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Summary

Many national parks have completed biological inventories for specific taxa. The data generated
by these inventories are important in assisting resource managers in the development of General
Management and Resource Management Plans. However, biological inventories are often not
coordinated across taxa and may not be conducted in a statistically relevant manner. Therefore,
combining or integrating data from these inventories in order to assess biodiversity conditions at
national parks may be difficult.
We conducted an extensive search and review of literature and internet-based resources to
determine the availability of current biodiversity inventory approaches and analysis and
synthesis techniques. Specifically, we reviewed analytical and statistical tools used to analyze
and integrate biodiversity data collected through site-specific, taxon-based inventories. Based
upon the type of inventory data collected at national parks, we determined that Decision Support
Systems (DSS) would be able to integrate multi-taxa inventory data sets for analysis and provide
tools such as biodiversity maps to help resource managers make sound management decisions.
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Introduction

The natural resources that the National Park Service (NPS) is mandated to protect are ecosystem
products, namely biodiversity, wildlife, habitats, and landscapes, and ecosystem services, such as
pollination, photosynthesis, and water purification (National Park Organic Act, 16 United States
Code [USC] 1, 1(1)-1,3,20). To sustain healthy ecosystem structure and function for these
products and services, the focus of natural resources management becomes sustainable
management of the ecosystem and its constituent biodiversity (LaRoe et al. 1995; Mac et al.
1998). Furthermore, NPS policy specifically requires natural resource managers to know the
condition of biodiversity and ecosystems, and understand the dynamic nature of these
ecosystems within their jurisdiction (National Park Service Management Policies, Chapter 4).
To meet these goals natural resource managers need site-specific, current biodiversity inventory
data from NPS lands. Biodiversity inventory provides the baseline information on living
organisms for making management decisions, identifying research and management needs, and
establishing monitoring protocols (Stohlgren et al., 1995). However, biodiversity inventory data
alone cannot help resource managers change management practices from extraction of products
and services to protection and sustainable management of ecosystems (Grumbine 1997).
Ecosystem management, the now widely accepted paradigm for natural resource management on
public lands, is a holistic approach that aims to sustain ecological function and productivity by
protecting habitats and their biodiversity in the context of human needs and impacts on the
ecosystem (Grumbine 1994; Christensen et al. 1996; Salwasser et al. 1996; Grumbine 1997).
Ecosystem management involves three processes: (1) assessing the occurrence and distribution
pattern of biodiversity and physical structure of ecosystems (inventory process); (2) monitoring
of ecological changes in biodiversity due to human-induced stressors and/or management
(monitoring process); and (3) mitigating or controlling emerging threats to ecosystem function
and productivity (mitigating process). Furthermore, the mitigation process involves the
evaluation of monitoring data that is compared to an initial biodiversity inventory or some
known desirable or historic condition and against socio-political reactions to human factors (e.g.,
policy and management decisions) (Zorn et al. 2000).
Despite the efforts of resource managers, we still know little about biodiversity in national parks
(Mac et al. 1998). In addition, site-specific data that describe vegetation, habitats, soil, and
geology of park resources are also limited (Stohlgren and Quinn 1992; Lemons 1994; Stohlgren
et al. 1995). Site-specific data that describe the physical attributes of a site are critical because
habitat patchiness and heterogeneity will often result in high variability in species occurrences
between and among habitats. Of the national parks that have completed baseline taxonomic
inventories, the focus has been primarily limited to a few major taxa such as vascular plants,
mammals, birds, herptofauna, and select invertebrates such as butterflies and beetles (e.g.,
Tiebout 2002). These flora and fauna inventories are accomplished by either assigning the task
to park biologists or contracting specialists and researchers from universities. Researchers and
park biologists design and implement their inventories independently based on the latest
techniques in their fields or by following guidelines established by the NPS. The results of these
inventories are included in NPS reports and may be as simple as a list of species or analyzed
using statistical tests depending on the sampling design.
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NPS species lists and databases, such as NPSpecies, include this species information. These
databases are important tools for park managers but are only the first phase of conducting sitespecific biodiversity inventories for resources management. To date, no standard analysis and
assessment techniques of biodiversity data sets have been developed (Debinski and Brussard
1994). Moreover, the integration and analysis of numerous taxon-based data sets have not been
done for assessment and interpretation of biodiversity found within national parks. The
application of biodiversity inventory data to natural resources management has not been
rigorously studied, particularly in relation to measuring the state of human-induced stressors and
management effects on biodiversity in parks (Woodley 1992). Furthermore, the application of
quantitative measures related to biodiversity, such as indices of species richness and diversity,
may have occurred without critical evaluation of the appropriate sampling methodology for each
application (Ludwig and Reynolds 1988; Brower et al. 1998).
In this report, we review the state of current biodiversity assessment and biodiversity inventory
analysis techniques and relate these techniques to natural resources management in national
parks. Specifically, we wanted to determine if there are methods that will integrate data sets
from a variety of independently conducted taxa-specific inventories. In addition, we wanted to
know if these integration methods could be used to make useful management decisions based on
the entire biodiversity of the park where the data were collected. To achieve these goals, we
reviewed analytical and statistical tools used to analyze and integrate biodiversity data collected
through site-specific, taxon-based inventories. In addition, we provide recommendations and
guidelines for analyzing biodiversity inventory data needed for General Management and
Resource Management Plans for national parks.
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Methods and Materials

Literature Search
The literature search process for our report involved the use of electronic databases, reference
sections of book chapters, proceedings of conferences, meetings, and workshops, United States
Department of Agriculture (USDA) and National Park Service (NPS) technical bulletins, journal
articles, and Web sites. Electronic databases included Agricola, Biological Abstracts®,
Biological and Agricultural Index®, and Cab Abstracts®.
Agricola is compiled and distributed by the National Agricultural Library of the Department of
Agriculture of the United States of America. It has over four million bibliographic records of
journal articles, theses, patents, software, and technical reports related to agriculture from 1979
to the present. Agricola covers agriculture and related subjects including animal and plant
science, entomology, agronomy, horticulture, rural sociology, agricultural economics, family
living, and food and nutrition. The following are indexed: journal articles, books, book chapters,
and USDA, State Experiment Station, and State Extension service publications. Agricola was
accessed through the Penn State University Library Web site. The targeted deadline for this
literature search in Agricola was 1970–2002.
Biological Abstracts® and Biological and Agricultural Index® were accessed via compact discs
on Ovid Technologies Web site, which was accessed through the Penn State University Library
web site. Biological Abstracts® includes bibliographic references (records) with abstracts
derived from life sciences research journals published worldwide. The targeted deadline for this
literature search in Biological Abstracts® and Biological and Agricultural Index® was 19692002.
Cab Abstracts® is a bibliographic database compiled by CABI Publishing. It covers the
significant research and development literature in the fields of agriculture and forestry, and the
related aspects of human health, human nutrition, animal health, and the management and
conservation of natural resources. Cab Abstracts® was accessed through the Penn State
University Library Web site. The targeted deadline for this literature search in Cab Abstracts®
was 1973-2002.
Keywords and Reference Selection
Keywords used in the literature searches included biodiversity inventory, biodiversity
assessment, assessing biodiversity, national parks, data integration, biodiversity analysis,
landscape diversity, spatial analysis, biodiversity models, quantifying biodiversity, measuring
biodiversity, species analysis, multi-species analysis, multiple species analysis, species database
analysis, amphibian diversity, avian diversity, plant diversity, vegetation diversity, small
mammal diversity, monitoring biodiversity, decision support systems, biodiversity decision
support systems, natural resources decision support systems, and ecosystem management
decision support systems. When the term biodiversity was used, a second search followed using
the term biological diversity. The criteria for selecting works for inclusion in this manuscript
included articles, papers, book chapters, etc., that dealt with current methods and recent advances
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in qualitative and quantitative techniques for analyzing biodiversity inventory data. Also, papers
that dealt with facilitating the assessment of ecosystem health and its measurement at the
landscape scale within a national park were included. The World Wide Web was a valuable
resource in locating analytical software and current biodiversity projects within the NPS and
many other natural resource organizations. The targeted deadline for Web searches was 2004.
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Biodiversity Assessment

Biodiversity assessment is used to evaluate and determine the status of biodiversity in a defined
area or management unit (target site) that may contain one or more types of ecosystems or
habitats. Biodiversity assessment must involve a clear definition of the management and
sampling objectives for the target site, selection and design of specific biodiversity inventory
techniques, field sampling, identification and classification of species in the context of habitats
and communities, and presentation and analysis of the results in an appropriate format for
management application (Diefenbach and Mahan 2002). A biodiversity assessment can be used
to: (1) evaluate if any specific mitigation needs to be implemented, and/or any management
strategy be developed, for conserving or restoring biodiversity of the defined target site; (2)
develop a resource management plan considering human-induced development or construction
within the target site; (3) develop site-specific monitoring programs; (4) prioritize areas of
conservation and restoration concerns; (5) provide baseline information for scientific inquiry;
and (6) develop testable hypotheses on patterns of geographic variation in species assemblages to
selected environmental factors (Kim 1993; Dallmeier 1996; Dennis and Ruggiero 1996;
Debinski and Humphrey 1997; Fuller et al. 1998; Mahan et al. 1998).
In natural resource management agencies, such as the NPS, a resource management plan based
upon biodiversity assessment is now routinely developed to meet the objectives of sustainable
management of natural resources. Such a plan is often initiated because of: (1) a threat to the
management unit, such as loss of habitat due to human infringement, urban development, or
habitat fragmentation; (2) the presence of non-indigenous invasive species, or rare, endangered
or threatened species; or (3) a policy mandate (e.g., Pennsylvania Department of Military and
Veterans Affairs Environmental Impact Assessment Vol II Integrated Natural Resources
Management Plan. Enhanced Training & Operations at the National Guard Training Center at
Ft. Indiantown Gap, March 2002).
Biodiversity Inventory and Species Lists
Historically, biodiversity inventories were important undertakings for systematics and
conservation of global and regional biodiversity. For the last decade many international
environmental agreements and programs (e.g., Convention of Biological Diversity, Agenda 21,
The Global Biodiversity Strategy and Guidelines for Country Studies on Biological Diversity)
called for accelerated efforts to inventory global biodiversity and to monitor changes in the state
of biodiversity worldwide because of rapid degradation of biodiversity and loss of species
(Solbrig 1991; WRI/IUCN/UNEP 1992; UNEP 1993; Stork and Samways 1995). A biodiversity
inventory may be defined as a formal cataloging of the occurrence and distribution of particular
taxa in a defined geographic unit. These inventories usually are presented in the form of species
lists, which are important for identification of: 1) rare or threatened species (e.g., Pennsylvania
Natural Diversity Inventory), 2) useful or harmful species, 3) geographical distribution of taxa,
and 4) new species for research on future industrial and agricultural application (Dennis and
Ruggiero 1996; Stork and Davies 1996; Debinski and Humphrey 1997). Inventories also provide
the data for establishing biodiversity pattern and endemism, evolution, and phylogeny (Stork and
Davies 1996).
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At the same time, biodiversity inventories became important because ecosystem management
requires baseline data on the occurrence, distribution, and the state of biodiversity for each
management unit. Information from a species list can be used to calculate the percent of taxa per
collecting site. For example, the result of an inventory of a wetland habitat may include 30%
salamanders, 30% birds, 15% toads and frogs, 15% turtles, 5% snakes, and 5% lizards (Fig. 1).
Within the same habitat, each of the faunal groups can be further identified by guilds, and
percent within habitat can be calculated (e.g., 60% phytophagy [guild 1], 15% omnivory [guild
2], 10% zoophagy [guild 3], 5% predatory [guild 4], 5% herbivory [guild 5], and 5% mycophagy
[guild 6]) (Fig. 2).
These species lists, however, are only a first step in natural resources and ecosystem
management. Historically, taxonomic specialists have conducted taxon-based inventories (e.g.,
search-based inventory by Baldi [1999]) for taxonomic or biotic research following specific
collecting or survey techniques suitable for specific taxon. Such biodiversity inventories provide
important taxonomic and distributional baseline data for a specific taxon within a specific area of
interest (e.g., a target site within a national park). However, most of these inventories lack
information on habitats and associated substrata or animal/plant hosts of the species as well as
relative abundance (Kim 1993; Debinski and Hymphrey 1997; Baldi 1999). In addition, species
lists for a variety of taxa, such as vascular plants, birds, and mammals, are not usually integrated
(Kim 1993; Baldi 1999). Thus, it is important that existing or archival information from research
papers and reports, books, databases, and museum specimens be collected, carefully reviewed,
and assembled into a specific biodiversity database. This information provides the overview of
the biodiversity knowledge base for a specific area. These data, however, must be carefully
evaluated before being included in a species list for a particular area because they may contain
incomplete or incompetent details in taxonomy, obsolete habitats, missing collection dates, or
other important collection information. These problems often can be alleviated if voucher
collections associated with the reports and databases are available. Therefore, resource
management agencies should require voucher collections for all biodiversity inventories so that
every inventory record can be verified with voucher specimens.
Approaches to Biodiversity Inventory
Traditional approaches to biodiversity inventory were taxon-based and the results were partial
and skewed to taxa that are better known, such as vascular plants, birds, and mammals.
Although these data certainly enriched the taxonomy and systematics of these taxa, they have not
contributed much to conservation and sustainable management of local biodiversity because they
do not contain information about more obscure organisms present in the ecosystem (Kim 1993).
Considering the roles small, often seemingly obscure organisms such as invertebrates, fungi, and
lower plants, play in ecosystem function, taxon-based biodiversity information that does not
include these organisms is incomplete and often leads to biased application in scientific analysis
and conservation actions. Furthermore, integration of taxon-based metadata such as National
Gap Analysis (e.g., Scott et al. 1993), that are based on specimen data in museum collections that
mostly are archival in nature, has not been very helpful to resource management and
conservation of local biodiversity.
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To rectify these difficulties, several all-taxa approaches with different ecological and
conservation goals and at different scales, such as All Taxa Biodiversity Inventory (ATBI), All
Biotic Taxonomic Inventory (ABTI), Rapid Biodiversity Assessment (RBA), Rapid Biodiversity
Inventory (RBI), Biodiversity/Ecosystem Profile Assessment (B/EPA), and BioBlitz Inventory
(BBI), have been developed. ATBI and ABTI have been proposed and minimally implemented
to complete inventories of all species of life on Earth within a designated time line; for example,
five years for ATBI sites of Costa Rica’s IMBio (Janzen and Hallwach 1994; Janzen 1997) and
25 years for ATBIs of the All Species Foundation (http://www.all-species.org/). RBA is an
emergency rescue approach to save biodiversity information and germplasm for endangered or
threatened habitats, ecosystems, or regions, and is also used for developing environmental
indicators for land use (Kerr et al. 2000). These approaches are heavily dependent on taxonomic
experts—the human resource that is in serious shortage and continues to decline.
All Biota Taxonomic Inventory (ABTI)
The All Biota Taxonomic Inventory (ABTI) is an inventory approach to expand biodiversity
knowledge, primarily for systematics or biodiversity science, by focusing on a number of
“important taxa.” Important taxa are chosen based on systematic, economic, or medical criteria.
This approach focuses on concerted collecting and study of key taxa within a defined timeline.
The expected outcome of this approach is to expand the knowledge base of the biology and
taxonomy of important taxa that will match that of well-known vertebrate taxa like birds and
mammals. The rationale for this approach is to provide balance in biodiversity inventories and
conservation. These data can be used for diverse applications at different spatial and
geographical scales (Wheeler 1995; Wheeler and Cracraft 1995; Stork and Davies 1996).
All Taxa Biodiversity Inventory (ATBI)
Developed strictly from ecological and economic perspectives, All Taxa Biodiversity Inventory
(ATBI) was initially proposed to collect and identify all the species of local biodiversity at a
single geographical site selected for a specific purpose, such as Wildland Biodiversity
Management sites in the tropics (Janzen and Hallwachs 1994; Janzen 1997) and the Great
Smokey Mountains National Park (Sharkey 2001). The Wildland Biodiversity Management
ATBI is a five-year, species level, total biodiversity inventory of a selected site, such as
Guanacaste Conservation Area in Costa Rica. Biodiversity information and voucher specimens
collected from this effort are available to different user groups. This program generates baseline
information on biodiversity of the site for sustainable uses that include education, ecotourism,
biodiversity prospecting, and environmental monitoring (Stork and Davies 1996; Dangerfield
and Pik 1999).
In practice, however, ATBI is expensive and time consuming, requiring extensive input from
many taxonomic experts that are in a serious shortage worldwide (Stork and Davies 1996; Janzen
1997). The ATBI of the Great Smokey Mountains National Park (GSMNP) is the first ATBI site
for national parks in North America to explore and describe all the species inhabiting the park by
willing systematists (Taxonomic Working Groups [TwiGS]) who will describe new findings,
including new species (Sharkey 2001). However, it will take 22.5 years and 100 systematists to
collect and describe 10% of the extant species within GSMNP. As described earlier, the
outcome of the GSMNP-ATBI will provide necessary baseline information on natural history
9

and protection of GSMNP biodiversity that will be of tremendous benefit to conservation and
education (Dangerfield and Pik 1999). Following the Janzen’s Costa Rican ATBI model, the
GSMNP-ATBI was organized in December 1997 by scientists, educators, and administrators
with great fanfare and expectation. Although it is an ambitious program with well-meaning
scientists, administrators, and interested public, it will take a long time before the biodiversity
data become available for use. Large parts of the voucher collections from ATBIs in many
countries remain unidentified and stored in museums awaiting identification. The ATBI is an
important undertaking for biodiversity and should be promoted and supported; yet, it will take a
long time before natural resource management programs can make use of biodiversity
information collected through ATBI.
Rapid Biodiversity Assessment (RBA)
In conservation practice there frequently is the need to rapidly assess biodiversity in endangered
habitats and ecosystems for conservation or resource management practices. Both ABTI and
ATBI require a relatively long time to produce necessary information and therefore do not meet
the short-term needs of providing scientific advice for resource managers and policy makers. To
meet these needs, Rapid Biodiversity Assessment (RBA) approaches have been developed
(Beattie et al. 1993; Stork and Davies 1996). Different survey techniques have also been
developed for specific taxa. For example, Margules and Austin (1991) developed RBAs for
vertebrates and vascular plants and Oliver and Beattie (1996a) and Trueman and Cranston (1997)
developed RBAs for invertebrates. In RBA, a group of taxonomic specialists, often associated
with a museum, taxonomic, or conservation organization, organize a rapid biodiversity
expedition to a site that is planned to be exploited or converted to human enterprise. The
purpose of a RBA is to collect voucher specimens and document the threatened biodiversity
before it is permanently lost.
Many conservation organizations use RBA for assessing the state of a specific taxon. For
example, Conservation International often uses RBA for conservation of South American
primates. RBA data on species richness or endemism are used to set priorities for conservation
(Stork and Davies 1996). RBA is also used to assess or estimate the status of target habitats for
conservation or environmental impacts of planned large-scale development projects, or for
ecological risk analysis, for which morphospecies or “recognizable taxonomic units" (RTU) are
used as taxonomic units to shortcut the species identification for practicality (Oliver and Beattie
1996b; Kerr et al. 2000). Similarly, for some taxa, such as vertebrates, trees, and butterflies,
RBAs have used Visual Encounter Surveys (VES) to determine the presence and absence of
particular species or to estimate species counts for the defined sampling sites (Crump and Scott
1994).
RBA is an effective approach to rapid assessment of the state of biodiversity or rapid
measurement of stressor impacts on habitats or ecosystems of biodiversity that can be designed
specifically for diverse inventory programs (Oliver and Beattie 1996a; Stork and Davies 1996).
However, RBA does not replace an intensive all-taxa survey to describe the occurrence,
distribution, microhabitat, host plant or animal association, and relative abundance of
biodiversity at a given management site.
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Rapid Biodiversity Inventory (RBI)
The Field Museum of Natural History in Chicago, IL incorporates rapid biodiversity inventories
into their Environmental and Conservation Program. The goal is to influence effective action for
conservation in threatened regions of high biological diversity and uniqueness. During RBI
scientific teams focus on groups of organisms that indicate habitat type and condition and that
can be surveyed quickly and accurately. These identify the important biological communities in
the site or region of interest and determine whether these communities are of outstanding quality
and significance in a regional or global context. The Field Museum’s RBI has a social
component. During rapid social asset inventories, scientists and local communities collaborate to
identify patterns of social organization and opportunities for capacity building. In-country
scientists are central to the field teams. The experience of local experts is crucial for
understanding areas with little or no history of scientific exploration. Once these rapid
inventories have been completed (typically within a month), the teams relay the survey
information to local and international decision makers who set priorities and guide conservation
action in the host country (http://fm2.fieldmuseum.org/rbi/).
Biodiversity-Ecosystem Profile Assessment (B-EPA)
In sustainable management of natural resources, particularly for ecosystem management, the BEPA describes the occurrence and distribution patterns of biodiversity while focusing on the
interactions of all the resident taxa and their habitat relationships. Biodiversity profile represents
the description of species composition in a defined sampling unit, whereas ecosystem profile
represents the description of ecosystem structure by the summation of biodiversity profiles of a
defined sampling plot unit (Mahan et al. 1998). In this approach, invertebrates and non-vascular
plants are focused as the target organisms because they are major webmasters in ecosystems
(Kim 1993) and also represent the great majority of species in terrestrial ecosystems. They are
sufficiently diverse in species composition to provide appropriate data for estimating species
diversity and confidence limits for taxonomic diversity.
Based on satellite and aerial images of landforms and vegetation, B-EPA begins with site
selection and plot sampling design for biodiversity inventory. This approach requires a multiscale and multi-seasonal assessment using many different collecting and sampling techniques
targeting all taxa of plants, animals, fungi, and microorganisms. This approach, when applied to
biodiversity inventory in Shenandoah National Park and Gettysburg National Military Park,
provides not only the catalog of resident species, but also yields many new records for the
geographical areas and new species for science. The outcome is not surprising because barely 50
percent of the North American arthropods have been described (Kosztarab and Schaefer 1990).
For the purpose of developing a monitoring program to detect ecological changes, all species
represented in the sampling unit are classified into functional groups or guilds from which
indicator species can be defined and selected. A monitoring strategy, with a set of indicator
species, is then developed for the resource management program specific to the defined
management goals of the ecosystem management unit.
The biodiversity profile coupled with the description of the physical ecosystem will provide a
better understanding of the structure and interactive processes of ecosystems for assessing the
state of biodiversity across spatial and temporal scales. Data from the B-EPA will enable
11

researchers and resource managers to manage interactions among ecological components across
spatial scales, assess and predict changes in biotic communities of the ecosystems at regional
levels, and explore human dimensions of predicted or realized ecological changes across spatial
and temporal scales.
BioBlitz Inventory (BBI)
The BioBlitz approach has a strong public interest since the 24-hour (May 31-June 1, 1996)
“public” expedition to the Kenilworth Park and Aquatic Gardens National Park upon the banks
of the Anacostia River in Washington, DC. Since then, numerous BioBlitz inventories have
taken place in many regions. Traditionally, the BioBlitz is a 24-hour inventory event to
document the biodiversity present at designated management units, such as municipal parks or
nature reserves, using the natural history talents of established scientists, local naturalists, and the
interested public. Considering the lack of biodiversity inventory data for most urban green
spaces, and for invertebrates (Koszatarab and Schaefer 1990) and lower plants (e.g., LaRoe et al.
1995; Hassinger et al. 1998; Mac et al. 1998, for United States), the BioBlitz approach provides
an opportunity for the public and scientific community to seek and document biodiversity. The
BioBlitz approach attracts media attention and enhances public knowledge about what organisms
occur in a variety of habitats. Although BioBlitz does not provide a complete inventory, it does
provide baseline information on local biodiversity, taxonomic and biogeographic information, an
opportunity for bridge-building between scientists and the public, and for public education in
local natural history (USGS/DOI 2001).
Taxonomic Reality, Species, and Morphospecies
Despite all of these efforts to conduct biodiversity inventories, the taxonomic reality of
cataloging, describing, and storing site-specific biodiversity information remains outstanding.
There are still many millions of specimens in collection boxes, drawers, jars, and freezers of
museums and personal collections worldwide that have been collected and stored, unsorted, and
unidentified into species because of the lack of funds, personnel, and taxonomic expertise.
Similarly, many collections from biodiversity inventories have remained, and will remain,
unattended for a long time before they are sorted and identified, and new species are described
for science and conservation, unless a concerted effort is made to facilitate and fund the species
identification process.
There is no easy alternative for biodiversity assessment in the context of sustainable natural
resource management to protect and conserve biodiversity while human needs of land use or land
conversion are met. In other words, we should know what we have before we use or alter it for
human enterprise. It is imperative that every effort is made to identify or describe specimens to
species level collected from biodiversity assessments. The use of morphospecies as a naming
device can be used as a limited and temporary alternative when species are initially sorted from
samples and not immediately identified. This alternative works well for the purpose of
preliminary mathematical or statistical analysis of the specimen data. Specimens labeled
morphospecies need to be identified or described at some point by a specialist of the particular
group before such specimens are published in species lists. As many different approaches and
techniques are now available for biodiversity assessment, the selection of the appropriate
biodiversity inventory method depends upon the specific objectives of each project. For some
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conservation projects, RBA may serve the purpose of assessing the biodiversity that is expected
to be lost (Stork and Davies 1996; Oliver and Beattie 1996a). For the purpose of systematics and
natural history, ATBI and ABTI are good approaches to global or regional biodiversity
inventory. However, for localized natural resource management, biodiversity assessment must
provide site-specific data in each management unit. Therefore, it is necessary for natural
resource management agencies to develop a specific biodiversity inventory strategy that is to be
systematically implemented with specific timelines and necessary budgetary supports.
As many different approaches and techniques are now available for biodiversity assessment, the
selection of the appropriate biodiversity inventory method depends upon the specific objectives
of each project. For some conservation projects, RBA may serve the purpose of assessing the
biodiversity that is expected to be lost (Stork and Davies 1996; Oliver and Beattie 1996a). For
the purpose of systematics and natural history, ATBI and ABTI are good approaches to global or
regional biodiversity inventory. However, for localized natural resource management,
biodiversity assessment must provide site-specific data in each management unit. Therefore, it is
necessary for natural resource management agencies to develop a specific biodiversity inventory
strategy that is to be systematically implemented with specific timelines and necessary budgetary
supports.
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Analysis and Synthesis of Biodiversity Inventory Data

The analysis and synthesis of biodiversity data is complex and involves various disciplines such
as taxonomy, ecology, conservation biology, economics, public opinion, and environmental
planning. Several approaches and applications have been used to help researchers analyze and
synthesize biodiversity data. These approaches and applications include: 1) support tools, 2)
indices and models, and 3) decision support systems. Support tools are used to integrate,
present, and analyzed biodiversity inventory data in a comprehensive manner. Indices and/or
models are calculated or developed to present biodiversity data as a concept or algorithm. For
example, indices and models can be used to describe functional relationships among taxa,
identify critical components of ecosystems, and/or communicate complex relationships among
taxa in simple ways (Wright 2002). Decision support systems integrate support tools, indices,
and models into one system and provide resource managers and researchers with the information
necessary to make complex decisions more efficiently (Malafant and Davey, 1996).
Support Tools
A variety of support tools are used to integrate, analyze, and present data and results in a
comprehensible manner. These tools include database management, Geographic Information
Systems (GIS), image processing and visualization, and statistical sampling and analysis.
Database Management
Databases are developed to store, retrieve, and update biodiversity inventory data and to provide
access to data for people in the private and public sectors (Kim 1993). Microsoft Access® and
Filemaker Pro® are commonly used to store and use biodiversity data.
Products on the market that are designed for the intent of biodiversity databases include Biota®
(http://viceroy.eeb.uconn.edu/biota) and Alice® (http://www.alicesoftware.com/Products.htm). A list
of other databases used to store biodiversity data can be found at the International Working
Group on Taxonomic Databases Web site http://bgbm3.bgbm.fu-berlin.de/TDWG/acc/Software.htm.
The Expert Center for Taxonomic Identification (ETI) World Biodiversity Database contains
200,000 taxa and is one of many biodiversity databases accessible on the Internet
(http://www.eti.uva.nl/Database/Database.html, http://biodiversity.soton.ac.uk/database/webdb.shtml,
and http://iris.biosci.ohio-state.edu/home/list_dbs.html. NPSpecies is the National Park Service’s
biodiversity database that manages inventory data and is used to share species information to
researchers and other interested parties (http://science.nature.nps.gov/im/apps/npspp/index.htm).
Geographic Information Systems
GIS is useful for mapping locations where species were collected and different habitat
characteristics that were recorded for these populations. The GIS most commonly used by
conservation and biodiversity agencies are the ESRI products ARC/Info® and ARC/View®.
Considerable expertise in their use and a large body of additional software that interacts with the
products exists (e.g., http://www.esri.com/index.html).
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Image Processing and Visualization
Image processing and visualization software are computer-generated graphics, art, and design
programs that enhance the understanding of concepts and processes and are used for effective
presentations of data, results, and models. Examples include scene analysis, image compression,
image restoration, image enhancement, image preprocessing, spatial filtering, and construction of
two- and three-dimensional models of objects. Digital image processing software packages that
have the ability to manipulate images, change formats, and process a variety of remotely sensed
data (such as Landsat and aerial photographs) include U.S. Geological Survey’s (USGS) Mini
Image Processing System (http://terraweb.wr.usgs.gov/software/mips/) and U.S. Department of
Agriculture’s (USDA) Stand Visualization System (http://forsys.cfr.washington.edu/svs.html).
Image processing and visualization are used to enhance GIS layers, maps, and presentations
(e.g., http://www.innovativegis.com/papers/vis/p347.htm and http://www.vectorone.info/vertical.htm).
Statistical Sampling and Analysis
In order to conduct an appropriate analysis and/or synthesis of data collected from biological
inventories, the goals and sampling objectives of a project should be determined a priori
(Figures 3, 4, and 5). Often, preliminary or baseline inventory data can be used to set specific
sampling objections (Diefenbach and Mahan 2002). Once specific sampling objectives are set,
an appropriate, statistically-sound sampling design can be implemented. A statistically-sound
sampling design ensures that biological inventory data can be used to understand ecological
relationships through testable hypotheses, monitor community changes over time, or prioritize
areas of conservation concern (Debinski and Humphrey 1997; Gibbs 1998). For instance,
Diefenbach and Mahan (2002) used Long-Term Ecological Monitoring (LTEM) vegetation data
from Shenandoah National Park (SHEN) to set specific sampling objectives that linked
vegetation management objectives to a degree of statistical rigor, including alpha-levels and
statistical power. An example of a sampling objective that was formulated for SHEN was, "we
want to be 90% sure of detecting a 50% change in the density of any one species of tree within
any one forest cover type at SHEN over a five year period and are willing to accept a two in 10
chance that a change took place when it really did not" (Deifenbach and Mahan 2002). A
statistically sound sampling design based upon this sampling objective was then designed and
implemented at SHEN. However, the preliminary vegetation inventory was necessary in order to
determine the appropriate sampling design to meet the sampling objective.
Hone (1991) collated the types of statistical analysis used in faunal surveys published in the
journals Australian Wildlife Research and Journal of Wildlife Management from 1984 to 1987.
The most frequent statistical tests used to analyze time, space, and habitat effects on species
occurrence were Chi-square analysis, correlation and regression, Student’s t-test, and analysis of
variance. How the data are analyzed, however, depends on the scientific questions being asked
(Table 1).
Multivariate statistical analysis is a common approach for observing patterns in species
composition relative to environmental physical conditions (Debinski and Humphrey 1997).
Principal Components Analysis (PCA), Correspondence Analysis (CA), and Discriminant
Function Analysis are examples of commonly used statistical tests used in multivariate analysis
(Table 1). PCA is appropriate for abundance data and CA is more appropriate for
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Designing the project:
Identify goals and management objectives
Consider impacts and benefits
Assess resource implications
• Scientific literature
reviewer.
• Legislation, land-use
tenure, and human
activities.
• Summarize ecosystem
information.
• Remote sensing,
landscape surveys and
veg maps.
Examples:
• Inventory vascular
plants and
distribution.
• Inventory of
vertebrates and
distribution.
• Inventory of other
species of special
interest.
• List of species
threatened,
endangered,
endemic, and
nonnative.
• Commonness,
variety, and
distribution of
selected species.
• Soil, climate,
precipitation, and
water quality.

Evaluation of existing
information

Data analysis
and
interpretation

Database

Selected
groups, features,
and areas/site
for study

Implement the
monitoring
project

Choose methods

Design and test protocols for
data gathering, analysis, and
manipulation.

Arrange resources for:
Field work
Sample processing
Identifications
Follow-ups
• Create models to
understand and predict
future change.
• Inform decision makers
and provide
management
recommendations
• Identify critical
elements of change.
Examples:
• Monitor changes in
selected populations.
• Monitor changes in
species composition,
structure, and density.
• Monitor
anthropogenic effects
on species,
populations, and
ecosystems.
• Monitor human
activities that may
affect biodiversity.
• Monitor climate
change.

Figure 3. Example of how to plan a biodiversity inventory (Stork and Davies 1996).
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1. Identify clear management goals for conducting biodiversity assessment and develop testable
hypotheses; and
2. Establish sampling sites and choose taxa to survey.

3. Collect
data by
sampling
site.

Organism
group A

4. Conduct
multivariate
ordination
using
species x site
data.

Organism
group n

Compare site
classifications based
on data from different
taxa.

6b.
Test for relationships
between species
distribution patterns and
patterns of variation in
environmental data.

Remotely
sensed
data

Statistical
treatment
by site.

5. Conduct
statistical
analysis of
abiotic data.

Classifications of
species in
Group A, B, … n.

6a.

Physical
environmental
data

6c.
Test for relationships
between species distribution
patterns and remotely
sensed data.

7.
Validate or refute hypotheses concerning
physical environmental factors affecting
patterns of distribution of groups
of organisms.
8.

9.
Establish a new array of
sampling sites to test
hypotheses
(Go back to step 1).

Scientific understanding of
relationships between
species and environmental
parameters.

Figure 4. An example of a research design for a biodiversity assessment (Debinski and
Humphrey 1997).
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Repeated Measures
at
Fixed Plots
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Landscape/Ecosystem
Local
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Species ID
Ecosystem Profiles

New Products
for Resource
Management
• Detecting Change
• Predicting Trends
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Analysis
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Figure 5. Schematic of process for developing biodiversity profiles related to ecosystem and
landscape analyses (Mahan et al. 1998).
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Table 1. Examples of faunal survey objectives and the statistical tests used to test them (after
Hone 1991).
Research or Inventory objectives

Statistical tests

Characterize the species distribution patterns of
each group of organisms in quadrats representing
different habitats

Principal Components Analysis or Correspondence
Analysis

Compare species associations of two or more
groups of organisms inventoried in sampling sites
for similarities and differences

Principal Components Analysis or Correspondence
Analysis

Prioritize sampling sites based upon the presence of
unique species

Chi-square or Discriminant Function Analysis
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presence/absence data (Debinski and Humphrey 1997). Multivariate analysis software programs
for ecological and species diversity analysis that are available on the market include Multivariate
Statistical Package (http://www.kovcomp.com/mvsp/), PC-ORD (http://home.centurytel.net/~mjm/),
and Primer (http://www.pml.ac.uk/primer/). A list of multivariate statistical software also is
provided by Oklahoma State University (http://www.okstate.edu/artsci/botany/ordinate/).
Indices and Models
Indices and models present biodiversity inventory data as a concept or algorithm. They form the
basic building blocks for more complicated analyses and modeling frameworks. Indices are
presented as numerical units that characterizes a set of data. Models are used to identify
relationships and interactions among biodiversity data. For example, models do not only include
the components of the system (taxa), but can describe functional relationships between these
components as well. Models can help clarify understanding, identify areas of uncertainty,
identify critical components of ecosystems, and communicate complex ideas in simple ways
(Wright 2002). Models take many forms; verbal, qualitative and graphical, mathematical, and
computer- based. Much of the value comes from designing models, which involves determining
how elements are related to one another. There are a number of models used in community
ecology and biodiversity conservation, but for the purpose of this paper we will limit our
discussion to biodiversity and guild models.
Species Diversity Indices and Models
Species diversity can be divided into the following two categories: species richness, which is the
number of species in the assemblage; and relative abundance or evenness, which is the relative
distribution of individuals among species. Species richness measures the number of species in a
defined sampling unit, the simplest being the count of species, and is often associated with
quantifying or analyzing biodiversity (Gotelli and Colwell 2001). Because it is impossible to
sample the whole population of a particular community, ecologists and mathematicians
developed statistical indices and models for measuring diversity. These indices and models
estimate the expected number of species and abundance of individuals in the population based on
the sample of data collected from studies and inventories.
The use of more than one index is recommended when quantifying diversity (Southwood 1978;
Magurran 1988; Gotelli and Graves 1996). Computer software is available to calculate diversity
models and indices. EcoSim® is a program to analyze species diversity using rarefaction, PIE,
and dominance (Gotelli and Entsminger 2004, http://www.garyentsminger.com/ecosim/index.htm).
EstimateS® computes randomized species accumulation curves and statistical estimators of true
species richness (Colwell 2004, http://viceroy.eeb.uconn.edu/estimates). Other available programs
include Pisces (http://www.pisces-conservation.com/indexsoftdiversity.html) and Statistical Ecology
(http://nhsbig.inhs.uiuc.edu/wes/ludwig_and_reynolds.html).
Some habitats may have high species diversity due to a prevalence of nonnative species. As
such, composition (e.g., percent of species that are native vs. nonnatives) is often more valuable
in prioritizing conservation areas than a species richness or diversity index. However, not all
nonnative species are invasive or destructive to natural communities. Most nonnative species do
not cause extinctions of natives, while other nonnative species can adversely affect native
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communities (Simberloff 1981, 2001). Therefore, setting management goals about which
nonnative species are damaging and which habitats are vulnerable to these invasions will require
a broad range of ecological expertise (Meffe and Carroll 1994). Furthermore, management goals
may vary depending upon the larger landscape context. For example, in relatively disturbed
(e.g., highly-urbanized, agricultural) landscapes nonnative species may be accepted as a part of
the “natural” environment, while in less disturbed areas nonnative species should be limited or
controlled. In any case, it may be important to use inventory data to indicate which nonnative
species are present and where they are located. The USGS has developed a model that helps
forecast exotic and invasive species (http://bp.gsfc.nasa.gov/isfs.html).
There are no standard recommendations on what index or model to use when measuring species
diversity within or among habitats. Many different indices are used and numerous problems are
associated with each. Vanclay (1996) states the literature reflects a preoccupation with
computing indices rather than gathering reliable data, and more research is needed to determine
what, when, and how to measure biodiversity data. Data for many biodiversity studies are
rapidly gathered from many sites over large areas and consequently focus on presence/absence
data rather than detailed time-consuming measures of quantity. Furthermore, species diversity
indices and models have mainly been used to analyze single taxon data, however, to assess
biodiversity, multi-taxa data sets need to be analyzed. Some researchers have attempted multitaxa analyses using diversity indices and models. For example, Ratsirarson et al. (2002)
compared ants, wasps, Opiliones, and Amphipoda from leaf-litter samples on the same graph (all
taxa graph) using accumulation curves (Ratsirarson et al. 2002). Lawton et al. (1998) correlated
different taxa species richness across plots using different sampling methods.
Species Richness Indices and Models: These indices and models are used to represent or predict
the number of species in a defined sampling unit. However, it is not always possible to ensure
that all sample sizes in a biodiversity inventory are equal, and the number of species invariably
increases with sample size and sampling effort. To solve this problem, Sanders (1968) devised a
model, called rarefaction, for calculating the number of species expected in each sample if all
samples were of a standard size (the smallest sample size in the collection is often used as the
standard). A curve can be plotted on a graph if the rarefaction procedure is done for several
abundances (Gotelli and Graves 1996). Assumptions of the rarefaction model are: sufficient
sample size (large), individuals are spatially dispersed at random, species are taxonomically
‘similar’ and are drawn from the ‘same’ community type, and standardized sampling techniques
are used for all collections. Often, plotting rarefaction curves and their 95% confidence intervals
is enough to reveal differences in expected species (Gotelli and Graves 1996) (Fig. 6).
Rarefaction is used to estimate the number of species from a large sample to a smaller one,
whereas estimating the number of species from a small sample to a larger one is necessary to
determine the total number of species present in the assemblage. Methods for estimating the
number of species in a population or whether the sampling effort was sufficient to have collected
all of them from a habitat are known as species richness estimators. These non-parametric
estimators use data from sub-samples to estimate species richness of a larger area (Colwell and
Coddington 1994). Some of these estimators are based on incidence (presence/absence) data
while others require relative abundance data. Examples of these richness estimators are Chao 1
and 2, First and Second Order Jackknife, Bootstrap, Abundance-based Coverage Estimator
(ACE), and Incidence-based Coverage Estimator (ICE) (Chazdon et al. 1998). Curves can be
22

60

Rarefaction Plot
Shenandoah Lepidoptera
E(S57)

23

Mean expected species number

50

40
Limberlost
30
Matthews Arm
20

10

0
17

37

57

77

97

117

137

157

164

Sample size (n)

Figure 6. Rarefaction curves and 95% confidence intervals. This example shows that Limberlost (Hemlock site) has a higher
Lepidoptera species richness than Matthew’s Arm (Hardwood site) at a sample size of 57 individuals (data taken from the NPS
Shenandoah Biodiversity Inventory 1997).

plotted for estimated species richness and compared with the observed species accumulation
curve or collector’s curve.
Species Abundance Models: These models are used to describe the distribution of species
abundance within a particular habitat. Species are not equally common in a particular habitat.
For example, a few individuals represent most species, some species have medium abundance,
and a few species are very abundant. These patterns led to the development of four models of
species abundance: the log normal distribution, geometric, log series, and MacArthur’s broken
stick model (Southwood 1978).
Evenness or Equitability Indices and Models: Evenness or equitability indices describe the
relative distribution of individuals among species. An example of an evenness index is
Hurlbert’s Probability of an interspecific encounter index (PIE) (Gotelli and Graves 1996). This
index provides the probability that two randomly sampled individuals from the same community
represent two different species (Gotelli and Graves 1996). Other evenness indices include
Brillouin’s measure, Lloyd and Ghelardi’s index, and McIntosh’s measure (Magurran 1988).
When analyzing a particular inventory data set, another method for determining equitability is
the Caswell Neutral Model. This model calculates a measure of equitability, based on the
Shannon index H' (see below), which is robust to sample size and is a useful adjunct to
rarefaction. It calculates the V-statistic and when V=0 the sample is predicted to be from a
neutral assemblage. If V>0 then the samples are more diverse (excess equitability) and if V<0
the samples are less diverse (excess dominance) (Platt and Lambshead 1985).
Proportional Abundance of Species Indices: One example of this type of index is the
information statistic index or diversity index. This index combines species richness and
evenness into a single figure. However, by combining species richness and evenness into a
single statistic, such as the Shannon index, it is hard, if not impossible, to determine what
parameters have the greatest influence on the community (Gotelli and Graves 1996). Despite
this drawback, diversity indices are the most common indices used when presenting biodiversity
inventory data. Some authors continue to suggest measuring and presenting species richness and
evenness separately (Magurran 1988; Gotelli and Graves 1996). Another proportional
abundance index is dominance. Dominance is the fraction of the collection that is represented by
the common species (Gotelli and Graves 1996). Dominance can be a useful index to determine
if a habitat is monopolized by a dominant competitor especially in communities that have been
invaded by exotic species.
Comparing diversity between habitats can be represented and measured using a wide range of
indices, multivariate analysis, and statistical tests. The diversity is higher when the different
habitats share fewer species. One way of measuring the diversity between habitats is with
methods that use species presence and absence data. Similarity coefficients such as Jaccard
index are used to measure the common species or individuals found in two or more habitats
(Southwood 1978). Cluster analysis provides a good representation of diversity when several
sites are used in a study. It pairs similar sites and joins them to form a cluster and continues
joining similar pairs until all sites are joined. Then dendrograms are used to visually interpret
the results.
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Biodiversity Models
Biodiversity models have been developed for a number of different uses such as to estimate the
number of species on a global or local scale, to work out conservation problems, to help design
biodiversity reserves and management areas, and to analyze data for the preservation of
biodiversity (Glover et al. 1995; Bassett 2001). For example, the Biodiversity Management Area
Selection (BMAS) model is used to identify public or private lands that contribute to regional
maintenance of native genetic, species, and community levels of biodiversity. The BMAS model
identifies plant communities that are vulnerable due to land use activities. Therefore, this
particular biodiversity model integrates cultural, land use, and biological data sets to select
biodiversity management areas.
Guild Models
Multi-species models, focusing on well-defined groups of wildlife species or guilds, have been
used to evaluate the effects of habitat changes on the overall functional, structural, and
compositional conditions of ecosystems (Roloff et al. 2001). Guild models have been primarily
developed for songbirds (e.g., O'Connell et al. 2000), but have also been applied to other taxa
(Coyle 1981; Severinghaus 1981; Moran and Southwood 1982; Hairston 1987). An example of
a guild model, the Bird Community Index (BCI), is based on response guilds, which are defined
as groups of bird species that require similar habitat, food, or other elements for survival
(O'Connell et al. 2000). This model assumes that high-integrity environmental conditions will be
reflected by the presence of guilds containing more specialist than generalist species. Highintegrity environmental conditions are those typifying the habitat type or ecosystem in the
absence of human disturbance. Other guild models have used occurrence, abundance, and
locations of ecological communities to predict animal responses. For example, Haufler et al.
(1996) stratified landscapes into “ecological land units” on the basis of similar disturbance
regimes and geological conditions, which were then used to describe and predict floral and
faunal diversity for planning purposes.
Decision Support Systems
Decision support systems (DSS) integrate support tools, indices, and models into one system and
provide resource managers and researchers with the information necessary to make complex
decisions more efficiently. DSS are used in many profit and nonprofit businesses, and
governmental and nongovernmental agencies for management, planning, and predicting, or
forecasting outcomes. DSS for biodiversity are being used in conservation planning, public land
management, waterways and watershed management, habitat assessment, wildlife refuge
planning and management, and ecosystem management. DSS usually consist of and integrate a
combination of databases, GIS software, conceptual, statistical and scenario models, and image
processing and visualization software into one system. DSS can be shells that are application
frameworks that need to be customized and designed to meet user goals. For example, DSS take
large, complicated data sets (such as data gathered from all-taxa biodiversity inventories) and
organize and standardize them within the framework of management goals so that they are easier
to understand and can be used to make more accountable decisions.
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The decision support process begins with the experts (research managers and researchers)
defining the management or scientific goals, which formulate the questions that the DSS will try
to answer. The experts have to decide who (stakeholders) will be affected by the outcome of the
decisions. Next, the data (screened, cleaned, and accurate) is transferred (assuming the data has
already been collected) into a knowledge base, which is a collection of data organized so it can
easily produce information from which knowledge or answers can be derived. The data is then
analyzed based on the experts’ questions to produce the best possible management alternatives
that fit within the goals. Then the experts have to decide which alternative is the best solution to
a particular research question, management challenge, or problem. DSS can be pre-designed to
answer specific management questions. For example, in national parks DSS can be used to
examine and use multiple data sets, support tools (e.g., GIS presentations), indices, and models
to determine areas or habitats that contain significant biodiversity assemblages. Specific
examples of the application of DSS in biodiversity assessment and conservation follow:
•

The San Diego Supercomputing Center’s (SDSC) Data-Intensive Computing Environments
(DICE) group used advance computational technologies to integrate biodiversity data from
various sources associated with the San Diego Multiple Species Conservation Program
(MSCP). This integration of data was used to demonstrate how management and monitoring
information from different sources is accessed and displayed in a Web site
(http://www.sandiego.gov/mscp/index.shtml).

•

Refuge (GAP) was designed for the purpose of studying biodiversity in Wyoming’s National
Wildlife Refuges. This DSS is designed to emulate the US. Fish and Wildlife Service’s
(USFWS) Land Acquisition Priority System for significant community biodiversity targets.
The decision support tool is also designed to report on biodiversity elements for specific
areas (http://www.wygisc.uwyo.edu/wbn/refuge/).

•

A DSS is being used for ecoregional conservation planning. The DSS developed for this
purpose incorporates spatial design criteria into the site selection process for areas of
conservation importance within a particular ecoregion
(http://www.biogeog.ucsb.edu/projects/tnc/toolbox.html).

•

NatureServe Vista is a DSS that uses GIS scenario modeling to answer socio-economic and
biological concerns (http://www.natureserve.org/prodServices/dss.jsp).

•

The National Park Service in collaboration with USGS has developed a number of DSS to
address various park specific natural resource management and assessment needs. For
example, a DSS has been developed for the St. Croix National Scenic Riverway
(http://www.umesc.usgs.gov/management/dss/5004778_st_croix.html). A variety of spatial DSS
were developed to support the contaminant assessment process, nutrient load and estuarine
response, and landscape scale conservation and easement planning at Acadia National Park
(http://www.umesc.usgs.gov/management/dss/5004778_cap_acadia.html;
http://www.umesc.usgs.gov/management/dss/anp_nutrient.html; and
http://www.umesc.usgs.gov/management/dss/anp_easement.html). A list of USGS decision
support systems are found at http://www.umesc.usgs.gov/dss.html.
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•

Conservation Assessment and Prioritization System (CAPS) is a DSS designed to assess the
biodiversity value of specific locations based on natural community-specific models and
prioritize lands for conservation action based on their assessed biodiversity value in
combination with other data relevant to their prioritization (McGarigal 2002). CAPS was
used to assess biodiversity in Massachusetts
(http://www.umass.edu/landeco/research/caps/caps.html,
http://www.umass.edu/landeco/research/caps/applications/route11.pdf).

•

Ecosystem Management Decision Support (EMDS) is a DSS designed to perform ecological
assessments at any geographic scale. The system integrates GIS as well as knowledge-based
reasoning and decision modeling technologies in a Windows environment to provide
decision support for a substantial portion of the adaptive management process of ecosystem
management. (http://www.fsl.orst.edu/emds/).

•

NetWeaver is a DSS tool for building and evaluating knowledge networks for any situation.
Key features of the system include a highly intuitive graphical user interface, object-based
networks of logical propositions, and fuzzy logic. As a knowledge engineering tool,
NetWeaver can be used to help identify conceptual model structure and data needs, formalize
relationships between and among logical entities and disciplines, and develop analytical
models for use in assessments of ecological states. GeoNetWeaver utilizes GIS support tools
to map models developed by NetWeaver. NetWeaver can be used as a stand alone DSS or
integrated with other systems as a knowledge base. NetWeaver now serves as an important
component of the Ecosystem Management Decision Support System (EMDS)
(http://www.fsl.orst.edu/emds) which has been deployed by the U.S. Forest Service in various
locations around the country (http://rules-of-thumb.com/NetWeaver/,
http://mona.psu.edu/NetWeaver/index.html).

•

The USGS has developed two decision support tools for conservation planning. The first,
Geographic Information System Tools for Conservation Planning
(http://www.umesc.usgs.gov/management/dss/gis_tools_for_conservation_planning.html), works in
a vector environment within Environmental Systems Research Institute's (http://www.esri.com)
ArcView program. The second, LINK: ArcGIS Tools for Conservation Planning
(http://www.umesc.usgs.gov/management/dss/bird_conservation_tools_link.html), is a DSS used

for conservation planning within particular regions (http://www.umesc.usgs.gov/dss.html).
Decision Support Systems were reviewed for their potential use in forest biodiversity and
management by the National Commission on Science for Sustainable Forestry (Gordon et al.
2004, http://ncseonline.org/NCSSF/DSS/Documents/) and by the Commonwealth Integration
Technical Working Group (Malafant and Davey 1996,
http://www.complexia.com.au/Documents/DSS/M&D.html). In addition, Wright (2002) reviewed the
modeling programs NetWeaver, C-Map, and Microsoft Office Visio. In that review NetWeaver
received the highest rating based on its ability to address complex concepts such as biodiversity
and sustainability.
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Recommendations

The National Park Service is one agency that has conducted biodiversity inventories at many of
their parks. These inventories were designed to include several sampling techniques to
maximize species and specimen catch but sometimes lack statistical rigor such as sufficient
sampling replication over time and space. In order to address conservation and resource
management challenges, data collected from these inventories need to be synthesized and
analyzed. Due to the nature of the data, designing a Decision Support System (DSS) is the best
approach.
In the past, modeling of complex ecological systems was approached using mathematical
methods that required excessive simplification. As a result, significant compromises with
ecological reality often occurred. Integrative computer-based systems such as DSS are the
enabling technology for biodiversity and ecosystem management. In particular, knowledgebased reasoning methodologies provide a means for using complex knowledge bases for
biodiversity management purposes.
DSS are particularly relevant to biodiversity because the topic is conceptually broad and
complex, involving at least several abstract concepts (e.g., health, sustainability, ecosystem
resilience, and ecosystem stability) and its assessment depends on numerous interdependent
states and processes (Saunders et al. 1990; Reynolds et al. 1996). DSS representations can be
used as logical frameworks within which results from many specific analytical models are
integrated to yield assessments of more abstract topics such as biodiversity (Coulson et al. 1996).
A DSS that integrates databases, knowledge bases, GIS analysis and mapping capabilities,
conceptual, analytical, and scenario models, statistical analysis, and image processing and
visualization software is the best approach to analyze National Park Service inventory data for
managing biodiversity. The system would need to be customized and designed to solve complex
problems and to attempt to produce workable solutions for resource managers and researchers
working in national parks. DSS that offer the most flexibility and versatility for integrating and
analyzing multi-taxa biodiversity inventories include framework applications that are not predesigned for a specific purpose such as NetWeaver. However, whatever DSS system is selected
its framework should be used for all national parks and designed, customized, and modified to fit
each individual park’s data and management needs.
The first step in using a DSS to analyze biodiversity inventory data at national parks is to make
sure the data is clean, accurate, and has localities for each record. The next step, is for the DSS
designer to meet individually with park resource managers, researchers, and planners to build
biodiversity models based on a particular taxon. For example, for mammals, one may want to
consider species diversity, species richness, species evenness, and presence or absence of
specialists as indicators of biodiversity. Next, the DSS designer and model programmer feed
geo-referenced data sets into taxon-specific models. Areas that differ in their value of
biodiversity for a particular taxon can then be mapped. Individual park experts can review the
model and map to determine if it best reflects their questions and goals of biodiversity at their
park. Once taxon-specific models are approved, the individual taxonomic models can be
integrated and biodiversity based on multi-taxa can be assessed and mapped. The DSS designer
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reviews the multi-taxa biodiversity map to determine if it reflects the goals of the park experts.
If necessary, the model is adjusted to better meet park experts’ opinions and knowledge of
biodiversity at a particular park. This biodiversity assessment and mapping process is repetitive
and can be modified at any step and time. The amount of time it takes to develop a DSS depends
on the availability of the DSS designer, model programmer, and park experts.
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