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We dedi cate this Maine gap analysisto
Henry David Thoreau, who, in an unscientific
yet holistic sense, understood the values
of Main€ s biodiversty.

From this elevation, just on the skirts of the clouds,
we could overlook the country, west and south, for a hundred miles.
Thereit was, the Sate of Maine.... Immeasurable forest for the sun
to shineon.... No clearing, no house. It did not look asif a
solitary traveler had cut so much as a walking-stick there.
Countless lakes,...and mountains also, whose names,
for the most part, are known only to the Indians.

Thoreau - The Maine Woods, 1848




EXECUTIVE SUMMARY

The Maine Gap Analysis Project (ME-GAP) was initiated in 1992 as a cooperative effort
between the Biological Resources Division of the US Geological Survey (USGS) and state,
federal, and private natural resources groups in Maine. The objectives of ME-GAP were to: (1)
produce databases for use in Geographic Information Systems (GIS) at a scale of 1:100,000 to
describe current land cover, distributions of native species of terrestrial (i.e., non-fish, non-
marine) vertebrate species, ownership of conservation and public lands, and land management
status; (2) identify land cover types and vertebrate species that currently are not represented or
are under-represented in areas managed for long-term maintenance of biodiversity (i.e., identify
conservation gaps); and (3) facilitate cooperative development and use of information so that
institutions, agencies, and private land owners may be more effective stewards of Maine’ s
biological resources. ME-GAP is a preliminary step toward the more detailed studies and efforts
needed for the long-term conservation of biodiversity in Maine.

The system used to classify the land cover consisted of 37 types (19 upland types, 16
wetlands, 2 water). This classification was a compromise between the habitats needed to predict
vertebrate distributions and those classes that could be discerned from satellite imagery and
ancillary GIS databases. Landsat Thematic Mapper (TM) imagery from 1991 and 1993, in
conjunction with aerial videography, was used to identify and map the water and upland types.
Wetland polygons came primarily from the US Fish and Wildlife Service’ s National Wetlands
Inventory (NWI). NWI maps of Maine were done at 1:24,000 and based on aerial photographs
mostly from the mid- and late-1980s. To facilitate the predicting of vertebrate species
distributions, NWI wetland types, defined largely in terms of physiographic locations on the
landscape, were re-labeled so types related to the occurrences of vertebrates in terms of
vegetative and structural characteristics. A comparison of vegetation and land cover types
mapped from TM data to aerial videography had an overall accuracy of 88.1% at the level of
superclasses. For groups of Forestland classes, accuracy levels range from 45% to 80%;
accuracy by types also varied geographically across the state as different TM scenes were used in
various parts of the state.



A GIS database of private and public conservation lands was assembled in cooperation
with the Maine State Planning Office. Conservation lands comprise less than 6% of
Maine with public lands consisting of approximately 5.3%. Conservation lands are well
distributed throughout the state except for the northwestern portion, which is largely
without public conservation lands. 1n southern Maine, conservation lands are highly
scattered and generally smaller than in the rest of the state. Private commercial
forestlands (i.e., large blocks in corporate ownership) and Native American lands
managed for forestry, encompass approximately 50% of Maine. Lands were denoted as
to the degree to which they are managed for maintenance of biodiversity and long-term
ecological processes. The Gap Analysis Program requires use of a 1 through 4 scale to
denote high to low management for biodiversity maintenance based on legal and
management status. While not all lands could be unequivocally classified as to
management Category, less than 3% of the state occurs in management Categories 1 and
2, with almost no Category 1 lands in southern Maine (lands owned by the Maine
Chapter of The Nature Conservancy are the exception). Category 3 lands made up
almost 53% of the state and consist primarily of privately owned or public multiple-use
forestlands. Category 4 lands occur mostly in southern Maine, along the coast, and in the
northeastern corner of the state. The land ownership map should not be interpreted as a
legal document, but as a representation of general ownership patterns.

The number of species (i.e., richness) of native terrestrial vertebrates that regularly breed
in Maine (n = 270) is highest in coastal and southern Maine. This pattern is similar to the
richness patterns of terrestrial threatened and endangered species and woody plants. In
the long term, human occupation of the natural landscape is the driving force underlying
habitat loss. The density of Maine’ s human populations in 1990 was highest in the
coastal and southern portions of the state. The distribution of Maine’ s human population
is changing (like elsewhere in the Nation) with people moving out of population centers
into adjacent rural areas; the redistribution of people into rural areas is most extensive in
southern Maine. When looking at the distribution of conservation lands by management
categories, note few Category 1 areas occur statewide. Southern Maine is clearly the area
of highest richness of terrestrial vertebrates, threatened and endangered species, and
woody plants, but contains only small and scattered Category 2 and 3 conservation lands.
In addition to coastal and southern Maine, the northwestern part of Maine also merits
special consideration in conservation planning because this region contains few reserves
and provides habitat for northern species at the southern limits of their distributions.

To demonstrate the flexibility of ME-GAP data, two sets of species-specific conservation
analyses of terrestrial vertebrates are presented. In set one, data related to the
management of a rare forest bird (i.e., Bicknell' s Thrushf) and a common aquatic
mammal (American Beaver) were analyzed using predicted distributions from ME-GAP.
In set two, analyses were done on actual habitat data collected by Maine' s Department of
Inland Fisheries and Wildlife (MDIFW) for an uncommon wetland species (Bald Eagle)
versus a widespread upland mammal (White-tailed Deer). The range of issues covered
by these examples clearly shows that this report has barely touched the potential of the
data assembled herein to address conservation and management, as well as research,
guestions.



With the completion of ME-GAP, the long-term maintenance, revision, and application
of the GIS databases is a concern. In addition to these data becoming part of the National
Biological Information Infrastructure of the USGS Biological Resources Division, these
databases will be housed and used by various state agencies. The MDIFW will continue
to use the vertebrate data (i.e., range limits and habitat associations) and the vegetation
and land cover map; the Maine Image Analysis Laboratory, University of Maine, will
store and use the TM and aerial videography data; and the Maine Office of GI'S will
maintain and distribute the conservation and public lands database created by the SPO
and ME-GAP. Inthe end, the relative success of this project should be judged on how
long these databases are revised and reused in the decision-making processes affecting
Maine’ s biological resources.
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INTRODUCTION

We went by the Avenue Road, which is quite straight and very good,
northwestward toward Moosehead Lake, through more than a dozen flourishing towns,
with almost every one its academy, - not one of which, however, ison my General Atlas,
published, alas! in 1824; so much are they before the age, or | behind it!
The earth must have been considerably lighter to the shoulders of General Atlas then.

Thoreau - The Maine Woods, 1848

Organization of Report

This report is a summation of a scientific project. While we endeavor to make it understandable
for as general an audience as practicable, it will reflect the complexity of the project it describes.
A Glossary of Termsis provided to aid the reader in its understanding, and for those seeking a
detailed understanding of the subjects, the cited literature should be helpful. The organization of
this report follows the general chronology of project development, beginning with the production
of the individual data layers and concluding with analysis of the data. It diverges from standard
scientific reporting by embedding results and discussion sections within individual chapters.

This was done to allow the individual data products to stand on their own as testable hypotheses
and provide data users with a concise and complete report for each data and analysis product.

We begin with an overview of the Gap Analysis mission, concept, and limitations. We then
present a synopsis of how the current biodiversity condition of the project area came to be,
followed by land cover mapping, animal species distribution prediction, species richness, and
land stewardship mapping and categorization. Data development leads to the Analysis section
that reports on the status of the elements of biodiversity (natural community alliances and
terrestrial vertebrate species) for this state. Finally, we describe the management implications of
the analysis results and provide information on how to acquire and use the data.

GAP Mission

The mission of the Gap Analysis Program (GAP) is to prevent conservation crises by providing
conservation assessments of animals and their habitats and to facilitate the application of this
information to land management activities.

This is accomplished through the following five objectives:

1) map actual land cover as closely as possible to the Alliance level (FGDC-VS, 1997).

2) map the predicted distribution of those terrestrial vertebrates that spend any important part
of their life history in the project area and for which adequate distributional habitats,
associations, and mapped habitat variables are available. Map other taxa as cooperative
opportunities allow.

3) document the representation of land cover types and animal species in areas managed for
the long-term maintenance of biodiversity.

4) make all GAP Project information available to the public and those charged with land use
research, policy, planning, and management.



5) build institutional cooperation in the application of this information to state and regional
management activities.

To meet these objectives, it is necessary that GAP be operated at the state level but maintain
consistency with national standards. Within the state, participation by a wide variety of
cooperators is necessary and desirable to ensure understanding and acceptance of the data and
forge relationships that will lead to cooperative conservation planning.

Gap Analysis Concept

GAP brings together the problem-solving capabilities of federal, state, and private scientists to
tackle the difficult issues of land cover mapping, vertebrate habitat characterization, assessment,
and biodiversity conservation at the state, regional, and national levels. The program seeks to
facilitate cooperative development and use of information. Throughout this report we use the
terms“ GAP” to describe the national program, “ GAP Project” to refer to an individual state or
regional project, and “ gap analysis’ to refer to the gap analysis process or methodology.

Much of the following discussion was taken verbatim from Edwards et al. (1995), Scott et al.
(1993), and Davis et al. (1995). The gap analysis process provides an overview of the
distribution and conservation status of several components of biodiversity. It uses the
distribution of actual vegetation and terrestrial vertebrates and, when available, invertebrate taxa.
Digital map overlays in a GIS are used to identify individual species, species-rich areas, and
vegetation types that are unrepresented or under-represented in existing management areas. It
functions as a preliminary step to the more detailed studies needed to establish actual boundaries
for potential biodiversity management areas. These data and results are then made available to
institutions as well as individual landowners and managers so that they may become more
effective stewards through more complete knowledge of the management status of these
elements of biodiversity. GAP, by focusing on higher levels of biological organization, is likely
to be both cheaper and more likely to succeed than conservation programs focused on single
species or populations (Scott et al. 1993).

Biodiversity inventories can be visualized as "filters" designed to capture elements of
biodiversity at various levels of organization. The filter concept has been applied by The Nature
Conservancy, which has established Natural Heritage Programs in all 50 states, most of which
are now operated by state government agencies. The Nature Conservancy employs a fine filter
of rare species inventory and protection and a coarse filter of community inventory and
protection (Jenkins 1985, Noss 1987). It is postulated that 85-90% of species can be protected
by the coarse filter, without having to inventory or plan reserves for those species individually.
A fine filter is then applied to the remaining species to ensure their protection. Gap analysisis a
coarse filter method.



The intuitively appealing idea of conserving most biodiversity by maintaining examples of all
natural community types has never been applied, although numerous approaches to the spatial
identification of biodiversity have been described (e.g., Kirkpatrick 1983, Margules et al. 1988,
Pressey and Nicholls 1989, and Pressey et al. 1993). Furthermore, the spatial scale at which
organisms use the environment differs tremendously among species and depends on body size,
food habits, mobility, and other factors. Hence, no coarse filter will be a complete assessment of
biodiversity protection status and needs. However, species that fall through the pores of the
coarse filter, such as narrow endemics and wide-ranging mammals, can be captured by the safety
net of the fine filter. Community-level (coarse-filter) protection is a complement to, not a
substitute for, protection of individual rare species.

Gap analysis is essentially an expanded coarse-filter approach (Noss 1987) to biodiversity
protection. The vegetation types mapped in GAP serve directly as a coarse filter, the goal being
to assure adequate representation of all types in biodiversity management areas. Landscapes
with great vegetation diversity often are those with high edaphic variety or topographic relief.
When elevational diversity is very great, a nearly complete spectrum of vegetation types known
from a biological region may occur within a relatively small area. Such areas provide habitat for
many species, including those that depend on multiple habitat types to meet life history needs
(Diamond 1986, Noss 1987). By using landscape-sized samples (Forman and Godron 1986,
Forman 1995) as an expanded coarse filter, gap analysis searches for and identifies biological
regions where unprotected or under-represented vegetation types and animal species occur.

A second filter uses combined species distribution information to identify a set of areas in which
all, or nearly all, mapped species are represented. There is a mgjor difference between
identifying the richest areas in a region (many of which are likely to be neighbors and share
essentially the same list of species) and identifying areas in which all species are represented.
The latter task is most efficiently accomplished by selecting areas whose species lists are most
different or complementary. Areas with different environments tend to also have the most
different species lists for a variety of taxa. As a result, a set of areas with complementary sets of
species for one higher taxon (e.g., mammals) often will also do a good job representing most
species of other higher taxa (e.g., trees, butterflies). Species with large home ranges, such as
large carnivores, or species with very local distributions may require individual attention.
Additional data layers can be used for a more holistic conservation evaluation. These include
indicators of stress or risk (e.g., human population growth, road density, rate of habitat
fragmentation, distribution of pollutants) and the locations of habitat corridors between wildlands
that allow for natural movements of wide-ranging animals and the migration of species in
response to climate change. These more detailed analyses were not part of this project, but are
areas of research that GAP as a national program is pursuing.

General Limitations

Limitations must be recognized so that additional studies can be implemented to supplement
GAP. The following are general project limitations; specific limitations for the data are described
in the sections that describe them:

1. GAP data are derived from remote sensing and modeling to make general assessments about
conservation status. Any decisions based on the data must be supported by ground-truthing and
more detailed analyses.



2. GAP is not a substitute for threatened and endangered species listing and recovery efforts. A
primary argument in favor of gap analysis is that it is proactive: it seeks to recognize and manage
sites of high biodiversity value for the long-term maintenance of populations of native species
and natural ecosystems before individual species and plant communities become critically rare.
Thus, it should help to reduce the rate at which species require listing as threatened or
endangered. Those species that are already greatly imperiled, however, still require individual
efforts to assure their recovery.

3. GAP data products and assessments represent a snapshot in time generally representing the
date of the satellite imagery. Updates are planned on a 5-10 year cycle, but users of the data
must be aware of the static nature of the products.

4. GAP is not a substitute for a thorough national biological inventory. As a response to rapid
habitat loss, gap analysis provides a quick assessment of the distribution of vegetation and
associated species before they are lost, and provides focus and direction for local, regional, and
national efforts to maintain biodiversity. The process of improving knowledge in systematics,
taxonomy, and species distributions is lengthy and expensive. That process must be continued
and expedited, however, in order to provide the detailed information needed for a comprehensive
assessment of our nation's biodiversity. Vegetation and species distribution maps developed for
GAP can be used to make such surveys more cost- effective by stratifying sampling areas
according to expected variation in biological attributes.

Study Area

The project study area was the entire state of Maine (Map 1). The abundance, composition, and
distribution of plants and animals in Maine are affected by a complex sets of interactions within
and between abiotic and biotic factors. Interactions, now and in the past, among the geology,
climate, and human use of Maine and the state’ s total set of animal and plant life forged the
landscape patterns in biodiversity we see today.

Maine’' s southeastern side is bounded by the Atlantic Ocean, which ameliorates the climate
adjacent to the coastline as well as providing an assortment of estuarine and marine habitats.
Inland, a predominant feature of the Maine landscape is water, both running (i.e., brooks,
streams, and rivers) and standing (i.e., ponds, lakes, and a variety of wetlands) (Map 1). This
well-watered landscape is the result of the state’ s glacial history (Kendall 1993) as well as its
climate (Forbes 1946, Boone 1997).

Glaciers retreated from what is now Maine from 14,000 to 9,000 years ago. As the glaciers
retreated, the landscape became vegetated, passing along a continuum of tundra to woodland to
forests (Davis and Jacobson 1985). Vegetative assemblages continually changed, with past
assemblages not only differing from each other, but also dissimilar to modern forest types
(Jacobson et al. 1987). Prior to European settlement, disturbance was infrequent and mostly
local, and thus the forests were largely in an uneven-aged climax state. In northcentral Maine, an
estimated 59% of the forest was in mature climax (i.e., stands with trees >150 years old); 27%
of the forest was in an all-aged climax with some trees >300 years old (Lorimer 1977).

(‘seeMap 1")



Topography and hydrology are from the US Geological
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Major watersheds

Name km? %

St. John River 19,074 22.6
Penobscot River 22,252 26.3

B . Kennebec River 15,389 18.2
Rivers, lakes, and ponds . Androscoggin River 7,297 8.6
B Freshwater wetlands . Coastal Rivers 20,527 24.3

Map 1. Major watersheds of Maine, showing topography and
locations of rivers, lakes, and wetlands.



Indians apparently affected vegetation only locally, but some 200 years after European
settlement came a low in forestland acreage as the amount of land committed to agriculture
peaked in the late 1800s (Black 1950). Agricultural development occurred from the coast and
proceeded up the river valleys, spreading throughout southern and central Maine, and into the St.
John River Valley in northeastern Maine along the Canada/USA border. The peak of agriculture
in Maine occurred in approximately 1880 when 2.7 million ha (6.6 million ac) of land were in
farmlands, mostly in the central and southern parts of the state. Today, there are fewer than
364,500 ha (900,000 ac) with the most productive farms located in northeastern Maine (US
Department of Commerce, Census of Agriculture). Blueberry (Vaccinium spp.) farming, where
fields are periodically burned to stimulate berry production, occurs over extensive areas in
eastern Maine, and to a lesser extent south along the coast (Y arborough 1996). Statewide,
however, agricultural lands have largely reverted to forests and today Maine is the most
extensively forested state in the USA.

Currently, most of the Maine forest is in a second or third rotation resulting in much of the

state’ s forestlands being comprised of nonmature, shade-intolerant tree species (Griffith and
Alerich 1996). Plant assemblages in Maine, due to the state’ s glacial and land use histories, tend
to occur in relatively small and highly interspersed patches. Due to historical patterns of land
settlement and ownership, the state’ s human population is concentrated in southern Maine and
along the coast (Figure 1a). As elsewhere in the USA, humans are redistributing themselves
from the cities and larger towns into adjacent rural areas (Figure 1b; O’ Hara 1997).

Krohnet al. (1999) used GIS and cluster analyses to divide Maine into thirteen relatively
homogeneous regions based on two measures of geomorphology, three climate variables, and
two measures of species richness (i.e., woody plants and terrestrial vertebrates). For the
purposes of this report, the thirteen biophysical regions were simplified into five regions to
condense results (Figure 2). For details on the climatic, geomorphic, and biological
characteristics of these regions, see Krohn et al. (1999).
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Figure 1. The distribution of Maine's
human populations in 1990 as related
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cities, and rivers (a); and changes in
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population data from the US Bureau
of Census.
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Figure 2. The major biophysical regions of Maine as modified from Krohn et al. (In Press).
Topographical data from the US Geological Survey.
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Name km?2 %

1. St. John Uplands 12,537 15.0
2. Interior Foothills and St. John Valley 19,922 23.6
3. Western and Interior Mountains 19,048 22.6
4. Eastern Lowlands and Foothills 13,704 16.3
5. Coastal Plain and Foothills 18,902 22.5



LAND COVER CLASSIFICATION AND MAPPING

The prevailing wood seemed to be spruce, fir, birch, and rock-maple.
You could easily distinguish the hard wood from the soft,
or “ black growth,” asit iscalled, at a great distance, -
the former being smooth, round-topped, and light green,
with a bowery and cultivated look.

Thoreau - The Maine Woods, 1848

Introduction

Mapping natural land cover requires a higher level of effort than the development of data for
animal species, agency ownership, or land management, yet it is no more important for gap
analysis than any other data layer. Generally, the mapping of land cover is done by adopting or
developing a land cover classification system, delineating areas of relative homogeneity (basic
cartographic “ objects’ ), then labeling these areas using categories defined by the classification
system. More detailed attributes of the individual areas are added as more information becomes
available, and a process of validating both polygon pattern and labels is applied for editing and
revising the map. This is done in an iterative fashion, with the results from one step causing re-
evaluation of results from a previous step. Finally, an assessment of the overall accuracy of the
data is conducted. The final assessment of accuracy will show where improvements should be
made in the next update (Stoms et al. 1994).

Inits“ coarse filter” approach to conservation biology (e.g., Jenkins 1985, Noss 1987), gap
analysis relies on maps of dominant natural land cover types as the most fundamental spatial
component of the analysis (Scott et al. 1993) for terrestrial environments. For the purposes of
GAP, most of the land surface of interest (natural) can be characterized by its dominant
vegetation.

Vegetation patterns are an integrated reflection of the biological, chemical, and physical factors
that shape the environment of a given land area (Whittaker 1965). They also are determinants
for overall biological diversity patterns (Franklin 1993, Levin 1981), and they can be used as a
currency for habitat types in conservation evaluations (Specht 1975, Austin 1991). As such,
dominant vegetation types need to be recognized over their entire ranges of distribution
(Bourgeron et al. 1994) for beta-scale analysis (sensu Whittaker 1960, 1977). These patterns
cannot be acceptably mapped from any single source of remotely sensed imagery; therefore,
ancillary data, previous maps, and field surveys are used. The central concept is that the
physiognomic and floristic characteristics of vegetation (and, in the absence of vegetation, other
physical structures) across the land surface can be used to define biologically meaningful
biogeographic patterns. There may be considerable variation in the floristics of subcanopy
vegetation layers (community association) that are not resolved when mapping at the level of
dominant canopy vegetation types (alliance), and there is a need to address this part of the
diversity of nature. As information accumulates from field studies on patterns of variation in
understory layers, it can be attributed to the mapped units of alliances.



Land Cover Classfication

Land cover classifications must rely on specified attributes, such as the structural features of
plants, their floristic composition, or environmental conditions, to consistently differentiate
categories (K tichler and Zonneveld 1988). The criteria for aland cover classification system for
GAP are: (a) an ability to distinguish areas of different actual dominant vegetation; (b) a utility
for modeling animal species habitats; (c) a suitability for use within and among biogeographic
regions; (d) an applicability to Landsat Thematic Mapper (TM) imagery for both rendering a
base map and from which to extract basic patterns (GAP relies on a wide array of information
sources, TM offers a convenient meso-scale base map in addition to being one source of actual
land cover information); (e) a framework that can interface with classification systems used by
other organizations and nations to the greatest extent possible; and (f) a capability to fit, both
categorically and spatially, with classifications of other themes such as agricultural and
developed environments.

For GAP, the system that fits best is referred to as the National Vegetation Classification System
(NVCS) (FGDC 1997). The origin of this system was referred to as the UNESCO/TNC system
(Lins and Kleckner, 1996) because it is based on the structural characteristics of vegetation
derived by Mueller-Dombois and Ellenberg (1974), adopted by the United Nations Educational,
Scientific, and Cultural Organization (UNESCO 1973) and later modified for application to the
United States by Driscoll et al. (1983, 1984). The Nature Conservancy and the Natural Heritage
Network (Grossman et al. 1994) have been improving upon this system in recent years with
partial funding supplied by GAP. The basic assumptions and definitions for this system have
been described by Jennings (1993).

For ME-GAP, we developed a classification scheme (Appendix 1) that addressed the state’ s
unique complex of vegetation assemblages and land uses, focusing on what was needed to apply
species-habitat models (Boone and Krohn 1998a,b). Our classification scheme is a balance
between those habitat types required to apply wildlife-habitat models for terrestrial vertebrates in
Maine and those types we felt able to delineate from the available data. Our classification
system is based on Jennings (1993) which in turn uses Cowardin et al. (1979) for wetlands. The
highest levels of our classification, and the nomenclature for nonvegetated and highly disturbed
environments, come from Anderson et al. (1976). Our habitat and land cover classes readily
cross-walk with the types being used by other Gap Analysis Projects in the northeastern states.

Mapping Standards

For ME-GAP, we maintained Landsat TM’ s original cell resolution of 30 x 30 m (900 n¥)
throughout the classification process. All scenes were rectified with less than 15 meter residual
mean errors, thereby limiting the spatial errors to less than one-half pixel. A target thematic
(classification) accuracy was set at 80% for major vegetation and land cover classes.



Methods

Our methods consisted of a hybrid of supervised and unsupervised classification techniques
(Lillesand and Kiefer 1994) of TM imagery (Hepinstall et al., 1999). Polygons of known

cover type digitized from aerial videography flown in 1994 were used as training sites and for
map update and final accuracy testing (Krohn et al. 1995). Along with TM imagery, we used US
Fish and Wildlife Service National Wetlands Inventory (NWI) maps to delineate 37 different
vegetation and land cover types. The map boundary was determined using 1:24,000 scale
township map from Maine Office of GIS. A 10 km buffer was maintained into New Hampshire
for state edge-matching as well as along the Atlantic Ocean beyond the furthest offshore islands
present in the township map.

The Land Cover Classification

Our initial classification scheme had to be collapsed, as we were unable to distinguish some
classes. For example, we initially separated early and late regeneration into hardwood,
softwood, and mixed, but were unable to distinguish the variation throughout M aine because of
differences in the acquisition dates of TM scenes. Our final classification contains 37 classes, 18
derived in part from re-grouped NWI types (Appendix 1). The method used to convert the
physiographic classes of the NWI to the vegetation classes needed for ME-GAP is documented
in Appendix 2.

Imagery and Ancillary Data

A total of 8 full TM scenes, and one partial TM scene, were required to obtain statewide
coverage (Figure 3). Two years (1991 and 1993) of statewide imagery were obtained with
cooperation from the Maine Department of Conservation and the Multi- Resolution Land
Characteristics program (Table 1). Imagery from 1991 was geo-referenced (rectified) into
Clarke 1866 Spheroid, NAD27 datum, and Universal Transverse Mercator projection with 30-
meter pixel resolution. Imagery from 1993 was registered to the 1991 imagery.

Table 1. Acquisition dates of Landsat-TM imagery used in ME-GAP by worldwide path/row
reference system.

Path
Row 12 11 10

27 06/07/91 8/16/90 NA
09/16/93 10/11/93

28 06/07/91 06/16/91 NA
0916/93 10/11/93

29 06/07/91 07/02/91 06/25/91
09/16/93 10/11/93 10/20/93

30 06/07/91 07/18/91 NA
06/12/93 10/11/93
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Figure 3. Landsat-Thematic Mapper (TM) scene coverage for Maine.
Numbers refer to the path and row of the TM imagery (see Table 1 for dates of imagery).

Path
12 11

% 27

Row

29
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Samples for supervised classification training sites, interim map assessment, and final accuracy
assessment were derived from statewide aerial videography flown in June and October 1994. The
aerial videography transects were flown between June 9-23 (15 transects, 24 km apart, parallel to
the Atlantic coast) and between October 4-12 (18 transects, east/west, 27 km apart) (Figure 4).
To approximate plant phenology, spring transects started in the south and progressed north
whereas fall flights started in northern Maine and worked south. The videography equipment was
described by Slaymaker et al. (1996).

Successful use of the aerial videography in training TM data required that we knew the relations
between (1) the vegetation on the ground and the aerial videography, and (2) the videography
and the TM data as displayed on a computer screen. Thus, a roadside sample of the vegetation
types needed for ME-GAP were printed from the videography and visited on the ground.
Specifically, in the summer of 1995, 216 vegetation types were field verified at 120 roadside
sites across Maine. While the resolution of the aerial videography was inadequate for identifying
all plant communities, it was adequate for identifying the vegetation types of interest (Bartlett et
al. 1995). Once the relationships between the ground and videography were determined, the
process of relating what we could see on the videography and in the TM data was relatively
straightforward.

Approximately 11 million wide angle (210 ha coverage) and zoom (0.09 ha coverage) images

were available from the videography for use in training TM data and testing of the resulting map.
Homogeneous areas were identified on the videography and corresponding TM scene, delineated
into a polygon file and labeled by type at one minute intervals along the videography flight lines.

Ancillary data sources included aerial videography, NWI maps, wetland polygons from the
USGS Land Use/Land Cover Digital Analysis (LUDA) database, the USGS 1:100,000 scale
Digital Line Graphs (DLG) for the transportation network and urban areas, and point locations
for blueberry fields and hay fields. Blueberry fields are burnt on alternate year schedules,
sometimes in the fall and other times in the spring. Thus, this type can exhibit many spectral
signatures resulting in confusion with other types (e.g., abandoned farmland). Giventhe
importance of blueberry and other brushland habitats to wildlife, we needed additional data to
accurately identify and map abandoned farmland, blueberry fields, and hayfields. In July and
August of 1994 we had a person drive dirt and paved roads in eastern Maine. The locations of
all fields were noted and classified as to abandoned, blueberry, or hay. A total of 796 areas were
identified and mapped. Of these, 335 were classified as blueberry fields, 416 as hayfields, and
45 as abandoned farmlands.

Digital NWI maps were available for most of Maine (Figure 5) and these were used to delineate
wetland areas. Digital NWI maps were obtained directly from the USFWS' sweb site
(http:/Aww.nwi.fws.gov/). Approximeately 88% of Maine (628 out of 709 1:24,000 USGS
guadrangles) was covered by the available NWI maps in digital form. (We had complete state
coverage of hard copy NWI maps). Ninety-five percent (n= 744) of the aerial photographs used
in the creation of the Maine NWI maps were taken in 1983-86 (range: 1973-1987), with 67% of
the photos taken in May (range: March-November). Cross-walking the NWI' s physiographic
(i.e., wetland landscape location and structure) classification to the M E- GAP vegetation types
was tedious and accomplished (Appendix 2) only after consultation with biologists familiar with
both Maine wetlands and the NWI classification (see Acknowledgments).
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Land Cover Map Development

Ten-band image files were created from the 1991 and 1993 imagery. A radiometrically
corrected statewide mosaic of TM bands 3, 4, and 5 was available for 1991 whereas all six
nonthermal TM bands were available on a scene-by-scene basis for 1993 imagery. Five themes
were used from each year: TM bands 3, 4, 5, and normalized 4/5 and 4/3 ratios for 1991,
principal components 1, 2, and 3; and normalized 4/5 and 4/3 ratios for 1993. Principal
components analysis was not run on 1991 imagery because only TM bands 3, 4, and 5 were
available. The first three principal components for the 1993 data represented 97 percent of the
overall variability of the six original bands. The two ratios chosen for each date have been used
in vegetation and land cover change detection studies and were useful in discriminating seasonal
and annual variation in our data sets (Tucker 1979, Rock et al. 1986, Florella and Ripple 1993,
Sader 1989, Sader et al.1989, Sader 1990).

TM scenes were, by date, cloud-masked and a separate five-band file created from the
corresponding cloud-free date. Only one area contained clouds on both dates and this was in the
overlap area with New Hampshire and will therefore be filled in by data from the VT/NH-GAP.
The cloud area images were classified into 25 to 50 classes using an unsupervised approach,
matched with the 10-band supervised classification, and merged into the final scene mosaic.

Statewide classification proceeded on a TM scene-by-scene basis, thereby limiting the effects
associated with radiometric scene differences from different acquisition dates. For each scene,
the 10-band image was classified using 25 percent of the interpreted videography polygons as
training sites in a supervised classification. For each type the spectral variability of the training
sites were evaluated to ensure that they were representative. Confused spectral signatures were
stratified, masked out from the 10-band imagery, and re-classified into 50 clusters using an
unsupervised approach. Unsupervised classifications of the 10-band image were also performed
and used as a comparison to the supervised approach.

Special Feature M apping

Spectral confusion occurred among some types, requiring ancillary GIS data to differentiate
these classes. Specific classes that were confused include (1) plowed fields, recent clear cuts,
and residential/urban areas; (2) early regeneration, scrub wetlands, and blueberry fields; (3) and
different stages of regeneration versus partially harvested areas.

For the portions of the state where NWI maps were unavailable in digital form, wetlands were
classified using a supervised procedure with additional training samples obtained from the aerial
videography and the paper NWI maps (Hepinstall et al., 1999). Because we expected to
receive the complete set of digital NWI maps before the completion of ME-GAP, we
underestimated the number and area of wetlands in the above classification procedure. Such
underestimating allows the final product to easily be updated when new digital data become
available without high levels of commission error.
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Point locations for blueberry and hay fields, collected in 1994, were used to discriminate
agricultural fields from early regeneration or residential areas. Blueberry fields were also
stratified out for two scenes (Path 10 Row 29 and Path 11 Row 29) to conduct a class- specific
supervised classification using training sites based on blueberry field locations obtained by
roadside surveys. Classes that appeared to capture the majority of known blueberry fields were
incorporated into each scene mosaic.

Urban and residential areas were masked out using the DLG transportation vector coverage, and
LUDA urban and residential polygons that had been buffered from 25 t0100 meters depending
on the size of the road. These images were classified into 50 classes using an unsupervised
approach. Classes were evaluated and those classes representing any of our four developed lands
classes were added to the final scene classification.

Once each scene classification was completed, all scenes were assembled into a statewide map.
Slight differences in scene classifications resulted in class seams across scene boundaries. To
minimize this effect, class assignments were adjusted in the original scene classifications
(Hepinstall et al., 1999, for details).

Once the statewide classification was complete and all TM scenes were assembled together,
several majority filters were used to screen out artifacts of the classification and edge-matching
process. For example, a mgjority filter was applied to blueberry fields and the class extent for
blueberry fields was limited to the extent of Maine known to grow blueberries (Y arborough
1996).

After applying filters to correct for artifacts in image pre-processing, we applied the program,
MegaMerge, version 52 (http://www.cyberport.net/glacier/gis/), with a minimum output polygon
size of 9 pixels (0.81 ha), although still maintaining the cell resolution of 30 m.

Edge-M atching Polygons

Maine borders only one state, New Hampshire, where gap analysis for is being conducted by
personnel of the University of Vermont, with Dr. D. Capen as principal investigator. Several
meetings between ME-GAP and VT/NH-GAP have taken place to ensure data layers edge-
match. We have provided VT/NH-GAP with that portion of the ME-GAP vegetation and land
cover map covering 10 km on each site of the ME-NH border. Because ME-GAP used more
classes than VT/NH-GAP, Dr. Capen will fit the polygons from Maine into those for New
Hampshire.

Results

The statewide results of our mapping effort (Map 2) matched well with estimates from the 1995
USDA Forest Service study (Griffith and Alerich 1996). Their study estimated that 71,588 kn?
of Maine was forested, including forested wetlands. This compares well to our estimate of
70,680 knf. Estimates of nonforested freshwater wetlands were also close between Forest
Service and our estimates (1,363 versus 1,380 kn?, respectively). We did differ greatly between
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http://www.cyberport.net/glacier/gis/

“(see Habitat Map Key on Odd page, and Map 2 on Even page)”

our estimates of agricultural lands (3,402 USFS versus 6,169 kn? ME-GAP) and developed
lands (1,975 USFS versus 1,066 kn? ME-GAP). These differences are partially accounted for
by the different classification schemes used: the Forest Service includes a single-family housing
class that would be a combination of low-density residential or grasslands in the ME-GAP
classification scheme. In ME-GAP, areas that are mostly lawns were classified as grasslands
rather than as low-density residential.

As expected, forested types dominate the state (Table 2). Because the final NWI digital maps
were unavailable before completing ME-GAP, we underestimated wetlands in the areas where
digital NWI maps were unavailable (Figure 5) so that the digital NWI could be readily added at a
later date. Distribution of vegetation and land cover types by biophysical regions are presented
in Appendix 3.
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Vegetation and Land Cover Types

Agricultural Lands

B Abandoned Tield

B Blueberry Field

[ Grasslands (haytfield, pastures, lawns, golf courses)

] Crops/Ground (including plowed ground and bare ground)

Developed Lands

Forestlands

Clearcut

Early Regeneration

Late Regeneration

Light Partial Cut

Heavy Partial Cut
Deciduous Forest
Deciduous/coniferous Forest
Coniferous/deciduous Forest
Coniferous Forest

BHO0EDONA0

Water & Wetlands

Il Il

EE
.
B
—1
—
—1

Other

—1
—

Deciduous Forested
Coniferous Forested
Dead-forest

Deciduous Scrub-shrub
Coniferous Scrub-shrub
Dead Scrub-shrub
Fresh Aquatic Bed
Fresh Emergent
Peatland

Wet Meadow

Salt Aquatic Bed

Salt Emergent

Mudflat

Sand Shore

Gravel Shore

Rock Shore

Shallow Water

Open Water

Alpine Tundra
Exposed Rock/Talus



Table2. Areaand percentage of Maine in the 37 vegetation and land cover types mapped by
ME-GAP, 1993.

Area %
Mapped (km?) of State Area
Agricultural L ands 6,168.6 7.29
Abandoned Field 201.2 0.24
Blueberry Field 133.6 0.16
Grasslands 4,719.2 5.58
Crops/Ground 1,114.6 132
Forestlands 64,482.9 76.19
Clearcut 1,272.3 150
Early Regeneration 5,369.6 6.34
Late Regeneration 2,925.6 3.46
Light Partial Cut 1,1375 134
Heavy Partial Cut 1,536.1 181
Deciduous 12,818.7 15.15
Deciduous/coniferous 13,486.4 15.94
Coniferous/deciduous 18,020.3 21.29
Coniferous 7,916.6 9.35
Water & Wetlands 12,849.9 9.69
Deciduous Forested 736.1 0.87
Coniferous Forested 3,891.0 4.60
Dead-forest 27.9 0.03
Deciduous Scrub-shrub 1,384.1 164
Coniferous Scrub-shrub 156.3 0.18
Dead Scrub-shrub 12 0.00
Fresh Aquatic Bed 14 0.00
Fresh Emergent 718.8 0.85
Peatland 472.8 0.56
Wet Meadow 170.0 0.20
Salt Aquatic Bed 196.9 0.23
Salt Emergent 80.2 0.09
Mudflat 236.1 0.28
Sand Shore 315 0.04
Gravel Shore 37.3 0.04
Rock Shore 63.5 0.08
Shallow Water 146.7 0.17
Open Water 4,498.2 531
Developed L ands 1,065.9 1.23
Sparse Residential 690.6 0.82
Dense Residential 352.2 0.42
Urbar/Industrial 149 0.02
Highways/Runways 8.2 0.01
Other 65.5 0.08
Alpine Tundra 20.6 0.02
Exposed Rock/Talus 449 0.05
Total 84,630.0 100.00
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Accuracy Assessment
| ntroduction

GAP land cover maps are primarily compiled to answer the fundamental question in gap
analysis: what is the current distribution and management status of the nation's major natural
vegetation and land cover types? In addition to providing a measure of overall reliability of the
land cover map (Congalton 1991, Edwards et al. 1998) for state projects, the assessment also
identifies which general classes or which regions of the map do not meet the accuracy objectives
for the Gap Analysis Program. Thus the assessment identifies where additional effort will be
required when the map is updated.

The purpose of accuracy assessment is to allow a potential user to determine the map's "fitness
for use" for their application. It is impossible for the original cartographer to anticipate all future
applications of a land cover map, so the assessment should provide enough information for the
user to evaluate fitness for their unique purpose. This can be described as the degree to which the
data quality characteristics collectively suit an intended application. The information reported
includes details on the database's spatial, thematic, and temporal characteristics and their
accuracy.

Assessment data are valuable for purposes beyond their immediate application to estimating
accuracy of aland cover map. The reference data is therefore made available to other agencies
and organizations for use in their own land cover characterization and map accuracy assessments
(see Data Availability). The data set will also serve as an important training data source for later
updates.

Even though we have reached an endpoint in the mapping process where products are made
available to others, the gap analysis process should be considered dynamic. We envision that
maps will be refined and updated on a regular schedule. The assessment data will be used to
refine GAP maps iteratively by identifying where the land cover map is inaccurate and where
more effort is required to bring the maps up to accuracy standards applicable to other projects
(e.q., fine scale habitat studies). In addition, the field sampling may identify new classes that
were not identified at all during the initial mapping process. Overall, we believe that the
vegetation and land cover map created is adequate for its designed purpose.

Methods

Aerial videography flown in 1994 was used for preliminary map assessment and final accuracy
assessment (Figure 4). Homogeneous areas of the vegetation and cover type were identified on
both the wide angle and zoom videography. The corresponding area was located on the TM
imagery and on-screen digitizing was used to delineate and type the areas (for detalils, see
Hepinstall et al., 1999).

The preliminary statewide map was tested for class accuracy using approximately 35 percent of
the aerial videography polygons not used for supervised classification training sites (n = 1,231,
mean = 66 polygons per class). Modifications to the original scene classifications were done
according to the above assessment.
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The accuracy assessment for the final map was done using the videography polygons not used as
input for the supervised classification procedures (n = 2,112; mean of 124 polygons per class)
(Congalton 1991, Edwards et al. 1998). The accuracy of all wetland classes was estimated as a
single class because the classification scheme used in developing the videography polygons
differed greatly from the final wetland classification based on re-grouping NWI wetland types.

Results

Although we use the term “ accuracy assessment” , it should be noted that the video interpretation
used as the reference or “ truth” is likely not 100% correct, therefore our analysis is really a test
of agreement between methods. However, for many years resource managers in the forest

ground truth.

Classification accuracy tables are created through an error matrix where reference classes

(* ground truth™ ) are in columns, and map classes are inrows. The overall map accuracy is
calculated by adding the values along the matrix diagonal and dividing by the reference total.
All non-diagonal entries are errors and can be grouped into errors of omission (areas that should
have been classified as one class but were classified as another: column errors) or errors of
commission (areas that were classified as one class but were really another class: row errors).
Producer accuracy is the percent correct (diagonal) divided by the column (reference data) total.
User accuracy is the percent correct (diagonal) divided by the row (map) total (Congalton 1991).

Accuracy assessments are reported in Tables 3, 4, and 5 by superclasses (Agricultural lands;
Developed lands; Forestlands; and Wetlands). Overall map accuracy for superclasses is high
(88.1%) indicating that at the lowest level of class resolution, our map has high agreement with
the interpreted videography. Another measure of agreement which attempts to correct for chance
agreement, termed kappa or KHAT (Lillesand and Kiefer 1994), had a high value as well (71%).

Classes making up the majority of the state consistently had high (greater than 75%) overall
accuracy than less predominant types (Table 3). Class confusion was as expected, especially
between Forestlands and Wetlands. The conservative estimate of wetlands in the areas of our
map where we did not have digital NWI maps shows up as a large number of wetland pixels in
the videography being classified as forestlands (a 24.8% omission error). The large wetland
commission error (35.5%) may indicate a misinterpretation of videography (i.e., forested
wetlands missed in video interpretation) rather than errors in the NWI classification. Confusion
between Agriculture and Forestlands occurs primarily due to class confusion between low
biomass forestland (Clearcut, Early Regeneration, and Heavy Partial Cut) and the low biomass of
agricultural lands. Confusion of areas classified as Agricultural Lands in the map and Developed
Lands in the videography arise from differences in visual interpretation of the cut- off between
Low Density Residential and Grasslands.
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Accuracy assessments for a 4 class grouping of the Forestland classes (Low Biomass
regenerating forest including Clearcut, Early Regeneration, and Heavy Partial Cut; Deciduous
Forest; Mixed Forest including both mixed forest categories, Late Regenerating Forest, and Light
Partial Cut; and Coniferous Forest) are presented in Tables 6, 7, and 8. The Forestland
breakdown is helpful in understanding the within-superclass confusion of Forestlands, Maine’ s
mgjor land cover type. Class confusion among forest types is higher than desired, but all
confusions are expected (e.g., Mixed Forest is confused with Deciduous or Coniferous Forest;
Deciduous Forest is confused with Mixed Forest, but not Coniferous Forest and visa versa; Low
Biomass Forest is confused with Mixed Forest). Individual class accuracies are reported and
discussed in Hepinstall et al. (1999).
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Table 3. Map superclass (Anderson et al. 1976; Level I1) error matrix by pixel (diagonal

elements represent agreement; off-diagonal elements represent errors).

Map Videography % Classasa
Ag. Developed Forestlands Wetlands Other Total Correct % of State

Agricultural Lands 3,801 231 631 125 66 4,854 7831 7.29
Developed Lands 124 492 56 0 0 672 73.21 1.26
Forestlands 705 83 28,887 1,044 1 30,725 94.02 76.19
Wetlands 112 14 1,683 3,045 19 4873 6249 9.69
Other 0 0 18 0 138 156 88.46 0.08
Total 4,742 825 31,275 4,214 224 41,280
% Correct 80.16 59.64 92.36 7226 61.61

Table4. Comparisons (% of pixels) of mapped superclasses to aerial videography samples
(producer accuracy = diagonal; commission errors = off-diagonal cells).

Map Videography % SE(%) of

of State  Accuracy

Ag Developed Forestlands Wetlands Other State N Sampled Egtimate
Agricultural  78.31 4.76 13.00 2.58 1.36 4,854 0.71 0.59
Developed 18.45 73.21 8.33 0.00 0.00 672 057 171
Forestlands 229 0.29 94.02 3.40 0.00 30,725 0.43 0.14
Wetlands 2.30 0.29 34.54 62.49 0.39 4,873 0.34 0.69
Other 0.00 0.00 1154 0.00 88.46 156 214 2.56
Total 88.10 41,280 0.44 0.16

Table5. Comparisons (% of pixels) of aerial videography samples to mapped superclasses (user
accuracy = diagonal; omission errors = off-diagonal cells).

Map Videography
Agriculture Developed Forestlands Wetlands Other
Agricultural 80.16 28.00 2.02 297 29.46
Developed 2.61 59.64 0.18 0.00 0.00
Forestlands 14.87 10.67 92.36 24.77 0.45
Wetlands 2.36 1.70 5.38 72.26 8.48
Other 0.00 0.00 0.06 0.00 61.61
N 4,742 825 31,275 4,214 224
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Table 6. Forestlands class accuracy in number of pixels and percentages. (Totals and % Correct
refer to all-class accuracy, not only Forestlands).

Map Videography
Low Decid. Mixed Conif. % Classasa
Biomass® Forest Forest Forest Totals Correct % of State

Regen. Forest: Low Biomass 4,499 103 521 54 5,591 80.47 9.66
Deciduous Forest 193 6,060 1,264 13 7,782 77.87 15.15
Mixed Forest 1,986 2,008 5,507 1,880 12,161 45.28 42.03
Coniferous Forest 84 40 824 3,851 5,191 74.19 9.35
Totals 7,374 8,389 8,714 6,798 41,280

Percent Correct 61.01 72.24 63.20 56.65

& - defined as Clearcut, Early Regeneration, and Heavy Partial Cuts.

Table 7. Comparisons (% of pixels) of mapped Forestlands classes to aerial videography
samples (producer accuracy = diagonal; commission errors = off-diagonal cells).

Map Videography % SE(%) of

Low Deciduous Mixed Coniferous of State Accuracy

Biomass® Forest Forest Forest N Sampled Estimate
Regen. Forest.: Low Biomass 80.47 184 9.32 0.97 5591 062 0.53
Deciduous Forest 248 77.87 16.24 0.17 7,782 055 0.47
Mixed Forest 16.33 16.51 45.28 15.46 12,161 031 0.45
Coniferous Forest 1.62 0.77 15.87 74.19 5191 059 0.61

& - defined as Clearcut, Early Regeneration, and Heavy Partial Cuts.

Table 8. Comparisons (% of pixels) of aerial videography samples to mapped Forestlands
classes superclasses (user accuracy = diagonal; omission errors = off-diagonal cells).

Map Videography
Low Deciduous Mixed Coniferous
Biomass® Forest Forest Forest
Regen. Forest: Low Biomass 61.01 123 5.98 0.79
Deciduous Forest 2.62 72.24 14.51 0.19
Mixed Forest 26.93 23.94 63.20 27.66
Coniferous Forest 114 0.48 9.46 56.65
N 7,374 8,389 8,714 6,798

& - defined as Clearcut, Early Regeneration, and Heavy Partial Cuts.
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Limitationsand Discussion

We note that our accuracy assessment is really an agreement assessment, not an absolute
assessment of the vegetation and land cover map relative to ground-truth. Specifically, we
guantified two types of agreements by comparing the following: (1) aerial videography to the
land cover map, and (2) the land cover map to the videography. In both comparisons, the aerial
videography was considered to represent ground-truth. 1f in fact the videography was an
absolute measure of what was on the ground, then a comparison of random sets of data from the
spring and fall videography should yield the same results (i.e., the composition of types on the
ground does not change). In comparing random samples of types from spring (n = 2,871) and
fall (n = 2,083) videography, the frequency of occurrences of types between seasons differed
(Chi-sguare, P < 0.001) (Bartlett et al. 1997). Some of these differences were due to changes in
vegetation characteristics between spring and fall that affected identification. For example, one
expects to find more wetlands in the spring versus fall videography due to wetter soils and more
open canopy (i.e., less leaf-cover) in spring, increasing visibility to the forest floor. However,
other differences in the occurrences of types seemed to be related to seasonal differences in
interpretation. For example, what one calls deciduous/coniferous forest in the spring
videography could be called a deciduous forest in the fall videography due to the dominance of
the bright colors in the fall foliage (Bartlett et al. 1997). Thus, readers of our accuracy
assessment are cautioned that our standard of comparison was aerial videography, not what was
actually on the ground at the time of satellite image acquisition (although field- checks of the
videography suggested reasonable agreement to types on the ground [Bartlett 1995 et al.]).

Given what is currently known about vertebrate- habitat relations, we believe the vegetation and
land cover classes used in ME-GAP were adequate for predicting the potential distributions of
the state’ s terrestrial vertebrates. However, in terms of identifying gaps in the conservation of
plant communities (i.e., Davis et al. 1996, Stoms et al. 1998), the vegetation and land use classes
should be more specific than the ones used here. On-going research at the Maine Image Analysis
Laboratory, University of Maine, is assessing the relative importance of different spectral bands,
and temporal and spatial resolution of these data, in correctly identifying vegetation types in
Maine. Once this research is completed in three to four years, we will have a much better chance
to map at least some plant communities to the alliance level, and know the relative cost versus
benefit of doing more detailed vegetation mapping.

Not all vegetations and land use classes were mapped with the same level of accuracy. In
general, however, we suspect that wetland types were mapped more accurately than upland types
because the majority of the later were identified and mapped from aerial photographs (NWI)
whereas the former came from TM data. Even in the case of wetlands, however, there is
undoubtedly variation in accuracy rates by types. For example, NWI maps are known to be more
accurate for unforested (e.g., peatlands) versus forested (e.g., red maple swamp) wetlands (Sader
et al. 1995, Stolt and Baker 1995). However, at the level of USEPA EMAP hexagons (the
analysis unit used by GAP), we doubt the accuracy of any vegetation or land use class was so
poor as to cause nonprediction of any species of terrestrial vertebrate that regularly breeds in
Maine. Users interested in assessing population viability, in contrast to small- scale presence-
absence predictions, must be concerned with small wetlands (and other habitats) being

unmapped (e.g., Gibbs 1993).
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Slight disagreement is expected even at the superclass level of class resolution due to temporal,
spatial, and class differences between the satellite imagery and the videography. Differences in
the date of the videography (1994) and the satellite imagery (1991 and 1993) also created some
differences in the actual conditions on the ground. Temporal differences would be most likely
between different states of forest regeneration, as well as between forest regeneration and
agriculture. Spatial differences between the polygon outlines delineated from the videography
and the satellite imagery exist given the high level of spatial heterogeneity of the Maine
landscape. Class differences between the class scheme used when interpreting the videography
and the final class scheme for our map may have lead to inaccuracies when comparing the typed
videography and the map output. Visual comparison of all training sites and resulting spectral
statistics limited the errors in classification due to mislabeling of videography sites. However,
we were unable to conduct a similar comparison of all accuracy assessment sites with the
original, unclassified satellite imagery to double check the labeling done by the video interpreter.

The accuracy assessment reported here is based on statewide data. Because the vegetation and
land cover map of Maine is based on multiple TM scenes assembled together, these accuracy
numbers should not be assumed to be the same among scenes for a number of reasons. First,
scenes were taken in different years, seasons, and times of day. Such scene differences result in
not all classes being mapped with the same probabilities of correctness. Furthermore, class
compromises were made when fitting scenes together. More specifically, to prevent showing
scene boundaries, it was often necessary to slightly increase the number of pixels in one class
although reducing the number of pixels assigned to that same class in an adjoining scenes.
While this resulted in a relatively seamless map, it undoubtedly introduced errors. Users
considering applying the M E-GAP vegetation map at a local (i.e., substate) level should be
aware that accuracy rates in the area of interest to them may be considerably different (i.e.,
higher or lower) than the statewide averages reported here. For a more complete discussion of
the issue of geographic variations in the map’ s accuracy, see Hepinstall et al. (In Review).

In conclusion, we believe that the vegetation and land cover map produced for ME-GAP was
adequate for the intended use of being the mgjor data source for making seamless predictions of
the occurrences of native, nonfish vertebrates across Maine. Readers can judge for themselves
whether or not this goal was achieved by reviewing the predicted distribution maps for each of
the 270 vertebrate species in Boone and Krohn (1998a,b).
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PREDICTED ANIMAL DISTRIBUTIONS
AND SPECIESRICHNESS

We saw a pair of moose horns on the shore,
and | asked Joe [Thoreau’ s Indian guide] if a moose had shed them;
but he said there was a head attached to them,
and | knew that they did not shed their heads
more than oncein their lives.

Thoreau - The Maine Woods, 1848

Introduction

Range maps are coarse-level predictions about the occurrence of those species across a particular
area (Csuti 1994). Traditionally, the ranges of most species are delineated with samples from
collections made at individual point locations. Most species range maps are small-scale (e.g., >
1:10,000,000) and derived primarily from point data to construct field guides. The purpose of
the GAP vertebrate species maps is to provide more precise information about the current
predicted distribution of individual native species within their general ranges. With this
information, better estimates can be made about the actual amounts of habitat area and the nature
of its configuration.

ME-GAP maps were produced at a nominal scale of 1:100,000, and are intended for applications
at the landscape or “ gamma” scale (homogeneous areas generally covering 10,000 to 1,000,000
hectares and made up of more than one kind of natural community). Applications of these data
to site- or stand-level analyses (site—a microhabitat, generally 10 to 100 square meters; stand - a
single habitat type, generally 0.1 to 1,000 ha; Whittaker 1977, see also Stoms and Estes 1993)
are likely to be compromised by the finer-grained patterns of environmental heterogeneity that
are resolved at those levels.

Gap analysis uses the predicted distributions of animal species to evaluate their conservation
status relative to existing land management (Scott et al. 1993). However, maps of species
distributions may be used to answer a wide variety of management, planning, and research
guestions relating to individual species or groups of species. In addition to the maps, great utility
may be found in the consolidated species occurrence records and literature that are assembled
into databases used to produce the maps.

Previous to this effort there were no maps available, digital or otherwise, showing the likely
present-day distribution of species by cover types across their ranges. Because of this, ordinary
species (i.e., those not threatened with extinction or not managed as game animals) are generally
not given sufficient consideration in land- use decisions in the context of large geographic regions
or in relation to their actual habitats. Their decline because of incremental habitat loss can, and
does, result in one threatened or endangered species “ surprise” after another. Frequently, the
records that do exist for an ordinary species are truncated by state boundaries. Simply creating a
consistent spatial framework for storing, retrieving, manipulating, analyzing, and updating our
knowledge about the status of each animal species is one of the most necessary and basic
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elements for preventing further erosion of biological resources.
Mapping Standards

Species included in these analyses were native breeding, terrestrial (i.e., non-fish) vertebrates of
Maine with some portion of their population breeding inland at least five of the last 10 years.
This definition excludes the coastal birds, such as Double-crested Cormorants® and Eider Ducks,
which should be mapped using different methods than those described here. Also excluded are
sea turtles, marine mammals, and seven introduced species (i.e., the Mudpuppy, Black Rat,
House Mouse, Rock Dove, European Starling, House Finch, and House Sparrow). Included is
the Canada Goose, while not originally a native nester to Maine, it now nests in the state as well
as being a native breeder in Quebec.

Whether or not species had been breeding in the state in at least five of the last 10 years was
determined by literature review, expert advice, and personal experience. The decision to include
or exclude species is not a trivial one -- including too many sporadic breeding species would
unduly elevate commission errors (Boone and Krohn, 1999). For example, lists prepared by

the Maine Department of Inland Fisheries and Wildlife (MDIFW) show more than 100 species of
birds as incidental in Maine.

Methods

M apping Range Extent

Range maps were developed for each of the terrestrial vertebrate species that were judged to
regularly breed in Maine, 1984-1993. For each species, a range map was created that depicted
potentially occupied and unoccupied Maine townships. A small map of the species’ regiond
distribution was included as an inset. Initial species ranges for Maine were from smooth-curve
maps in DeGraaf and Rudis (1986), and were generalized to townships. Supplemental data used
to guide the placement of range boundaries included atlas data for amphibians and reptiles
(Hunter et al. 1992), and birds (Adamus 1987). Additional data used were observations recorded
in the MDIFW Biological Conservation Database of endangered and rare vertebrates, and
MDIFW harvest data for game species. Observations were generalized to townships, and
overlaid onto the range maps.

Regional species ranges for New England were initially from DeGraaf and Rudis (1986), with
additional general references for each group of species (Table 9). Species ranges were modified
based upon a literature review, with . 107 sources reviewed for amphibians and reptiles, with 10
directly pertinent to ranges, - 243 reviewed for mammals, with 20 regarding ranges, and . 321
sources for birds, with 35 directly pertinent to range limits.

2 - Scientific names of wildlife species used in ME-GAP are given in Boone and K rohn
(1998a,b).
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Table 9. Mgjor references used in ME-GAP to delineate ranges of terrestrial vertebrates that
regularly breed in Maine.

Vertebrate Classes Major Literature Sources
Andrews (1995), Bider and Matte (1994)°, Bleakney (1958), Conant and Collins

Qnrgpé‘émgss (1991), DeGraaf and Rudis (1986), Gilhen (1984), Hunter et al. (1992)% K lemens
(1993), McAlpine (1997), Taylor (1993)”.
Mammals Banfield (1974), Burt and Grossenheider (1976), DeGraaf and Rudis (1986),

Dilworth (1984)°, Godin (1977).
Birds Adamus (1987)% , DeGraaf and Rudis (1986), Erskine (1992)°, Foss (1994)°,
Gauthier and Aubry (1996)°.

&- Maine- specific atlas.
b _ Atlas from adjacent state or province.

We marked on each Maine range map the range limit we believed appropriate based upon the
literature reviewed, Maine atlas and MDIFW data, and atlas observations the adjacent state or
provinces. We were fortunate in having excellent atlas coverage in New Hampshire, New
Brunswick, and Quebec, especially for breeding birds (Table 9). Maps were placed into volumes
by species group (i.e., amphibian and reptile, mammals, passerine birds, and nonpasserine birds),
and 34 copies (12 amphibian and reptile, 12 mammal, and 10 bird) of these volumes were
distributed to experts for their comments. Based upon feedback from experts, finalized maps
were incorporated into a geographic information system (GIS), using ARC/INFO Version 7.0.2
(Unix) and Version 3.4.2 (DOS) (Environmental Systems Research Institute, Redlands,
California, USA; use of trade names does not imply endorsement by the US Government).
Smooth range maps stored as raster ARC/INFO grids were created from the reviewed maps.

Range limits for birds were reasonably accurate when compared to smoothed empirical data (i.e.,
USGS Biological Resources Division Breeding Bird Survey (BBS) results, which were not used
to develop ranges). Of 80 species with range limits in the state, 47 had adequate BBS data for
testing. For species with high quality smoothed BBS maps (n = 18), the median error between
ranges and observed data was 8%. When disagreement in area was considered the error was
3.9% for species with high quality kriged maps (Boone 1996), and 4.5% for all 47 species.

Wildlife Habitat Relationships

Relations to Mapped Habitat

A wildlife habitat relationships database specific to Maine had not been created when we began
our work, so we had to create one. We used a literature review and a review by experts to assign
use (i.e., absent, rarely occurs, occasional occurrence, common, and abundant) by each species to
47 habitats. The matrices included levels of use for breeding (e.g., nest sites built in cavity trees)
and feeding (e.g., waste crops fed upon in agricultural areas).

Initial scores (O = unused to 4 = frequently used) for wildlife habitat relationships were assigned

primarily from DeGraaf and Rudis (1986). A paper file was create for each species, and within
the file, habitat use was recorded and amended during an extensive literature review. After an
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initial review of the literature, three page species synopses were created, which included a habitat
matrix for each species. These synopses were formed into volumes and were forwarded to
regional experts for review (Appendix 4). Their comments were incorporated into finalized
species synopses, and the values were digitized to create a wildlife habitat relationships database.
The wildlife habitat relationships database was then reformatted by cross-walking the 47 habitats
in the database to the 37 types of habitats mapped by ME-GAP, using custom programs and
review. For presence/absence modeling in ME-GAP, habitat use scores $ 2 were shown as used,
and scores 0 and 1 were shown as unused.

Relationsto Ancillary Data Layers

Ancillary layers of information that proved useful in modeling species distributions included
elevation, wetland type, and hydrology. Digital Elevation Models (DEMs) from the USGS were
acquired from the Maine Office of GIS, and merged into a seamless DEM for the state. This grid
has a spatial resolution of 94 m cells, with elevation stored to the nearest meter above mean sea
level. Wetland type was a supertype primarily from the USFWS National Wetlands Inventory
(NWI) (a portion of the wetlands were mapped from satellite imagery, as explained in Land
Cover Classification and Mapping). These coarse wetland types included six classes: palustrine,
lacustrine, riverine, estuarine, ocean, and upland. The vegetation map for ME-GAP stored “ open
water” for example, but the map alone does not define the open water as a pond or ocean. When
the wetland type is considered, however, the two are differentiated. Streams and single-line
rivers were from the USGS 1:100,000 scale Digital Line Graphs (DLGs) of hydrology. Ponds,
lakes, and double-line rivers were primarily from the USFWS NWI. Additional hydrology
layers used in modeling included the USGS 1:100,000 scale DLGs of ponds, lakes, and double-
line rivers. Whereas the water bodies in the NWI data layer were not divided into types, we had
annotated the 1:100,000 scale database to identify 1) ponds and lakes, 2) rivers, and 3) oceans, as
well as islands within each of those types. K nowledge of island ecology was useful in modeling
nesting Common Tern habitat, for example. Finally, for species that use streams but not larger
rivers (e.g., the stream-dwelling salamanders), US EPA River Reach 3 hydrology layers were
used. From these layers, which were based upon the same 1:100,000 scale streams and rivers
already described, we could identify Maine’ s low-order (i.e., upper-most in drainage) streams.

Associations of terrestrial vertebrate species with ancillary information (e.g., elevation,
hydrology) were identified from the literature. Few wildlife species in Maine have associations
to elevations that are strong enough to warrant inclusion in a model of presence and absence.
Elevation may affect abundances of species (e.g., Richards 1994), but apparently elevational
gradients in Maine are not strong enough to have major effects on the presence of species. For
those species where the inclusion of elevation was warranted (e.g., Bicknell' s Thrush, Rock
Vole) the elevational limits were from the literature.

The strength of association of vertebrates to hydrology was determined from the literature.
Often in the literature the distance an animal may travel from water to feed, loaf, or nest was
cited. Ingeneral, typical distances from water were used; anecdotes of extreme distances were
not included in habitat models. Also, some species (e.g., Common Snapping Turtles) may travel
long distances to nest. Because we do not believe nesting sites to be limiting in Maine, and
because inclusion of such large buffers around water would greatly overestimate occurrence, we
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did not include such excursions in associations with water. Ancillary data used in conjunction
with the vegetation map to predict vertebrate occurrences is shown in Table 10.
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Table 10. GIS grids and coverages used in the animal species modeling process. Refer to the
metadata accompanying the digital data for more complete descriptions. Where GIS grids
contained more than one significant layer used in modeling, both are listed separately (e.g.,

allnwig, alnwig.wet_int).

Coverage Name

Acquisition Source

Description

*bnd, where * are species

codes

allnwig

allnwig.wet_int
durbandis

g*, where* are species
codes

habmap

Habhu

r*, where* are species
codes

reachsf100

reachsflag

streamsg
strmdis

urbanlkm
wateralloc
waterarea
waterdis
watershore

wbodies

wetarea
wetlanddis
wetlandshore

wetsf100

ME-GAP product

USFWS NWI

Generated from USFWS
NWI

Generated from

habmap (see below)
ME-GAP product

ME-GAP product

ME-GAP product, NRCS
DLG
ME-GAP product

Generated from
EPA River Reach
Generated from
EPA River Reach
USGS DLG

Generated from USGS
DLG

Generated from

habmap (see above)
Generated from USGS
DLG

Generated from

habmap (see above)
Generated from Habmap
(see above)

Generated from habmap
(see above)

USGS DLG

Generated from USFWS
NWI

Generated from

USFWS NWI

Generated from USFWS
NWI

Generated from USFWS
NWI, EPA

Coverages containing only tics, defining the boundary
of each species’ distribution, used to limit analysis
windows.

Wetlands classed using Cowardin et al. (1979).

Major wetland types (i.e., palustrine, lacustrine,
estuarine, riverine, sea) and upland.
Distance to dense urban and industrial areas.

Grids of species ranges within the state.

Vegetation and land cover map (Map 2).

V egetation map merged withthe US NRCS 11 digit
code watershed boundaries.

Ranges of species, generalized to watersheds (see M ethods).

Areas within 100 m of terminal streams.
Terminal streams within the 1:100,000 scale DLGs.

Streams and single-line rivers.

Distance to streams.

Areas within 1 km from sparse or dense residential
areas.

Category of water closest to each cell (i.e., an allocation
grid from eucdistance).

Area of ponds, lakes, and two-line rivers.

Distance to ponds, lakes, and two-linerivers.

The distance from water edges into the water body.
Water bodies from 1:100,000 scale DLGs.

Wetland area.

Distance to wetlands.

The distance from wetland edges into the wetland.

Wetlands that include a portion of terminal branches of
streams from EPA River Reach.

31



Distribution Modeling

Overview

We sought to identify areas where each terrestrial vertebrate had a reasonable possibility of
occurring. To do that, we selected types from the vegetation and land cover map that were
considered suitable for each species, then reduced the habitats shown as potentially occupied
using relationships to ancillary data (e.g., distance to nearest water). Habitats that were beyond
the range of the species were considered unavailable.

Detailed Methods of Modeling

All species modeling was conducted in GRID, the raster component of ARC/INFO. Using raster
modeling techniques allowed very large spatial databases to be overlaid and analyzed relatively
quickly. We constructed 277 individual ARC/INFO AMLSs (including 7 for exotic species) that
merged data sources using the algebraic expressions of GRID. An example AML, modeling the
occurrence of Common Snapping Turtles, is shown in Appendix 5.

Species ranges use a sharp line delineating presence and absence, but in reality ranges are
essentially probability curves, where the occurrence of a species declines to near zero. To
minimize the effect of having predicted distribution stop abruptly at an artificial range boundary,
GAP has adopted the practice of identifying as habitat any patch that is judged appropriate for
the species, and falls partially within the species’ range. In ME-GAP, we anticipated having
some very large habitat patches that would extend an inappropriately long distance beyond the
range of a species. To limit the extent that habitat patches could extend beyond the range of the
species, we did not allow a patch to be identified as habitat unless it was within a watershed that
included a portion of the species’ range.

A look-up table, in ASCII format, was created for each species that showed use or nonuse for the
37 habitats within the ME-GAP vegetation and land cover map. For each 30 m square cell in the
map, the value of the habitat to the species was looked-up within the table (i.e., using
RECLASS). This created a spatial database of used and nonused landscape patches for the
species in question. Processing time using this highly resolved (30 m) map in successive stages
of analysis was prohibitive and beyond the spatial resolution needed, so the use/nonuse database
was generalized to 90 m cells, using a block majority algorithm (see Appendix 5, program
RECLSER.AML). All subsequent analyses were conducted at 90 m resolution, with all ancillary
data used in modeling at their original resolution, which is usually 30 m.

The above process yielded a 90 m resolution spatial database of landscape patches appropriate
for the species being modeled. The database included the entire state, but had not been restricted
using ancillary information, such as hydrology for example, leaving these steps to be completed
in another process. This two-tiered analysis process worked well, allowing the habitat value
scores assigned and resampling to 90 m to be done just once, although modeling of predicted
occurrence could be done multiple times.
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For each species, a complete tabular database of species-habitat associations was maintained,
with associations defined at a finer level (47 habitat types). A pointer (i.e., cursor) was defined
to allow the values of the table to be queried during species modeling (see Appendix 5). This
allowed us to identify relationships to characteristics beyond those defined in the habitat matrix.
For example, we had scored species use of shallow flowing streams, so we used the scores when
modeling relations to streams and single-line rivers. The program (chsemod.aml) in Appendix 5
includes such a relation.

To conduct the actual modeling, relatively complex if-then-else-endif commands were used in
GRID to include only landscape cells that were appropriate for each species. For example, the
following program fragment from chsemod.aml (see Appendix 5):

&sv habget = ' SRW 1
&al | gethab 2
&vVv runni ng = %ab. habscore% 3
&v habget = ' SSW 4
&al | gethab 5
&v standi ng = %hab. habscore% 6
&v habget = ' DSW 7
&al | gethab 8
&v deep = %hab. habscore% 9
if (../hab/streansg == 1) habnmopd90 =r%nni ng% 10
else if (..Mhab/strmdis <= 75) habnpd90 = habrec90 11
else if ((..hab/allnwig.wet_int in {3,4,5,6}) and. (/hab/waterdis <= 75) and ~ 12

(../hab/waterdis > 0)) habnpd90 = habrec90
else if ((..hab/allnwig.wet_int in {3,4,5,6}) and. (/hab/wetlanddis <= 75)) ~ 13
habmpd90 = habrec90
else if ((..hab/allnwig.wet_int in {3,4,5,6}) and. (/hab/watershore <= 250) and ~ 14
(../hab/wat ershore > 0)) habnmpd90 =s¥%andi ng%
else if ((..hab/allnwig.wet_int in {3,4,5,6}) and. (/hab/watershore <= 500) and ~ 15
(../hab/wat ershore > 250)) habnpd90 =d#ep%
endi f 16

sets species- habitat scores for shallow running water (“ running” , line #3), shallow standing water
(“ standing” , #6), and deep standing water (“ deep” , #9). It then creates a grid called habmod90
based upon an if-then-else command. In particular, cells in the grid include: all streams (line
#10); areas within 75 m of streams (#11); upland areas within 75 m of fresh water (#12); areas
within 75 m of wetlands (#13); water within 250 m of shore (#14, assigned a value for shallow
water); and water from 250 mto 500 m (#15, assigned a value for deep water). Note how each
line includes palustrine, lacustrine, riverine, and upland (allnwig.wet_int in {3,4,5,6}), but
excludes open ocean and estuarine areas (allnwig.wet_int = 1 or 2).

After modeling occurrences of species, we found that the typical method used in GAP (described
above) to keep predicted distributions from stopping abruptly at range edges had only been
partially successful — the habitat patches within the ME-GAP habitat map are extremely small,
on average. The predicted distributions of species with range limits in the state did extend
beyond range boundaries in some cases, but the range limit was still extremely obvious. An
abrupt edge to potential habitat is biologically inaccurate, and visually distracting. To remedy
this, we blurred the edges of species ranges.

To blur species ranges, we converted selected cells modeled as used to nonused along the range
edge. Withina 3 to 50 km buffer from the range limit (width dependent upon the mobility and
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rarity of species) we converted cells based upon a stratified-random value, using a linear relation
as the edge of the range was approached. In more general terms, randomly selected used cells
were converted to nonused — only a few away from the species’ range, and many near the
species range limit. The resulting grids where edited, if necessary, to remove cells shown as
habitat well beyond the species’ range. The resulting grids were final predicted species
distributions from ME-GAP. Additional details on smoothing predicted habitats near edges of
ranges is given in Boone and Krohn (1998).

Review of Species Distribution Maps

Investigators on the project reviewed the predicted species distributions, and adjustments to
species models were made prior to finalizing the predictions. We did not subject our predicted
distributions to an external expert review, believing that because this is the first time statewide
species predictions have been created for Maine, no one can actually be an expert in such
matters. To ask reviewers to comment on the accuracy of predicted distributions with over one
million landscape patches would be asking that they confirm the accuracy of some very small
percentage they were familiar with; a circumstance we did not deem appropriate. Rather than
submit our maps to external review, we have placed additional effort in conducting accuracy
assessment and reporting the results rigorously. In addition, predicted distributions of all
species, along with information on habitat use and status of individual terrestrial vertebrates, are
available in companion documents (Boone and K rohn 1998a,b).

Edge-Matching Species Distributions

Maine borders a single state, New Hampshire, with the gap analysis for that state being
conducted by personnel of the University of Vermont, with D. Capen as principal investigator.
Several meetings between ME-GAP and VT/NH-GAP have taken place during the duration of
our project, in an effort to ensure data layers edge-match. We have provided VT/NH-GAP with
range limits for species in northern New England. In a meeting with VT/NH-GAP personnel and
experts in regional habitat associations (i.e., R. DeGraaf and M. Yamasaki, USDA Forest
Service) the habitat relations used in ME-GAP were reviewed, and found to be essentially
consistent across northern New England. Final reports and digital data will be provided to
VT/NH-GAP. Inan agreement among northeastern states doing gap analyses, those completing
projects later will edge-match with those projects completed earlier.

Summary Analysis

The predicted distributions of species were joined spatially with US EPA EMAP hexagons to
identify which hexagons contained each species. The occurrence of each species in each
hexagon was noted, and placed in a computer file, where custom computer programs were used
to tally the number of species (i.e., species richness) for each of the EMAP hexagons. From
these, maps and tabulations were made.

Additional tabulations were done on the habitat matrices used in modeling predicted species

distributions. The numbers of species using each habitat were tabulated using custom programs.
Finally, richness totals at the full resolution of the species models were created by tallying the
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number of species predicted to use each cell. Richness maps were drawn using custom shading
to highlight patterns.

Results

We considered 270 native terrestrial vertebrate species to be regularly breeding in Maine,
including 17 amphibians, 16 reptiles, 183 birds, and 54 mammals. Seven introduced species
were excluded from analysis. 1n general, many species (73%) were associated with abandoned
fields (Table 11), based upon species- habitat associations. This reflects the general nature of
abandoned fields; they may be wet or dry, brushy or with many trees, etc. Few species were
associated with other agricultural lands, with the only 26% of Maine’ s terrestrial vertebrates
predicted to use crops/ground. Many species (56%) are associated with sparse residential areas,
which could include areas with few homes, such as the edges of developed lakes. Fewer species
(4%) were associated with urban and industrial habitat than with any other (Table 11). Between
about 50% and 65% of species were associated with the forest types of Maine, but most species
(n=221; 82%) were associated with some type of forested habitat. Wetlands are extremely
influential in determining the distribution of Maine’ s vertebrates. Over 200 species where
thought to potentially use one of the scrub-shrub habitats, and essentially all species (267) could
make use of some type of wetland, when shoreline habitats are included. When shoreline
habitats are excluded, 257 species (95%) are still shown as associated with some type of wetland.
The tundra and rocky vegetation types were used by relatively few species (< 12%) (Table 11).
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Table 11. The number of species using each of the classes within the vegetation and land cover
map of ME-GAP. Whether habitats were used or not was taken form the species- habitat
matrices used to model occurrence. Not all habitats listed will be included in each of the
predicted distributions for species.

Habitat or Land Cover Amphibians Reptiles Birds Mammals All Species
Agricultural Lands (n=17) (n=16) (n=183) (n=54) (n=270)
Abandoned field 12 15 126 46 199
Blueberry field 1 5 60 12 78
Grasslands 4 15 82 36 137
Crops/Ground 2 6 50 13 71

Developed lands

Sparse residential 9 10 107 26 152
Dense residential 1 3 39 1 54
Urban/Industrial 0 1 9 1 11
Highways/Runways 2 8 58 18 86
Forestlands
Clearcut 1 8 96 37 142
Early regeneration 4 9 77 39 129
Late regeneration 8 8 7 40 133
Light partial cut 11 8 105 41 165
Heavy partial cut 7 8 100 43 158
Deciduous forest 14 10 87 48 159
Deciduous/coniferous forest 15 10 102 50 177
Coniferous/deciduous forest 14 8 106 48 176
Coniferous forest 14 8 89 43 154
Water & Wetlands
Deciduous forest 16 15 105 48 184
Coniferous forest 15 10 117 46 188
Dead forest 16 13 122 48 199
Deciduous scrub-shrub 15 14 135 50 214
Coniferous scrub-shrub 15 13 144 49 221
Dead scrub-shrub 15 14 149 49 227
Fresh aquatic bed 14 11 %! 14 93
Fresh emergent 15 12 4 37 148
Peatland 15 16 108 14 180
Wet meadow 15 15 95 43 168
Salt aquatic bed 9 8 51 13 81
Salt emergent 9 10 81 3 133
M udflat 11 9 83 35 138
Sand shore 10 10 83 3?2 135
Gravel shore 8 8 47 22 85
Rock shore 8 8 47 22 85
Shallow water 14 11 56 20 101
Open water 2 6 34 12 4
Other
Alpine tundra 1 0 12 10 23
Exposed rock/Talus 0 5 14 12 31

The total species richness based upon EMAP hexagons varied from 186 to 230 species, with a
mean of 213.0 £ 11.4 (Figure 6). Areas of highest richness were in southeastern Maine and
southern Maine, whereas areas of lowest richness were in northwestern Maine. The frequency
distribution of numbers of hexagons per species count (Figure 7) is fairly broadly distributed,
with perhaps three peaks, including one for hexagons with < 200 species, corresponding well
with the Moosehead Plateau (Krohn et al. 1999). The general patterns of species richness
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similar to those in Figure 6 have been correlated to geomorphology, woody plants, and climate
(Boone and Krohn, In Press). The highest density of species in southeastern Maine

appears related to the Atlantic Ocean ameliorated climate and to an elevated number of birds
having range limits in the region (Boone 1996).

Amphibian species richness ranges from 12 to 17 species. Patterns are evident in the distribution
of amphibians (Figure 8A) but the overarching pattern is essentially one of statewide species.

For example, most hexagons in Maine have 15 or 16 amphibians (Figure 8A). In sharp contrast,
the species richness of reptiles ranges from 2 to 16 species, with a smooth gradient from southern
to northern Maine (Figure 8B). The numbers of hexagons with 2 to 16 species is fairly evenly
distributed (Figure 9B), again evidence of the smooth gradient. Associated research found that
the general gradient in reptile richness was highly correlated (r? = 0.95) with variation in woody
plant species richness (Boone 1996); the two maps are essentially the same. From these maps, a
biogeographer may conclude that the ranges of reptiles are more limited by winter temperatures
in Maine than are the ranges of amphibians.

Bird species richness varied from 129 to 159 species, with the highest richness in southeastern
and western Maine (Figure 6C). Birds show a peaked distribution of frequencies of hexagon
richness (Figure 9C), although again the counts are distributed across the range of values. Bird
richness declines notably at the edge of the Moosehead Plateau in northwestern Maine (Figure
8C). Areas of highest richness are theorized to be associated with woody plant transition zones,
which pass through the center of the state (see Boone 1996 for details). Mammals are most rich
in the southern part of the state and the mountainous regions (Figure 8D), with most hexagons
having 42, 43, or 44 species of mammals (Figure 9D). An association of mammals to
mountainous regions has been identified previously (e.g., Simpson 1964). Mammals are thought
to become specialized along the slopes of mountains, whereas more mobile birds are more
closely associated with plant distributions.

When species richness is calculated for the individual 90 m cells of Maine, patterns similar to
those in Figures 6 and 8 emerge, but are more subtle. Maps for species richness of vertebrate
classes (Map 3) emphasize the fine-grained structure to habitats in Maine. Habitat patches in the
state are very small, in general. The patterns of richness for amphibians is more varied than in
maps of EMAP hexagon richness (Figure 8A), with coastal plain areas below about 300 m being
most rich. As for all vertebrate classes, open water, urban sites, and active agricultural areas had
the lowest species richness. Reptiles exhibited a smooth gradient in species richness from
southern to northern Maine (Map 3), likely associated with plant and soil patterns as well as
climatic effects (Boone and Krohn, In Press). Birds are more evenly distributed across

Maine than when depicted using EMAP hexagons, but areas of highest richness are to the east
and north. This pattern is opposite that observed when mapped with hexagons (Figure 8C).
Related research (Boone 1996) suggests this pattern reflects the abundance of forest specialist
birds in Maine -- there are more species of birds occurring in southern Maine, but they use a
variety of habitats. There are fewer birds occurring in northern Maine, but there are more habitat
specialists, so the species richness within individual 90 m cells is elevated. Highest mammal
richness is associated with the wetlands of central Maine and with the foothill region of southern
Maine. In general, however, areas of high species richness for mammals are scattered
throughout the state, excluding open water; urban and agricultural areas have low richness (M ap
3).
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Figure 6. Predicted distribution of total vertebrate richness by hexagons.
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Figure 7. Frequency distribution of total vertebrate richness by hexagons.

18

16

14

12

10

Hexagons (n)

190 192 194 196 198 200 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230

All vertebrate species per h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>