p�e�c�i�a�l�i�s�t�s�,� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �h�a�b�i�t�a�t� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �e�a�c�h� 

�s�p�e�c�i�e�s� �s�h�o�u�l�d� �b�e� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �h�a�b�i�t�a�t� �s�h�o�u�l�d� �b�e� �m�a�n�a�g�e�d� �a�c�c�o�r�d�i�n�g�l�y�.� 

�G�i�v�e�n� �t�h�e� �s�i�m�i�l�a�r�i�t�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �a�n�a�l�y�s�e�s�,� �I� �b�e�l�i�e�v�e� �t�h�a�t� �m�a�n�y� �o�f� �t�h�e� �c�o�m�m�o�n� 

�b�i�r�d� �s�p�e�c�i�e�s� �o�c�c�u�r�r�i�n�g� �o�n� �Q�u�a�n�t�i�c�o� �c�a�n� �b�e� �m�a�n�a�g�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �e�i�t�h�e�r� �t�h�e� �S�A�F� �c�o�v�e�r� 

�t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �o�r� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� �S�i�n�c�e� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� 

�h�a�b�i�t�a�t� �t�y�p�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�c�h�e�m�e� �i�s� �s�t�r�u�c�t�u�r�a�l�l�y� �a�n�d� �c�o�m�p�o�s�i�t�i�o�n�a�l�l�y� �m�o�r�e� �i�n�c�l�u�s�i�v�e�,� �a� 

�g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �m�a�y� �b�e� �m�a�n�a�g�e�d� �o�v�e�r� �a� �b�r�o�a�d�e�r� �a�r�e�a�.� �M�a�n�a�g�e�m�e�n�t� �a�c�c�o�r�d�i�n�g� 

�t�o� �t�h�i�s� �s�c�h�e�m�e� �t�h�e�r�e�f�o�r�e� �w�o�u�l�d� �b�e� �e�a�s�i�e�r� �t�o� �i�m�p�l�e�m�e�n�t� �a�n�d� �m�o�r�e� �p�a�r�s�i�m�o�n�i�o�u�s�.� 
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�L�i�m�i�t�a�t�i�o�n�s� 

�O�n�e� �o�f� �t�h�e� �p�r�i�m�a�r�y� �g�o�a�l�s� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� �n�e�e�d�s� �o�f� �a�n� �a�s�s�e�m�b�l�a�g�e� 

�o�f� �b�i�r�d�s� �o�v�e�r� �a� �l�a�n�d�s�c�a�p�e� �c�o�m�p�o�s�e�d� �o�f� �a� �m�o�s�a�i�c� �o�f� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s�.� �T�h�i�s� �w�a�s� 

�a�c�c�o�m�p�l�i�s�h�e�d� �t�h�r�o�u�g�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �m�o�d�e�l�s� �f�o�r� �a� �s�e�r�i�e�s� �o�f� �a�s�s�e�m�b�l�a�g�e� �m�e�a�s�u�r�e�s� 

�(�s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s�,� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�,� �s�p�e�c�i�e�s� �e�q�u�i�t�a�b�i�l�i�t�y�)� �w�h�i�c�h� �a�r�e� �i�n� �e�s�s�e�n�c�e� �c�o�m�m�u�n�i�t�y� 

�m�o�d�e�l�s�.� �A� �c�o�m�m�u�n�i�t�y� �i�s� �a�n�  ��a�g�g�r�e�g�a�t�e� �o�f� �s�p�e�c�i�e�s�,� �e�x�i�s�t�i�n�g� �t�o�g�e�t�h�e�r� �i�n� �s�o�m�e� �d�e�f�i�n�a�b�l�e� �a�r�e�a� 

�t�h�a�t� �p�r�o�v�i�d�e�s� �t�h�e� �s�p�e�c�i�e�s� �s�p�e�c�i�f�i�c� �r�e�q�u�i�r�e�m�e�n�t�s �� �(�B�a�l�d�a� �1�9�7�5�)�.� �C�o�m�m�u�n�i�t�y� �m�o�d�e�l�s� �a�r�e� 

�p�a�r�t�i�c�u�l�a�r�l�y� �u�s�e�f�u�l� �i�n� �m�a�n�a�g�e�m�e�n�t� �b�e�c�a�u�s�e� �t�h�e�y� �p�o�t�e�n�t�i�a�l�l�y� �a�l�l�o�w� �a� �m�a�n�a�g�e�r� �t�o� �m�a�n�a�g�e� �a� 

�n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �u�n�d�e�r� �a� �s�i�n�g�l�e� �p�l�a�n�.� �T�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �l�i�m�i�t�a�t�i�o�n�s� �t�o� �t�h�i�s� �a�p�p�r�o�a�c�h�,� 

�h�o�w�e�v�e�r�.� �T�h�e� �f�i�r�s�t� �i�s� �d�e�t�e�r�m�i�n�i�n�g� �w�h�i�c�h�  ��r�e�s�p�o�n�s�e� �m�e�a�s�u�r�e �� �(�e�.�g�.� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s�,� 

�s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�,� �s�p�e�c�i�e�s� �e�q�u�i�t�a�b�i�l�i�t�y�,� �e�t�c�.�)� �c�a�n� �b�e� �u�s�e�d� �a�p�p�r�o�p�r�i�a�t�e�l�y� �t�o� �m�e�a�n�i�n�g�f�u�l�l�y� 

�d�e�s�c�r�i�b�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �a�s�s�e�m�b�l�a�g�e�s� �o�f� �b�i�r�d�s� �a�n�d� �l�a�r�g�e�-�s�c�a�l�e� �h�a�b�i�t�a�t� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� 

�S�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �(�i�.�e�.� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s�)� �i�s� �g�r�e�a�t�l�y� �d�e�p�e�n�d�e�n�t� �o�n� �a�r�e�a� �a�s� �w�e�l�l� 

�a�s� �s�a�m�p�l�i�n�g� �e�f�f�o�r�t� �a�n�d� �g�i�v�e�s� �n�o� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �w�h�i�c�h� �s�p�e�c�i�e�s� �a�r�e� �p�r�e�s�e�n�t�.� �I�t� �t�h�e�r�e�f�o�r�e� �m�a�y� 

�b�e� �a� �d�u�b�i�o�u�s� �m�e�a�s�u�r�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �b�e�i�n�g� �u�s�e�d� �i�n� �d�e�s�c�r�i�b�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �b�i�r�d� 

�a�s�s�e�m�b�l�a�g�e�s� �t�o� �l�a�r�g�e�-�s�c�a�l�e� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s�.� �E�q�u�i�t�a�b�i�l�i�t�y� �i�s� �a�l�s�o� �i�n�f�l�u�e�n�c�e�d� �b�y� �s�i�z�e� �o�f� �t�h�e� 

�s�t�u�d�y� �a�r�e�a� �(�H�u�r�l�b�u�r�t� �1�9�7�1�)� �a�n�d� �b�y� �i�t�s�e�l�f� �o�f�f�e�r�s� �l�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �d�e�s�c�r�i�b�i�n�g� �a�s�s�e�m�b�l�a�g�e�-� 

�h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�c�a�u�s�e� �i�t� �s�a�y�s� �n�o�t�h�i�n�g� �a�b�o�u�t� �t�h�e� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� 

�c�o�m�m�u�n�i�t�y� �o�r� �a�b�o�u�t� �w�h�i�c�h� �s�p�e�c�i�e�s� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �m�e�a�s�u�r�e�s� �o�f� �e�v�e�n�n�e�s�s� 

�a�r�e� �b�i�a�s�e�d� �u�p�w�a�r�d� �u�n�l�e�s�s� �t�h�e� �t�r�u�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �i�s� �k�n�o�w�n� �f�o�r� �t�h�e� �c�o�m�m�u�n�i�t�y� 

�w�h�i�c�h� �i�s� �g�e�n�e�r�a�l�l�y� �n�o�t� �t�h�e� �c�a�s�e� �(�K�r�e�b�s� �1�9�8�9�)�.� �D�i�v�e�r�s�i�t�y� �m�e�a�s�u�r�e�s� �c�o�n�f�o�u�n�d� �t�h�e� �c�o�n�c�e�p�t�s� 
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�o�f� �r�i�c�h�n�e�s�s� �a�n�d� �e�q�u�i�t�a�b�i�l�i�t�y� �a�n�d� �c�a�r�r�y� �s�o�m�e� �o�f� �t�h�e� �a�m�b�i�g�u�i�t�y� �i�n�h�e�r�e�n�t� �i�n� �e�a�c�h�.� �T�h�e�y� �a�r�e� 

�t�h�e�r�e�f�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �i�n�t�e�r�p�r�e�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �l�a�n�d�s�c�a�p�e� �w�i�t�h� �m�a�n�y� �s�p�e�c�i�e�s� �a�n�d� �f�e�w� 

�i�n�d�i�v�i�d�u�a�l�s� �c�a�n� �h�a�v�e� �a� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �e�q�u�a�l� �t�o� �a� �l�a�n�d�s�c�a�p�e� �w�i�t�h� �a� �f�e�w� �s�p�e�c�i�e�s� �a�n�d� �m�a�n�y� 

�i�n�d�i�v�i�d�u�a�l�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �l�i�k�e� �r�i�c�h�n�e�s�s� �a�n�d� �e�q�u�i�t�a�b�i�l�i�t�y�,� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y� �g�i�v�e�s� �n�o� �c�l�e�a�r� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �w�h�i�c�h� �s�p�e�c�i�e�s� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �a� �c�o�m�m�u�n�i�t�y�.� �D�i�v�e�r�s�i�t�y� �i�n�d�e�x� �v�a�l�u�e�s� �h�a�v�e� 

�n�o� �m�e�a�n�i�n�g� �i�n� �t�h�e�m�s�e�l�v�e�s� �a�n�d� �a�r�e� �o�n�l�y� �u�s�e�f�u�l� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �o�n�e� �a�n�o�t�h�e�r�.� �D�i�f�f�e�r�e�n�t� 

�d�i�v�e�r�s�i�t�y� �i�n�d�i�c�e�s� �m�e�a�s�u�r�e� �a� �c�o�m�m�u�n�i�t�y� �i�n� �d�i�f�f�e�r�e�n�t� �w�a�y�s� �a�n�d� �c�a�n�n�o�t� �b�e� �c�o�m�p�a�r�e�d� �t�o� �o�n�e� 

�a�n�o�t�h�e�r�.� �T�h�i�s� �i�s� �t�r�u�e� �o�f� �t�h�e� �d�i�v�e�r�s�i�t�y� �m�e�a�s�u�r�e�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �S�h�a�n�n�o�n�-�W�i�e�n�e�r� 

�d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �i�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �r�a�r�e� �s�p�e�c�i�e�s� �i�n� �a� �c�o�m�m�u�n�i�t�y� �w�h�e�r�e�a�s� �S�i�m�p�s�o�n ��s� �_�_�-� 

�d�i�v�e�r�s�i�t�y� �i�n�d�e�x� �i�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �c�o�m�m�o�n� �s�p�e�c�i�e�s� �(�P�e�e�t� �1�9�7�4�)� �.� 

�T�h�o�u�g�h� �n�o� �c�o�n�c�l�u�s�i�o�n�s� �w�e�r�e� �m�a�d�e� �o�n� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y� �p�e�r� �s�e�,� �i�t� �w�a�s� �i�m�p�l�i�e�d� �i�n� �t�h�e� 

�c�o�n�c�l�u�s�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� �a�n�d� �a�s�s�e�m�b�l�a�g�e�s� �t�o� �h�a�b�i�t�a�t� 

�e�l�e�m�e�n�t�s�.� �T�h�e� �i�m�p�l�i�c�a�t�i�o�n� �i�s� �t�h�a�t� �i�f� �s�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e� �o�r� �d�i�v�e�r�s�i�t�y� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �a� 

�p�a�r�t�i�c�u�l�a�r� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�,� �t�h�a�t� �e�l�e�m�e�n�t� �i�s�  ��g�o�o�d �� �f�o�r� �t�h�e� �s�p�e�c�i�e�s� �a�n�d� �h�a�b�i�t�a�t� �w�h�i�c�h� 

�i�n�c�l�u�d�e�s� �t�h�a�t� �e�l�e�m�e�n�t� �w�o�u�l�d� �b�e� �o�f� �g�o�o�d� �q�u�a�l�i�t�y�.� �T�h�i�s� �f�u�r�t�h�e�r� �c�o�m�p�l�i�c�a�t�e�s� �t�h�e� �t�a�s�k� �o�f� 

�d�e�t�e�r�m�i�n�i�n�g� �w�h�i�c�h� �r�e�s�p�o�n�s�e� �m�e�a�s�u�r�e� �c�a�n� �b�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �b�i�r�d�s� �t�o� 

�l�a�r�g�e�-�s�c�a�l�e� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s�.� �H�a�b�i�t�a�t�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �d�i�v�e�r�s�i�t�y� �o�r� �a�b�u�n�d�a�n�c�e� �o�f� 

�i�n�d�i�v�i�d�u�a�l�s� �o�r� �s�p�e�c�i�e�s� �i�n� �i�t�,� �c�a�n�n�o�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �h�i�g�h� �q�u�a�l�i�t�y� �i�f� �s�p�e�c�i�e�s� �h�a�v�e� �l�o�w� 

�r�e�p�r�o�d�u�c�t�i�v�e� �s�u�c�c�e�s�s� �(�V�a�n� �H�o�r�n�e� �1�9�8�3�,� �V�i�c�k�e�r�y� �1�9�9�2�)�.� �N�e�s�t�i�n�g� �s�u�c�c�e�s�s� �(�M�a�y�f�i�e�l�d� �1�9�7�5�)� 

�t�h�e�r�e�f�o�r�e� �w�o�u�l�d� �b�e� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �m�e�a�s�u�r�e� �i�n� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �b�i�r�d�s� �a�n�d� 

�l�a�r�g�e�-�s�c�a�l�e� �h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s� �a�s� �w�e�l�l� �a�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �i�n�d�i�c�a�t�o�r� �o�f� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y�.� �A� 

�n�u�m�b�e�r� �o�f� �a�u�t�h�o�r�s� �h�a�v�e� �s�u�g�g�e�s�t�e�d� �s�u�p�p�l�e�m�e�n�t�i�n�g� �a�b�u�n�d�a�n�c�e� �a�n�d� �d�i�v�e�r�s�i�t�y� �d�a�t�a� �w�i�t�h� 
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�d�e�m�o�g�r�a�p�h�i�c� �d�a�t�a� �(�V�a�n� �H�o�r�n�e� �1�9�8�3�,� �V�i�c�k�e�r�y� �1�9�9�2�,� �F�e�e�m�a�r�k� �e�t� �a�l�.� �1�9�9�3�,� �R�a�l�p�h� �e�t� �a�l�.� 

�1�9�9�3�)�.� �T�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�i�s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�.� �F�i�r�s�t�,� �c�o�l�l�e�c�t�i�n�g� �d�a�t�a� 

�o�n� �n�e�s�t�i�n�g� �s�u�c�c�e�s�s� �i�s� �l�a�b�o�r� �i�n�t�e�n�s�i�v�e� �a�n�d� �b�e�c�a�u�s�e� �o�f� �l�i�m�i�t�e�d� �t�i�m�e� �a�n�d� �f�i�n�a�n�c�i�a�l� �r�e�s�o�u�r�c�e�s� 

�o�f�t�e�n� �c�o�m�e�s� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �m�o�r�e� �g�e�n�e�r�a�l� �i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �i�s� �a�l�s�o� �o�f� �v�a�l�u�e�.� �A� �s�e�c�o�n�d� 

�p�r�o�b�l�e�m� �i�n� �u�s�i�n�g� �d�e�m�o�g�r�a�p�h�i�c� �d�a�t�a� �i�n� �d�e�s�c�r�i�b�i�n�g� �l�a�r�g�e�-�s�c�a�l�e� �a�v�i�a�n� �h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �i�s� 

�f�i�n�d�i�n�g� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �w�a�y� �o�f� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�u�c�c�e�s�s� �o�f� �a�n� �e�n�t�i�r�e� 

�c�o�m�m�u�n�i�t�y�.� �O�n�e� �p�o�s�s�i�b�l�e� �a�p�p�r�o�a�c�h� �i�s� �t�o� �a�s�s�e�s�s� �t�h�e� �c�o�m�m�u�n�i�t�y� �b�a�s�e�d� �o�n� �a�n� �a�g�g�r�e�g�a�t�i�o�n� �o�f� 

�i�n�d�i�v�i�d�u�a�l� �s�p�e�c�i�e�s� �a�s�s�e�s�s�m�e�n�t�s�.� �L�o�g�i�s�t�i�c�a�l�l�y�,� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �n�e�s�t�i�n�g� �s�u�c�c�e�s�s� �o�f� �a�l�l� �o�f� �t�h�e� 

�s�p�e�c�i�e�s� �i�n� �a� �c�o�m�m�u�n�i�t�y� �i�s� �n�o�t� �g�e�n�e�r�a�l�l�y� �f�e�a�s�i�b�l�e�,� �h�o�w�e�v�e�r�.� �A�l�s�o�,� �a�n� �a�g�g�r�e�g�a�t�i�o�n� �i�s� �n�o�t� 

�l�i�k�e�l�y� �a� �s�u�i�t�a�b�l�e� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �o�v�e�r�a�l�l� �f�i�t�n�e�s�s� �o�f� �a� �c�o�m�m�u�n�i�t�y� �a�s� �a� �u�n�i�t� �i�n� �i�t�s�e�l�f�.� 

�A�n�o�t�h�e�r� �a�p�p�r�o�a�c�h� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �n�e�s�t�i�n�g� �s�u�c�c�e�s�s� �o�f� �a� �f�e�w� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�p�e�c�i�e�s� �a�n�d� 

�l�i�n�k� �t�h�e�m� �t�o� �o�t�h�e�r� �s�p�e�c�i�e�s� �i�n� �t�h�e� �c�o�m�m�u�n�i�t�y� �o�r� �t�o� �o�v�e�r�a�l�l� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�.� �I�f� �a� �c�o�r�r�e�l�a�t�i�o�n� 

�b�e�t�w�e�e�n� �m�e�a�s�u�r�e�s� �o�f� �d�i�v�e�r�s�i�t�y� �o�r� �a�b�u�n�d�a�n�c�e� �a�n�d� �m�e�a�s�u�r�e�s� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �s�u�c�c�e�s�s� �o�f� �a� 

�f�e�w� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�p�e�c�i�e�s� �c�o�u�l�d� �b�e� �d�e�m�o�n�s�t�r�a�t�e�d�,� �t�h�e�s�e� �s�i�m�p�l�e�r� �m�e�a�s�u�r�e�s� �c�o�u�l�d� �t�h�e�n� �b�e� 

�u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �b�i�r�d� �a�s�s�e�m�b�l�a�g�e�s� �a�n�d� �s�p�e�c�i�e�s� �a�n�d� �l�a�r�g�e�-�s�c�a�l�e� 

�h�a�b�i�t�a�t� �e�l�e�m�e�n�t�s�.� 
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�L�I�T�E�R�A�T�U�R�E� �C�I�T�E�D� 

�_� �A�s�k�i�n�s�,� �R�.� �A�.�,� �J�.� �F�.� �L�y�n�c�h�,� �a�n�d� �R�.� �G�r�e�e�n�b�e�r�g�.� �1�9�9�0�.� �P�o�p�u�l�a�t�i�o�n� �d�e�c�l�i�n�e�s� �i�n� �m�i�g�r�a�t�o�r�y� �b�i�r�d�s� 
�i�n� �e�a�s�t�e�r�n� �N�o�r�t�h� �A�m�e�r�i�c�a�.� �C�u�r�r�e�n�t� �O�r�n�i�t�h�o�l�o�g�y� �7�:�1�-�5�7�.� 

�B�a�l�d�a�,� �R�.� �P�.� �1�9�7�5�.� �V�e�g�e�t�a�t�i�o�n� �s�t�r�u�c�t�u�r�e� �a�n�d� �b�r�e�e�d�i�n�g� �b�i�r�d� �d�i�v�e�r�s�i�t�y�.� �P�a�g�e�s� �5�9�-�8�0� �i�n� �D�.� 
�S�m�i�t�h�,� �t�e�c�h� �c�o�o�r�d�.� �P�r�o�c�.� �o�f� �t�h�e� �s�y�m�p�o�s�i�u�m� �o�n� �m�a�n�a�g�e�m�e�n�t� �o�f� �f�o�r�e�s�t� �a�n�d� �r�a�n�g�e� 
�h�a�b�i�t�a�t�s� �f�o�r� �n�o�n�g�a�m�e� �b�i�r�d�s�.� �U�S�D�A� �F�o�r�.� �S�e�r�v�.� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �W�O�-�1�.� 

�B�a�n�k�e�r�,� �M�.� �1�9�9�4�.� �M�o�d�e�l�i�n�g� �v�e�g�e�t�a�t�i�o�n� �r�e�s�p�o�n�s�e� �t�o� �s�u�c�c�e�s�s�i�o�n� �a�n�d� �m�a�n�a�g�e�m�e�n�t�.� �M�.� �S�.� 
�T�h�e�s�i�s�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� �1�4�8�p�p�.� 

�B�e�r�r�y�,� �K�.� �H�.� �1�9�8�6�.� �I�n�t�r�o�d�u�c�t�i�o�n�:� �d�e�v�e�l�o�p�m�e�n�t�,� �t�e�s�t�i�n�g�,� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �w�i�l�d�l�i�f�e�-�h�a�b�i�t�a�t� 
�m�o�d�e�l�s�.� �P�a�g�e�s� �3�-�4� �i�n� �J�.� �V�e�r�n�e�r�,� �M�.� �L�.� �M�o�r�r�i�s�o�n�,� �a�n�d� �C�.� �J�.� �R�a�l�p�h�,� �e�d�s�.� �W�i�l�d�l�i�f�e� �2�0�0�0�:� 
�m�o�d�e�l�i�n�g� �h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�e�r�r�e�s�t�r�i�a�l� �v�e�r�t�e�b�r�a�t�e�s�.� �U�n�i�v�.� �o�f� �W�i�s�c�o�n�s�i�n� �P�r�e�s�s�,� 
�M�a�d�i�s�o�n�.� 

�B�r�a�u�n�i�n�g�,� �D�.� �W�.�,� �e�d�i�t�o�r�.� �1�9�9�2�.� �A�t�l�a�s� �o�f� �b�r�e�e�d�i�n�g� �b�i�r�d�s� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a�.� �U�n�i�v�e�r�s�i�t�y� �o�f� �P�i�t�t�s�b�u�r�g�h� 
�P�r�e�s�s�,� �P�i�t�t�s�b�u�r�g�h�.� �4�8�3�p�p�.� 

�B�r�i�t�t�i�n�g�h�a�m�,� �M�.� �C�.� �a�n�d� �S�.� �A�.� �T�e�m�p�l�e�.� �1�9�8�3�.� �H�a�v�e� �c�o�w�b�i�r�d�s� �c�a�u�s�e�d� �f�o�r�e�s�t� �s�o�n�g�b�i�r�d�s� �t�o� 
�d�e�c�l�i�n�e�?� �B�i�o�S�c�i�e�n�c�e� �3�3�:�1�:�3�1�-�3�5�.� 

�B�u�c�k�e�l�e�w�,� �A�.� �R�.�,� �a�n�d� �G�.� �A�.� �H�a�l�l�.� �1�9�9�4�.� �T�h�e� �W�e�s�t� �V�i�r�g�i�n�i�a� �b�r�e�e�d�i�n�g� �b�i�r�d� �a�t�l�a�s�.� �U�n�i�v�e�r�s�i�t�y� �o�f� 
�P�i�t�t�s�b�u�r�g�h� �P�r�e�s�s�,� �P�i�t�t�s�b�u�r�g�h�.� �2�1�5�p�p�.� 

�B�u�l�l�,� �E�.� �L�.�,� �a�n�d� �J�.� �E�.� �J�a�c�k�s�o�n�.� �1�9�9�5�.� �P�i�l�e�a�t�e�d� �w�o�o�d�p�e�c�k�e�r� �(�D�r�y�o�c�o�p�u�s� �p�i�l�e�a�t�u�s�)�.� �i�n� �A�.� �P�o�o�l�e� 
�a�n�d� �F�.� �G�i�l�l�,� �e�d�s�.� �T�h�e� �b�i�r�d�s� �o�f� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �n�o�.� �1�4�8�.� �T�h�e� �A�c�a�d�e�m�y� �o�f� �N�a�t�u�r�a�l� 
�S�c�i�e�n�c�e�s�,� �P�h�i�l�a�d�e�l�p�h�i�a�.� 

 ��C�o�d�y�,� �M�.� �L�.�,� �e�d�i�t�o�r�.� �1�9�8�5�.� �H�a�b�i�t�a�t� �s�e�l�e�c�t�i�o�n� �i�n� �b�i�r�d�s�.� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �I�n�c�.�,� �O�r�l�a�n�d�o�.� �5�5�8�p�p�.� 

�E�S�R�I�,� �1�9�9�4�.� �A�r�c�V�i�e�w�:� �t�h�e� �g�e�o�g�r�a�p�h�i�c� �i�n�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �f�o�r� �e�v�e�r�y�o�n�e�.� �V�e�r�s�i�o�n� �2�.�1� �f�o�r� 
�W�i�n�d�o�w�s�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�y�s�t�e�m�s� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e�.� �R�e�d�l�a�n�d�s�,� �C�A�.� 

�E�y�r�e�,� �F�.� �H�.�,� �e�d�i�t�o�r�.� �1�9�8�0�.� �F�o�r�e�s�t� �c�o�v�e�r� �t�y�p�e�s� �o�f� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �a�n�d� �C�a�n�a�d�a�.� �S�o�c�i�e�t�y� �o�f� 
�A�m�e�r�i�c�a�n� �F�o�r�e�s�t�e�r�s�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.� �C�.� �1�4�8�p�p�.� 

�F�a�a�b�o�r�g�,� �J�.� �,� �M�.� �B�r�i�t�t�i�n�g�h�a�m�,� �T�.� �D�o�n�o�v�a�n�,� �a�n�d� �J�.� �B�l�a�k�e�.� �1�9�9�3�.� �H�a�b�i�t�a�t� �f�r�a�g�m�e�n�t�a�t�i�o�n� �i�n� 
�t�h�e� �t�e�m�p�e�r�a�t�e� �z�o�n�e�:� �a� �p�e�r�s�p�e�c�t�i�v�e� �f�o�r� �m�a�n�a�g�e�r�s�.� �P�a�g�e�s� �3�3�1�-�3�3�8� �i�n� �D�.� �M�.� �F�i�n�c�h� �a�n�d� 
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�P�.� �W�.� �S�t�a�n�g�e�l�,� �e�d�s�.�:� �S�t�a�t�u�s� �a�n�d� �M�a�n�a�g�e�m�e�n�t� �o�f� �N�e�o�t�r�o�p�i�c�a�l� �M�i�g�r�a�t�o�r�y� �B�i�r�d�s�.� 
�U�S�D�A� �F�o�r�e�s�t� �S�e�r�v�i�c�e� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �R�M�-�2�2�9�.� 

�F�i�n�c�h�,� �D�.� �M�.� �1�9�9�1�.� �P�o�p�u�l�a�t�i�o�n� �e�c�o�l�o�g�y�,� �h�a�b�i�t�a�t� �r�e�q�u�i�r�e�m�e�n�t�s�,� �a�n�d� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� 
�n�e�o�t�r�o�p�i�c�a�l� �m�i�g�r�a�t�o�r�y� �b�i�r�d�s�.� �U�S�D�A� �F�o�r�e�s�t� �S�e�r�v�i�c�e� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �R�M�-�2�0�5�.� 
�2�6�p�p�.� 

�F�r�e�e�m�a�r�k�,� �K�.� �E�.� �a�n�d� �B�.� �C�o�l�l�i�n�s�.� �1�9�8�9�.� �L�a�n�d�s�c�a�p�e� �e�c�o�l�o�g�y� �o�f� �b�i�r�d�s� �b�r�e�e�d�i�n�g� �i�n� �t�e�m�p�e�r�a�t�e� 
�f�o�r�e�s�t� �f�r�a�g�m�e�n�t�s�.� �P�a�g�e�s� �4�4�3�-�4�5�4� �i�n� �J�.� �M� �H�a�g�a�n� �a�n�d� �D�.� �M�.� �J�o�h�n�s�t�o�n�,� �e�d�s�.� �E�c�o�l�o�g�y� 
�a�n�d� �C�o�n�s�e�r�v�a�t�i�o�n� �o�f� �N�e�o�t�r�o�p�i�c�a�l� �M�i�g�r�a�n�t� �L�a�n�d�b�i�r�d�s�.� �S�m�i�t�h�s�o�n�i�a�n� �I�n�s�t�i�t�u�t�i�o�n� 
�P�r�e�s�s�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.� �C�.� 

�,� �J�.�R�.� �P�r�o�b�s�t�,� �J�.� �B�.� �D�u�n�n�i�n�g�,� �a�n�d� �S�.� �J�.� �H�e�j�l�.� �1�9�9�3�.� �A�d�d�i�n�g� �a� �l�a�n�d�s�c�a�p�e� �e�c�o�l�o�g�y� 
�p�e�r�s�p�e�c�t�i�v�e� �t�o� �c�o�n�s�e�r�v�a�t�i�o�n� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �p�l�a�n�n�i�n�g�.� �P�a�g�e�s� �3�4�6�-�3�5�2� �i�n� �D�.� �M�.� 
�F�i�n�c�h� �a�n�d� �P�.� �W�.� �S�t�a�n�g�l�e�,� �e�d�s�.� �S�t�a�t�u�s� �a�n�d� �M�a�n�a�g�e�m�e�n�t� �o�f� �N�e�o�t�r�o�p�i�c�a�l� �M�i�g�r�a�t�o�r�y� 
�B�i�r�d�s�.� �U�S�D�A� �F�o�r�e�s�t� �S�e�r�v�i�c�e� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �R�M�-�2�2�9�.� 

� � 

�G�a�t�e�s�,� �J�.� �E�.� �a�n�d� �L�.� �W�.� �G�y�s�e�l�.� �1�9�7�8�.� �A�v�i�a�n� �n�e�s�t� �d�i�s�p�e�r�s�i�o�n� �a�n�d� �f�l�e�d�g�i�n�g� �s�u�c�c�e�s�s� �i�n� �f�i�e�l�d�-� 
�f�o�r�e�s�t� �e�c�o�t�o�n�e�s�.� �E�c�o�l�o�g�y� �5�9�:�5�:�8�7�1�-�8�8�3�.� 

�G�r�a�u�l�,� �W�.� �D�.�,� �a�n�d� �G�.� �C�.� �M�i�l�l�e�r�.� �1�9�8�4�.� �S�t�r�e�n�g�t�h�e�n�i�n�g� �e�c�o�s�y�s�t�e�m� �m�a�n�a�g�e�m�e�n�t� �a�p�p�r�o�a�c�h�e�s�.� 
�W�i�l�d�l�.� �S�o�c�.� �B�u�l�l�.� �1�2�:�2�8�2�-�2�8�9�.� 

�G�r�u�b�b�,� �T�.� �C�.� �a�n�d� �V�.� �V�.� �P�r�a�v�o�s�u�d�o�v�.� �1�9�9�4�.� �T�u�f�t�e�d� �t�i�t�m�o�u�s�e� �(�P�a�r�u�s� �b�i�c�o�l�o�r�)�.� �i�n� �A�.� �P�o�o�l�e� 
�a�n�d� �F�.� �G�i�l�l�,� �e�d�s�.� �T�h�e� �b�i�r�d�s� �o�f� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �n�o�.� �2�0�4�.� �T�h�e� �A�c�a�d�e�m�y� �o�f� �N�a�t�u�r�a�l� 
�S�c�i�e�n�c�e�s�,� �P�h�i�l�a�d�e�l�p�h�i�a�.� 

�H�a�g�a�n� �J�.� �M�.�,� �P�.� �S�.� �M�c�K�i�n�l�e�y�,� �A�.� �L�.� �M�e�e�h�a�n�,� �a�n�d� �S�.� �L�.� �G�r�o�v�e�.� �1�9�9�5�.� �D�i�v�e�r�s�i�t�y� �a�n�d� 
�a�b�u�n�d�a�n�c�e� �o�f� �l�a�n�d�b�i�r�d�s� �i�n� �a� �n�o�r�t�h�e�a�s�t�e�r�n� �i�n�d�u�s�t�r�i�a�l� �f�o�r�e�s�t� �l�a�n�d�s�c�a�p�e�.� �N�a�t�.� �C�o�u�n�c�i�l� 
�o�f� �t�h�e� �P�a�p�e�r� �I�n�d�u�s�t�r�y� �f�o�r� �A�i�r� �a�n�d� �S�t�r�e�a�m� �I�m�p�r�o�v�e�m�e�n�t�,� �T�e�c�h�.� �B�u�l�l�.� �7�0�5�.� �2�6�p�p�.� 

�H�a�g�g�e�r�t�y�,� �T�.� �M�.�,� �a�n�d� �S�.� �E�.� �M�o�r�t�o�n�.� �1�9�9�5�.� �C�a�r�o�l�i�n�a� �w�r�e�n� �(�T�h�r�y�o�t�h�o�r�u�s� �l�u�d�o�v�i�c�i�a�n�u�s�)�.� �i�n� 
�A�.� �P�o�o�l�e� �a�n�d� �F�.� �G�i�l�l�,� �e�d�s�.� �T�h�e� �b�i�r�d�s� �o�f� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �n�o�.� �1�8�8�.� �T�h�e� �A�c�a�d�e�m�y� �o�f� 
�N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s�,� �P�h�i�l�a�d�e�l�p�h�i�a�.� 

�H�i�l�d�e�n�,� �O�.� �1�9�6�5�.� �H�a�b�i�t�a�t� �s�e�l�e�c�t�i�o�n� �i�n� �b�i�r�d�s�:� �a� �r�e�v�i�e�w�.� �A�n�n�.� �Z�o�o�l�.� �F�e�n�n�.� �2�:�5�3�-�7�5�.� 

�H�o�s�m�e�r�,� �D�.� �W�.� �a�n�d� �S�.� �L�e�m�e�s�h�o�w�.� �1�9�8�9�.� �A�p�p�l�i�e�d� �l�o�g�i�s�t�i�c� �r�e�g�r�e�s�s�i�o�n�.� �J�o�h�n� �W�i�l�e�y� �a�n�d� 
�S�o�n�s�,� �N�e�w� �Y�o�r�k�.� �3�0�7�p�p�.� 

�H�u�t�t�o�,� �R�.� �L�.� �1�9�8�8�.� �I�s� �t�r�o�p�i�c�a�l� �d�e�f�o�r�e�s�t�a�t�i�o�n� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �r�e�p�o�r�t�e�d� �d�e�c�l�i�n�e�s� �i�n� 
�n�e�o�t�r�o�p�i�c�a�l� �m�i�g�r�a�n�t� �b�i�r�d� �p�o�p�u�l�a�t�i�o�n�s�?� �A�m�.� �B�i�r�d�s� �3�8�:�1�0�-�1�3�.� 
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�H�u�r�l�b�u�r�t�,� �S�.� �H�.� �1�9�7�1�.� �T�h�e� �n�o�n�c�o�n�c�e�p�t� �o�f� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�:� �a� �c�r�i�t�i�q�u�e� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� 
�p�a�r�a�m�e�t�e�r�s�.� �E�c�o�l�o�g�y� �5�2�:�4�:�5�7�7�-�5�8�6�.� 

�J�a�m�e�s�,� �F�.� �C�.�,� �R�.� �F�.� �J�o�h�n�s�t�o�n�,� �N�.� �O�.� �W�a�m�e�r�,� �G�.� �J�.� �N�i�e�m�i�,� �a�n�d� �W�.� �B�o�e�k�l�e�n�.� �1�9�8�4�.� �T�h�e� 
�g�r�i�n�n�e�l�l�i�a�n� �n�i�c�h�e� �o�f� �t�h�e� �w�o�o�d� �t�h�r�u�s�h�.� �A�m�.� �N�a�t�.� �1�2�4�:�1�7�-�4�7�.� 

�J�a�m�e�s�,� �F�.� �C�.� �a�n�d� �H�.� �H�.� �S�h�u�g�a�r�t� �J�r�.� �1�9�7�0�.� �A� �q�u�a�n�t�i�t�a�t�i�v�e� �m�e�t�h�o�d� �o�f� �h�a�b�i�t�a�t� �d�e�s�c�r�i�p�t�i�o�n�.� 
�A�u�d�.� �F�i�e�l�d� �N�o�t�e�s� �2�4�:�7�2�7�-�7�3�6�.� 

�J�o�h�n�s�o�n�,� �N�.� �K�.� �1�9�7�5�.� �C�o�n�t�r�o�l�s� �o�f� �n�u�m�b�e�r� �o�f� �b�i�r�d� �s�p�e�c�i�e�s� �o�n� �m�o�n�t�a�n�e� �i�s�l�a�n�d�s� �1�n� �t�h�e� �g�r�e�a�t� 
�b�a�s�i�n�.� �E�v�o�l�u�t�i�o�n� �2�9�:�5�4�5�-�5�6�7�.� 

�J�o�h�n�s�t�o�n�,� �D�.� �W�.� �a�n�d� �J�.� �M�.� �H�a�g�a�n�.� �1�9�8�9�.� �A�n� �a�n�a�l�y�s�i�s� �o�f� �l�o�n�g�-�t�e�r�m� �b�r�e�e�d�i�n�g� �c�e�n�s�u�s�e�s� �f�r�o�m� 
�e�a�s�t�e�r�n� �d�e�c�i�d�u�o�u�s� �f�o�r�e�s�t�s�.� �P�a�g�e�s� �7�5�-�8�4� �i�n� �J�.� �M�.� �H�a�g�a�n� �a�n�d� �D�.� �W�.� �J�o�h�n�s�t�o�n�,� �e�d�s�.� 
�E�c�o�l�o�g�y� �a�n�d� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� �N�e�o�t�r�o�p�i�c�a�l� �m�i�g�r�a�n�t� �l�a�n�d�b�i�r�d�s�.� �S�m�i�t�h�s�o�n�i�a�n� 
�I�n�s�t�i�t�u�t�i�o�n� �P�r�e�s�s�,� �W�a�s�h�i�n�g�t�o�n�.� 

�a�n�d� �E�.� �P�.� �O�d�u�m�.� �1�9�5�6�.� �B�r�e�e�d�i�n�g� �b�i�r�d� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �r�e�l�a�t�i�o�n� �t�o� �p�l�a�n�t� �s�u�c�c�e�s�s�i�o�n� 
�o�n� �t�h�e� �p�i�e�d�m�o�n�t� �o�f� �G�e�o�r�g�i�a�.� �E�c�o�l�o�g�y� �3�7�:�1�:�5�0�-�6�2�.� 

�K�e�r�p�e�z� �T�.� �A�.� �a�n�d� �D�.� �F�.� �S�t�a�u�f�f�e�r�.� �1�9�8�9�.� �A�v�i�a�n� �c�o�m�m�u�n�i�t�i�e�s� �o�f� �p�i�n�e�-�h�a�r�d�w�o�o�d� �f�o�r�e�s�t�s� �i�n� 
�t�h�e� �s�o�u�t�h�e�a�s�t�:� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �m�a�n�a�g�e�m�e�n�t�,� �a�n�d� �m�o�d�e�l�i�n�g�.� �P�a�g�e�s� �1�5�6�-�1�6�2� �i�n� �T�.� �A�.� 
�W�a�l�d�r�o�p�,� �e�d�.� �P�r�o�c�.� �o�f� �p�i�n�e�-�h�a�r�d�w�o�o�d� �m�i�x�t�u�r�e�s�:� �a� �s�y�m�p�o�s�i�u�m� �o�n� �m�a�n�a�g�e�m�e�n�t� �a�n�d� 
�e�c�o�l�o�g�y� �o�f� �t�h�e� �t�y�p�e�.� �U�S�D�A� �F�o�r�.� �S�e�r�v�.� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �S�E�-�5�8�.� 

�K�r�e�b�s�,� �C�.� �J�.� �1�9�8�9�.� �C�h�a�p�t�e�r� �1�0�:� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y� �m�e�a�s�u�r�e�s�.� �P�a�g�e�s� �3�2�8�-�3�7�0� �i�n� �C�.� �J� �K�r�e�b�s�,� 
�e�d�.� �E�c�o�l�o�g�i�c�a�l� �m�e�t�h�o�d�o�l�o�g�y�.� �H�a�r�p�e�r� �&� �R�o�w� �P�u�b�l�i�s�h�e�r�s�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�.� 

�L�a�a�k�e�,� �J�.� �L�.�,� �S�.� �T�.� �B�u�c�k�l�a�n�d�,� �D�.� �R�.� �A�n�d�e�r�s�o�n�,� �a�n�d� �K�.� �P�.� �B�u�r�n�h�a�m�.� �1�9�9�3�.� �D�I�S�T�A�N�C�E� 
�U�s�e�r ��s� �G�u�i�d�e� �V�2�.�0�.� �C�o�l�o�r�a�d�o� �C�o�o�p�e�r�a�t�i�v�e� �F�i�s�h� �a�n�d� �W�i�l�d�l�i�f�e� �R�e�s�e�a�r�c�h� �U�n�i�t�,� 
�C�o�l�o�r�a�d�o� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �F�o�r�t� �C�o�l�l�i�n�s�.� �7�2�p�p�.� 

�L�u�d�w�i�g�,� �J�.� �A�.� �a�n�d� �J�.� �F�.� �R�e�y�n�o�l�d�s�.� �1�9�8�8�.� �C�h�a�p�t�e�r� �8�:� �d�i�v�e�r�s�i�t�y� �i�n�d�i�c�e�s�.� �P�a�g�e�s� �8�5�-�1�0�3� �i�n� �J�.� �A�.� 
�L�u�d�w�i�g� �a�n�d� �J�.� �F�.� �R�e�y�n�o�l�d�s�,� �e�d�s�.� �S�t�a�t�i�s�t�i�c�a�l� �e�c�o�l�o�g�y�:� �a� �p�r�i�m�e�r� �o�n� �m�e�t�h�o�d�s� �a�n�d� 
�c�o�m�p�u�t�i�n�g�.� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �N�e�w� �Y�o�r�k�.� 

�L�y�n�c�h�,� �J�.� �F�.� �a�n�d� �D�.� �F�.� �W�h�i�g�h�a�m�.� �1�9�8�4�.� �E�f�f�e�c�t�s� �o�f� �f�o�r�e�s�t� �f�r�a�g�m�e�n�t�a�t�i�o�n� �o�n� �b�r�e�e�d�i�n�g� �b�i�r�d� 
�c�o�m�m�u�n�i�t�i�e�s� �i�n� �M�a�r�y�l�a�n�d�,� �U�S�A�.� �B�i�o�l�.� �C�o�n�s�e�r�v�.� �2�8�:�2�8�7�-�3�2�4�.� 

�M�a�y�f�i�e�l�d�,� �H�.� �F�.� �1�9�7�5�.� �S�u�g�g�e�s�t�i�o�n�s� �f�o�r� �c�a�l�c�u�l�a�t�i�n�g� �n�e�s�t� �s�u�c�c�e�s�s�.� �W�i�l�s�o�n� �B�u�l�l�.� �8�7�:�4�5�6�-�4�6�6�.� 
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�M�c�G�a�r�i�g�a�l�,� �K�.� �a�n�d� �B�.� �J�.� �M�a�r�k�s�.� �1�9�9�5�.� �F�R�A�G�S�T�A�T�S�:� �s�p�a�t�i�a�l� �p�a�t�t�e�r�n� �a�n�a�l�y�s�i�s� �p�r�o�g�r�a�m� �f�o�r� 
�q�u�a�n�t�i�f�y�i�n�g� �l�a�n�d�s�c�a�p�e� �s�t�r�u�c�t�u�r�e�.� �U�S�D�A� �F�o�r�.� �S�e�r�v�.� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �P�N�W�-�G�T�R�-� 
�3�5�1�.� �1�2�2�p�p�.� 

�M�c�S�h�e�a�,� �W�.� �J�.�,� �M�.� �V�.� �M�c�D�o�n�a�l�d�,� �E�.� �S�.� �M�o�r�t�o�n�,� �R�.� �M�e�i�e�r�,� �a�n�d� �J�.� �H�.� �R�a�p�p�o�l�e�.� �1�9�9�5�.� 
�L�o�n�g�-�t�e�r�m� �t�r�e�n�d�s� �i�n� �h�a�b�i�t�a�t� �s�e�l�e�c�t�i�o�n� �b�y� �K�e�n�t�u�c�k�y� �w�a�r�b�l�e�r�s�.� �A�u�k� �1�1�2�:�2�:�3�7�5�-�3�8�1�.� 

�M�e�y�e�r�s�,� �J�.� �M�.� �a�n�d� �E�.� �P�.� �O�d�u�m�.� �1�9�9�1�.� �B�r�e�e�d�i�n�g� �b�i�r�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �O�k�e�f�e�n�o�k�e�e� 
�s�w�a�m�p� �i�n� �G�e�o�r�g�i�a�:� �b�a�s�e�l�i�n�e� �f�o�r� �a�s�s�e�s�s�i�n�g� �f�u�t�u�r�e� �a�v�i�f�a�u�n�a�l� �c�h�a�n�g�e�s�.� �J�.� �F�i�e�l�d� 
�O�r�n�i�t�h�o�l�.� �6�2�:�1�:�5�3�-�6�8�.� 

�M�u�r�r�a�y�,� �N�.� �L�.� �a�n�d� �D�.� �F�.� �S�t�a�u�f�f�e�r�.� �1�9�9�5�.� �N�o�n�g�a�m�e� �b�i�r�d� �u�s�e� �o�f� �h�a�b�i�t�a�t� �i�n� �c�e�n�t�r�a�l� 
�A�p�p�a�l�a�c�h�i�a�n� �r�i�p�a�r�i�a�n� �f�o�r�e�s�t�s�.� �J�.� �W�i�l�d�l�.� �M�a�n�a�g�e�.� �5�9�:�1�:�7�8�-�8�8�.� 

�M�y�e�r�s�,� �R�.� �H�.� �1�9�8�6�.� �C�l�a�s�s�i�c�a�l� �a�n�d� �m�o�d�e�r�n� �r�e�g�r�e�s�s�i�o�n� �w�i�t�h� �a�p�p�l�i�c�a�t�i�o�n�s�.� �D�u�x�b�u�r�y� �P�r�e�s�s�,� 
�B�o�s�t�o�n�.� �3�5�9� �p�p�.� 

�M�o�r�r�i�s�o�n�,� �M�.� �L�.�,� �I�.� �C�.� �T�i�m�o�s�s�i�,� �a�n�d� �K�.� �A�.� �W�i�t�h�.� �1�9�8�7�.� �D�e�v�e�l�o�p�m�e�n�t� �a�n�d� �t�e�s�t�i�n�g� �o�f� �l�i�n�e�a�r� 
�r�e�g�r�e�s�s�i�o�n� �m�o�d�e�l�s� �p�r�e�d�i�c�t�i�n�g� �b�i�r�d�-�h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�h�i�p�s�.� �J�.� �W�i�l�d�l�.� �M�a�n�a�g�e�.� 
�5�1�:�1�:�2�4�7�-�2�5�3�.� 

�M�o�r�t�o�n�,� �E�.� �S�.� �a�n�d� �R�.� �G�r�e�e�n�b�e�r�g�.� �1�9�8�9�.� �T�h�e� �o�u�t�l�o�o�k� �f�o�r� �m�i�g�r�a�t�o�r�y� �s�o�n�g�b�i�r�d�s�:� �"�f�u�t�u�r�e� 
�s�h�o�c�k�"� �f�o�r� �b�i�r�d�e�r�s�.� �A�m�.� �B�i�r�d�s� �4�3�:�1�7�8�-�1�8�3�.� 

�N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s� �C�o�n�s�e�r�v�a�t�i�o�n� �R�e�p�o�r�t�.� �1�9�9�3�.� �N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s� �a�n�d� �E�n�v�i�r�o�n�m�e�n�t�a�l� 
�A�f�f�a�i�r�s� �B�r�a�n�c�h�.� �F�a�c�i�l�i�t�i�e�s� �D�i�v�i�s�i�o�n�.� �M�a�r�i�n�e� �C�o�r�p�s� �B�a�s�e�,� �M�a�r�i�n�e� �C�o�r�p�s� �C�o�m�b�a�t� 
�D�e�v�e�l�o�p�m�e�n�t� �C�o�m�m�a�n�d�.� �Q�u�a�n�t�i�c�o�,� �V�A�.� �5�0�p�p�.� 

�O�d�u�m�,� �E�.� �P�.� �1�9�7�1�.� �F�u�n�d�a�m�e�n�t�a�l�s� �o�f� �e�c�o�l�o�g�y�.� �3�"� �e�d�i�t�i�o�n�.� �W�.� �B�.� �S�a�u�n�d�e�r�s� �C�o�m�p�a�n�y�,� 
�P�h�i�l�a�d�e�l�p�h�i�a�.� �5�7�4�p�p�.� 

�P�e�e�t�,� �R�.� �K�.� �1�9�7�4�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�.� �A�n�n�u�.� �R�e�v�.� �E�c�o�l�.� �S�y�s�t�.� �5�:�2�8�5�-� 
�3�0�7�.� 

�P�i�e�l�o�u�,� �E�.� �C�.� �1�9�6�6�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �d�i�v�e�r�s�i�t�y� �i�n� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �b�i�o�l�o�g�i�c�a�l� 
�c�o�l�l�e�c�t�i�o�n�s�.� �J�.� �T�h�e�o�r�e�t�.� �B�i�o�l�.� �1�3�:�1�3�1�-�1�4�4�.� 

�P�r�a�v�o�s�u�d�o�v�,� �V�.� �V�.� �a�n�d� �T�.� �C�.� �G�r�u�b�b�.� �1�9�9�3�.� �W�h�i�t�e�-�b�r�e�a�s�t�e�d� �n�u�t�h�a�t�c�h� �(�S�i�t�t�a� �c�a�r�o�l�i�n�e�n�s�i�s�)�.� 
�i�n� �A�.� �P�o�o�l�e� �a�n�d� �F�.� �G�i�l�l�,� �e�d�s�.� �T�h�e� �b�i�r�d�s� �o�f� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �n�o�.� �2�0�4�.� �T�h�e� �A�c�a�d�e�m�y� �o�f� 
�N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s�,� �P�h�i�l�a�d�e�l�p�h�i�a�.� 

�R�e�y�n�o�l�d�s�,� �R�.� �T�.�,� �J�.� �M�.� �S�c�o�t�t�,� �a�n�d� �R�.� �A�.� �N�u�s�s�b�a�u�m�.� �1�9�8�0�.� �A� �v�a�r�i�a�b�l�e� �c�i�r�c�u�l�a�r� �p�l�o�t� �m�e�t�h�o�d� �f�o�r� 
�e�s�t�i�m�a�t�i�n�g� �b�i�r�d� �n�u�m�b�e�r�s�.� �C�o�n�d�o�r� �8�2�:� �3�0�9�-�3�1�3�.� 
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 ��R�o�b�b�i�n�s�,� �C�.� �S�.� �1�9�8�1�.� �E�f�f�e�c�t� �o�f� �t�i�m�e� �o�f� �d�a�y� �o�n� �b�i�r�d� �a�c�t�i�v�i�t�y�.� �S�t�u�d�.� �i�n� �a�v�i�a�n� �B�i�o�l�.� �6�:�2�7�5�-�2�8�6�.� 

�,� �D�.� �K�.� �D�a�w�s�o�n�,� �a�n�d� �B�.� �A�.� �D�o�w�e�l�l�.� �1�9�8�9�a�.� �H�a�b�i�t�a�t� �a�r�e�a� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �b�r�e�e�d�i�n�g� 
�f�o�r�e�s�t� �b�i�r�d�s� �o�f� �t�h�e� �m�i�d�d�l�e� �A�t�l�a�n�t�i�c� �s�t�a�t�e�s�.� �W�i�l�d�l�.� �M�o�n�o�g�r�.� �1�0�3�:�1�-�3�4�.� 

�,� �J�.� �R�.� �S�a�u�e�r�,� �R�.� �S�.� �G�r�e�e�n�b�e�r�g�,� �a�n�d� �S�.� �D�r�o�e�g�e�.� �1�9�8�9�b�.� �P�o�p�u�l�a�t�i�o�n� �d�e�c�l�i�n�e�s� �i�n� �N�o�r�t�h� 
�A�m�e�r�i�c�a�n� �b�i�r�d�s� �t�h�a�t� �m�i�g�r�a�t�e� �t�o� �t�h�e� �n�e�o�t�r�o�p�i�c�s�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A�.� �8�6�:�7�6�5�8�-� 
�7�6�6�2�.� 

�R�o�b�i�n�s�o�n�,� �T�.� �R�.�,� �R�.� �R�.� �S�a�r�g�e�n�t�,� �a�n�d� �M�.� �B�.� �S�a�r�g�e�n�t�.� �1�9�9�6�.� �R�u�b�y�-�t�h�r�o�a�t�e�d� �h�u�m�m�i�n�g�b�i�r�d� 
�(�A�r�c�h�i�l�o�c�h�u�s� �c�o�l�u�b�r�i�s�)�.� �i�n� �A�.� �P�o�o�l�e� �a�n�d� �F�.� �G�i�l�l�,� �e�d�s�.� �T�h�e� �b�i�r�d�s� �o�f� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �n�o�.� 
�2�0�4�.� �T�h�e� �A�c�a�d�e�m�y� �o�f� �N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s�,� �P�h�i�l�a�d�e�l�p�h�i�a�.� 

�R�o�t�e�n�b�e�r�r�y�,� �J�.� �T�.� �1�9�8�5�.� �T�h�e� �r�o�l�e� �o�f� �h�a�b�i�t�a�t� �i�n� �a�v�i�a�n� �c�o�m�m�u�n�i�t�y� �c�o�m�p�o�s�i�t�i�o�n�:� �p�h�y�s�i�o�g�n�o�m�y� �o�r� 
�f�l�o�r�i�s�t�i�c�s�?� �O�e�c�o�l�o�g�i�a� �6�7�:�2�1�3�-�2�1�7�.� 

�S�A�S� �I�n�s�t�i�t�u�t�e� �I�n�c�.� �1�9�8�9�.� �S�A�S�/�S�T�A�T� �U�s�e�r ��s� �G�u�i�d�e�,� �V�e�r�s�i�o�n� �6�,� �F�o�u�r�t�h� �E�d�i�t�i�o�n�,� �V�o�l�u�m�e� �2�.� �S�A�S� 
�I�n�s�t�i�t�u�t�e� �I�n�c�.�,� �C�a�r�y�,� �N�C�.� �8�4�6�p�p�.� 

�S�c�h�a�m�b�e�r�g�e�r�,� �M�.� �L�.� �a�n�d� �L�.� �J�.� �O ��N�e�i�l�.� �1�9�8�6�.� �C�o�n�c�e�p�t�s� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �o�f� �h�a�b�i�t�a�t�-�m�o�d�e�l� �t�e�s�t�i�n�g�.� 
�P�a�g�e�s� �5�-�1�0� �i�n� �J�.� �V�e�r�n�e�r�,� �M�.� �L�.� �M�o�r�n�s�o�n�,� �a�n�d� �C�.� �J�.� �R�a�l�p�h�,� �e�d�s�.� �W�i�l�d�l�i�f�e� �2�0�0�0�:� �m�o�d�e�l�i�n�g� 
�h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�e�r�r�e�s�t�r�i�a�l� �v�e�r�t�e�b�r�a�t�e�s�.� �U�n�i�v�.� �o�f� �W�i�s�c�o�n�s�i�n� �P�r�e�s�s�,� �M�a�d�i�s�o�n�.� 

�S�c�h�r�o�e�d�e�r�,� �R�.� �L�.�,� �T�.� �T�.� �C�a�b�l�e�,� �a�n�d� �S�.� �L�.� �H�a�i�r�e�.� �1�9�9�2�.� �W�i�l�d�l�i�f�e� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �i�n� �s�h�e�l�t�e�r�b�e�l�t�s�:� 
�t�e�s�t� �o�f� �a� �h�a�b�i�t�a�t� �m�o�d�e�l�.� �W�i�l�d�l�.� �S�o�c�.� �B�u�l�l�.� �2�0�:�3�:�1�9�9�2�.� 

�S�h�u�g�a�r�t�,� �H�.� �H�.� �J�r�.� �a�n�d� �D�.� �L�.� �U�r�b�a�n�.� �1�9�8�6�.� �M�o�d�e�l�i�n�g� �h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�e�r�r�e�s�t�r�i�a�l� 
�v�e�r�t�e�b�r�a�t�e�s�:� �t�h�e� �r�e�s�e�a�r�c�h�e�r�'�s� �v�i�e�w�p�o�i�n�t�.� �P�a�g�e�s� �4�2�5� �-� �4�2�9� �i�n� �J�.� �V�e�r�n�e�r�,� �M�.� �L�.� �M�o�r�r�i�s�o�n�,� 
�a�n�d� �C�.� �J�.� �R�a�l�p�h� �e�d�s�.� �W�i�l�d�l�i�f�e� �2�0�0�0�:� �m�o�d�e�l�i�n�g� �h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�e�r�r�e�s�t�r�i�a�l� 
�v�e�r�t�e�b�r�a�t�e�s�.� �U�n�i�v�.� �o�f� �W�i�s�c�o�n�s�i�n� �P�r�e�s�s�,� �M�a�d�i�s�o�n�.� 

�S�t�e�e�l�e�,� �B�.� �B�.� �1�9�9�2�.� �H�a�b�i�t�a�t� �s�e�l�e�c�t�i�o�n� �b�y� �b�r�e�e�d�i�n�g� �b�l�a�c�k�-�t�h�r�o�a�t�e�d� �b�l�u�e� �w�a�r�b�l�e�r�s� �a�t� �t�w�o� �s�p�a�t�i�a�l� 
�s�c�a�l�e�s�.� �O�r�n�i�s� �S�c�a�n�d�.� �2�3�:�3�3�-�4�2�.� 

�T�e�m�p�l�e� �S�.� �A�.�,� �M�.� �J�.� �M�o�s�s�m�a�n�,� �a�n�d� �B�.� �A�m�b�u�e�l�.� �1�9�7�9�.� �T�h�e� �e�c�o�l�o�g�y� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �o�f� �a�v�i�a�n� 
�c�o�m�m�u�n�i�t�i�e�s� �i�n� �m�i�x�e�d� �h�a�r�d�w�o�o�d�-�c�o�n�i�f�e�r�o�u�s� �f�o�r�e�s�t�s�.� �P�a�g�e�s� �1�3�2�-�1�5�3� �i�n� �R�.� �M�.� �D�e�G�r�a�f�f�,� 
�t�e�c�h�.� �c�o�o�r�d�.� �P�r�o�c�.� �o�f� �t�h�e� �w�o�r�k�s�h�o�p� �m�a�n�a�g�e�m�e�n�t� �o�f� �n�o�r�t�h�c�e�n�t�r�a�l� �a�n�d� �n�o�r�t�h�e�a�s�t�e�r�n� 
�f�o�r�e�s�t�s� �f�o�r� �n�o�n�g�a�m�e� �b�i�r�d�s�.� �U�S�D�A� �F�o�r�.� �S�e�r�v�.� �G�e�n�.� �T�e�c�h�.� �R�e�p�.� �N�C�-�5�1�.� 

�T�e�r�b�o�r�g�h�,� �J�.� �W�.� �1�9�8�9�.� �W�h�e�r�e� �h�a�v�e� �a�l�l� �t�h�e� �b�i�r�d�s� �g�o�n�e�?� �E�s�s�a�y�s� �o�n� �t�h�e� �b�i�o�l�o�g�y� �a�n�d� �c�o�n�s�e�r�v�a�t�i�o�n� 
�o�f� �b�i�r�d�s� �t�h�a�t� �m�i�g�r�a�t�e� �t�o� �t�h�e� �A�m�e�r�i�c�a�n� �t�r�o�p�i�c�s�.� �P�r�i�n�c�e�t�o�n� �U�n�i�v�.� �P�r�e�s�s�.�,� �P�r�i�n�c�e�t�o�n�.� �2�0�7�p�p�.� 
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�V�a�n� �H�o�r�n�,� �M�.� �A�.� �a�n�d� �T�.� �D�o�n�o�v�a�n�.� �1�9�9�4�.� �O�v�e�n�b�i�r�d� �(�S�e�t�u�r�u�s� �a�u�r�o�c�a�p�i�l�l�u�s�)�.� �i�n� �A�.� �P�o�o�l�e� �a�n�d� �F�.� 
�G�i�l�l�,� �e�d�s�.� �T�h�e� �b�i�r�d�s� �o�f� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �n�o�.� �8�8�.� �T�h�e� �A�c�a�d�e�m�y� �o�f� �N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s�,� 
�P�h�i�l�a�d�e�l�p�h�i�a�.� 

 ��V�a�n� �H�o�r�n�e�,� �B�.� �1�9�8�3�.� �D�e�n�s�i�t�y� �a�s� �a� �m�i�s�l�e�a�d�i�n�g� �i�n�d�i�c�a�t�o�r� �o�f� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y�.� �J�.� �W�i�l�d�l�.� �M�a�n�a�g�e�.� 
�4�7�(�4�)�:�8�9�3�-�9�0�1�.� 

�V�e�r�n�e�r�,� �J�.� �1�9�8�5�a�.� �A�s�s�e�s�s�m�e�n�t� �o�f� �c�o�u�n�t�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� �C�u�r�r�.� �O�m�i�t�h�.� �2�:�2�4�7�-�3�0�2�.� 

�.� �a�n�d� �L�.� �V�.� �R�i�t�t�e�r�.� �1�9�8�5�b�.� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�r�a�n�s�e�c�t�s� �a�n�d� �p�o�i�n�t� �c�o�u�n�t�s� �i�n� �o�a�k�-�p�i�n�e� 
�w�o�o�d�l�a�n�d�s� �o�f� �C�a�l�i�f�o�r�n�i�a�.� �C�o�n�d�o�r� �8�7�:�4�7�-�6�8�.� 

�.�1�9�8�6�.� �S�u�m�m�a�r�y�:� �p�r�e�d�i�c�t�i�n�g� �e�f�f�e�c�t�s� �o�f� �h�a�b�i�t�a�t� �p�a�t�c�h�i�n�e�s�s� �a�n�d� �f�r�a�g�m�e�n�t�a�t�i�o�n� �-� �t�h�e� 
�r�e�s�e�a�r�c�h�e�r ��s� �v�i�e�w�p�o�i�n�t�.� �P�a�g�e�s� �3�2�7�-�3�2�9� �i�n� �J�.� �V�e�r�n�e�r�,� �M�.� �L�.� �M�o�r�n�s�o�n�,� �a�n�d� �C�.� �J�.� �R�a�l�p�h� 
�e�d�s�.� �W�i�l�d�l�i�f�e� �2�0�0�0�:� �m�o�d�e�l�i�n�g� �h�a�b�i�t�a�t� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�e�r�r�e�s�t�r�i�a�l� �v�e�r�t�e�b�r�a�t�e�s�.� �U�n�i�v�.� �o�f� 
�W�i�s�c�o�n�s�i�n� �P�r�e�s�s�,� �M�a�d�i�s�o�n�.� 

�.� �1�9�8�8�.� �O�p�t�i�m�i�z�i�n�g� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �p�o�i�n�t� �c�o�u�n�t�s� �f�o�r� �m�o�n�i�t�o�r�i�n�g� �t�r�e�n�d�s� �i�n� �b�i�r�d� 
�p�o�p�u�l�a�t�i�o�n�s�.� �U�S�D�A� �F�o�r�.� �S�e�r�v�.� �R�e�s�.� �N�o�t�e� �P�S�W�-�3�9�5�.� �4�p�p�.� 

�*� �V�i�c�k�e�r�y�,� �P�.� �D�.�,� �M�.� �L�.� �H�u�n�t�e�r�,� �a�n�d� �J�.� �V�.� �W�e�l�l�s�.� �1�9�9�2�.� �I�s� �d�e�n�s�i�t�y� �a�n� �i�n�d�i�c�a�t�o�r� �o�f� �b�r�e�e�d�i�n�g� 
�s�u�c�c�e�s�s�?� �A�u�k� �1�0�9�:�4�:�7�0�6�-�7�1�0�.� 

�W�h�i�t�c�o�m�b�,� �R�.� �F�.�,� �C�.� �S�.� �R�o�b�b�i�n�s�,� �J�.� �F�.� �L�y�n�c�h�,� �B�.� �L�.� �W�h�i�t�c�o�m�b�,� �M�.� �K�.� �K�j�i�m�k�i�e�w�i�c�z�,� �a�n�d� �D�.� 
�B�y�s�t�r�a�k�.� �1�9�8�1�.� �E�f�f�e�c�t�s� �o�f� �f�o�r�e�s�t� �f�r�a�g�m�e�n�t�a�t�i�o�n� �o�n� �a�v�i�f�a�u�n�a� �o�f� �t�h�e� �e�a�s�t�e�r�n� �d�e�c�i�d�u�o�u�s� 
�f�o�r�e�s�t�.� �P�a�g�e�s� �1�2�5�-�2�0�6� �i�n� �R�.� �L�.� �B�u�r�g�e�s� �a�n�d� �D�.� �M�.� �S�h�a�r�p�e�,� �e�d�s�.� �F�o�r�e�s�t� �i�s�l�a�n�d� �d�y�n�a�m�i�c�s� 
�i�n� �m�a�n�-�d�o�m�i�n�a�t�e�d� �l�a�n�d�s�c�a�p�e�s�.� �S�p�r�i�n�g�e�r�-�V�e�r�l�a�g�,� �N�e�w� �Y�o�r�k�.� 

�W�i�e�n�s�,� �J�.� �A�.�,� �J�.� �T�.� �R�o�t�e�n�b�e�r�r�y�,� �a�n�d� �B�.� �V�a�n� �H�o�r�e�.� �1�9�8�7�.� �H�a�b�i�t�a�t� �o�c�c�u�p�a�n�c�y� �p�a�t�t�e�r�n�s� �o�f� �N�o�r�t�h� 
�A�m�e�r�i�c�a�n� �s�h�r�u�b�s�t�e�p�p�e� �b�i�r�d�s�:� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�p�a�t�i�a�l� �s�c�a�l�e�.� �O�i�k�o�s� �4�8�:�1�3�2�-�1�4�7�.� 

�W�i�l�c�o�v�e�,� �D�.� �S�.� �1�9�8�5�.� �N�e�s�t� �p�r�e�d�a�t�i�o�n� �i�n� �f�o�r�e�s�t� �t�r�a�c�t�s� �a�n�d� �t�h�e� �d�e�c�l�i�n�e� �o�f� �m�i�g�r�a�t�o�r�y� �s�o�n�g�b�i�r�d�s�.� 
�E�c�o�l�o�g�y� �6�6�:�4�:�1�2�1�1�-�1�2�1�4�.� 

�W�i�l�c�o�v�e�,� �D�.� �S�.� �a�n�d� �J�.� �W�.� �T�e�r�b�o�r�g�h�.� �1�9�8�4�.� �P�a�t�t�e�r�n�s� �o�f� �p�o�p�u�l�a�t�i�o�n� �d�e�c�l�i�n�e� �i�n� �b�i�r�d�s�.� �A�m�.� �B�i�r�d�s� 
�3�8�:�1�0�-�1�3�.� 

�6�2



�A�P�P�E�N�D�I�C�E�S� 
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�A�p�p�e�n�d�i�x� �A�.� �M�n�e�m�o�n�i�c� �c�o�d�e�s� �a�n�d� �s�c�i�e�n�t�i�f�i�c� �n�a�m�e�s� �o�f� �b�i�r�d� �s�p�e�c�i�e�s� �d�e�t�e�c�t�e�d� �o�n� �t�h�e� 
�Q�u�a�n�t�i�c�o� �M�a�r�i�n�e� �C�o�r�p�s� �B�a�s�e�,� �V�A�.� �1�9�9�4� �a�n�d� �1�9�9�5�.� 
� � 

�M�n�e�m�o�n�i�c� �C�o�d�e� �D�e�f�i�n�i�t�i�o�n� 
� � 

�A�C�F�L�*� �a�c�a�d�i�a�n� �f�l�y�c�a�t�c�h�e�r� �(�E�m�p�i�d�o�n�a�x� �v�i�r�e�s�c�e�n�s�)� 
�A�M�C�R�*� �A�m�e�r�i�c�a�n� �c�r�o�w� �(�C�o�r�v�u�s� �b�r�a�c�h�y�r�h�y�n�c�h�o�s�)� 
�A�M�G�O� �A�m�e�r�i�c�a�n� �g�o�l�d�f�i�n�c�h� �(�C�a�r�d�u�e�l�i�s� �t�r�i�s�t�i�s�)� 
�A�M�R�E� �A�m�e�r�i�c�a�n� �r�e�d�s�t�a�r�t� �(�S�e�t�o�p�h�a�g�a� �r�u�t�i�c�i�l�l�a�)� 
�A�M�R�O� �A�m�e�r�i�c�a�n� �r�o�b�i�n� �(�T�u�r�d�u�s� �m�i�g�r�a�t�o�r�i�u�s�)� 
�B�A�W�W� �b�l�a�c�k�-�a�n�d�-�w�h�i�t�e� �w�a�r�b�l�e�r� �(�V�n�i�o�t�i�l�t�a� �v�a�r�i�a�)� 
�B�E�K�I� �b�e�l�t�e�d� �k�i�n�g�f�i�s�h�e�r� �(�M�e�g�a�c�e�r�y�l�e� �a�l�c�y�o�n�)� 
�B�G�G�N�®� �b�l�u�e�-�g�r�a�y� �g�n�a�t�c�a�t�c�h�e�r� �(�P�o�l�i�o�p�t�i�l�a� �c�a�e�r�u�l�e�a�)� 
�B�H�C�O�"� �b�r�o�w�n�-�h�e�a�d�e�d� �c�o�w�b�i�r�d� �(�M�o�l�o�t�h�r�u�s� �a�t�e�r�)� 
�B�L�G�R� �b�l�u�e� �g�r�o�s�b�e�a�k� �(�G�u�i�r�a�c�a� �c�a�e�r�u�l�e�a�)� 
�B�L�J�A�®� �b�l�u�e� �j�a�y� �(�C�y�a�n�o�c�i�t�t�a� �c�r�i�s�t�a�t�a�)� 
�B�R�C�R� �b�r�o�w�n� �c�r�e�e�p�e�r� �(�C�e�r�t�h�i�a� �f�a�m�i�l�i�a�r�i�s�)� 
�B�R�T�H� �b�r�o�w�n� �t�h�r�a�s�h�e�r� �(�T�o�x�o�s�t�o�m�a� �r�u�f�u�m�)� 
�B�T�B�W� �b�l�a�c�k�-�t�h�r�o�a�t�e�d� �b�l�u�e� �w�a�r�b�l�e�r� �(�D�e�n�d�r�o�i�c�a� �c�a�e�r�u�l�e�s�c�e�n�s�)� 
�B�I�N�W� �b�l�a�c�k�-�t�h�r�o�a�t�e�d� �g�r�e�e�n� �w�a�r�b�l�e�r� �(�D�e�n�d�r�o�i�c�a� �v�i�r�e�n�s�)� 
�C�A�C�H �� �C�a�r�o�l�i�n�a� �c�h�i�c�k�a�d�e�e� �(�P�a�r�u�s� �c�a�r�o�l�i�n�e�n�s�i�s�)� 
�C�A�R�W �� �C�a�r�o�l�i�n�a� �w�r�e�n� �(�T�h�r�y�o�t�h�o�r�u�s� �l�u�d�o�v�i�c�i�a�n�u�s�)� 
�C�A�W�A� �C�a�n�a�d�a� �w�a�r�b�l�e�r� �(�W�i�l�s�o�n�i�a� �c�a�n�a�d�e�s�i�s�)� 
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�W�E�W�A ��*� �w�o�r�m�-�e�a�t�i�n�g� �w�a�r�b�l�e�r� �(�H�e�l�m�i�t�h�e�r�o�s� �v�e�r�m�i�v�o�r�u�s�)� 
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�Y�W�A�R� �y�e�l�l�o�w� �w�a�r�b�l�e�r� �(�D�e�n�d�r�o�i�c�a� �p�e�t�e�c�h�i�a�)� 
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�4�,�3�2� �6�,�2�3� 
�5�,�1�2� �6�,�3�3� 
�5�,�2�2� �7�,�1�3� 
�5�,�3�2� �7�,�2�3� 
�6�,�1�2� �7�,�3�3� 
�6�,�2�2� 
�6�,�3�2� 
�7�,�1�2� 
�7�,�2�2� 
�7�,�3�2� 

� � 

�*� �C�o�n�t�r�a�s�t� �i�s� �a� �m�e�a�s�u�r�e� �o�f� �t�h�e� �d�e�g�r�e�e� �o�f� �d�i�s�s�i�m�i�l�a�r�i�t�y� �b�e�t�w�e�e�n� �a�d�j�a�c�e�n�t� �p�a�t�c�h�e�s�.� 
�>� �0� �=� �m�i�n�i�m�u�m� �c�o�n�t�r�a�s�t�,� �1� �=� �m�a�x�i�m�u�m� �c�o�n�t�r�a�s�t�.� 
�*� �S�e�e� �T�a�b�l�e� �2� �f�o�r� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �p�a�t�c�h� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�.� 
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