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Abstract

Molina, Randy; McKenzie, Dan; Lesher, Robin; Ford, Jan; Alegria, Jim; Cutler,
Richard. 2003. Strategic survey framework for the Northwest Forest Plan survey
and manage program. Gen. Tech. Rep. PNW-GTR-573. Portland, OR: U.S. Depart-
ment of Agriculture, Forest Service, Pacific Northwest Research Station. 34 p.

This document outlines an iterative process for assessing the information needs for
all Northwest Forest Plan (NWFP) survey and manage species, designing and imple-
menting strategic surveys (including field surveys and other information-gathering
processes), and analyzing that information for use in the NWFP annual species review
and adaptive-management processes. The framework outlines a series of steps that
provide guidance for development of (1) priority information needs, (2) evaluation and
selection of information-gathering approaches, (3) implementation of annual work
plans, and (4) management, reporting, and transfer of information to the annual spe-
cies review process. Approaches include design-based statistical surveys, modeling,
expert searches, and research that are anticipated to be used singly or in combination
to address the priority survey and manage questions and information needs.

Keywords: Survey, conservation, biodiversity, species persistence, late-seral old-
growth forests.



Summary

In 1994, the USDA Forest Service and USDI Bureau of Land Management adopted
standards and guidelines for the management of habitat for late-successional old-
growth (LSOG) forest-associated species within the range of the northern spotted

owl (Strix occidentalis), commonly known as the Northwest Forest Plan (NWFP). The
survey and manage guidelines of the 1994 record of decision (ROD) (USDA and USDI
1994) provided an adaptive-management process for acquiring information and man-
aging rare and uncommon, poorly understood old-growth-forest-associated species.
That process is based on managing species and their habitats consistent with the best
current information, and utilizing a comprehensive program of information gathering,
analysis, and interpretation to guide management actions while providing likelihood of
persistence for LSOG forest-related species.

A supplemental environmental impact statement to the NWFP was prepared and a
ROD signed in 2001 (USDA and USDI 2001). That ROD updated the survey and
manage standards and guidelines, clarified and improved the survey and manage
adaptive-management processes, and provided direction for preparing management
recommendations and survey protocols, and for conducting strategic surveys. It also
established a process and criteria for an annual review of new species information to
determine when a species should be assigned to different categories, or added to, or
removed from, survey and manage standards and guidelines.

With the growth of the survey and manage program, the ROD (USDA and USDI 2001)
called for a process document (Strategic Survey Framework) to provide guidance for
achieving the primary program goals. This document outlines an iterative process for
assessing the information needs for all survey and manage species, designing and
implementing strategic surveys (including field surveys and other information-gathering
processes), and analyzing that information for use in the annual species review and
NWFP adaptive-management processes. The framework describes a series of tasks
and processes for the development of the relevant information. The ROD (USDA and
USDI 2001) and the framework also provide guidelines for determining when strategic
surveys are complete. The framework outlines a series of steps that provide guidance
on (1) developing priority information needs, (2) evaluating and selecting information-
gathering approaches, (3) implementing annual work plans, and (4) managing, report-
ing, and transferring information to the annual species review process. Approaches
include design-based statistical surveys, modeling, expert searches, and research
that can be used singly or in combination to address the priority survey and manage
questions and information needs. Links to adaptive management through the annual
species reviews, species information-needs analysis, and Strategic Survey Implemen-
tation Guide are described.

Conducting strategic surveys at the scale of the NWFP for nearly 400 species is
unprecedented in scope and complexity. The Strategic Survey Framework outlines a
program to help federal land managers obtain information about the distribution and
occurrence of rare and uncommon, poorly understood old-growth-forest-associated
species. When combined with the adaptive-management process, this information
will contribute to achieving the NWFP goals and objectives, including providing for the
desired level of protection for survey and manage species.
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Introduction

In 1994, the USDA Forest Service and USDI Bureau of Land Management adopted
standards and guidelines for the management of habitat for late-successional old-
growth (LSOG) forest-associated species within the range of the northern spotted
owl (Strix occidentalis), commonly known as the Northwest Forest Plan (NWFP). The
key elements of the NWFP are the system of reserves (with focus on maintenance

of late-successional habitats), the aquatic conservation strategy, and various stan-
dards and guidelines affecting each of seven different land allocations. Also, mitiga-
tion measures were included for management of about 400 rare and locally restricted
species, collectively known as the “survey and manage” program. The survey and
manage guidelines of the NWFP record of decision (ROD) (USDA and USDI 1994)
provide an adaptive-management process for managing rare and uncommon, poorly
understood old-growth-forest-associated species. The adaptive-management pro-
cess is based on managing species and their habitats consistent with the best current
information, and utilizing a comprehensive program of information gathering, analysis,
and interpretation to guide management actions while providing for the likelihood of
persistence for LSOG forest-associated species.

Beginning in 1999, the Forest Service and Bureau of Land Management undertook
an effort to amend the survey and manage portion of the NWFP by adopting new
standards and guidelines for that section. It was anticipated that this effort would
make it possible for the agencies to more efficiently provide the level of species
protection intended in the NWFP. A ROD for the supplemental environmental impact
statement was signed in January 2001 (USDA and USDI 2001).

The ROD (USDA and USDI 2001) updated the standards and guidelines, clarified
and improved the survey and manage adaptive-management processes, and provid-
ed direction for preparing management recommendations and survey protocols and
for conducting strategic surveys. It also provided a process and criteria for an annual
review of new species information to determine when species should be assigned to
different mitigation categories,’ or added to, or removed from, survey and manage
lists.

The ROD (USDA and USDI 2001) required that strategic surveys be conducted for
all survey and manage species. Strategic surveys are intended to contribute to meet-
ing the NWFP goal of maintaining species persistence by efficiently and effectively
acquiring needed information regarding species’ range, distribution, habitat use, and
abundance. Strategic surveys also can help refine habitat descriptions and define
geographic range and information needs for future surveys and provide important
information on population status, life history, habitat use, and site management. This
information will address fundamental questions such as:

 Is the species closely associated with late-successional forests?

* Is there a concern for persistence?

1Survey and manage species are placed into one of six mitigation
categories: A, B, C, D, E, or F. Categories are defined based on
degree of species rarity, survey practicality or need, and suffi-
ciency of information. Several criteria determine these characteris-
tics. The appendix lists these criteria and the mitigation measures
applied to each category. A full description of the categories and
their mitigation can be found in the ROD (USDA and USDI 2001:
6-14).



Framework

Species Information-
Needs Analysis

* Is the species rare or uncommon?
* What is the appropriate management for the species?

* Do the reserve land allocations and other standards and guidelines of the NWFP
provide a reasonable assurance of species persistence?

Responsibility for the design and coordination of strategic surveys rests with the
regional offices of the Forest Service and state offices of the Bureau of Land
Management, in collaboration with the U.S. Fish and Wildlife Service and research
agencies. A regional survey and manage team has been established to provide
oversight and direction for implementing the NWFP survey and manage program.
Responsibility for field implementation and followup actions may be delegated to
administrative units. The research agencies will be cooperators in developing scien-
tifically sound survey protocols and providing biological and analytical expertise. The
research branch of the Forest Service will take the lead in developing and implement-
ing research projects that address strategic survey issues.

The Strategic Survey Framework, a process document, outlines an iterative process
for assessing the information needs for all survey and manage species, designing and
implementing strategic surveys (including field surveys and other information-gather-
ing processes), and analyzing that information for relevance to species and habitat
management. The framework sets the context for development of the Strategic Survey
Implementation Guide (SSIG), which will outline the priorities and annual work plan for
implementing strategic surveys across the NWFP area. The primary components of
the framework and their interactions are shown in figure 1.

A complete strategic survey iteration provides information for the adaptive-manage-
ment process, including the NWFP annual species review process and species man-
agement. The need for future strategic surveys is determined based on an assessment
of available data and information and the identification of species information needs.

A brief description of the components of the framework and the processes connecting
the components follow. We begin with the species information-needs analysis because
that is the initial and most crucial process in the framework for defining the underlying
questions and information needed to develop a science-based understanding of spe-
cies-persistence concerns.

Outcomes and objectives—The final outcome of the species information-needs
analysis provides information for subsequent steps described in the framework and
the development of strategic surveys. The objectives of the species information-needs
analysis are to (1) identify pertinent species persistence and management questions,
(2) summarize current knowledge, (3) evaluate the ability to address species-specific
questions and highlight significant knowledge gaps, and (4) identify the information
needed to address identified questions. Information needs will differ among species
because of differences in rarity, distribution, habitat requirements, and persistence and
management concerns, as well as the amount and quality of information available for
a species.

The species information-needs analysis identifies and updates the persistence and
management questions for each species and is guided by the results of the annual
species review process. The analysis summarizes the information available to address
the identified questions for each species. Assessment of the available information

and areas of insufficient information helps identify information needed to address the
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» Development of approaches, options, and protocol designs

» Development of alternatives that include various combinations
of approaches

» Analysis of efficiencies of various alternatives including
information gained, costs, resources, and timeframes

v

Strategic survey implementation guide
» Development of strategic survey implementation guide
» Regional Interagency Executive Committee review and approval

-

Annual work plan
» Development and implementation of strategic surveys
* Analysis and reporting

Figure 1—Strategic survey framework.

relevant questions. This listing of information needs provides input to a process that
prioritizes information needs across all survey and manage species, as well as within
individual species. The ROD (USDA and USDI 2001) requires that this information be
included, and periodically updated, in the SSIG. The priority information needs form
the foundation for the annual work plan for conducting strategic surveys and other in-
formation-gathering tasks.

Three primary questions drive the information needed for a species (ROD) (USDA and
USDI 2001):

1. What are the primary concerns for species persistence?

2. How do we manage species and habitats to ensure species persistence?



Prioritizing Species and
Information Needs

3. Does the species need the survey and manage standards and guidelines to provide
a reasonable assurance of persistence?

These three questions are subdivided into several specific questions that focus on
species rarity, range and habitat associations, persistence and management con-
cerns, and information needed for site management (see next section).

Analysis process—The species information-needs analysis process involves two
steps: (1) analyze available information and (2) summarize species status, ques-
tions, and strategic information needs. Step 1 involves analyzing relevant information
for the specific questions (noted in the “Primary Questions and Information Needs
Addressed by Strategic Surveys” section) and then summarizes the findings, reflecting
what is known (and not known) and identifying relevant information needed to address
the questions. Analysis reports should be brief so that survey planners can quickly
and easily compare information needs for each species and among species. Step 2
provides an up-to-date overview of the status for each survey and manage species,
including species persistence and management concerns, and relevant information
needs. The summary also should prioritize the information needs within each species.
When all species are examined, the resulting summary information-needs analysis
provides input for prioritizing species and developing the SSIG.

A regional prioritization process determines the level and types of information gath-
ered each year by strategic surveys. Species and information needs are prioritized

by using a process that integrates questions and information needs across all survey
and manage taxa, based on the results of the species information-needs analysis.
Biological and managerial factors, as well as operational and logistical factors are
evaluated and used to screen species and to group taxa by similar information needs
and priorities. Relative priorities may be assigned to species, species groups, or spe-
cific information needs. The results and documentation of the prioritization process are
presented in the SSIG, and are used to develop a schedule for implementing strategic
surveys aimed at specific species, or acquiring certain types of information within al-
located resources and availability of expertise.

There are three types of factors to consider when prioritizing species for strategic
surveys: biological, managerial, and operational.

Biological factors—Biological factors address inherent aspects of a species’ biol-
ogy and how these factors relate to persistence concerns or management questions.
These include:

» There is much concern for species persistence.
» The species is thought to be rare
» The known sites are all historical, or there are no or few recent sites
» The species has limited distribution
» There is uncertainty if the species is extant

» There is a great risk for loss of populations (i.e., the species occurs in habitats
vulnerable to disturbance from management activities).

* Habitat, site, and species information are needed to develop effective management
recommendations.



Evaluation of
Approaches and
Options

Managerial factors—Information may contribute to increased management effi-
ciency. If strategic surveys provide information that may lead to a species changing
categories or being removed from the survey and manage list, or increasing efficien-
cies in preproject surveys or species management, then there are associated benefits
in reduced activity costs and greater ability to meet the other objectives of the NWFP.
Criteria include:

» There are many known sites in matrix land allocations.
» There is a large increase in number of known sites since initiation of surveys.

» The species requires preproject surveys, but little is known about suitable habitat.
Therefore it is difficult to target surveys to likely habitat, so surveys are required for
every project.

» The species is in category B, and there are deadlines for completing strategic sur-
veys.

» Geographic areas with the greatest project activity and therefore the greatest risk to
loss of sites and conversely the greatest impact to meeting other objectives of the
NWFP.

» Species is in category C or D, and the agencies are ready to identify high-priority
sites.

» The species has a high cost and or impact to management (preproject surveys,
withdrawal of operable land in the matrix).

» The species likely will change category when new information is obtained.

Operational and logistical factors—Given the number of species and size of the
NWEFP area, it is not possible to survey for all species information simultaneously in a
single year or across all provinces. Logistical considerations may be evaluated in order
to increase survey efficiencies. These include:

» Field surveys and data collection can be done efficiently and effectively (reliable
protocols exist and are available, expertise is available).

» Geographic/habitat proximity or similarity.

» Potential for multiple-species surveys.

» Determining or anticipating time sequence for information needs and surveys,
which includes timing for out-year surveys (e.g., is there a sequence for gather-

ing information where future surveys require or build on data collected in previous
years).

» Out-year planning for completing strategic survey requirements as defined in the
ROD (USDA and USDI 2001).

* Resource or budget constraints.

» Testing or developing survey protocols or methods.

Strategic surveys may be accomplished by using various approaches and methods
(such as acquiring information from field surveys, research studies, herbaria, muse-
ums, literature, field units, and other sources, and by using various analytical tools
such as habitat models). Each approach contributes information toward improving our



Strategic Survey
Implementation Guide

ability to manage for species persistence. These approaches are explored, developed,
and analyzed for effectiveness and efficiency for acquiring the needed information for
all species. No one approach can generate all the information needed for all species
or in all provinces of the NWFP area. Therefore, various combinations of approaches
need to be examined and analyzed for costs, resources required, timeliness of com-
pletion, amount and efficiency of information gained, and associated uncertainties.
Where possible, approaches should build on or complement previous study or re-
search designs.

The ROD (USDA and USDI 2001) requires the development of an SSIG to document
final decisions on the conduct of strategic surveys. The guide will contain such infor-
mation as the strategic survey needs for all species or species groups at the range-
wide or regional scale, the benefits of addressing information needs, the methods and
scale that would best address information needs, and the relative priorities or priority-
setting criteria.

The SSIG is a dynamic document, particularly during the first years of implementa-
tion while information needs are clarified. The SSIG will be updated annually to reflect
changes in information and priorities as a result of previous years’ accomplishments
or new information. Additionally, changes in species category placement or other new
information may lead to new questions and information needs. The SSIG, with annual
updates, will help ensure deadlines listed in the ROD standards and guidelines (USDA
and USDI 2001) are met and identify the magnitude and likely duration of the strategic
survey program for planning and scheduling purposes.

Development of the strategic survey implementation guide—The SSIG focuses

annual work planning on the priority information needs, provides information for long-
range planning, and facilitates the grouping of surveys for efficiency. The regional sur-
vey and manage team will be responsible for developing and updating this document.

The implementation guide will include, by species or taxa group:

* A summary of the information needs proposed to be answered by strategic
surveys.

* The benefits expected by answering each identified need, either in terms of
increased assurance of species persistence or reduced costs or impacts.

+ Identification of methods (and scale) that would best meet the information needs.
» Relative priorities or priority-setting criteria.

The SSIG addresses information needs requiring research or analytical approaches
to gather and analyze specific data to address specific questions. The SSIG identifies
the annual strategic survey program of work and allocates resources to meet specified
objectives. The recommended program of work integrates the prioritization of species
and information needs performed previously with the cost/benefit/efficiency analysis
of the various approaches. An effective program considers the contributions of various
approaches (see section on “Information-Gathering Approaches”). Species or surveys
may be grouped for cost efficiency. Preliminary identification of available resources,
including the administrative levels that will participate, is conducted at this stage. The
SSIG is subject to review by the Regional Interagency Executive Committee to en-
sure identified information needs and priorities will further the objectives of the NWFP
(USDA and USDI 2001).



Annual Work Plan

Development—An annual work plan for strategic surveys and research will be devel-
oped based on the SSIG. The annual work plan combines the priorities and approach-
es identified in the SSIG with the management guidance and budget constraints. The
annual work plan will have to include tasks that involve field efforts, laboratory work,
and information management and analyses that require multiple survey seasons and
years to complete. All aspects of the annual work plan should be included in the docu-
ment.

Implementation—Implementation of the annual work plan for strategic surveys
includes all aspects of the planning and conduct of surveys, research, or other infor-
mation-gathering activities. This may include hiring of personnel, mobilizing crews,
contracting, selecting survey sites, scheduling site visits, developing protocols, etc. As
surveys are completed, data are entered into the Interagency Species Management
System (ISMS) database. Results from surveys and research are made available and
housed within the information management component of the survey and manage pro-
gram. Responsibility for implementing the annual survey and manage work plan and
followup actions will be delegated to administrative units or groups of administrative
units as part of their funded program of work.

Institution and implementation of a quality assurance-quality control program are es-
sential to the success of strategic surveys. Obtaining consistent information of known
quality will greatly facilitate the adaptive-management processes for the NWFP survey
and manage program. Important aspects to include are survey and site protocols; sur-
vey crew training; specimen collection and processing; taxonomic identification; data
recording, entry, storage, retrieval, and documentation; and the information analysis
and reporting processes.

An overview of a model for all the survey and manage component processes is shown
in figure 2. It is within these processes that strategic survey information is intended to
be applied and modified as needed.

Analysis and reporting—Data and information generated by strategic surveys and
research are used to prepare reports and synthesize information for consideration
during the annual species review process and the species information-needs analysis.
Strategic survey information also will be summarized and available for incorporating
into management recommendations and predisturbance survey protocols. It becomes
part of the existing information used in annual identification of information needs and
priorities. Information from completed surveys, and the identification of new survey
needs, will be incorporated into the SSIG as appropriate. Strategic survey accomplish-
ments will be summarized in the survey and manage annual report.

Strategic survey data and results are analyzed and interpreted consistent with design
parameters of the survey, and when appropriate, clearly document measures of uncer-
tainty and inferences to populations or areas. Clear summarization and presentation of
such data will be required to ensure their proper incorporation into the annual species
review process.

Results from strategic surveys will be evaluated to determine their effectiveness in
meeting the objectives and addressing the information needs stated in the SSIG and
annual work plan. It is anticipated that the conduct of strategic surveys will evolve over
time as methods for different approaches are evaluated for their efficiencies and for
their ability to address specific information needs.
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Figure 2—Strategic survey implementation model overview.

Accurate analysis and reporting will depend on thorough documentation at all stages
of the information gathering and analysis processes. Strategic surveys for rare and
uncommon survey and manage species are a complex undertaking and may take
several years to complete for some species. The framework strongly emphasizes
documentation because of the interagency nature of the program, number of species,
geographical area, application of new approaches, and lack of information on the spe-
cies and their habitats. Information gathered in the early years of the program will be
substantially more useful for analysis purposes in 10 years if accompanied by thor-
ough documentation.

This component includes all aspects of managing survey and manage species infor-
mation and documents the current state of knowledge for these species. The strategic
survey program for the NWFP will produce considerable information, covering numer-
ous species over a large region, that is contributed by a substantial number of individu-
als and organizational units. Information management includes data entry, data quality
assurance and quality control, database management, data retrieval, data storage

and archives, current management recommendations and survey protocols, species
distribution maps, results and documentation of the annual species review process,
species information needs analysis, and documentation of the design, analysis, and
results of strategic surveys.

The ISMS database is the central repository for data input and retrieval. Information
from strategic surveys (and other sources) is maintained primarily in the ISMS data-
base and associated geographic information system (GIS) files. Information in formats
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not appropriately stored in ISMS is maintained in files kept by staff in the regional
survey and manage program. The species-review process and species information-
needs analysis shown in this framework are based primarily on, but not limited to, the
information stored in the ISMS database.

The annual species review is described in the ROD (USDA and USDI 2001) and
uses information from strategic surveys and associated analyses. The review follows
three steps: (1) application of a systematic filter to determine the level of new infor-
mation that is available for each taxon, (2) review of all information by species, and
(3) development of recommendation(s) for appropriate management actions for each
species. The results of this process may lead to recommendations for changing spe-
cies assignments to survey and manage categories, or to changes in the management
recommendations and survey protocols, or to changes in information needed about a
species. Results that identify additional information needs flow into the species infor-
mation-needs analysis, and provide further guidance for the development of strategic
surveys.

The standards and guidelines in the ROD (USDA and USDI 2001) detail the adaptive-
management process for the survey and manage component of the NWFP. This pro-
cess covers the acquisition and evaluation of new information relative to survey and
manage species in order to implement changes or refinements to survey and manage
standards and guidelines. Application of new information results in one of three man-
agement outcomes:

* Maintain status
» Change in the status or category of a survey and manage species

* Removal of a species from survey and manage list

New information is used to develop or revise management recommendations, survey
protocols, and the SSIG. Species also can be evaluated for addition to the survey and
manage list if they meet the criteria outlined in the ROD (USDA and USDI 2001).

Some management actions, such as changing a species from one category to anoth-
er, may trigger the need for collecting different information to address the persistence
and management questions associated with the new category. The new information
needs are integrated into the species information-needs analysis to be addressed in
subsequent strategic surveys.

The ROD (USDA and USDI 2001) established a process and criteria for assessing the
need for continued strategic survey efforts. Strategic surveys for a species are con-
sidered to be complete when any one of the identified criteria is met, and the resultant
information has been compiled and analyzed, and presented in the appropriate form
for use by the target audience. The criteria for discontinuation of strategic surveys are
listed in the ROD (USDA and USDI 2001: 30).

The original NWFP ROD (USDI and USDA 1994) identified the overarching question
for rare and uncommon species: Does the NWFP provide a reasonable assurance of
species persistence? Based on a negative answer to this question, the ROD (USDA
and USDI 2001) outlined three criteria for a species to be included in survey and man-
age standards and guidelines:
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1. The species must occur within or near the NWFP area and have potentially suitable
habitat within the NWFP area.

2. The species must be closely associated with late-successional or old-growth forest.

3. The reserve system and other standards and guidelines of the NWFP do not
appear to provide for a reasonable assurance of species persistence.

The ROD (USDA and USDI 2001) next listed three primary questions (shown below)
that focus strategic survey efforts. Each question is described in general terms and
then expanded into detailed subsets of questions that generate specific information
needs. These questions drive the species information-needs analysis. Not all ques-
tions are relevant for each species and so will not necessarily be targeted in strate-
gic surveys. Some subquestions are repeated under the different primary questions
because of similarity of information needs. Reference to sites includes data derived
from both known sites and estimated numbers or predicted locations of sites based on
probabilistic sampling designs and habitat models.

1. Does the species need the survey and manage mitigation to assure
persistence?

This question addresses whether the NWFP system of reserve land allocations pro-
vides for species persistence, a basic criterion for a species to be included in the
survey and manage standards and guidelines. To evaluate this criterion, specific ques-
tions focus on rarity and distribution within land allocations and assess the degree to
which the reserves provide for species persistence.

Late-seral/old-growth forest association is another required criterion for a species’
inclusion under the survey and manage standards and guidelines. Knowledge of old-
growth forest association is commonly lacking for many species in categories E and F
and remains uncertain for some species in other categories.

Specific questions Information needs

Is the species known to » Historical known sites in plan area

exist in the area of the « Close historical known sites outside plan area
NWFP?

+ Definition of potential suitable habitat
« Distribution of suitable habitat in NWFP area
* Occupation of suitable habitat in the NWFP area

Does the species meet the » Characterization of species habitat

criteria for close association . |gentification of high-probability habitat

i ?
with LSOG forests? » Relative abundance and frequency in LSOG

forests compared to younger forests

Do the reserve land » Geographic distribution of sites relative to land

allocations provide for allocations

species persistence? « Number and distribution of sites in reserve land
allocations

* Number and distribution of sites in reserve land
allocations necessary to provide for persistence



» Population status of sites in reserve allocations

« Quality of sites in reserve allocations (habitat
and population)

» Description of suitable habitat

* Amount and distribution of suitable habitat in
NWFP area relative to land use allocation

« |dentification of amount of suitable habitat and
distribution needed in reserve allocations

» Portion of suitable habitat that is occupied

» Connectivity of occupied sites needed for stable
or persistent populations

Do other standards and .
guidelines of the NWFP .
provide for species per-
sistence? (e.g., coarse
woody debris, green-
tree retention, snag
retention)

Determine the habitat requirements of the species

Determine which standards and guidelines provide
habitat components required by the species

* Determine if these standards and guidelines
provide what is necessary to assure species
persistence

2. What are the primary concerns for species persistence?

If a species meets the criteria for management under the survey and manage stan-
dards and guidelines, then an evaluation of the species’ status is conducted to de-
termine the primary concerns for persistence. Examples of information needed to
address this question include species rarity, distribution, distribution of known sites,
and population status, as well as knowledge of specific habitat requirements and po-

tential suitable habitat in the NWFP area. In addition, descriptions of status and trends
in species and habitat, knowledge of specific threats to persistence, and assessments

of risk to persistence can contribute information for development or revision of man-
agement recommendations.

Specific questions Information needs

Is the species rare or
uncommon?

Are the known sites
still extant?

What is the population
status of the species?

Number of known sites
Number of potential sites

Time since last observed
Presence at known sites

Historical number of known sites
Number of extant sites

Estimated number of occupied sites
Relative abundance at inhabited sites

Size, area, density, and extent of inhabited sites
on landscape

Population trends

11
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Do reproduction and

life history characteristics
create additional risk to
maintaining existing or
future populations?

What is the distribution
of the species?

What is the distribution
relative to the land
allocations?

How do the reserve land
allocations provide for
species persistence?

Is dispersal capability
limited relative to federal
habitat, potentially isolating
populations?

What are the habitat re-
quirements? How special-
ized are they? Are the
microsites limited? What is
the distribution of suitable
habitat? What is the occu-
pancy of suitable habitat?

Life history information characteristics that
might create additional risk

Range of species
Distribution relative to natural range
Portion of suitable habitat that is occupied

Number of sites inside and outside reserves

Geographic distribution of sites relative to land
allocations

Number and distribution of sites in reserve land
allocations

Number and distribution of sites in reserve land
allocations necessary to provide for persistence

Population status of sites in reserve allocations

Quality of sites in reserve allocations (habitat
and population)

Description of suitable habitat

Amount and distribution of suitable habitat in
NWFP area relative to land use allocation

Identification of amount of suitable habitat and
distribution needed in reserve allocations

Portion of suitable habitat that is occupied

Connectivity of occupied areas needed for
stable or persistent populations

Dispersal capacity and requirements
Fragmentation of suitable habitat
Status of isolated populations
Historical and projected connectivity

Description of suitable and high-probability habitat
Description of microsite habitat

Ecological amplitude

Geographic distribution of suitable habitat

Portion of suitable habitat that is occupied



Is the habitat trend declin- * Amount and distribution of suitable habitat (both
ing? What is the relation- in time and space)

ship of population dynamics . Fragmentation of suitable habitat

. e
to habitat dynamlcs. What » Portion of suitable habitat that is occupied
are the spatial and temporal

distribution and availability ~ * Successional trends of potential and suitable habitat
of suitable habitat? » Disturbance regimes (both natural and management)

3. How do we manage species and habitats to assure species persistence?

Management recommendations provide both short- and long-term guidance for spe-
cies and habitat management. These documents summarize current knowledge on
species natural history, ecology, distribution of known sites, and habitat requirements
and response to management treatments. They also may identify high-priority sites
for uncommon species or provide other information to support management direction.
Where detailed knowledge on some or many of these aspects is missing, manage-
ment recommendations may be based on expert opinion. To build knowledge and
make scientifically based management decisions, specific subquestions target the
gathering of information directly relevant to enhancing our ability to manage species
and habitat.

For categories C and D species, not all known sites may be needed, and a subset of
“high-priority” sites may be selected and managed to assure species persistence. For
these species, questions and information needs focus more on population size, habitat
associations, landscape and regional distribution of known sites or potential suitable
habitat, estimated occurrences in land allocations, quality of known sites, and how
sites in reserve land allocations contribute to species persistence. Information gath-
ered to address these questions provides the underpinning for proper habitat man-
agement at the site level to maintain species presence, and at the regional scale to
maintain well-distributed populations.

Specific questions Information needs
What are the habitat » Description of suitable and high-probability habitat
requirements? How + Description of microsite habitat

specialized are they? Are . Ecoloaical amplitude
the microsites limited? 9 P
How do we manage habitat + Habitat information to develop or revise
at the site scale? What are management recommendations

the natural disturbance and . pisturbance history of known sites
management action risks
to maintaining habitat and
species persistence?

* Response of species to disturbance

How do we select + Habitat quality of known sites
high-priority sites for « Number of individuals at known sites
management to assure . .

» Size of the occupied area

persistence? R o )
» Geographic distribution (connectivity) of occupied
areas

Threats to occupied area

13
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What is the distribution » Geographic distribution of sites

of the species relative to + Extent of the range of species within the area of
the land use allocations? the NWFP

How do sites in the reserve

: .  Distribution of suitable habitat
land allocations contribute

to or provide for persis- + Distribution of suitable habitat relative to land
tence (function as high- use allocation

priority sites)? » Occupancy of suitable habitat

What is the population » Historical number of known sites

status of the species + Number of extant sites

relative to the land use

« Relative abundance at inhabited sites

» Size, area, density, and extent of inhabited sites
on landscape, known and estimated

» Occupied areas relative to land use allocation
* Population trends

allocations?

The NWFP strategic survey framework assumes that several methods and approaches
will be used to obtain the survey and manage information identified through the spe-
cies information-needs analysis. Selection of the appropriate method(s) will depend

on the information needs and objectives for the target species, along with associated
budgets, timelines, and logistical considerations. The basic objectives of strategic
surveys are to build an information base for survey and manage species, identify sites
where species occur, document sites and habitats of survey and manage species, and
conduct surveys designed to answer specific questions. Relevant information can be
provided by design-based samples (statistical approaches), use of modeling tech-
niques, research and experimental designs, field observations, and acquiring available
information from literature, museums, herbaria, and species experts. It is anticipated
that combinations of these approaches will be used to address the range of survey and
manage questions and information needs. To facilitate development and selection of
specific approaches to meet the combinations of species information needs, this sec-
tion presents various approaches and general guidance on their implementation.

Strategic surveys may be conducted at different scales and use various approaches,
depending on objectives and identified information needs (USDA and USDI 2001).
These may be categorized as (1) broad-scale surveys to detect range and habitat
associations along with estimates of rarity; (2) mid- to fine-scale surveys that refine
estimates of abundance, habitat associations, and provide information for management
of species and their habitat; and (3) research and surveys to provide information on
specific species population or habitat concerns. The questions, subquestions, and their
relation to the primary NWFP survey and manage questions presented previously also
provide guidance to address these categories of information needs.

Broad-scale surveys provide information on species ranges and distributions, habitat
associations, and rarity to address survey and manage questions for a species range
or regional scale. Surveys addressing questions about species habitat associations,
ecological distribution, association with LSOG forests, occurrence in NWFP land allo-
cations, and spatial distributions (e.g., species geographic range, environmental gradi-
ents, etc.) will provide information for the annual species review, contribute information
to assist in species management, and direct future surveys. Additional information,



Probability-Sampling
Approaches

such as estimates of the frequency of occurrence, can aid in the assessment of the
degree of rarity, and help address management questions such as identifying high-
priority sites. Survey approaches at the broad scale may include statistical sample
designs, spatial habitat modeling, and research studies. Key features of broad-scale
surveys are the ability to address multiple objectives and to include multiple species.

Surveys at mid to fine scales typically focus on gathering information to refine un-
derstanding of the distribution, likelihood of occurrence, and habitat associations of
individual species, or for a few species within a taxonomic group. Surveys at this scale
also can provide information that can assist in the management of species and their
habitats and may be used to more effectively target future survey areas. Typical objec-
tives of these surveys are to increase the number of sites where a species is known to
occur and to gather more detailed data and observations at occupied sites. Occupied
sites detected during predisturbance surveys also contribute to the number of known
sites.

Survey approaches at the mid to fine scale include (1) known site surveys; (2) pur-
posive surveys and expert searches; (3) probability sampling methods, including
random grid, simple random, stratified random, and cluster samples, with or without
an adaptive component; (4) model-assisted probability and nonrandom survey de-
signs; (5) research studies; and (6) acquiring available information from literature,
museums, herbaria, and species experts.

Probability-based surveys provide quantitative information on the number of occur-
rences of species across the NWFP area, the distribution of the species, and as-
sociations of the species with LSOG forest. Random selection of the sample plots is
a critical element of such surveys. Random selection guards against bias in the site
selection (Lohr 1999, Rice 1995). It is the basis for calculating measures of uncer-
tainty, including standard errors and confidence intervals (Rice 1995), for estimates
of population characteristics such as proportions and numbers of occupied sites.
Random selection is also the formal basis for statistical tests of hypotheses of, for ex-
ample, LSOG associations of the individual species. Without random selection of sites,
it is not possible to compute measures of uncertainty or to carry out formal statistical
hypotheses tests.

Another important requirement for all the probability-based sample surveys is that the
sampling protocol remain the same at different locations, with different surveyors, over
time. This ensures that data from different areas, perhaps collected by different crews
in different years, are comparable. In general, these survey approaches must be flex-
ible enough for regionwide implementation, be standardized and repeatable, and per-
mit the calculation of quantitative estimates of desired population parameters.

Survey designs are developed to meet specific objectives based on questions and in-
formation needs, and to provide information on survey and manage species in a timely
manner. A single design is not applicable for all survey and manage species informa-
tion needs, nor even for all parts of a single species’ range. Sample designs should
have sufficient flexibility so they can be modified as information is acquired. Specific
statistical guidance will be required in the development of statistical survey designs,
to address compatibility with ongoing or completed strategic surveys, and to aid in
analysis of data and interpretation of results. Statistical review and consultation also
will help ensure that information collected at the plot level fits into the overall, region-
wide sample designs. An ad hoc statistical advisory committee has been established
to fulfill these advisory needs.
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Several different types of probability sampling methods are briefly described below,
and their advantages and disadvantages are discussed.

Stratified random sampling on a grid—The objectives of this type of survey are to
include multiple species at the regional scale and to provide probabilistic estimates

of species abundance and distributions relative to land allocations and LSOG versus
non-LSOG forests (see Cutler et al. 2001). As the name suggests, stratified random
sampling on a grid involves taking a stratified random sample of sites from a grid that
is overlaid on the landscape at a regional scale. Such a design can accommodate
multiple-survey objectives and be used to sample for several species, or groups of
species, simultaneously at a regional scale. These designs may be used to provide
population estimates and inferences about species abundances, distributions, and
associations within the entire population, within the individual stratum, and within
subpopulations that may lie within or be crossed with the sampled strata. This basic
design can be applied—by intensification of the underlying grid structure—to construct
surveys at the watershed, land allocation, administrative unit, or province scales. Also
through intensification of the grid density and by restricting areas of interest, this type
of design may be used to address survey objectives at smaller scales, while maintain-
ing compatibility with the regional data.

For initial implementations of this class of designs, stratification has been kept to a
minimum. Specifically, just four strata have been used: LSOG within the reserves,
non-LSOG within the reserves, LSOG in the matrix, and non-LSOG in the matrix.
There are two main reasons for restricting the amount of stratification at this time.
First, little is known about many of the species so there is little one could use for strati-
fication purposes. Second, for reasons of efficiency, the initial surveys have been con-
ducted for many species at the same time. Criteria that might be useful for stratifying
sample surveys for one species, or group of species, may be irrelevant for stratifying
for other species. This is the issue of surveys meeting multiple objectives. Note that
restricting the initial stratification in no way restricts any poststratification or estimation
for subpopulations of interest.

Three examples of a random-grid approach have been implemented for strategic sur-
veys in the NWFP area. In northern California, the GOBIG2K program to survey for
selected survey and manage species adopted a stratified random sample on a grid
approach with eight strata: riparian reserve and nonriparian reserve classifications
within the four national forests in which the surveys were conducted. A random sample
of Forest Inventory and Analysis (FIA) sites was selected within each stratum, with the
numbers of sites selected being roughly proportional to the areas within the strata.

The second example of a stratified random sample on a grid is the fiscal year 2000
strategic survey pilot design (Cutler and Edwards 2002) using the current vegeta-

tion survey (CVS) grid in three study areas (Gifford Pinchot, Umpqua, and Siuslaw
National Forests, plus adjacent Bureau of Land Management lands). The study areas
were then divided into two stand-age strata (non-LSOG and LSOG, as determined
from the CVS plot data) and two land allocation strata (reserve and matrix land alloca-
tions). Within each of these four strata, a random sample of sites was selected.

The third example of a stratified random sample on a grid that has already been imple-
mented is the fiscal year 2001 strategic survey random-grid design, which uses a spa-
tially balanced stratified random sample (Stevens and Olsen, in press a, in press b) of

CVS and FIA sites, across the entire NWFP area by using the same four strata as the

fiscal year 2000 pilot program.



Information acquired through the stratified random grid design can be used in the an-
nual species review process. By using the stratification scheme outlined above, ques-
tions can be addressed regarding species association with LSOG forests and species
distribution relative to land allocations. Also, population estimates can provide informa-
tion to be used in determining the degree of rarity of species.

Potential benefits:

» Can be cost effective when information is desired on a large number of species
about which little is known.

» Provides quantitative estimates of the frequency, number, and proportions of occu-
pied sites for each species, with confidence limits, by strata and subpopulations of
interest.

» Can be applied in situations where some or all of the following are true: (1) scant
prior knowledge about species range, distribution, and habitat associations; (2)
multiple objectives at large scales; and (3) multiple species with similar information
needs.

» Can conduct surveys for multiple species at all sites.

* Provides for unbiased estimates of population parameters such as totals and pro-
portions, and supports hypothesis testing of frequency of occurrence in habitats
(LSOG versus non-LSOG) and land allocations.

+ Builds on existing regional surveys and data (CVS and FIA).

» Allows for sampling to be carried out more intensely in strata that are of particular
interest (e.g., LSOG within the reserve) or in locations where species are thought to
be more likely found.

Considerations and limitations:
» Access and sampling at remote sample locations are difficult and expensive.

* Can be logistically complex, as it requires consistent sampling across large areas
and multiple agency boundaries.

 Likely to provide more information for the “uncommon” versus “rare” survey and
manage species.

» Unlikely to find species that are extremely rare or have low detection rates.

* With low detection rates come few detections, and hence the data are insufficient
to provide inferences such as LSOG association and distribution relative to land al-
locations.

» Current vegetation survey and FIA plots are large and generally do not encompass
a homogeneous community, but more typically include a variety of sites and habi-
tats; it is difficult to conduct analyses or draw conclusions regarding habitat asso-
ciations except in a general sense.

» Application of stratification scheme requires that the strata information be available
prior to sampling for all grid points. For the surveys based on CVS sites, this has
been true, but for surveys off the CVS grid, information such as stand age may not
be available.
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We anticipate that as additional information about species range and habitat associa-
tions develops, for individual species or small groups of species it will be possible to
stratify on more variables and thereby substantially increase the efficiency and effec-
tiveness of these stratified random surveys for that species or group of species. We
also anticipate that model-based approaches will provide information, along with field
observations and research results, to refine population and strata definitions, support-
ing greater targeting and efficiency of these design-based approaches.

Stratified random sampling—A stratified random sampling approach involves divid-
ing the landscape into strata, typically based on ecological variables like stand age,
and then randomly selecting plots of a fixed size within each stratum (see Cochran
1977, Lohr 1999). This sampling method differs from stratified random sampling on

a grid in that the sample plots do not have to be selected from a grid such as the CVS
and FIA grids. One application of stratified random sampling is when the area to be
surveyed is small and grids like the CVS and FIA grids are too coarse to yield enough
sample points. Objectives of this approach are to determine frequency of species oc-
currence based on habitat, and to assess range, distribution, and abundance of survey
and manage species relative to habitat parameters.

Spatial habitat models can be used as a basis for stratification. Some species habi-
tat models produce maps of different strata defined by likelihood of suitable habitat
(e.g., high, moderate, low, and not likely). Random samples are then allocated to the
different strata, and plots are installed to determine species presence and habitat
parameters. One objective of this kind of sampling is to validate the habitat model by
providing frequency estimates for target species in the different habitat strata, but data
from such samples also may be used to estimate population parameters such as oc-
cupancy rates. Because survey and manage species are assumed to be rare on the
landscape, this approach would use an ecological stratification to identify likely areas
or habitat conditions for each target species. And, because the survey effort is based
on likelihood of species habitat, it would potentially generate more data on species
distribution and habitat requirements than the stratified random-grid approach, particu-
larly for rare species. On completion of the validation sample, a population estimate is
made, and the habitat relations and range of the target species should be well known
for the geographic area of the habitat model. Resulting information could be used to
address questions about the amount and distribution of likely habitat relative to land
allocations, frequency of occurrence in different habitat strata, and identification of
high-priority sites, and to provide habitat and species information to assist in species
management and the annual species review. The model also can be used to find new
sites of survey and manage species.

Other types of strata could be defined and sampled for the occurrence of survey and
manage species. An example is an ecological stratification based on plant associa-
tions and stand age. A map depicting groups of plant associations and classes of
stand age is generated, and a random sample is selected from the different habitat
strata. Consideration of the number of strata is important to ensure that the defined
strata are meaningful, and to determine the number of sample points needed to pro-
vide estimates and draw inferences. Increasing the number of strata will require a
larger number of sample points and increase associated costs. In this example, it is
not necessary to have prior knowledge of a species’ habitat requirements. Multiple
species could be surveyed for at each sample point. This type of sample design would
provide information on distribution and abundance of survey and manage species in



the different habitat strata and could be used to address questions about habitat asso-
ciations, LSOG association, and distribution of habitats relative to NWFP land alloca-
tions.

Potential benefits:

» Provides quantitative estimates of the frequency of occurrence in different
mapped habitat strata.

» Provides habitat-based information on species distribution.

» Can incorporate multiple species by aggregating or integrating single-species habi-
tat models, or survey for multiple species in the ecological stratification that
is not species-habitat based.

» Contributes to analysis of distribution of suitable habitat relative to land allocations.

» May be an efficient design for rare species because stratification is based on
species habitat.

» Builds on existing regional data (potential natural vegetation mapping and
regional ecology database).

Considerations and limitations:

» Application of stratification scheme requires that the strata information be available
prior to sampling for all grid points.

» Access and sampling at remote sample locations can be difficult and expensive.

« If detection rates are very low, data may be insufficient to provide population esti-
mates and inferences. However, detection rates are expected to be higher than the
stratified random-grid approach.

« Stratification based on ecological criteria works best for a single species or small
number of species. When information is desired for a large number of species in
a single survey, only coarse stratifications can be used. When a large number of
species are being sampled for, conducting a large number of separate, highly strati-
fied random surveys for individual species or groups of species may not be cost-
effective.

Systematic sampling—Contrary to its name, systematic sampling is a form of prob-
ability (random) sampling (see Shiver and Borders 1996). A grid is imposed on the
landscape with a random “starting” point. The grid could be an existing regional sam-
ple grid, such as CVS or FIA grid, or it could be a new grid customized to the problem
at hand. For example, one option is to establish a grid with a random starting point at
a smaller scale, such as a province, administrative unit, watershed, or NWFP land al-
location unit such as a late-successional reserve or matrix area. These surveys differ
from stratified random samples on a grid in that no stratification takes place and all
sites on the grid are sampled, not just some randomly selected subset. One portion of
the lichen air quality surveys was of this form. Data from the lichen air quality surveys
have been used to provide the survey and manage program with information about
abundances and LSOG associations of survey and manage lichen species within the
NWEFP area (Edwards et al. 2001).
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The survey may include a large number of sample sites where survey and manage
species do not occur or were not observed. Estimates of overall population sizes could
be made by using data collected from systematic samples, and some statements
about range and extent of the species could be made as well, although confidence in
these estimates will depend on sample size and frequency of occurrence. This kind of
sampling is cost effective when information on many species is desired simultaneous-
ly, but rare and hard-to-detect species will typically not be detected in such surveys.

Potential benefits:
» Cost effective for searching for many species simultaneously.

» Provides quantitative estimates of the frequency and number of occupied sites, with
standard errors and confidence limits.

» Supports statistical hypothesis tests of, e.g., late-seral association.

» Can be applied in situations where some or all of the following are true: (1) scant
prior knowledge about species range, distribution, and habitat associations; (2)
multiple objectives at large scales; and (3) multiple species with similar information
needs.

» Surveys for multiple species at all sites.

 Likely to provide more information for the “uncommon” versus “rare” survey and
manage species.

Considerations and limitations:
» Access and sampling at remote sample locations can be difficult and expensive.

 If detection rates are low, data may be insufficient to provide population estimates
and inferences.

* May be inefficient or unsuccessful design for rare species or those with low detec-
tion rates; rare species, species associated with rare habitats, or species with low
detection rates are unlikely to be observed in more than a small number of sites,
without substantial sampling effort.

Adaptive cluster sampling—In addition to random designs, there are other statisti-
cal approaches such as adaptive cluster sampling that offer potential for providing
information (see Thompson and Seber 1996). The objective of this type of sampling is
to estimate the frequency of distribution of the target species within the sample area.
A sequential sampling method is used as a way to sample rare events. This approach
assumes that the rare events are aggregated in some way. For example, sites that
are near occupied sites may be more likely to be occupied than distant sites. This ap-
proach starts with the determination of an occupied site, either as a previously known
site or established by the sampling crew. Subsequent sampling effort is allocated to
clusters of sites that neighbor the initial sample sites in which the species was found.
Obviously, the adaptive nature of the sampling method must be taken into account in
the estimation scheme; simple averages from the sampled clusters will clearly over-
estimate the incidence of the rare event. Additional information on cluster sampling
approaches is presented in Cutler et al. (2001).



There are logistical issues to consider with adaptive cluster sampling methods (Cutler
et al. 2001). One issue is the fact that a sampling crew may not know whether they will
be sampling points adjacent to the current sample point until the data from the current
sample point are available. A second potential issue is that the approach requires that
the field crew correctly identify the target species in the field or make repeated vis-

its following laboratory efforts to identify the species. Another aspect inherent to this
type of sampling is that information is concentrated in localized geographic areas and
cluster samples may be more like replicates than new data points. Distance between
adaptive cluster sites may be different for different species, and it may be difficult to
determine what is a “new site or population” as information is limited on this aspect of
population biology for survey and manage species. Field trials are needed to deter-
mine if this is a feasible approach for strategic surveys.

Potential benefits:

» May result in efficient allocation of survey efforts resulting in greater detections of
rare species.

» Uses prior knowledge of known sites.
» Estimates frequency of distribution within each cluster sample area.

+ If the initial sites are randomly selected in some way, then the data from these sam-
ples may be used for inferential purposes, such as estimating population numbers
of occupied sites and associations with LSOG.

Considerations and limitations:
* Requires field identification of targeted species.
* May further habitat biases associated with known sites.

» Establishing locations of adjacent survey clusters may be logistically challenging
and inefficient.

* Requires definition of boundaries of a single site; i.e., whether two adjacent sites
represent one or two occupied sites for population estimation and annual species
review processes.

» Assumes that nearby sites are more likely to be occupied than distant sites.

» Concentrates information within localized geographic area rather than more exten-
sive geographic coverage.

«  Will fail to locate new sites outside of the “cluster” sample.

Considerations in design selection—Several factors affect the ability of any select-
ed design to meet the stated objectives of survey and manage standards and guide-
lines. These include different information needs, issues of detection, and logistics.

Different information needs lead to different sampling designs, and no one design can
meet all information needs. Clear objectives based on questions must be articulated
and adhered to throughout the strategic survey design, implementation, and analy-
sis processes. Changing or adding additional objectives during implementation may
impact the ability of the sampling design to provide defensible estimates of the desired
parameters.
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Detection can constrain design selection and implementation. Because occurrences

of survey and manage species are essentially rare events in time and space, detection
rates for many species can be as low as 1 in 100, or 1 in 1,000 visits or even less. We
currently have poor estimates of detection rates for most survey and manage species.

Two aspects of detection should be considered. First, when a species occupies few
sites, achieving the desired number of detections may require surveying a large num-
ber of sites (i.e., a large sample size). The second issue is one of detecting the spe-
cies when it occupies the site. Species that are not readily visible during the visit to the
site, only appear infrequently, or otherwise exhibit characteristics that make detection
by the survey crew difficult, also will have a low detection rate. Lack of information on
detection affects our ability to provide accurate estimates for survey and manage spe-
cies. In general, low detection rates will result in underestimates of the actual number
of occupied sites. This is partially due to the fact that many rare organisms will have
detection rates of zero unless the sample size is large. We anticipate that as strategic
surveys progress, sufficient information will accrue to allow the estimation of detection
rates and modify the sampling design and estimation process.

Logistical constraints affect the ability of survey and manage field crews to visit the re-
quired sample sites. For example, in some cases, randomly selected sample sites will
have to be removed from the list for reasons such as inaccessibility. This is a minor
constraint that has no major impact on the overall design. However, the documentation
of the field implementation must include the number and rationale for sites removed
from the design to facilitate the correct estimation of population parameters.

This approach uses modeling techniques to address the questions and information
needs identified for survey and manage species. Models can help define the ques-
tions, organize thoughts, make data understandable, communicate and test under-
standing, and make predictions (Starfield and Bleloch 1991).

Various types of modeling approaches may be used depending on the defined objec-
tives and questions to be addressed for survey and manage species. Use of different
approaches depends on the amount and type of data available, and what the level

of understanding is relevant to the questions being asked. Models can be statistical,
empirical, expert-based, spatial or abstract, explanatory, predictive. Models can be de-
veloped and tested at different spatial scales. Modeling approaches generally will be
of two types: (1) model-based techniques that link data and hypotheses about species
relations and broad-scale habitat and environmental relations to formulate forecasts
of range and distribution and (2) empirical-based models that use statistical analyses
techniques.

Current efforts to develop model-based forecasts include the potential natural veg-
etation model approach developed by J.A. Henderson and the USDA Forest Service
Pacific Northwest Region Ecology Program (Henderson 2001). This GIS-based spatial
approach builds on existing methodology and provides maps of species habitat cat-
egorized by likelihood of suitable habitat (high, moderate, low, and no). The potential
natural vegetation species habitat model can be used as the basis of stratification for
sampling to determine frequency of species occurrence in classes of habitat, as well
as a tool for guiding purposive surveys to find new sites for target species. In general,
the approach will be more applicable for those species with at least 20 known sites,
but also has been used effectively for species with as little as 3 known sites. Habitat



model validation will use statistically designed surveys within the different mapped
habitat strata. A validated habitat model may serve as the basis for forecasting the
probabilities of occurrence in unsampled portions of the landscape, forecasting the
amount and distribution of suitable habitat, as well as the probability of occupancy
within habitat strata.

Statistical models represent another approach to providing information about spe-
cies distribution and habitat associations. Regression and discrimination analyses
potentially will provide information on the strength of the relations and forecasts of

the likelihood of occupied habitats as a function of mappable characteristics (Hastie
et al. 2001). Hoeting et al. (2000) discuss the development of maps of probabilities of
occurrences of rare species and use a Bayesian approach with a modification of the
autologistic model to incorporate covariates. They explicitly state that such maps may
be used for policy decisions or to develop future sampling plans. Edwards et al. (2001)
use generalized linear models (McCallagh and Nelder 1989) to predict probabilities of
occurrence of survey and manage lichen species, and in subsequent work have ap-
plied generalized additive models and classification trees (Hastie et al. 2001) for the
same purpose. One potential application of such models would be to provide a means
of extrapolating probabilities of occupancy into unsampled areas. However, success-
ful application will depend on correctly identifying the relevant habitat characteristics
and relations, potentially at both the large and microsite scales, and coping with the
rarity of occurrence and detection issues. Application to the rarest species, (those with
fewer than 20 known sites), will be problematic owing to the sample size degrees of
freedom and the limited amount and uncertainty of information used in the develop-
ment of a model.

The mid- to fine-scale model-based approaches are generally based on a restricted
area of interest, or range of habitat conditions. This permits a more focused approach
in areas where the species is known, or likely to occur, thereby increasing the likeli-
hood of success. Often the desired information at this scale is associated with model
development and application as well as specific management purposes. Model-based
estimation at this scale may be both predictive and explanatory.

Explanatory models may serve to improve understanding of the ecological relations
underlying survey and manage species distributions and habitat associations. A spa-
tially explicit habitat model can be used as a tool to guide purposive surveys with the
objective to find new sites of target survey and manage species. These approaches
also can provide information to aid in identifying high-priority sites, selecting high-
priority sites for management, and recommending management actions at those sites.

Explanatory or expert-based models applied at the microsite scale have potential for
understanding localized relations and providing information for development of man-
agement recommendations at the site scale. Bayesian Belief Network models have
been developed to identify habitat characteristics of survey and manage species at a
microsite scale. These models typically use variables that are not available in a GIS
framework but may help to define habitat associations or to direct surveys at finer
scales. This approach also has been used as a method to evaluate management
options for select survey and manage species. In addition, this type of modeling ap-
proach may provide an objective way to address species management questions and
risk assessments, and may be used as an objective decision tool.
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Current modeling approaches develop single-species models. This is because each
survey and manage species is unique in its ecological requirements and distribution.
However, considerable overlap may exist among species or groups of species. In
these cases, models may be combined or aggregated to increase field sampling ef-
ficiencies in model calibration or model validation efforts.

Model-based approaches are often data intensive during the development, calibration,
and validation processes. Therefore, information from multiple sources and scales is
beneficial to this approach. Information used and acquired in model development will
refine and enhance the survey and manage species data and knowledge base.

Information developed by modeling can contribute to refinement of the survey proto-
cols and management recommendations or address specific distribution or habitat-
association questions. In addition to improving the efficiency of targeting surveys, the
habitat modeling process also can address information needs regarding association
with LSOG forests, distribution relative to land allocation, and important habitat fea-
tures that can be useful in designing site management prescriptions.

Potential benefits:

* Provides a broad-scale representation for the species based on current, often
limited field observations that can be useful in directing other survey efforts.

» May lead to the generation of insights and hypotheses that result in efficient and
increased acquisition of additional information for survey and manage species.

» Can incorporate multiple species by aggregating or integrating models for field cali-
bration or validation.

* A spatial habitat model can be used as a tool to guide purposive surveys with the
objective of finding new sites of target survey and manage species.

» Can provide objective means to evaluate species management questions.

Considerations and limitations:
* Modeling efforts currently limited by accurate species locations and field data.

«  Without validation, resulting information can have limited usefulness for certain
questions

* Need one model for each survey and manage species.

» Existing information may be too limited and contain potential biases for rare
species (i.e., those species with only one known site).

Many species information needs may be met through an approach known within the
NWFP survey and manage program as “known-site surveys.” This approach can be
used to relocate previously reported sites, establish the current status of species at a
site, and collect species-specific habitat information. The general focus is on collecting
detailed habitat information that can be useful in the development of predictive models
and management recommendations. This approach is particularly useful when consid-
erable time has elapsed since information about the known site was collected, incom-
plete habitat information was collected, or establishing the current species status at
the site is desired.



Purposive-Surveys
or Expert-Search
Approaches

Initially this approach was directed to sites or locations where a survey and manage
species had been previously reported. Experience in relocating these sites has shown
that not all sites in the ISMS database are valid or “known.” A better description would
be “previously reported.” In recent years, known-site surveys have been expanded to
include documenting new sites of survey and manage species by using established
known-site survey protocol. Another application of known-site surveys is to aid in habi-
tat model calibration and validation. Surveys can be targeted at known and predicted
locations to provide ground-based data for evaluating model predictions and uncer-
tainty. Spatial habitat models also can be used as a tool to find new sites of the target
species.

Known-site surveys are enhanced if consistent protocol is followed. Known-site survey
protocols have been developed and tested and are currently being used to install and
document plots where survey and manage species occur. Training field crews in the
known-site survey protocol will ensure consistency in survey techniques and data col-
lection and will provide benefits toward use of data for interpretation and analyses.

Potential benefits:

» May increase field crew efficiency by visiting sites previously identified as
occupied.

» Permits targeting efforts on specific high-priority species and habitats.
 Efficient way to gather site-specific information on habitat and local populations.

» Provides a starting point to gather habitat data and to build information and a knowl-
edge base that can be used in habitat modeling.

» Can incorporate multiple species into surveys by being opportunistic when
survey and manage species are encountered.

Considerations and limitations:

» Lack of current and exact site location information may make relocating the “known”
site difficult and time consuming.

» Many known-site locations in the ISMS database are not accurate enough to
relocate the reported site, or the location information is too general.

* Known sites may not be representative of the full range of species locations or habi-
tats.

» Because the likelihood of species detection varies considerably, the nondetection
of species may be problematic and the reasons potentially difficult to identify; i.e.,
species no longer occupies the site, species is present but undetected, errors
in site location information, or correctly finding the previously reported site.

» Information collected in such surveys cannot be used to infer values for population
numbers of occupancies.

The purposive survey or expert search is a knowledge-based approach that may be
intuitive or explicit. It relies on the ability of experts to recognize and concentrate sur-
vey effort in potentially occupied or suitable habitats. The primary objective of purpo-
sive surveys is to increase the number of known occupied sites, usually for the rare
survey and manage species, or for those that are poorly known, or with few reported
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sites. This approach requires prior knowledge about suitable habitat or species-specif-
ic habitat associations, and the development of a successful search strategy through
refinements based on observations at occupied and unoccupied sites. Spatial habitat
models have been demonstrated to be an effective tool to identify areas to conduct
purposive surveys and have resulted in documentation of many new sites for some
target species. Informal intuitive models also may be used to target surveys in likely
areas. Surveyors can visit sites where the species has been reported, develop a con-
cept of suitable habitat, and then look in appropriate areas to find new sites. Purposive
surveys are enhanced if the surveyor can establish the identity of the target species in
the field. Substantial delays between collection and identification of species collections
will make it harder for the surveyor to improve visual search pattern based on knowl-
edge of occupied habitat.

Opportunistic surveys also may occur with this approach. If the surveyor is skilled in
the recognition of other survey and manage species, then as those species are en-

countered in the field, locations can be recorded and data collected to build an infor-
mation base.

The value of purposive surveys is enhanced if discovered sites are documented by
using protocols for known-site surveys. Initially, the most important information about
a species is its location. Providing accurate and detailed location information will en-
hance the value of the observation and allow crews to return to the site and collect
more detailed site, habitat, and population information if necessary. Installation of a
known-site survey plot at a discovered location for a target survey and manage spe-
cies can be an efficient use of field time and provide consistent information on species’
locations and habitats.

If the experts believe they have a considerable understanding of likely habitat, they
might consider the stratified random-sampling approach discussed previously rather
than a strictly purposive approach, and thus have the ability to make some statistical
inferences from the data.

Potential benefits:

» Potentially an efficient strategy for finding additional sites, if the target species oc-
curs in habitats that the expert generally associates with the taxon.

» Uses prior experience, expert judgment, and field observations to identify and then
search potential habitat.

» Potential to opportunistically survey for other survey and manage species that may
occur in similar habitats.

» Effective strategy for finding new sites when using a spatial habitat model to guide
surveys.

Considerations and limitations:

« Difficult to objectively determine how representative discovered sites are of a
species distribution. May lead to discovery of occupied sites in only a portion of
a species’ true range or suitable habitat conditions.

» Additional information and knowledge may be necessary to extend any information
beyond the site-specific observation (e.g., modeling, additional probability surveys,
etc.).



Research and
Analytical
Approaches

* When little information is known about the species, the expert search pattern may
be equal to or only slightly better than random searching.

Additional information beyond that collected from field surveys may be needed to
address persistence concerns, development of conservation plans, and site manage-
ment. Research studies and a variety of analytical approaches can serve as tools to
collect needed information, or provide approaches to analyze data across taxa and
regional distributions. Some research and analytical approaches will necessarily be
species specific to address identified or potential persistence concerns such as popu-
lation genetic structure; others may include multiple-species analyses, even across
taxa groupings. Studies can address specific questions and information needs as
outlined in the framework. Not all species will need detailed research or study to reach
final management decisions regarding species persistence. Indeed, one purpose of
these approaches is to address uncertainty or incomplete information and find solu-
tions to deal with information gaps.

Research and analytical approaches fall into five general categories that range from
discovering needed biological and ecological information on individual species to ex-
amining broad patterns of species and habitat distribution. The categories below are
not necessarily mutually exclusive, and some approaches may include components

from different categories depending on the scale and complexity of the question.

Persistence concerns—Limited information is available on the life history char-
acteristics of most survey and manage species. We have a poor understanding of
their reproductive biology, dispersal characteristics, population dynamics, ecology,
and response to disturbance or stand treatments. Knowledge of some or all of these
attributes is typically used to aid in evaluating species persistence in conservation
planning. For many species, understanding dispersal characteristics and impacts of
habitat fragmentation and connectivity may be important in selecting suites of high-
priority sites for management. Selection of species-specific studies must be driven
with the same prioritization procedures as noted for other survey approaches within
the Strategic Survey Framework.

Disturbance ecology and adaptive management—The forest landscape in the
Pacific Northwest is dynamic, and its patterns have been affected by repeated distur-
bance events at different spatial and temporal scales. Forest species are adapted to
these disturbance regimes and operate within specific ranges. Information is lacking
on thresholds for most species, including survey and manage species, especially in
relating the pattern of disturbance created by the harvest of old-growth forests over
recent decades to historical distribution patterns of this habitat. In a more immediate
sense, we poorly understand the impacts of local site disturbance on resident popula-
tions of survey and manage species. Thinning and prescribed burning are silvicultural
tools for forest management throughout the NWFP area, so their effects on survey
and manage species persistence is an important question. Disturbance actually might
be necessary to improve or maintain habitat for some survey and manage species,
such as developing openings for canopy-gap species. Understanding these distur-
bance effects and the response of survey and manage species will contribute to
achieving the multiple objectives of the NWFP.

Habitat analysis and modeling—Habitat modeling has been discussed previously
as an approach to efficiently target surveys in potential suitable habitat and for defin-
ing key habitat features for site management. Currently, two modeling approaches
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(the potential natural vegetation model at the broad scale and the Bayesian Belief
Network at the microsite scale) are being tested for strategic surveys. Many other
habitat models and modeling approaches, however, are available or might be devel-
oped as part of research endeavors for consideration in strategic survey efforts. In
addition to developing habitat models that predict species presence, modeling efforts
also might focus on testing the relation of key environmental variables that have rel-
evance to site management and species persistence. Although some habitat modeling
efforts will necessarily be focused on single species, some efforts also might focus on
multiple-species habitat modeling.

Risk analyses and dealing with uncertainty—For the foreseeable future, we will
not have complete information to substantively address all persistence concerns for
all survey and manage species. Management decisions will therefore be based on
species information with a degree of uncertainty associated with them. How do we
conduct scientific analyses of available information, develop options based on those
analyses, and assign levels of risk or uncertainty so that managers are well-informed
for making decisions? What type(s) of information carries the greatest weight or value
toward making informed decisions? Answers to these types of questions will help in
making scientifically based management decisions and be useful in prioritizing infor-
mation needs for designing survey protocols and conducting studies. Decision-support
tools are available or can be developed to classify uncertainty and risk.

Testing and improving survey protocols and designs—Conducting strategic sur-
veys at the scale of the NWFP for nearly 400 species is unprecedented in scope and
complexity. Survey protocols and designs should be tested and improved to effec-
tively collect the information needed to contribute to informed, science-based deci-
sions. Therefore, the strategic survey program of work includes testing of protocols
for efficiencies and improving designs as needed. Protocol designs need to be flexible
so that they can be modified as questions and information needs shift through time.
Some protocols might need testing at small scales with one or few species before
applying at broad scales with multiple species. Others might be tested with multiple
species at small to broad scales to quickly test efficiencies. Developing ways to ana-
lyze the newly collected data from strategic surveys to address complex questions
also should be a continuous part of the overall program of work.

There are other types of survey approaches. They include opportunistic surveys;
acquiring existing information from museums, herbaria, and literature; and obtaining
knowledge or information from species experts.

Opportunistic surveys can occur when a field crew or resource specialist encounters a
survey and manage species while conducting fieldwork for some other purpose. If ac-
curate and detailed location information is documented for the species location, then
the site can be efficiently relocated if necessary. Opportunistic surveys can include the
gathering of additional information as well and may include installation of a known-site
survey plot according to protocol.

Early in the implementation of the NWFP, data and information on survey and man-
age species were acquired from museum and herbaria records, and literature review,
and species experts. It may be that there is additional information on species available
from these sources, depending on the objectives and questions to be answered. An
example would be information for a species in category E to help determine if it occurs
in the NWFP area.



Evaluating and
Selecting Approaches

Several considerations influence the choice of strategic survey designs or methods for
gathering information on survey and manage species. Primary considerations include
efficiency, cost effectiveness, scientific credibility, legal defensibility, logistics, and
implementation. Approaches should be evaluated to determine if they meet defined
objectives for strategic surveys and provide relevant information to address questions.

Efficiency is an important consideration in meeting survey objectives. How successful
will the approach be at gathering data to address the questions and identified infor-
mation needs? Selection of the appropriate survey strategy requires evaluation of
different approaches and methods relative to the ability to address the questions and
information needs identified as priorities.

Cost effectiveness is another consideration. What is the cost of acquiring the informa-
tion? Given there are approximately 9.6 milion ha covered by the NWFP, the selected
designs or approaches must be cost effective. Evaluation of costs requires knowledge,
or at least estimates, of actual field costs and estimates of the variability in the obser-
vations. Evaluation of cost efficiency should factor into planning and implementation
of strategic surveys. The cost of acquiring information under each design or approach
will be primarily qualitative during the early stages of strategic surveys. As more expe-
rience is acquired, more informed analyses of costs and efficiency can be conducted.

Scientific credibility is an important consideration to ensure that survey methods and
results are acceptable to biologists, resource managers, and the public. Periodic re-
view by statisticians, species experts, biologists, ecologists, and resource managers is
recommended to evaluate the ability of the design and approaches to meet the stated
survey and manage goals.

Legal defensibility is another consideration in selecting approaches and methods for
strategic surveys. Surveys need to provide data in order to meet objectives and time-
lines for survey and manage strategic surveys as identified in the NWFP RODs (USDA
and USDI 1994, 2001).

Detection of survey and manage species is a factor to be addressed in survey proto-
cols and designs. It is assumed that the occurrence of survey and manage species
essentially represents rare events in time and space. Many can be observed only
for brief periods or only occasionally over extended periods. They also can be rare
in space, with large distances between populations. These characteristics provide
unique statistical challenges to the design of surveys that provide quantifiable esti-
mates about the species.

Another consideration is the need for flexibility of the sampling design and methods of
collecting data. Although there have been many calls for large spatial-extent surveys
and inventories, few actually have been implemented. Consequently, few real-world
examples exist to draw experiences from and use in design selection. Moreover, given
the multiple objectives for strategic survey information, the approaches must be flex-
ible and capable of modification owing to changing logistical constraints and program
objectives, and adaptive in response to experiences gained by conducting surveys.

Logistics and operational factors are important aspects to consider when evaluat-
ing and combining different survey approaches to address the identified information
needs. Access to sample sites may be a factor in developing sampling designs and
field implementation. Protocols should be developed and implemented by field crews
in order to provide basic data to meet the species information needs and provide
information that can be used to refine the sampling design in subsequent years. The
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availability of necessary expertise and resources to design and conduct field sur-
veys, identify specimens, analyze data, and present results needs to be addressed.
Essential elements to ensure data quality and scientific credibility are training of field
crews to conduct surveys according to protocol and inspection of field plots and data
collection to ensure protocols are followed and data-quality standards are met.

This framework anticipates that as the information needs and amount of information
develop, the combination of approaches will evolve. When little is known of a species
or its habitat associations, it is anticipated that greater reliance will be placed on the
design-based approaches and known-site surveys. As additional information becomes
available, greater reliance likely will be placed on model-based approaches, with asso-
ciated design-based validation efforts. This evolution also will likely shift from the more
general questions and information needs for a species to more highly specific and tar-
geted approaches directed at species management and persistence questions.

As emphasized earlier, conducting regionwide surveys for over 300 rare, old-growth
forest species throughout the NWFP area is unprecedented in scope. The nature of
the effort is made more complex by the initial lack of information for these poorly stud-
ied species that reside in taxa groups not typically considered in conservation plan-
ning. Key to success are (1) a well-organized survey program that focuses on relevant
questions about species persistence and provides easily translatable information to
develop science-based management guidelines, and (2) use of well-designed survey
approaches and protocols followed by appropriate analysis and interpretation by ex-
pert agency biologists and resource managers.

Finally, it is important to remember that the original survey and manage guidelines
were designed around an adaptive-management philosophy wherein known sites
would be protected while new information on species was collected through field
surveys. That new information would then be used to reevaluate species persistence
concerns and need for the survey and manage mitigation, and to develop appropriate
conservation management plans. This Strategic Survey Framework builds on those
initial adaptive-management principles by outlining a flexible process for determining
species information needs, setting management priorities to acquire the needed infor-
mation, and selecting survey approaches to maximize efficiency and effectiveness of
information gained.

1 hectare (ha) = 2.471 acres
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Appendix: This appendix summarizes the mitigation objectives, criteria for assigning species,
Survey and Manage and management direction for each of the six survey and manage categories. More
Categories detailed descriptions can be found in the ROD (USDA and USDI 2001: 6-14).

Category A (rare, predisturbance surveys are practical).

Objective: Manage all known sites and minimize inadvertent loss of
undiscovered sites.

Criteria for assigning a species to category A include:

» The species is rare, and all known sites or population areas are likely to be neces-
sary to provide reasonable assurance of species persistence, as indicated by one
or more of the following:

» Low number of likely extant sites and records on federal lands indicates rarity.
» Species poorly distributed within its range or habitat.

» Limited number of individuals per site.

» Highly specialized habitat requirements (narrow ecological amplitude).

» Dispersal capability limited relative to federal habitat.

* Microsite habitat limited.

* Reproduction or survival not sufficient.

* Low number of sites in reserves or low likelihood of sites or habitat in reserves.
* Habitat fragmentation that causes genetic isolation.

» Factors beyond management under the Northwest Forest Plan (NWFP) affect
persistence, but special management under the NWFP will help persistence.

» Declining habitat trend.

» Predisturbance surveys are practical.

Management direction: Manage all known sites, survey prior to habitat-disturbing
activities, conduct strategic surveys.
Category B (rare, predisturbance surveys are not practical).

Objective: Manage all known sites and reduce the inadvertent loss of undiscovered
sites.

Criteria for assigning a species to category B include:

» Same criteria as category A, except that predisturbance surveys are not practical.

Management direction: Manage all known sites, conduct strategic surveys.

Category C (uncommon, predisturbance surveys are practical).

Objective: Identify and manage high-priority sites to provide for reasonable assurance
of species persistence. Until high-priority sites can be determined, manage all known
sites.
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Criteria for assigning a species to category C include:

» The species is uncommon, and not all known sites or population areas are likely to
be necessary for reasonable assurance of persistence, as indicated by one or more
of the following:

* A higher number of likely extant sites and records does not indicate rarity of the
species.

* Low to high number of individuals per site.

» Less restricted distribution pattern relative to range or potential habitat.
* Moderate to broad ecological amplitude.

* Moderate to high likelihood of sites in reserves.

» Predisturbance surveys are practical.

Management direction: Manage high-priority sites, conduct surveys prior to habitat-
disturbing activities, and conduct strategic surveys.
Category D (uncommon, predisturbance surveys are not practical or not necessary).

Objective: Identify and manage high-priority sites to provide for reasonable assurance
of species persistence. Until high-priority sites can be determined, manage all known
sites.

Criteria for assigning a species to category D include:

» Same criteria as category C, except that predisturbance surveys are not practical or
are not necessary to meet objectives for species persistence because inadvertent
loss of some undiscovered sites would not change level of rarity.

Management direction: Manage high-priority sites, conduct strategic surveys.

Category E (rare, status undetermined).

Objective: Manage all known sites while determining if the species meets the basic
criteria for survey and manage standards and guidelines and, if so, to which category
(A, B, C, or D) it should be assigned.

Criteria for assigning a species to category E include:

* The number of likely extant sites and records and survey information on
federal lands indicates possible rarity of the species.

* Information is insufficient to determine whether survey and manage basic criteria
are met or to determine what management is needed for a reasonable assurance of
species persistence.

Management direction: Manage all known sites, conduct strategic surveys.

Category F (uncommon or concern for persistence unknown, status undetermined).

Objective: Determine if the species meets the basic criteria for survey and manage
and, if so, to which category (A, B, C, or D) it should be assigned.

Criteria for assigning a species to category F include:
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» The species is uncommon and the number of likely extant sites and records and
survey information does not indicate rarity.

* Information is insufficient to determine whether survey and manage basic criteria
(including whether there is a concern for persistence) are met, or to determine what
management is needed for reasonable assurance of species persistence.

Management direction: Management of known sites is not required, conduct strategic
surveys.
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