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Definitions and Attributes of
Little-Known Species

Randy Molina and Bruce G. Marcot

The number of species worldwide has been estimated as 5 to 30
million (Wilson 1988). Only about 1.4 to 1.6 million of those species have
been formally described, and even that number is relatively uncertain
given the vagaries of systematic convention, geographic variation in
species traits, and high levels of taxonomic synonymy (Stork 1997). Most
of the global biodiversity, at least as reflected in species number, is
unknown to science. Global patterns of estimated known and unknown
number of species (fig. 4.1) suggest that the greatest unknowns among
macro- and mesoscopic species occur with arthropods, fungi, and mollusks,
but the gaps between known and unknown are likely even greater with
microscopic species such as soil bacteria. Although much of this phantom
biodiversity occurs in the species-rich tropics, there is a lack of comprehen-
sive descriptions of many taxonomic groups in temperate areas as well.

This global pattern is repeated regionally. For example, in the inland
West of the United States, of the taxa included in a major regional assess-
ment (the Interior Columbia Basin Ecosystem Management Project of
USDA Forest Service and USDI Bureau of Land Management}, the greatest
disparity between known and estimated numbers of species occurred with
arthropods, fungi, and mollusks (fig. 4.2) over an area of 58,470,000 ha.

Before including little-known species in conservation programs, partic-
ularly from species-rich taxa such as fungi and arthropods, it is important
to understand the inherent difficulty in gathering new information to
determine their taxonomic and conservation status. For example, many
species in these rich but little-known taxa are extremely difficult ro detect

&7


jordanbrocious
Text Box
MONTHLY ALERT
EDITION: MAR 2008
ITEM NO: 280

jordanbrocious
Copyright Stamp


100,000,000
P 10,000,800 N
2
&
o
L3
E 1000000 <
g
5 A ;g pid
=
S X VvV =
E 100,000 iy ;
s < =
3 x x X
= X
10,008 ......
X x :
1,000 e % |
Insects Bacteria Spiders, mites Plants Mollusks Crustaceans
Algae Fungi Roundworms Viruses Protozoans All verls.

%/ Highestmate /% Low estimate > Knawn

Figure 4.1. Global number of estimated and known species by taxonomic group.
Source: Wilson 1988, Marcot et al. 1997.
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Figure 4.2, Number of estimated and known species by taxonomic group, as eval-
uated for the interior U.S. Columbia River basin. Values were derived from multi-
ple taxa experts and compilations of species lists. Viruses, algae, phytoplankton,
zaoplankton, and most aquatic arthropods are not included. Richness of microfun-
gi, bacteria, protozoa, and nematode species is largely unknown but may run into
tens or hundreds of thousands of species. Source: Marcot et al. 1998.



Chapter 4. Definitions and Attributes of Little-Known Species 69

due to their inconspicuous nature (figs. 4.3, 4.4). They are often hidden
(e.g., buried in substrate) or so small that locating them is extremely dif-
ficult or impractical. Some species are simply too small to be readily
detected in the field. Others have reproductive structures so minuscule
(e.g., soil microarthropods) or diagnostic structures so obscure (some
bryophytes) that microscopic examination and special expertise are
required for identification. Some lichens cannot be reliably identified to

Figure 4.3. Examples of lichen and moss species in forests of the U.S. Pacific
Northwest with detectability or identification difficulties, which may lend to their
being little known in distribution or ecology. (a) Microscopic characteristics (60x):
cord moss (Atrichum selwynii). The family, Polytrichaceae, is characterized by
capsules, shown here, with 64 blunt peristome teeth, determined with a hand lens;
the genus is among the smaller mosses in this family; the similar genus Timmia
never has lamellae (upright ridges on the upper leaf surface), also requiring a hand
lens for identification. (b) Microchemical tests and microscopic characteristics
(60x): pixie cup lichen (Cladonia fimbriata). 1dentified by the medulla (loosely
packed fungal hyphae below the photosynthetic zone) being K- (potassium
hydroxide, negative results), P+ (p-phenylenediamine, positive results of red
color), and UV- (no fluorescence under ultraviolet light); and told from C.
chlorophaea and similar species by its powdery soredia (algal cells in fungal fila-
ments) inside and outside the cups, and by cup shape and structure. () Hidden
occurrence: podetium (stalk) of a Cladonia lichen growing within a clump of
Pohlia cruda moss on a tree trunk. (d) Microchemical tests and mesoscopic charac-
teristics (60x): beaded bone lichen (Hypogymnia enteromorpha). Distinguished
from the similar H. apinnata by its short, budded side lobes and being P+ and KC+
(potassium hydroxide and sodium hypochlorite test, positive results). (All photos
by Bruce G. Marcot.) Source: McCune and Geiser 1997; Vitt et al. 1988.



Figure 4.4. Examples of animal species with detectability or identification diffi-
culties, which may lead to their being little known in distribution or ecology. (a)
Microspiders (family Micryphantidae), full-grown adults shown on a U.S. penny
(60x). Microspiders are numerous in abundance and species and play key preda-
ceous ecological roles in soil food webs but are seldom seen, occurring in litter,
duff, and soil layers. Many species may be undescribed. (b) Soil springtails or
snowfleas (Hypogastrura sp.; family Hypogastruruidae) (200x). Occur in great
numbers in the upper soil and litter layers of forests, may be important decom-
posers of soil fungi, lichens, bacteria, and decaying plant matter, and creators of
topseil. Some species may be undescribed and difficult to study, although their
general presence can indicate healthy and productive soils. (c) Soil mite
(Pergamasus sp.; family Parasitidae) (60x). Usually < 1 mm (0.04 in.) long, they
are difficult to identify to species. Many species are likely undescribed but are
numerous and key to soil health through their chewing, decomposition, and her-
bivory functions. (d) Soil springtail (Ptenothrix [Dicyrtoma] maculosa; family
Dicyrtomidae) (60x). Tiny soil predators of mites and other invertebrates; difficult
to identify to species by nonexperts. (e) Immature Pacific (coastal) giant salaman-
der (Dicamptodon tenebrosus; family Dicamptodontidae) shown with a U.S. quar-
ter. Adults more often found, but immatures seldom so, being tiny and cryptic or
hiding at the bottom of streams; little is written of habitat ecology and environ-
mental physiology of immatures. (f) Land snail (Limicolaria subconica; family
Achatinidae), Congo River Basin, Africa. Hidden beneath leaves of shrubs, can eas-
ily escape detection. (All photos by Bruce G. Marcot. Photos (a) through (e) from
U.S. Pacific Northwest.)
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species without chemical tests. Many species are hidden in the forest floor,
and extensive movement or sampling of substrates is required to find indi-
viduals. Hypogeous fungi (truffles), for example, fruit several centimeters
below the forest floor and duff layer, and many mollusks or salamanders
live on the undersides of leaves and woody debris or in talus. Others, such
as arboreal arthropods, mammals, and lichens, live high in the canopies
where extensive climbing or branch clipping might be required to sample
species. Such attributes challenge our ability to locate and monitor these
species.

Many little-known taxa share other life history characteristics, partic-
ularly reproductive strategies and seasonality, which also make detection
difficult. Mollusks and amphibians are more active and detectable during
wet, warm periods than during dry, cold periods, so effective surveys in
regions such as the U.S. Pacific Northwest are limited to spring and fall.
Multiple site visits and surveys may be needed to detect surface-active
individuals, especially if populations are patchy, small in size, or unpre-
dictable in substrate occurrence. Fungi offer one of the greater challenges
because of their highly ephemeral nature and eruptive occurrence. Some
reproduce (develop fruiting structures) in spring or fall. Timing and
occurrence of fall reproduction is sensitive, however, to onset of rainfall
(soil moisture) and patterns of temperature change. In many years, fungi
will not reproduce, so 5 years of sampling in one location are typically
required to determine their presence and diversity (O'Dell et al. 1999;
Molina et al 2001). Many little-known species of fungi and other taxa also
are highly patchy in distribution, which may be a response to unique
microsite habitat requirements and past disturbances. The consequences
of difficult detectability are discussed further under sampling considera-
tions in chapter 5.

This chapter briefly explores causes that underlie the “litle-known”
conundrum and the types of information needed to make science-based
decisions on conservation management of little-known species. We discuss
information needs in light of the perceived risk to the species and for meet-
ing other broad management objectives, such as sustainable timber har-
vest. We also reference examples from the Survey and Manage species
conservation program that attempted to survey and conserve rare, little-
known species of bryophytes, fungi, lichens, mollusks, amphibians, and
arthropod groups as part of the Northwest Forest Plan in the Pacific
Northwest (Marcot and Molina 2006; Molina et al. 2006). Chapter 5 then
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builds on combining concepts of rarity (chap. 3) and little-known (this
chap.) to discuss the science implications of conserving species that are
both rare and little-known.

Primary Causes of “Little-Known” Status

Little-known species fall into three categories of knowledge uncertainty:
(1) taxonomic uncertainty, which occurs with overwhelming diversity and
incomplete taxonomic description fand limited expertise of most
observers); (2) distributional uncertainty, which occurs when few or no
species inventory data are available; and (3) ecological uncertainty, which
occurs with poor ecological understanding. For some species, information
may be lacking in one or two of these categories, but for the grear bulk of
little-known species, lack of information generally stems from all three
causes. The categories we provide evolve from the fact that little-known
species are inconspicuous and difficult to detect, which leads to a lack of
knowledge.

Taxonomic Uncertainty

It is important to understand the taxonomy of species before striving to
conserve them. In addition to practical considerations of identification, tax-
onomic information brings with it an understanding of relatedness of
species. This can be of conservation value when related species share a sim-
ilar life history or ecology. Unfortunately, providing taxonomic clarity for
little-known species comes with many challenges. Some taxonomic groups
can number in the tens of thousands of species at the regional scale (e.g,,
soil microarthropods). With such overwhelming numbers of species, it is
not surprising that most remain undescribed. At best, there may be a gen-
erally poor understanding of their taxonomy and systematics.
Hawksworth (1991), for example, hypothesized that, of the estimated
global 1.5 million species of fungi, less than 5% have been described. Fun-
gal classification is also in flux; for example, 10 years later, Hawksworth
(2001) upheld his global estimate of 1.5 million species of fungi but clari-
fied that the number of species now known is 74,000 to 120,000. Although
his new estimate is somewhat greater than the original 5%, it remains a
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small fraction of the total. Even this estimate is uncertain because no com-
prehensive compilation of species is available. The advent of new molecu-
lar approaches that better define taxonomic relations between species has
drastically altered our understanding of the major relations of fungal
phyla and classes (Blackwell and Spatafora 2004; Wayne and Morin 2004).

Even with species that have been described, many can be extremely dif-
ficult to identify, and identification keys are often inadequate or nonexist-
ent. In the Pacific Northwest with its rich array of forest macrofungi
(mushrooms, truffles, cup fungi, and their allies), there is a dearth of com-
prehensive regional keys to species identification. General mycological
guides (e.g., Arora 1986) are often the only books available with keys to
start the identification process. Likewise, identifying many arthropods
often relies on sending voucher specimens to those few overburdened
entomologists and experts who specialize in particular genera or families;
a few examples are the species-rich taxa of staphylinid beetles, micryphan-
tid microspiders, and soil mites and nematodes. There are generally no
comprehensive identification keys or “field guides” to help identification
of most terrestrial invertebrate species the way there are for plants, birds
and other vertebrate groups.

Well-trained taxenomists are vital to basic understanding of biodiver-
sity (Chambers and Bayless 1983; Huber and Langor 2004}, but the cur-
rent decline in the cadre of taxonomic specialists who do fundamental tax-
onomic research compounds the challenge of describing the vast numbers
of unnamed species and developing identification keys (Molina et al.
2001). In this regard, the development of sophisticated molecular-DNA
tools to identify and differentiate species has been a two-edged sword.
Although this new science has vastly improved our ability to detect recal-
citrant taxa {e.g., of soil microorganisms), the attractiveness of this explod-
ing research field has enticed young scientists away from traditional taxo-
nomic fields. In the United States, the National Science Foundation (NSF)
has recognized this issue and enhanced funding of its systernatics program:

The National Science Foundation (NSF), in partnership with aca-
demic institutions, botanical gardens, freshwater and marine insti-
tutes, and natural history museums, seeks to enhance and stimulate
taxonomic research and help prepare future generations of experts.
NSF announces a special competition, Partnerships for Enhancing
Expertise in Taxonomy (PEET), to support competitively reviewed
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research projects that target groups of poorly known organisms. This
effort is designed to encourage the training of new generations of tax-
onomists and to transkate current expertise into electronic databases
and other formats with broad accessibility to the scientific commu-

nity (http://web.nhm.ku.edu/peet).

Efforts such as the PEET program, if sustained as part of science endeav-
ors, will help to close the taxonomic information gap on little-known
species.

Distributional Uncertainty

Basic inventory of species presence, abundance, and distribution is neces-
sary for understanding species status and for monitoring trends. Lack of
basic inventory data is at the root of the little-known status for various
reasons. Taxonomic groups such as fungi, arthropods, or mollusks may
simply not be included in inventory programs because they are seen as low
priority compared to more “charismatic” flora and fauna. Their low-prior-
ity status reflects biases in scientific study, conservation, and sacial inter-
ests, and to some extent, the expertise of available biclogists and taxono-
mists. Some taxa, such as spiders, have simply not been included in surveys
and inventories, so that basic information on occurrence and distribution
is lacking and thus the taxa are excluded from conservation planning
(Skerl 1999). More typically, inventory programs find the idea of includ-
ing such difficult and diverse taxa daunting, and they lack resources and
administrative support to tackle the problem.

Issues of high diversity and distributional uncertainty are complicated
by the simple dearth of knowledgeable biologists who can effectively deal
with species such as fungi, mollusks, and arthropods in inventory pro-
grams. Most field botanists and wildlife biologists have been trained in
vascular plant and animal species and generally have less knowledge to
deal with these other taxa. A lack of familiarity with the ecological roles of
little-known taxa makes it difficult to draw on available management tools
to conduct specific surveys and studies contributing to species conserva-
tion. It is simpler to manage diverse macrovegetation conditions as a basis
for habitat of bird or fish populations than to manage dispersed microscale
habitats and substrates required by many little-known species. However,
these species have been receiving increasing attention. For example, Dunn
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(2005) emphasized the need to include insects in biodiversity conservation
planning and assessments of recent species extinctions.

Use of population attributes to characterize viability and persistence of
many groups of little-known taxa may not yet be practical given the cur-
rent state of knowledge and slow pace of basic research progress on these
taxa. But biologists and resource managers should not be completely dis-
couraged from this general lack of inventory information because some
progress is being made for these difficult raxa. Examples of such progress
follow.

Artempts to conduct all-taxa biodiversity inventories exemplify the
ability of professional societies to coordinate efforts in specific locations
such as the Great Smoky Mountains National Park. As of 2006, the pro-
gram had identified 625 new species and recorded 4666 species previously
unknown from the park (http://www.dlia.org/atbi/index shtml). Forest
stand-level inventories and studies conducted at the H. J. Andrews Exper-
imental Forest in the Oregon Cascades (a long-term ecological research
site), have yielded comprehensive species lists and diversity, abundance,
and importance data for fungi {Luoma et al. 1991; Smith et al. 2002) and
arthropods (Parsons et al. 1991). Similar small-scale inventories including
many little-known taxa have occurred elsewhere. Examples include sur-
veys and inventories of amphibians in Great Smoky Mountains National
Park (Dodd 2003); rare, threatened beetles in boreal forests (Martikainen
and Kouki 2003); and mites in caves and deep soil (Ducarme et al. 2004).
Although these examples are generally exceptions to most biodiversity
inventory and survey projects, much could be learned from their success-
ful methods to integrate into other biodiversity conservation inventory
and monitoring programs. The all-taxa biotic inventory at the Great
Smoky Mountains National Park, for example, conducts extensive out-
reach to train and educate volunteers to help with field surveys and other
aspects of the program.

In another successful example, in the Paafic Northwest, the U.S.
Department of Agriculture (USDA) Forest Service and U.S. Department of
the Interior (USDI) Bureaun of Land Management have developed survey
protocols, field guides to species identification, and distribution maps, and
have conducted surveys of 400 little-known species of lichens, bryophytes,
fungi, mollusks, vascular plants, and amphibians, resulting in nearly
60,000 records over a 10-year program from 1994 to 2004 (Marcot and
Molina 2006; Molina et al. 2006). Training of field biologists and use of



76 CONSERVATION OF RARE OR LITTLE-KNOWN SPECIES

parataxonomists (nonprofessionals, field-trained in species inventory and
identification) as well as contracted taxonomy experts from academia were
instrumental in the success of gathering useful and scientifically valid new
information on abundance and distribution of these little-known species.

The current electronic information age also allows for better use of
information and distribution of expertise. For example, databases from
major herbaria and museums are now coming online over the Internet so
historical records on species locations can be searched and analyzed. Many
professional societies that focus on major groups of little-known taxa have
recognized the need to include their taxa in the growing international call
for biodiversity conservation. For example, a cadre of mycologists has
recently published the first comprehensive treatise on inventory and mon-
itoring methods for fungi (Mueller et al. 2004). Many authors have pub-
lished on efficient methods for sampling terrestrial invertebrates, such as
the use of enclosures and pitfall traps (Moffatt et al. 2004; Borgelt and New
2005; Hansen and New 2005). Such efforts bring scientific consistency to
methodologies so that results can be compared among different regions.
For example, the Natural Resources Monitoring Partnership (http://biol-
ogy.usgs.gov/status_trends/nrmp/MonitoringPartnership.htm) has pro-
posals to publish an inventory of monitoring projects and a library of rec-
ommended protocols covering major national and international status and
trends programs.

Web-based species ldentlflcatlon systems are becoming more available,
such as for ants (AntWeb; http://www.antweb.org/index.jsp), grasshoppers
(Field Guide to Common Western Grasshoppers; http://www.sdvc.uwyo
.edu/grasshopper/fieldgde.htm), and butterflies and moths (Butterflies
and Moths of North America; http://www.butterfliesandmoths.org/). In
many cases, these tools may be the best or only way that biologists can
access keys, photo series, and other expertise to identify sample specimens
of little-known species.

Ecological Uncertainty

Even if something is known about the taxonomy and distribution of little-
known species, there is typically a lack of information on the ecology of the
species, including habitat requirements, community dynamics, response to
disturbance, key interactions with other species, or ecosystem functions.
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This type of information is critical to evaluating the life histories and eco-
logical functions of little-known species in a holistic ecosystem sense, and
to designing maragement approaches that maintain or restore species per-
sistenice and function.

The lack of general inventory data is exacerbated by the lack of infor-
mation on population biology and natural history attributes needed to
describe and forecast species presence, abundance, and population dynam-
ics or trends. Knowledge of dispersal capabilities, either of individuals for
mating events (animals) or of sexual or asexual propagules (plants and
fungi), is usually lacking. Dispersal may be extremely slow and limited for
many species {e.g., terrestrial mollusks).

Specifically with fungi, spore production, dispersal, and reproduction
events leading to new fungal individuals and populations are not well
understood in terrestrial ecosystems. Most population work with fungi has
focused on pathogens to explore concepts of epidemiology, and molecular
techniques are only now being developed to discern fungal individuals and
populations at landscape scales (Dunham et al. 2003, 2006; Kretzer et al.
2003). Effects of natural and anthropogenic fragmentation of habitat, and
the capability of species to disperse across unsuitable areas to maintain
gene flow, remain largely unknown. Some fungal species depend on inver-
tebrates or vertebrates for dispersal (e.g., Kotter and Farentinos 1984), fur-
ther complicating analyses of fungus population distribution, abundance,
and persistence.

In addition to knowledge on site occurrence, range, and distribution of
little-known species, information is needed on the microhabitat and local
site conditions they require. Such information is critical to understanding
how these species respond to disturbance, and thus how to ameliorate
threats and stressors caused by alteration of their habitat. Developing reli-
able habitat models of rare species is challenging, especially when species
are little known and when their habitat consists of microscale features or
very fine patch sizes typically not mappable across planning landscapes
(e.g., using geographic information systems software). This is complicated
by these species’ usually sporadic and patchy distributions and dispersal
limitations already noted.

Many little-known species in Pacific Northwest forests, for example,
closely associate with large, coarse, woody debris and unknown microscale
soil attributes or substrates such as rocks, bark of specific tree species, and
moss patches. Little of this is spatially mappable from remote sensing
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information. Also, given dispersal limitations, patchy distribution of pop-
ulations, and microscale habitat requirements, presence of habitat does
not necessarily mean likely presence of predicted species. Understanding
occupancy rates in seemingly optimal habitat is important for evaluating
the utility of model- and habitat-based management approaches. Scaling-
up from microscale habitat needs to the scale at which conservation or
land-use planning occurs will remain a major challenge to predict species
presence. We discuss the potential use of habitat modeling approaches in
chapter 5.

Most organisms have evolved adaptations to changes in their environ-
ment over space and time. The science of disturbance ecology at the land-
scape scale includes understanding patterns of biotic response to immedi-
ate impacts of disturbance (natural and anthropogenic) and to long-term
effects of land use and global climate change. However, the disturbance
ecology of little-known species remains largely unexplored. This is per-
haps one of the more critical and practical information needs as resource
managers increasingly rely on re-creating natural disturbance regimes to
sustain or restore healthy ecosystems.

Determining Information Needs and Setting Priorities

Addressing conservation concerns about little-known species requires
gaining information on needs of the species and setting management pri-
orities. For example, at a small site scale {a stand management unit), the
most important information may simply be the presence or absence of the
species of concern. This is often a criterion for sensitive and special status
species programs of the Forest Service and Bureau of Land Management
when planning management activities such as forest thinning projects.
Identifying and inventorying microscale habitat features where the species
is present may also be necessary so that habitat can be managed appropri-
ately. At larger planning scales (e.g., watersheds to regions), information
on distributions of species in reserves or concentrations of individuals may
be most useful. Given often-limited resources, it is important to collect
information at a scale appropriate to the specific needs of the plan area. For
example, if information collection is too project-specific, the accuracy of
syntheses or of running models at broad geographic scales can be lost.



Chapter 4. Definitions and Attributes of Little-Known Species 79

Case Study: The Survey and Manage Program
of the Northwest Forest Plan

The Survey and Manage program of the Northwest Forest Plan provides
an example of strategic, regionwide surveys for hundreds of little-known
individual species and arthropod species groups that were thought to be
rare and likely associated with late-successional or old-growth forests
(Molina et al. 2003, 2006). We first provide background information on the
overall program and then discuss how resource managers and scientists
have worked together to prioritize information needs and gather new
information to reduce uncertainty on these species.

In 1994, the Bureau of Land Management and Forest Service adopted
standards and guidelines for the management of habitat for late-succes-
sional old-growth (LSOG) forest-related species within the range of the
northern spotted owl (Strix occidentalis caurina) under the Northwest
Forest Plan (NWEP; USDA and USDI 1994). The main conservation ele-
ments of the NWEP are a system of reserves (with focus on maintenance
and restoration of LSOG forests), an aquatic conservation strategy that
protects streams and riparian areas, and various standards and guidelines
pertaining to seven other land allocation categories, including “matrix”
lands on which more intensive resource production and use may occur. The
NWFP included mitigation to protect rare and often endemic species asso-
ciated with LSOG forests. This mitigation is referred to as the Survey and
Mariage program. Over 400 species and four arthropod guilds, across eight
major taxonomic groups, were listed for protection under this program.
Initial risk analyses, which identified which species were to be addressed
under the Survey and Manage program, were primarily based on expert
opinion because so little quantitative information was available on abun-
dance, distribution, population status, habitat associations, and degree of
protection provided by reserve land allocations (Meslow et al. 1994;
Raphael and Marcot 1994).

The Survey and Manage standards and guidelines (USDA and USDI
1994, 2001) described an adaptive management approach to conservation.
Protection of sites where the organisms were known to exist was com-~
bined with regionwide surveys (as well as other information-gathering
techniques such as herbarium searches and research) designed to provide
new information that addressed uncertainties surrounding species viabil-
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ity. As new data were acquired and analyzed, the status of each species
within the Survey and Manage program was revisited in formal annual
species reviews, and the species management guidelines were revisited
and revised if appropriate. The annual species reviews resulted in category
changes among Survey and Manage status rankings and sometimes even
removal from the Survey and Manage list, demonstrating the dynamic
structure of the conservation program and the successful application of
the adaptive management approach. Molina et al. (2003) described the
process of acquiring and using new information. Details of the mitigation
measure are given in the two records of decision (USDA and USDI 1994,
2001). Molina et al. (2006) provided an overview of how the Survey and
Manage program evolved and the many implementation challenges
encountered.

At the initiation of the Survey and Manage program, important life his-
tory information was lacking on nearly all of the Survey and Manage-
listed species. For example, distribution data were not available on most
species, and many species were known from only a few historic sites. Vir-
tually no population-level data or habitat requirements were known, thus
precluding use of population viability analysis or habitat medeling. In fact,
natural histories of most species were so poorly understood that it was dif-
ficult to document biological threats (e.g., from limited dispersal, limited
habitat availability, and habitat fragmentation) or management threats
(e.g., from timber harvest and prescribed fire). Because of this lack of
knowledge and high degree of uncertainty as well as the lengthy startup
time to organize the program of work, the agencies allowed for at least 10
years of regionwide surveys. This allowed time to better assess persistence
concerns and develop species-specific management.

Two fundamental goals of the Survey and Manage program drove the
information needs assessment for the plan area: (1) to provide for the per-
sistence of well-distributed populations, and (2) to maximize the role of
the reserve lands to meet persistence requirements (e.g., provide habitat
and connectivity). The first step in identifying information needs was to
collect all available information from herbaria and museum records,
agency field records, expert opinion, and the scientific literature, and then
to synthesize this information for resource managers and biologists. This
initial process indicated where significant knowledge gaps occurred. The
next stage involved developing key questions and identifying the types of
information needed to answer those questions. For example, what is the
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species distribution in reserve lands? and does the species require specific
microhabitat such as large woody debris? Surveys would then be con-
ducted in reserves, and the amount of woody debris would be measured in
locations where target species are found.

Molina et al. (2003) described the types of information needs for the
strategic survey effort of the Survey and Manage program (box 4.1).
Information needs were organized into general categories of rarity, habi-

Box 4.1. Categories and specific information needs for survey
and manage species {Molina et al. 2003).

Rarity
¢ Number of current and historic known sites
« Relative abundance at historic and known sites
* Size, area, diversity, and extent of inhabited sites on the
landscape

Habitat
» Known or suspected habitat requirements
s Description of potential suitable habitat at both the micro- and
macroscale
» Ecological amplitude

Distribution

Historical and current distribution of known sites

Historical and current distribution of potential suitable habitat
Portion of suitable habitat that is occupied

Distribution of known sites in reserve land designations

Persistence concerns
* Population trends and status of isclated populations
o Life history traits that might create additional risk
e Dispersal capacity and requirements
* Fragmentation of suitable habitat in relation to historical
connectivity
* Successional trends of potential and suitable habitat
» Threats to occupied areas (both natural and anthropogenic)

Management consideration

* Quality of sites in reserve land designations

* Response to disturbance, natural and anthropogenic

* Connectivity of occupied sites needed to maintain stable
populations

s Active and passive management needed to maintain or restore
suitable habitat at known or potential sites (habitat quality at
known sites)
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tat, distribution, persistence concerns, and management considerations.
Those items listed under rarity, habitat, distribution, and persistence con-
cerns reflected many important information gaps critical to understanding
the status and guiding conservation of individual species. Those items
listed under management considerations reflect information needed to
address key management objectives. For example, information on species
response to disturbance was needed to help resource managers develop site
management plans that included activities such as forest stand thinning,
prescribed burning, or road building. Some management considerations
have higher priority than others and thereby guide decisions on what
information is most critically needed and will be gathered. Decisions typi-
cally blend information needed to address both species and management
priorities.

Once operational decisions were made, surveys were strategically
planned and implemented to collect the information. For example, the Sur-
vey and Manage program conducted surveys at known sites to collect cru-
cial habitat information and regionwide, random-grid surveys to gain
information on rarity and general distribution trends in reserve lands.
These strategic surveys used an adaptive process wherein the survey
methods and results obtained were periodically analyzed for efficiencies
and effectiveness in gaining the needed information. New survey data
were analyzed in an annual species review process, and changes to species
management were made as appropriate. The species list and survey proto-
cols were adjusted as needed. At the completion of this review, a new cycle
of information prioritization, survey planning and implementation, and

_data analysis was undertaken. All planning was documented in an annual
implementation guide. This adaptive management approach allowed the
Survey and Manage program to make steady progress in meeting the
objectives for this unprecedented conservation program for little-known
species (see Molina et al. 2003 for more details on this planning process).

Even with a well-conceived process for acquiring new information on
little-known species, the Survey and Manage program ran into many
implementation challenges that revolved around many of the issues raised
at the beginning of this chapter. These included difficulties in detecting
species and determining their actual rarity; the complexity of defining
species persistence and evaluating how well the plan’s systems of reserves
protected individual species; the task of training and maintaining a cadre of
taxonomy specialists to identify species and provide expert interpretation
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of survey results; and the impracticality of targeting 400 little-known
species over the 9.7 million ha plan area. Chapter 11 provides an overview
of implementation challenges of conserving rare or little-known species
with further examples from the Survey and Manage program.

Conducting Threat Assessments
for Conservation Planning

As noted earlier, resource managers are often most concerned about the
effects of various management practices on species of concern, and they
desire information to help ameliorate threats to species. Part of increasing
our knowledge about the response of little-known species to anthropogenic
disturbances may entail first conducting basic threat assessments. A threat
assessment determines what those threats are as well as the bkelihood of a
decline or loss of small populations in the face of human activities. A threat
assessment would determine whether it is reasonable to craft management
or monitoring actions for conserving little-known species. Further, it would
determine the degree to which changes in management actions would be
expected to solve problems; that is, the degree to which resource managers
can have an impact on those threats (Morrison et al. 1998).

Results of such a threat assessment would classify species into cate-
gories, such as: (1) species for which current scientific knowledge and
expert understanding are so poor that both threats and the potential
impacts of management activities are very uncertain, and (2) species
threatened by human activities for which reasonable (and testable)
hypotheses can be devised concerning the role of these threats. The latter
category can be further divided into species for which changes in specific
land management activities can be expected to help reduce threats, and
those that would not be so helped. For example, adverse effects on little-
known terrestrial forest species from activities that compact soil could be
mitigated by using different machinery such as rubber-tired tree loaders or
by conducting these activities during other seasons such as when soil is
frozen. Species that are influenced by human actions but that would not be
aided by changing local resource management activities may include
species generally sensitive to air pollution, such as some pendant arboreal
lichens that are sensitive to sulfur oxide and nitrogen oxide in the atmos-
phere. By conducting threat assessments, the resource manager could
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describe realistic expectations for how and whether changing management
activities would help the species.

In summary, given the high diversity and lack of essential distributional
and ecological knowledge on many little-known species or taxonomic
groups, it is important to set priorities for information needs to meet spe-
cific objectives. Otherwise, a program that includes many little-known
species can become unwieldy and ineffective and may lose support. For
example, in the Survey and Manage program discussed previously, prior to
strategically focusing surveys in reserves to examine species persistence,
most surveys were conducted in matrix lands before conducting ground-
disturbing activities. Consequently, many sites of listed species were found
in matrix lands, and resource managers often chose to forgo management
activities such as timber harvest to avoid risking harm to the species. These
decisions impacted the ability of the agencies to meet other management
goals of the Northwest Forest Plan (e.g., timber harvest). Eventually these
management frustrations and litigation from the timber industry led to
the abandonment of the Survey and Manage program (USDA and USDI
2004).

Ecological and Social Implications
of Little-Known Species

Interest in conservation of little-known species may be more than merely
esoteric or academic. Many little-known species perform crucial ecosystem
functions, including cycling nutrients, fixing nitrogen, aggregating soil,
improving soil structure, and acting as links in the food web (see figs. 4.3,
4.4). Indeed, this is perhaps the most important factor in considering the
protection and conservation of the functional diversity within these taxa
for meeting broad goals of ecosystem management. For example, some
rare plants rely on obligate pollinators (Spira 2001) that, in turn, may be
poorly known and in decline {Cane and Tepedino 2001). Other rare plants
can help stave off invasion of exotic species (Lyons and Schwartz 2001).
Many little-known soil invertebrates play major roles as litter decom-
posers, and their functional redundancy may help maintain soil productiv-
ity (Andrén et al. 1995). Ostfeld and LoGiudice (2003) reported that loss of
rare as well as common species led to increased incidence of Lyme disease
in their modeled ecosystem.
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Many little-known taxa enter into symbioses with other plants and
animals and thus influence community and ecosystem dynamics. Many
soil fungi, for example, form mutualistic symbioses with plant roots
termed mycorrhizae. Mycorrhizal fungi—many species of which are
poorly known in terms of specific autecology, distribution, or even taxon-
omy-——strongly depend on host photosynthate as their primary energy
source; in return, the plants receive much of their nutrient uptake (as well
as other benefits) via their mycorrhizal fungi. Mycorrhizal fungi and
plants exhibit varying degrees of host—fungus specificity in their natural
associations (Molina et al. 1992}, but, from a functional perspective, are
obligate symbionts.

In another example of symbiosis, many arthropods tightly couple
with other organisms (e.g., obligate pollination and dispersal relation-
ships) in functional interdependencies (Buchmann and Nabhan 1996;
Shepherd et al. 2003). Some rare species may be useful in bioassessments
and may serve as indicators of ecosystem health {Cao et al. 2001; Welsh
and Droege 2001). Conservation of these species necessitates an under-
standing of their interactions with other biota so that these relationships
and key ecological functions can also be conserved. Although much
might be known in general about these common symbioses and species
interactions, they are poorly understood at the species level within spe-
cific ecosystems.

Much research remains to be done to determine the specific ecological
functions of little-known species, but examples suggest that retaining lit-
tle-known species may help maintain ecosystem services, biodiversity, and
the full range of system functions. Little-known species can also play key
social and cultural roles as well. In fact, many little-known species provide
vital services to people. Many native peoples throughout tropical areas use
invertebrates, for example, as a source of food and protein, and many
native plants for medicines. Other little-known species may play key roles
in various coltural rites, religions, and rituals and could be considered in
habitat management (Bengston 2004). Yet many of these species are
poorly studied or are scientifically unknown (Phillips et al. 1994).
Recently, concern has been raised about adverse effects of environmental
degradation on conservation of both well-known and little-known medic-
inal plants (Shanley and Luz 2003). In some cases, entire “ethnobiomed-
ical” forest reserves have been delineated in tropical ecosystems to protect
these little-known species (Balick et al. 1994).
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Conclusion

This chapter reviewed causes and characteristics of little-known species,
their ecological and cultural roles, and implications for management.
Species can be little known for a number of reasons, each reason implying
very different solutions, Some solutions could include further taxonomic
research to describe the species systematically, field inventories to deter-
mine presence and distribution, or ecological studies to understand habitat
associations, life history, and environmental correlates and stressors.

If the resource manager is interested in conservation of little-known
species, the first step could be to take stock, produce a list, and compile
whatever information is available in literature and from experts, on species
names, taxonomy, distribution, abundance, and autecology. In such a list,
the resource manager can begin to identify which species may be associ-
ated with particular environments of conservation concern, such as old-
growth forests or native grasslands, and alse which areas of knowledge are
most lacking for each species. Also important may be to determine if
species are rare and what might cause rarity (see chaps. 3 and 5).

Further, the resource manager could consider some little-known species
as part of species groups such as habitat groups and ecological functional
guilds (see chap. 6). For example, many aquatic macroinvertebrates could
be combined into functional sets of shredders, predators, and decomposers,
and terrestrial lichens can be grouped by growth form (crustose, foliose,
fruticose) and substrate association (rock, tree bark, mineral soil, etc.).
Some researchers and resource managers have used functional groups to
include little-known species with others. Such approaches have commonly
been used with vascular plants (Smith et al. 1993; Kérner 1994), such as
using functional plant groups of invasive species (Ramovs and Roberts
2005). By grouping species, management activities could focus on the habi-
tats, substrates, and other attributes of species groups as an initial “coarse
filter” step toward conservation strategies.

Still, by definition of little-known species, much will remain unknown
and may require further study or testing of effects of management activi-
ties. What can the resource manager do in the face of such uncertainties?
The most obvious, and possibly least tenable, solution is to cease all
adverse, anthropogenic, environment-disturbing activities until further
data can be gathered. This has the greatest chance for ensuring successful
conservation of little-known species (presuming the species is not actually
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dependent upon anthropogenic disturbances), but this is seldom feasible or
socially desirable. Such was the case with Survey and Manage species
under the Northwest Forest Plan cited earlier; timber harvest and other
forest management activities needed to proceed in light of a dearth of
information on many species.

Short of conducting rigorous inventories and studies, the resource man-
ager could conduct a more immediate threat assessment on individual
species or on a species group. This could help identify key stressors or
threats to conservation of the species, or at least key areas of uncertainty
and scientific unknowns. The resource manager would then be faced with
decision making under such uncertainty and choosing a risk attitude
(whether one is risk averse, risk neutral, or risk seeking) toward potential
effects on the species of interest from environment-disturbing activities.
At this point, the resource manager could use well-established methods of
decision analysis and risk management to document knowns and
unknowns and their decision criteria and procedures (see chaps. 6 and 7).

The Survey and Manage program discussed earlier used an involved
process of identifying little-known species based on syntheses of ecologi-
cal knowledge, and then rated each species, through panels of biologists
and resource managers, to determine their appropriate conservation cate-
gory. Conservation categories reflected degree of rarity, levels of persist-
ence concern, and required survey activities. The program also conducted a
thorough information needs analysis for each species (i.e., what critical
information was needed to improve managerial success for maintaining
the species in the plan area). Following the process to prioritize species and
management needs noted previously (see box 4.1}, the program strategi-
cally designed surveys and research studies to gather essential informa-
tion, at times using multiple-species approaches for efficiency. Two exam-
ples include a regionwide, plot-based, random grid survey (see Molina et
al. 2003, 2006 for details) to improve understanding of rarity and distribu-
tion for over 200 species of little-known fungi, lichens, bryophytes, and
mollusks, and field research on effects of prescribed fire and thinning on
soil arthropod guilds and communities (Niwa and Peck 2002; Peck and
Niwa 2005}, ‘ |

Another approach that could be used in tandem with threat assessments
and risk management is to use better-known surrogates for species conser-
vation. Such surrogates could include macrovegetation conditions at a
broad scale and presence of other indicator species or their environmental
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conditions. However, as is explored in chapter 6, use of surrogates or indi-
cators typically carries high uncertainty as to how effectively they con-
serve specific little-known species.

For invertebrates, another approach is use of morphospecies groups as
units for conservation (Krell 2004). Morphospecies are groups of organ-
isms (and species) that have similar appearances (morphologies) and that
occur in the same location, vegetation condition, or substrate type; each
morphospecies generally represents multiple taxonomic species. An exam-
ple is the set of all large, black, terrestrial ants associated with decaying
wood on the forest floor. A parataxonomist—typically a biologist with
basic training in identifying characteristics of organisms—sorts specimens
according to their common features. This approach can be useful when
expertise or base scientific information is lacking to identify each taxon to
the species level. For example, Barratt et al. (2003) successfully used stu-
dent researchers to separate coleopteran beetles into morphospecies groups
in New Zealand. The students were able to identify a total number of mor-
phospecies within about 10% of the actual number as identified by a tax-
onomic expert. In another example, Longino and Colwell (1997) success-
fully used parataxonomists to identify and prepare specimens of ant
morphospecies in a Costa Rican rainforest. Derraik et al. (2002) found that
parataxonomists varied in their accuracy in identifying arthropod mor-
phospecies groups, but initial training by expert taxonomists would likely
improve results. Of course, the morphospecies approach cannot replace
basic work in taxonomy, but it can be helpful to locate little-known and
even undescribed organisms and to estimate overall species richness.

Other species and systems approaches to conservation of little-known
species are discussed and critiqued in chapter 6. In the end, however, no
model, indicator, surrogate, or grouping approach can fully substitute for
knowledge gained on little-known species from basic field biology and
autecology.
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