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I, Jim McClammer, being duly sworn, over 18 years of age, and competent to testify on
these matters. Based on my personal knowledge and experience, | am able to testify to the validity
of the following information:
1. My name is Jim McClammer. I am an Environmental Consultant and President of
Connecticut Valley Environmental Services, Inc. (“CVES”). My business address is
391 River Road, Charlestown, New Hampshire 03603.

2. The purpose of this revised affirmation is to provide the Public Utility Commission (the
“Commission”) with all relevant evidence related to the issues concerning the
Symphyotrichum urophyllum (the “Aster”) in the penalty phase of these proceedings.

The Range of the Aster

3. I do not believe the Aster is at the “very edge of its range in Vermont” as claimed by
the State Botanist, Mr. Bob Popp in the January 8, 2021 Vermont Agency of Natural

Resources (“ANR”) discovery responses filed in these proceedings (the “Discovery



Responses™). See Discovery Responses A.1-13 and A.1-24. Nor do I believe it is
known only in Vermont (not in other New England states) as claimed by Mr. Popp (see
Exhibit PLH-3, page 11, lines 7-8). As demonstrated by the NRCS Plant Profile
(Exhibit 1), the Aster is known in all of the New England States, more than half of the
states in the United States of America and Canada. Significantly, John C. Semple, an
acknowledged expert on the Aster provided distribution data for New England. As
evidence that Mr. Semple is an expert on the genus, Guy Nesom the author of the
monograph, Review of the Taxonomy of Aster sensu lato (Asteraceae: Astereae), in
which he places the white arrow-leaved aster in the genus Symphyotrichum cites a
number of papers by Mr. Semple (see Exhibit 2, pages 240-241). The Plant Profile,
partly based on personal communications with Mr. Semple, clearly proves the Aster
ranges into Maine and other New England states, contradicting Mr. Popp’s assertions.

The Status of the Aster in Vermont

4. 1 do not believe that Aster is “very rare” in Vermont as [ have previously testified in
these proceedings, I believe the Aster is more common on calcareous bedrock
throughout the State than the documented occurrences indicate. I think it has been
overlooked because it flowers in late Fall, is frequently obscured by foliage of other
plants, and is morphologically similar to several other species that flower at the same
time. When it is found, I believe it is often simply misidentified. The Aster is extremely
difficult to distinguish from related species, as described in Exhibit 2 (page 142) and
flowering material is absolutely necessary to make a definitive identification. There is
also considerable variation in the morphology of vegetative and flora structures on the

same individual. The Flora of North America explains this: “[t]axonomy of



Symphyotrichum is difficult. Species are usually heterophyllous, some strongly so.
Individuals in the spring, with basal rosettes, often have leaf shapes quite different from
those with cauline leaves seen later in the season. Phyllary shape on first- and later-
formed heads may differ. Individuals may vary considerably in plant size and array
development depending upon growing conditions. The genetic diversity within each
species also appears considerable. Often, plastic or genetic variation have been ascribed
mistakenly to hybridization. Nonetheless, hybridization has played a significant role in
the taxonomy and evolution of the genus.”
(http://www.efloras.org/florataxon.aspx?flora_id=1&taxon id=132022, paragraph 6).
My testimony on the difficulty in distinguishing aster species in Vermont is consistent
with Mr. Popp’s Discovery Response A.1-19 in which he explains how he relied on a
suite of characteristics that the Aster shares with the common, closely-related heart-
leaved aster (Symphyotrichum cordifolium).

5. Nor do I think there is currently any evidence to indicate this Aster provides any unique
benefit in Vermont. All asters provide a benefit to insects that feed on their leaves and
gather their nectar, but this benefit is not unique even to asters.

Suitable Habitat for the Aster

6. In Discovery Response A.1-15, Mr. Popp states that “I am not aware of any roadside
occurrences in Vermont, other than what Arrowwood identified along the
interconnection Route for the Apple Hill solar project.” That is not the case as
demonstrated by Exhibit AH-JM-5 which indicates that the Aster is known along the
interchange ramps near the project site in Bennington. The Flora of North America

(Exhibit WS-INFO-ANR-8, p 507) also documents roadsides are suitable habitat for


http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=132022

the Aster. Furthermore, Mr. Popp in Discovery Response A.1-13 evades
acknowledging the Aster occurs in field, meadow, scrub and wooded habitats on
poorly-drained to excessively-drained soils even though this is meticulously
documented in my Third Supplemental Prefiled Testimony in Case No. 19-0516 (See
Exhibit AH-JM-3). The facts in these documents are important as they prove the Aster
thrives along roadsides, railroad rights-of-way (even when periodically brush-hogged),
and in nearly every cover type in the vicinity the Project. All of which is convincing
evidence that many more Aster individuals will be found if these lands are surveyed
during the proper time of year.

Measuring the Local Population of the Aster

7. In Discovery Response Q.1-3, Mr. Popp indicates that in order to know whether 10%
or more of the Aster population is impacted, he would have to know how many Aster
individuals can be found at the site. The population, however, includes more Aster
individuals than just those found at the Chelsea and Apple Hill solar site. To date, the
number of confirmed (i.e., minimum number of) Aster individuals in the population is
1,454. However, I believe the actual number of individuals in the population may be as
high as 5,000 to 9,000 as explained in my Third Supplemental Prefiled Testimony in
Case No. 19-0516 (See Exhibit AH-JM-3).! The Eastern Asters are part of the same
population as the Western Asters as the two locations are less than one kilometer apart.
In my Third Supplemental Prefiled Testimony in Case No. 19-0516 (See Exhibit AH-

JM-2), I give the distance from the western edge of the Chelsea/Apple Hill Aster

'As predicted, and subsequent to the cited testimony, I identified numerous scattered individuals of the white arrow-
leaved aster within and near the existing power line corridor from the Silk Road Power Substation to near the
Warner project site. In October 2022, under the powerline just immediately behind the Home Depot on Route 67A, 1
estimated that here alone there are 300-400 Aster individuals.
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localities to the Warner Aster Locality #33 as 2,118 feet (0.65 kilometer).

The currently applicable standard is plant occurrences that are less than one kilometer
apart belong to the same population, regardless of the suitability of the intervening
habitat (See Exhibit 3, page 13). This standard comes from NatureServe, the exact
same organization that Mr. Popp and ANR rely on to coordinate its rare plant ranking
methodology. See Exhibit PLH-3, page 12, lines 2-4. This internationally-recognized
methodology is set forth in NatureServe’s Habitat-based Plant Element Occurrence
Delimitation Guidance (Exhibit 3). This Guidance and the separation distance of 0.65
kilometer is dispositive evidence that the Eastern Asters and the Western Asters are
part of the same population as demonstrated in the Plant Element Occurrence Decision

Tree:
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10. See Exhibit AH-JM-10, Page 13.

11. In Discovery Response A.1-17, Mr. Popp indicates he has no first-hand knowledge nor
has he read studies concerning the similarity between the dispersal mechanism of the
Aster and its closely related species, Symphyotrichum cordifolium. However,
Symphyotrichum species are commonly known to have similar dispersal mechanisms.

White arrow-leaved aster and related species have a tuff of fine bristles, called pappi,



12.

at the tip of their seeds which enable them to be dispersed by wind (much like a
dandelion). Asters are also dispersed by deer, and Symphyotrichum lanceolatum seed
has been documented to be dispersed long distances by deer (See Exhibit 4).
Consequently, the Eastern Asters and the Western Asters are able to freely exchange
genes by seed dispersed by wind and deer, and pollen dispersed by bees (See Exhibit
ANR-RP-5 at 3). The movement of all of these vectors is not restricted by Route 7
which is neither an “isolating barrier” nor a wide enough span of unsuitable habitat to
restrict gene flow. This is why NatureServe’s Habitat-based Plant Element Occurrence
Delimitation Guidance now concludes that (i) a one kilometer minimum separation
distance between two element occurrences (previously promulgated in the Element
Occurrence Data Standard) is inappropriately small for plants scattered in large areas
of apparently suitable habitat (See Exhibit 3, p. 2), as is the case here; and, (ii)
“[nJarrow dispersal barriers are important for many animals, but for vascular plants,
there seem to be few cases in which narrow barriers would justify treatment of quite
nearby plants in different EOs” (See Exhibit 3, p. 4). This directly contradicts
Discovery Response A.1-9 in which Mr. Popp states that Routes 7 and 279 would
constitute isolating barriers. NatureServe’s “internationally accepted methodology”
unequivocally demonstrates that Routes 7 and 279 are not isolating barriers and that
the Eastern Asters and the Western Asters are part of the same population.

In Discovery Response A.1-16 and A.1-25, Mr. Popp indicates that any attempt at
measuring the acreage of the local Aster population would be purely speculative. In

fact, the area containing the Aster population can be reasonably estimated using ANR’s



own Guidance (Exhibit ANR-RP-3)? which sets an upward limit on the size of a
population by defining a population “as all of the individuals of a given species that
occur within one kilometer unless separated by an isolating barrier” which would
indicate that the area is as large as 776.28 acres (The 776.28-acre threshold is the area
within a circle with a radius of one kilometer (A=mr2)). In my mind, this definition is
vague, arbitrary, and ambiguous. For example, the phrase “within one kilometer” can
also be interpreted to mean within a square kilometer which contains 247 acres, and
these acres can be located at a number of different locations (e.g., with its center in the
middle of the project site, or with one of its sides along one of the boundaries of the
site). The ANR definition clearly limits a population area to no more than 776.28 acres,
which is more appropriate for a bog turtle than a vascular plant like an aster. More
importantly, ANR’s population definition is inconsistent with NatureServe’s
methodologies. NatureServe’s Element Occurrence Data Standard (See Exhibit 5, p.
44) states “[for] species, (population) size of an EO can be determined in several ways.
Most commonly, information on both population abundance and the area of
occupancy [emphasis mine] is used to calculate population size”. In this instance, the
area of occupancy extends from known Aster locations on the eastern side of the Apple
Hill solar site to the known Aster locations on the western side of the Battle Creek solar
site. And if the Aster is found in adjacent areas, which have not been surveyed, the area
of the population will increase and, I believe, will eventually exceed 776.28 acres. This

conclusion is based on the presence of extensive areas of suitable habitat in the

2 Population definition from “Guidance for Conducting Rare, Threatened, and Endangered Plant Inventories in
Connection with Section 248 Projects” dated October 5, 2016.
https://anr.vermont.gov/sites/anr/files/co/planning/documents/guidance/Guidance%20for%20Conducting%20RTE%
20Plant%20Inventories%20248%20Projects.pdf
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14.

immediate vicinity of the known population and applying the methodologies in
NatureServe’s Habitat-based Plant Element Occurrence Delimitation Guidance
(Exhibit 3), the Plant Element Occurrence Decision Tree (See Exhibit 3, p13) and the

Element Occurrence Data Standard (See Exhibit 5, p. 44).

. Population size (acreage and number of individuals) is important current status

information that is used for ranking a population and should not be arbitrarily restricted
by ANR’s criterion that individuals be “within one kilometer”. NatureServe’s Ranking
Species Occurrences: Generic Guidelines and Decision Key relate problems with
previous occurrence rank specifications and states "past efforts to establish useful,
reliable, and stable occurrence rank criteria were largely unsuccessful" (Exhibit 6,
p.12). Their current Ranking Key (Exhibit 6, p. 14-15) uses population size in order to
predict the probability of the persistence of a population into the foreseeable future. A
population that occupies a larger area and has more individuals will have a greater
viability rank (i.e., be less likely to be extirpated) than a population that occupies a
smaller area and has fewer individuals. Using this Key for the current Aster population
it is safe to predict the Aster population has Excellent to Good viability, which
contradicts Mr. Popp’s answer in Discovery Response A.1-24 that “[t]he Aster is at the
edge of its range in Vermont [refuted in A3 above] and as such its “persistence in our
flora remains uncertain.”

In Discovery Response A.1-3, Mr. Popp indicates that the survival of transplants needs
to be monitored yearly for a minimum of five growing seasons. In my opinion, this
monitoring is pertinent for the purpose of establishing the number of transplants that

survive transplanting, but is immaterial to the question as to how many individuals are



currently in the population. The Aster population will likely vary from year to year,
and based on recorded observations the population is increasing within the conservation
area. Basal rosettes are young plants (having either recently germinated in place or
recruited to the conservation area) that are clearly individuals of the population. There
is no scientific basis for Mr. Popp’s arbitrary monitoring requirement. For the purpose
of determining the size of the current population, if Aster plants (including basal
rosettes) are alive at the time of the census there is no practicable reason they should

be omitted from the count. The censuses of human populations include young children!

The Purported Impact of the Clearing on the Asters

15.

16.

17.

Exhibit PLH-TMM-5 indicates that 12 white arrow-leaved aster plants (the “Aster”)
were “impacted” by the clearing, 12 plants were potentially “impacted” and 73 would
have been impacted if clearing had been completed. For purposes of this Exhibit, the
word “impacted” does not mean the plant was “destroyed”. At this time, no site visits
have been conducted to confirm whether or not the “impacted” plants were actually
destroyed by the clearing.

It is my experience that areas where vegetation has been cleared can actually increase
the number of aster individuals at a locality. Our Aster inventory along the railroad
corridor on the west side of the Warner project (to the west of the Apple Hill solar site
across Route 7) indicates Aster densities are greatest in areas where vegetation is
cleared (Exhibit ANR-RP-5).

There is no evidence on the number of Aster or nimblewill muhly (the “Nimblewill”)
individuals that may have been destroyed nor how many may have been recruited as a

result of the clearing activity. The only way to determine the current status of the Aster
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18.

19.

20.

and Nimblewills near the Apple Hill solar site is to perform a plant survey, which has
not been done since 2017.

Even if no Aster plants were recruited and all of the impacted and potentially impacted
plants were destroyed (24 total) along with the 73 would have been impacted if clearing
had been completed (Exhibit PLH-TMM-5), such destruction would be well below a
loss of 10% of the population which Bob Popp uses as a standard for determining
“harm” to a population of an S1 (very rare) species (Tr. 12/4/20 at 153). Based on
recent NatureServe Guidance (Exhibit 3) for distinguishing element occurrences
(which Bob Popp appears to mistakenly ignore in his delineation of the Aster
population), it is my opinion that the Warner, Apple Hill and Chelsea 2 Hill occurrences
(and the Battle Creek and Stark occurrences) are all part of the same population and the
population may be as high as 5,000 to 9,000 (See Exhibit PLH-JM-3).

Similarly, if all 27 acres of site were cleared and such clearing would have resulted in
the destruction of Nimblewills, that does not constitute a harm to the natural
environment. Nimblewill can still inhabit Anthropogenic, man-made or disturbed

habitats, (https://gobotany.nativeplanttrust.org/species/muhlenbergia/schreberi/).

Lastly, the removal of the trees, the Aster and the Nimblewill from these 27 acres would
also not constitute a harm to the environment. By right Vermonters can clear up to 40
acres of trees without a permit under Vermont’s Heavy Cut Law. 10 V.S.A. § 2625.
By right a landowner can also remove any plant species from its property that is not
protected by the Vermont Endangered Species Law (“ESL”) and neither the Aster, the

trees, nor the Nimblewill are protected in any way by the ESL.
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Dated: June 14, 2023

I declare that the above statement is true and accurate to the best of my knowledge and belief. I
understand that if the above statement is false, I may be subject to sanctions by the Commission

pursuant to 30 V.S.A. § 30.

Z@@@;ﬂ/g

Jim McClammer
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Introduction

The “Element Occurrence” (EO) is a fundamental unit of information in the NatureServe Natural
Heritage methodology. NatureServe’s Element Occurrence Data Standard (hereafter, EO Data Standard)
defines an Element Occurrence (EO) as “an area of land and/or water in which a species or natural
community is, or was present.” Sub-EOs can be used for tracking information on more localized areas
that are part of a single EO.

While EOs are often self-evident for vascular plants, two fundamental questions regularly arise in
developing botanical EO data:

e Minimum criteria for an EO — whether an observation, collection, or other report of a plant at a
particular place can be considered to be sufficient basis for an EO record.

e Separation distances for nearby EOs — whether two (or more) observations in different but
nearby places should be considered different EOs, or combined into a single EO.

The EO Data Standard provides for use of Element Occurrence Specifications (“EO specs”) to delineate
and differentiate EOs, including both minimum criteria and separation distances. Individually written
(“custom”) EO specs are of two general kinds. Element-specific EO Specs are written for a particular,
generally well-known element, drawing on element-specific information on ecology, species biology,

1 NatureServe
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threats/vulnerabilities, management needs, etc. Group EO Specs are written for a group of related or
ecologically similar elements (specified by a list or by a scoping definition), drawing on various
considerations broadly applicable to the particular group. Custom EO specs may also be developed to
address unusual population structures or dispersal dynamics. Note that custom EO specs may specify
shorter as well as longer separation distances when considered appropriate in particular cases.
Minimum EO criteria usually follow generally accepted (although not well-documented) criteria,
considering such evidence as successful or potentially successful establishment, presumed naturalness
(including deliberate restorations and reintroductions within the element’s historical range), and review
of reliability of identification and locality information. A single well-established individual plant is often
considered to meet the minimum criteria for an EO. The issue of minimum EO criteria is addressed more
extensively in the EO Data Standard, and is not further considered here. When necessary, custom EO
specifications can be written to identify minimum EO criteria for a particular taxon.

Guidance from the 2004 Working Group

The 2004 Plant EO Specs Working Group

For the many thousands of vascular plant species with Element Occurrences tracked by Heritage
Programs or Conservation Data Centers, relatively few have individual or group element-occurrence
specifications (custom EO specs). However, the default 1 km minimum separation distance provided by
the EO Data Standard has often been considered inappropriately small, particularly for riparian plants,
plants found in dynamic landscape mosaics such as fire systems or sand dunes, and plants scattered in
large areas of apparently suitable habitat. Indeed, the EO Data Standard encourages the use of larger
separation distances in such cases.

A working group of Heritage and NatureServe botanists convened in March 2004 to help advance
production of EO Specifications (EO specs) for plants. They developed the general strategy presented
here for using commonly encountered habitat and landscape situations for delimiting EOs of vascular
plants that lack custom EO specs. In this novel strategy, pairs or groups of observations of the element
are reviewed to determine whether they are better treated within the same EO or as separate EOs.
Since plant taxa may show different habitat relations or distribution patterns in different portions of
their geographical ranges, this method can result in different separation distances being applied in
different places for the same taxon, and perhaps even within the same EO.

In effect, the group’s strategy provides a single, interim alternative separation procedure available for
use for any plant element for which more focused individual or group EO specs have not been
developed. The group’s guidelines should promote standardization across the NatureServe network in
the process of thinking through the appropriate occurrence delimitation for particular EOs, as an
alternative to use of individually specified range-wide separation distances for elements or groups of
elements (as usually provided in custom EO specs) or rigid use of the default 1 km minimum EO
separation distance specified in the EO Data Standard.

The group’s strategy was developed primarily to provide general guidance for EO separation distances
for native North American vascular plants, but can be applied to other plants or regions as well. Of
course, element-specific or group specs may always be developed for elements for which these
recommendations clearly do not apply, or for which other separation distances based on particular
circumstances are more appropriate. Given the group members’ limited familiarity with tropical, polar,
ocean-island, and marine systems, these guidelines should be used with caution in such circumstances,
and more appropriate EO separation distances should be applied (and documented) if necessary.
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The working group’s draft was circulated broadly to Heritage botanists, data managers, and others for
review, discussion, and refinement, resulting in the guidance presented here. This report presents the
group’s strategy as a decision tree (Figure 1), and provides instructions for its use, along with pertinent
background material on botanical and ecological considerations and EO methodology.

The group thanks Kat Maybury (NatureServe’s Director of Botany) for convening the March meeting,
providing ongoing encouragement, promoting Network-wide discussion, and exploring implementation
issues; Geoff Hammerson (NatureServe) for his presentation on zoological EO specs; Jennifer Nichols
(NatureServe) for guidance on various methodological questions; Larry Master for coordinating a
needed adjustment to the EO Data Standard; and the numerous reviewers whose questions and
suggestions have led to improvements and refinements in this presentation.

Methodological Considerations for EOs for Plants

The EO Data Standard notes that “An EO should have practical conservation value for the Element.”
Also, an EO should have biological merit and conservation merit and be stable and practical. When
feasible, EOs should be actual biological populations, with plants within an EO interacting with each
other or being be more closely related to each other than with plants in other EOs. (However, for most
plant species, there is relatively little information on actual dispersal rates and distances and other
aspects of their population or metapopulation dynamics.) In addition, EO separations should be on
scales reasonable for conservation; neither immensely large EOs nor numerous tiny nearby EOs would
meet this test. EOs should also involve areas and boundaries that are reasonably stable on the landscape
over decades on average, and almost certainly over any given 25-year period, without need for frequent
remapping and reallocation of data. Finally, for data comparability, EOs for a particular element should
be developed by the same criteria throughout the element’s distributional range. The degree of
aggregation of observations into EOs particularly affects EO ranks, since larger EOs will often have higher
EO ranks. Aggregation also focuses attention on the resulting EOs as overall assemblages in conservation
planning, habitat management, or environmental review.

The informal term “EO Feature” is used here for any place (from point locality to large area) where a
particular plant element has been observed or otherwise documented as being present (currently or
historically) with sufficient evidence of naturalness, persistence, etc., to meet the pertinent minimum
EO criteria outlined in the EO Data Standard. As discussed in the EO Data Standard, the areal
representation of such a Feature is expanded by an appropriate buffer to address any locational
uncertainty in the original information. An Element Occurrence (EO) includes one or more such EO
Features. In the EO Data Standard and in this guidance, separation distances are always applied to the
Basic Feature of the Biotics EO methodology. Note, however, that the differences between Basic
Features and final Procedural Features are negligible for these purposes, so Procedural Features may be
considered in EO delimitation if already developed.

EO Features based on historical information, including EOs with a rank of “H” (historical), “F” (failed to
find), or “X” (extirpated), especially if they have good locational information, may be used to link extant
EO Features that would otherwise be considered to belong to different EOs. Use of such historical
information may lead to more appropriate EOs since dispersal patterns, habitat dynamics, and
metapopulation phenomena may be better represented. The resulting EO may also be a more
appropriate unit for EO ranking and for data use. However, many historical observations have poor
locational information (i.e., a very high degree of locational uncertainty), and in that case may be
inappropriate for linking otherwise distinct EOs or for combining with a new, more precisely located
Feature. Determining whether a new observation is or is not the same as an historical EO is a matter of
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judgment and generally involves a consideration of the original historical description (often an
herbarium specimen label), habitat for the element, and historical and current extent of the habitat
within the area of the historical EO, including its estimated locational uncertainty.

Many habitats have experienced fragmentation as a result of human activity (such as clear-cut patches,
mined areas, residential development, roads, agricultural development). In general, EO separation
distances should not be based on consequences of anthropogenic habitat fragmentation, on differences
in ownership or management, or on utility in conservation planning. This is because such factors can
differ widely across the range of an element and could lead to very inconsistent EOs; such factors are
generally not intrinsic to the element itself. EO specs are intended to result in more consistent EO
delimitation despite such spatial variation. For habitat fragmentation in particular (whether new or
historical), this should be reflected as a decrease in quality (EO Rank) of one or more formerly less-
fragmented EOs, and perhaps also as sub-EOs where management or other conservation factors vary
widely between fragments, but not as an increase in the number of EOs.

In many cases, a program may want to maintain EO data at a sub-EO level, based on the individual
Features that make up the EO. When previously processed EOs are combined, several sub-EOs may need
to be created. Whether or not sub-EOs are used, the original polygons that have been combined into
one EO should be maintained.

Separation Distances for Vascular Plant EOs

Separation distances are a key component to Element Occurrence Specifications (EO specs). The EO
Data Standard provides a Default Separation Distance of 1 km (~0.62 miles) or greater for plant and
animal elements that lack EO specs, noting that situations involving dispersal barriers could involve even
shorter distances. When areas (rather than point locations) are known, separations are measured edge-
to-edge, not center-to-center, after any locational uncertainty is addressed. While gene flow declines
over distance at different rates for different elements, the minimum default EO separation distance of 1
km has been accepted by the Network as the most suitable round-number metric-system approximation
broadly applicable to many (but not all) situations.

Some heritage programs use other separation-distance guidance (such as % mile, about 0.4 km) that was
developed under a previous EO methodology that did not provide a capability for sub-EOs. These older
guidelines tended to encourage use of more numerous but smaller EOs to maintain separate mapped
Features and data records for information that can now be tracked at the sub-EO level.

Narrow dispersal barriers are important for many animals, but for vascular plants, there seem to be few
cases in which narrow barriers would justify treatment of quite nearby plants in different EOs. Such
situations may be addressed in custom EO specs if necessary. However, for most plants, the contrast of
suitable and unsuitable habitat is usually more important, with the latter being crossable only in single-
generation dispersal events.

While the 1 km default separation distance is generally accepted as a suitable minimum, it has long been
recognized by many Network botanists that a standardized 1 km separation distance for all vascular
plant EOs lacking custom EO specs seemed inappropriately small in many cases, particularly those in
three broad patterns:
e Riparian corridors, in which water currents (or at least occasional floods) focus dispersal
substantial distances in the water-flow direction. Riparian corridors, seashores, and shores of
other large water bodies that have big storm waves often show linear distribution patterns, with
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a plant species occurring in various places along the water’s edge, or in adjacent habitat affected
by floods, storm waves, or other high waters, but not far inland.

e Dynamic landscape mosaics, in which particular patches of habitat actively occupied by the
element appear and fade on a scale of several years to a few decades, yet the overall habitat
area remains relatively fixed in place. Some habitats, for example active sand dunes, fire-
dominated systems, and beaver-influenced systems, are mosaic in nature, with the same
particular place on the ground unlikely to have the same ecological characteristics over a 50-
year period, with recurrent processes continuing to create new habitat patches that
subsequently fade.

e Continuous apparently suitable habitat in which an irregularly distributed plant is likely to be
present (perhaps in a seed bank), or likely to disperse, in places between the currently known
observations.

While all such cases could in principle be addressed by custom EO specs, few such specs have been
developed to date. Apart from the lack of appropriate information on dispersal and population biology
for many elements, custom EO specs can prove difficult to write for wide-ranging plants, since a variety
of habitats, dispersal vectors, and population structures may be involved. This is particularly the case for
globally common elements that are of conservation concern in only small portions of their range (usually
peripheral or disjunct sites).

Novel Strategy: Pairwise Consideration of EO Features Based on Habitat

The working group initially planned to develop various specs groups, based on such factors as habitat
characteristics, life history, pollination biology, or seed dispersal strategies. This system would be
parallel to the specs groups developed for many animal taxa. However, with discussion, the group
encountered three major barriers to the development of specs groups: 1) a lack of knowledge of life
history, pollination biology, or seed dispersal strategies for many elements, 2) habitat characteristics
that can vary across the elements' ranges, and 3) multiple pollination and dispersal vectors for many
elements. For example, seeds of cottonwood (Populus spp.) may be mostly wind dispersed, but can also
be water dispersed or bird dispersed, and these vectors are going to vary across the range of the
element and even among or within populations.

The group soon realized that the practical question at hand instead involves the selection of appropriate
separation criteria for nearby observations of the same element, taken as pairs (or groups), not
necessarily using a single criterion for an element throughout its entire geographical range. The group’s
remaining discussion, and the recommendations presented here, follow that novel track, focusing on
the possible role of various familiar habitat and landscape patterns in providing useful guidance on EO
delimitation.

This resulting strategy recognizes that while there is need for an objective process in implementing
scientifically credible EO separations, there is no real need that the same separation be used throughout
the range of a particular element, so long as there is a process for deciding whether any given pair of
observations are sufficiently far apart (in their habitat/landscape context) to be treated as separate EOs.

Particular attention was given to the contrast in the EO Data Standard between unsuitable and
apparently suitable habitat, and to the special cases of dynamic landscape mosaics and riparian/shore
systems. The group identified pertinent combinations and recommended guidance for general EO
separation distances for each case, using diverse species with which group members had personal
expertise as test cases in refining these recommendations. The overall recommendation is presented as
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a decision tree defining cases in which separation distances of 1 km, 2 km, 3 km, and 10 km are suitable
for general use in delimiting vascular plant EOs that lack custom individual or group specs.

The group agreed that, if custom EO specs are lacking, EO Features over 10 km apart should be separate
(if not bridged by intervening EO Features), and those less than 1 km apart should be combined. While
these numbers are somewhat arbitrary, they address an overriding need for consistency in delimiting
EOs (EO Data Standard), and are in keeping with informal standards already in use.

The group’s recommendation, as revised following review, are:

1. The minimum default separation distance is 1 km, as specified in the EO Data Standard, when no
other EO specification or guidance applies.

2. Custom EO specs are needed to justify any separation distances <1 km or >10 km that are not

otherwise in compliance with the guidance herein.

When custom EO specs are available, they should be used if available information permits.

4. Additional guidance is provided here for selected general cases involving nearby pairs/groups of
EO Features, with separation distances of 1 km, 2 km, 3 km, or 10 km as appropriate to the
situation.

a. Within stable, apparently suitable habitat not known to be occupied, two EO Features
separated by up to 2 km are included in the same EO, unless there is a gap of
persistently unsuitable habitat 1 km or more wide.

b. Indynamic landscape mosaics, two EO Features separated by up to 3 km are included in
the same EO, unless there is a gap of persistently unsuitable habitat 1 km or more wide.

c. Incertain riparian/shore water-dispersal systems, two EO Features separated by up to
10 km are included in the same EO, unless there is a gap of persistently unsuitable
habitat of 3 km or more, with distances measured along the path of water flow.

5. If EOs exceed 20 km in any direction, they may be broken into two or more EOs for practicality if
desired.

w

For convenience, definitions of key terms, with related notes, are presented together as an appendix.
The distinction between suitable and unsuitable habitat, and the three special habitat-based cases, are
considered further below.

When necessary in unusual cases, the numerical distances provided here may be adjusted upward by
1.33 (4/3) or downward to 0.75 (3/4) of the specified values, with text explanation. Examples include
cases of locational uncertainty, minor outliers, or minor narrowing of otherwise substantial gaps (see
Table 1 for ranges). These adjustments should be made only when the EO pattern resulting from
application of the general guidelines is unreasonable, and/or when the exact distances on the landscape
are uncertain. If more extreme adjustments are needed, element-specific (or group) specs should be
written to explain and document the situation.

Table 1. Specified separation distances and acceptable adjustment ranges for habitat-based plant EO delimitation.

Separation (km) Range (km) Separation (miles) Range (miles)
1 0.75-1.33 0.62 0.47-0.83
2 1.50-2.67 1.24 0.93-1.66
3 2.25-4.00 1.86 1.40-2.49
10 7.50-13.33 6.21 4.66 - 8.28
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Suitable vs. Unsuitable Habitat

The EO Data Standard’s distinction between “apparently suitable habitat not known to be occupied” and
“unsuitable habitat” is fundamental to the guidance provided here, since the extent of any intervening
persistently unsuitable habitat is considered in determining whether two EO Features should be
included in the same EO or considered separate EOs. Examples of such persistently unsuitable habitats
include waters or wetlands separating upland habitats, upland habitats separating riparian habitats or
vernal pools, or contrasting bedrock types separating isolated areas of locally unusual bedrock (such as
granite, serpentine, limestone, or shale). Note that persistently unsuitable habitat may itself be
dynamic, rather than stable, so long as it persistently remains unsuitable for the element.

While areas of persistently unsuitable habitat are not necessarily barriers to single local dispersal events,
the difficulty of the species surviving there precludes regular involvement of such areas as gap-bridging
stepping-stones for multiple-generation incremental dispersal. Therefore, presence of significant areas
of such persistently unsuitable habitat, sufficient to reduce effective dispersal, strengthens isolation
between two nearby EO Features within an element's local distribution. Intervening areas of persistently
unsuitable habitat, being harder for the element to bridge by dispersal, therefore require shorter
separation distances between EO Features than do comparable areas of apparently suitable habitat, in
keeping with the EO Data Standard. Of course, discovery of the element in habitat previously thought
unsuitable (other than as non-established propagules or as chance seedlings unlikely to survive)
suggests that reassessment is needed. Failure to locate the element in the intervening habitat despite
intensive searches may of course also suggest that the habitat is unsuitable, not merely unoccupied.

Special Case: Continuous Stable Habitats

e Most plants, including many substrate-associated rare species, require particular habitats for
establishment and maintenance, as well as possible reproduction and further dispersal. In many
instances, the pertinent habitat features (such as bedrock outcrops, topographic settings,
hydrographic features, or soil or vegetation types) can be considered stable, being relatively
permanent on the landscape, persisting on scales of centuries, millennia, or longer, with a fairly
clear (and sometimes remarkably abrupt) boundary between unsuitable and apparently suitable
habitat from the perspective of the (presumed) needs of a particular element. Note that habitat
here called “stable” nevertheless undergoes many changes, particularly over periods longer
than 50 years, and that chance events (such as tree-fall openings) of course occur occasionally
within such areas. Seasonal changes and other very frequent disturbance also occur in most
“stable” habitats. Examples of species occurring primarily or exclusively in stable habitat include
Trifolium stoloniferum (running buffalo clover), Isotria medeoloides (small whorled pogonia),
Phacelia monoensis (Mono County phacelia), Aquilegia barnebyi (Barneby’s columbine),
Trifolium virginicum (Kate’s Mountain clover), Arabis serotina (shale-barren rockcress),
Eriogonum anemophilum (wind-loving buckwheat), Heuchera alba (white alumroot), and Actaea
elata (small bugbane).

e The EO Data Standard suggests that stable EOs be delimited using a 25-year timeframe. For
purposes of this guidance, habitats are considered stable when, under natural conditions, they
are likely to retain their current apparent capacity (or lack of capacity) to support the element in
question during any given 50 year period, and certainly so during any given 25 year period. The
group accordingly considered habitat or landscape changes recurring every 5-25 years on
average, and almost certain to recur within a 50-year period, to indicate the presence of
unstable or dynamic habitat (rather than stable habitat) when considering patterns of EO
separation distances. However, in distinguishing dynamic habitats, annual or very frequent
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disturbance should not be considered, nor should disturbance that would be unlikely to occur at
a given point in the habitat within a period of 50 years.

e Fortwo EO Features separated by 1 km or more, but by less than 3 km (and notin a
riparian/shore system), EO delimitation depends first on whether the two EO Features are
separated by a substantial area of persistently unsuitable habitat (here specified as being 1 km
wide or greater, and expected to lack suitable sites for the element of interest for the next 25
years or more). If the apparently suitable habitat is relatively continuous (without persisting
gaps of 1 km or more), EO delimitation next depends on the temporal stability of the habitat. If
the habitat is certain (under natural conditions) to remain stable during the next 25 years (for
example, mature hardwood, spruce-fir forest, acidic fen, pond or lakes, or highly arid systems), 2
km is the suggested separation distance (see below for a discussion of unstable dynamic
systems). This 2 km distance is reasonable because of the need for only one well-centered or
two random intervening locations to combine the same element occurrence, as opposed to
needing more than one or two patches to bridge a 3 km separation distance.

Special Case: Dynamic Landscape Mosaics

e Some plant elements occur in areas of dynamic landscape mosaics, in which patches of
disturbed habitat appear and decline cyclically on timescales of several years to several decades.
Examples include active sand dune systems, fire-dominated systems, and beaver-influenced
systems. In such dynamic habitat mosaics, there are usually particular kinds of plants that thrive
in the disturbance patches, but do not thrive as the vegetation matures. Others occur only in
mature patches but not in the disturbed patches. Some of these plants can survive in-place
between disturbance events as dormant seed (seed banking) or other dormant stages (spore
banks, shoot banks, etc.), while other kinds of disturbance-following plants may depend on local
dispersal (between different-aged patches within the habitat mosaic) for colonization of freshly
opened habitat. In either of these cases, the element is persistent within the general area of the
landscape mosaic, even though more transient (at least as obvious, growing plants) at any
particular place. Examples of such species include Platanthera leucophaea (eastern prairie
white-fringed orchid), Muhlenbergia torreyana (Torrey’s dropseed), and Astragalus columbianus
(Columbia milk-vetch).

e Treating patches of plants that occur in areas of dynamic landscape mosaics as single EOs rather
than the continually changing patches is generally not only more practical, reducing need for
frequent re-mapping and re-delimitation of EOs, but also usually makes more sense from both
an ecological and a conservation perspective. In the EO Data Standard and in this guidance,
dynamic landscape mosaics are given special treatment (leading to greater separation distances)
because the general area, over a relatively short time, can be expected to include habitat
patches suitable for growth of the element, and may even include seed banks or other
inconspicuous dormant plants. Therefore, if the element's habitat is part of a dynamic landscape
system, 3 km instead of 2 km is the suggested separation distance across such apparently
suitable landscape areas, unless persisting unsuitable gaps of 1 km or more intervene.

e Many dynamic landscape mosaics have been altered as a result of human activity, such as
increase or decrease in fire frequencies, removal of beaver, or dune stabilization. In many cases,
the landscape remains dynamic despite a change in the disturbance event frequency, and so can
still be considered dynamic within a 5-25 year average cycle for the purpose of EO delimitation.
In other cases, the landscape processes have been halted entirely. In general, EO delimitation
should be based on historic and/or potential landscape processes. In situations where the
natural disturbance cycle is unlikely to ever occur again, or has been replaced by a new
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disturbance cycle substantially more frequent than every 5 years, however, it may be more
appropriate to use the 2 km stable-habitat separation distance instead.

Special Case: Riparian/Shore Systems with Water-currentError! Reference source not found.
Dispersal

e Flowing water is a uniquely strong, directionally focused dispersal agent, generally taking
guantities of propagules substantially greater distances, on average, than other dispersal agents
that over time would spread the same number of propagules shorter average distances radially
in many directions. Even occasional storms and floods (such as those at 10-, 30-, or 100-year
intervals) can be important plant-dispersing events, considering the persistence capabilities of
many kinds of plants, once established. Dispersal between nearby places in the same
riparian/shore system is therefore generally more effective (in the direction of water flow) than
for comparably spaced upland or quiet-water places.

e One can usually assume that water dispersal plays a significant role in species biology if the
plant grows somewhere in a riparian corridor (suggested to include up to the 100-year
floodplain), along the seashore, or along the shore of some other water body large enough to
have large storm waves (such as large lakes). Because dispersal of plant seeds and other
propagules in many riparian and shoreline systems is generally relatively linear rather than
radial, the effective range of dispersal is greatly elongated along the direction of water flow.
Therefore, it is appropriate to include two EO Features along such a riparian or shore system in
the same EO even when separated by about three times the distance that would be selected if
water currents were not involved. By their nature, riparian/shore systems are usually also
dynamic systems as discussed further below, and so the separation distances that apply to
upland dynamic systems serve as the starting point for deriving separation distances in
riparian/shore systems. By multiplying these distances by 3, then rounding, the group arrived at
10 km (instead of 3 km) along the path of water flow, with at least 3 km (rather than 1 km) of
intervening persisting unsuitable habitat considered a gap. Example species of riparian/shore
systems include Rorippa columbiae (Columbia yellow-cress), Rorippa subumbellata (Tahoe
yellow-cress), Lobelia dortmanna (water lobelia), Ptilimnium nodosum (harperella), Marshallia
grandiflora (large-flowered Barbara’s-buttons), Micranthemum micranthemoides (Nuttall’s
micranthemum), Plantago cordata (heart-leaved plantain), Amaranthus pumilus (seabeach
amaranth), and Armoracia lacustris (lake-cress).

e Ideally, for inclusion in the same EO over this extended separation distance, one should have
evidence that water currents can flow from one of the two EO Features to the other, at least
occasionally. However, in the usual lack of such site-specific knowledge, one may generally
assume that proximity to the same water body indicates capability for sharing of water flow, for
example single shores or riparian areas that are less than 1 km wide. If there is evidence that
two EO Features within a riparian/shore system are not connected by water flow, even
occasionally within a 50 year period, the water-current separation distances should not be used.
For example, two EO Features on different upstream river tributaries, or two EO Features
directly across from one another on a wide river, are not usually directly connected by water
flow, and the non-riparian/shore guidance would apply to them instead. On the other hand,
even on a wide river, there is likely to be propagule movement from one shoreline to the other
shoreline well downstream (generally assumed when the downstream distance is at least 3
times the width of the flow).

e Within riparian/shore dispersal-pattern systems, separation distance depends on whether
appropriate sites for the element are continuous or discontinuous in the areas along the water-
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flow direction. For example, a system of gravel bars may extend for 20 km along a particular
river. At any one time clusters of plants may be observed in specific portions of the gravel bars,
but over the course of time one might find plants almost anywhere along the entire 20 km. This
is a classic metapopulation dynamic, described for Pedicularis furbishiae by Menges. Most
riparian systems will not have “continuous” habitat in any one year, but when considered over
25 years, floods and other disturbances are likely to move gravel bars and other riverine
landscape components, or at least move plants among them. Such a system may still be
considered continuous even if it includes persisting discontinuities (habitat that is unlikely to
become suitable within 50 years, and certainly not within 25 years) less than 3 km along the
path of water flow. Therefore, in a continuous riparian/shore system, EO Features may be
separated as much as 10 km along the flow path and still be part of the same element
occurrence. However, if there is a gap of at least 3 km of persistently unsuitable habitat along
the flow path, then they will be separate element occurrences.

Using the Decision Tree

The group’s recommendations are summarized in a decision tree (Figure 1), used to determine whether
two nearby EO Features of an element should be included in the same Element Occurrence, or treated
as separate EOs. In this strategy, the size and nature of the gaps between EO Features are considered to
determine the appropriate separation distance (1 km, 2 km, 3 km, or 10 km) for particular situations
(approximately 0.6, 1.25, 2, and 6 miles, respectively). If custom element-specific or group EO specs
exist, these should of course be applied instead when available data permit.

The tree may be used when one has two (or more) observations of the same element at different but
nearby places. The EO Features being considered with the decision tree must each independently meet
the minimum EO criteria for the element — the only question addressed here, and in the decision tree, is
whether the two places belong to the same EO, or to two different EOs. Multiple nearby EO Features
should be considered pairwise and aggregated into EOs as appropriate.

The decision tree provides an easy, readily referenced method of documenting the process for why a
particular separation distance was used in assigning two (or more) EO Features to a single EO or to
different EOs. While this tree is designed to be simple to use, it is based on many assumptions or
inferences (patch dynamics, metapopulation dynamics, unsuitable or apparently suitable habitat, and
dispersal mechanisms). When information on which to base such inferences or assumptions is
completely lacking, the decision tree leads to the default 1 km separation distance.

In using the decision tree, distances between EO Features are measured edge-to-edge, if the extent of
the element’s presence within the EO Features is known, rather than center-to-center, after locational
uncertainty has been addressed. In the context of the Biotics EO Methodology, such measurements
should be made between Basic Features when available, although Procedural Features may also be
used. Any two EO Features closer than 1 km would ordinarily be included in the same EO, and any EO
Features more distant than 10 km would ordinarily be included in different EOs (unless additional
intervening EO Features bridge the gap). As noted above, these and other distance numbers in the
decision tree may be adjusted slightly in individual cases if needed (see Table 1), with an explanation of
the need for the adjustment noted in the pertinent EO records.

In cases where persistently unsuitable habitat occurs as isolated patches within a relatively continuous
matrix of apparently suitable habitat (whether stable or dynamic), distances between EO Features
should be measured along a path through the apparently suitable habitat that avoids or minimizes the
width of intervening unsuitable habitat. For the special case of riparian or shore systems, distance
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measurements should follow the general path of water flow, rather than take a direct path across such
areas as upland habitat, broad wetlands, or wide water bodies. In other habitats, distances should be
measured along paths that minimize gaps in apparently suitable habitat, as well as along straight lines,
and the two observation sites should be included in the same EO if that result is reached by either
means.

Minor incidental presence of generally upland elements in riparian/shore situations may be ignored if
water-current dispersal can be considered to have negligible effect on the element's overall local
distribution. Similarly, for elements generally characteristic of stable habitats, minor incidental presence
in adjacent dynamic landscape mosaics may be ignored if the dynamic system does not involve the
element’s more characteristic local habitats.

Where EOs become very large, exceeding 20 km in any direction (as might happen along major rivers),
they may be split arbitrarily into two or more EOs if preferred for data management or conservation
planning purposes. However, such splitting is not required, and should not change EO rank or Element
rank.

Tiered Implementation

The EO separation distances used throughout the Network vary widely, and the practical conversion of
plant EOs to a single standard (this habitat-based strategy when custom EO specs are not available) may
take several years. To support and track the progress of member subnational programs during this
process, the following tiered system of implementation will be used. Tier 3 is the goal; Tiers 1 and 2 are
considered in temporary compliance only. Network members will always use the highest
implementation tier practicable as their Program-wide default tier, both for new EOs and retrospectively
for existing EOs, and will use tiers lower than 3 only temporarily and as a last resort, until Tier 3 can be
achieved.

e Tier 1: Continue to use a previously adopted, single, consistent separation distance LESS THAN 1
km (such as % mile [~0.4 km] for California), so that EOs can be aggregated automatically via
software to generate Tier-2 implementation when necessary.

e Tier 2: Use a 1 km separation distance for all plant EOs.

e Tier 3: Use custom EO specs when available for an Element, and otherwise use full habitat-based
delimitation guidance, to extent supporting information is available.

The decision tree presents Tier 3 implementation.

For elements for which EOs are being tracked by more than one member subnational program, and
especially for globally rare elements that are most likely to be the object of multijurisdicational data
requests, programs should coordinate implementation levels for those elements, with the help of
NatureServe if necessary, and should ideally all use the same, highest practicable implementation level
for each such shared element.

The EO delimitation strategy used will be documented in Biotics at least on an element-by-element
basis, and preferably at the element-occurrence level, by each subnational program. Programs may also
choose and specify the highest default tier they are able to implement program-wide at a particular
point in time, but the effects of this choice must still be documented for each element or occurrence
(which can be done through “batch” database updates).

This tiered system is intended for the internal use of NatureServe and its member programs, in
supporting and tracking members at various stages of implementation. Individual programs with data at
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Tier 1 and Tier 2 implementation levels are at least temporarily in compliance with EO specification
standards and can inform external clients as such, explaining that "in accordance with data standards,

we separate occurrences by .... (whatever your default Tier 1 or Tier 2 criteria are) .... except when
otherwise specified for particular taxa."

12 NatureServe
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Notes and Definitions for Habitat-based Plant EO Delimitation Guidance

EO Features — This Habitat-based Plant Element Occurrence (EQ) Delimitation Guidance addresses
whether two separate observations of the same element belong to the same EO, or to two different
EOs, in the absence of more specific guidance (for example, element or group custom EO specifications).
In the context of the Biotics EO Methodology, Basic Features should be compared, to assure
consideration of locational uncertainty. (However, note that the differences between Basic and final
Procedural Features are negligible here.) Each observation must independently meet the minimal EO
criteria (see EO Data Standard) for that element prior to comparison.

Persistently unsuitable habitat — Surveyed or unsurveyed areas that, under natural conditions, are
virtually certain to remain incapable of supporting viable individuals of an element during the next 25
years or more. Such areas are neither apparently suitable habitat nor parts of a dynamic landscape
mosaic that includes the element (see definitions below). The potential for rare or highly irregular
events (such as tornadoes, unusual hurricanes, earthquakes, 300-year floods, rare fires, or catastrophic
volcanism) may be ignored. Similarly, incremental effects of long-term phenomena (such as slow erosion
or deposition, climate change, or sea-level rise) may usually be ignored on the timescale of interest
here; over longer times, almost everything changes.

Apparently suitable habitat — Surveyed or unsurveyed areas not known to be occupied by an element,
but which appear capable (under natural conditions) of supporting viable individuals of that element,
based on one or more observed or mapped factors (soils, geology, hydrology, vegetation, topography,
aspect, elevation, etc.) known to delimit or predict other occurrences (current or historical) of the same
element.

Dynamic landscape mosaics — Landscape or habitat mosaics (other than linear riparian/shore systems;
see below) in which an area of potentially suitable habitat includes natural disturbance patches (or
similar phenomena) which are produced and subsequently fade in various places within the area, with a
natural disturbance return interval of about 5-50 years, considering both past and expected future
conditions. Elements in such areas typically grow in (or are excluded from) the dynamic disturbance
patches, persisting as seed (or other dormant stages) in patches not currently suitable for growth, or
dispersing readily among suitable patches. Examples include many chaparral- or pine-dominated fire
systems, dune blowouts, and beaverdam wetlands. Note that such habitats as intermittent wetlands, in
which the conditions appropriate for growth (or exclusion) of an element may not be met every year,
are still considered stable if their locations and extents remain generally constant for 25 years or more.

Linear riparian/shore systems — Systems dominated by water-current dispersal in a linear zone
generally <1 km wide (riparian corridors, shores, and similar narrow systems), including those with
dispersal by occasional events (major floods, storm waves, etc.) with significant potential to occur during
the next 25 years. Examples include many "100-year" riparian floodplains, coastal shorelines, shorelines
of big lakes with large waves, estuarine shorelines and tidal zones, and floodplains of small streams or
dry drainages subject to frequent flash floods. Small, quiet ponds and lakes, as well as wide marshes or
backwater swamps, generally would not be included here. EO features are assumed to share linear flow
if they are aligned in a reasonable flow direction along a river, stream, shore, etc., unless contrary data
exist. This is usually not the case with upstream EO features on different tributaries, or with EO features
on opposite shores of rivers >1 km wide; however, such features may be indirectly connected if they
each share flow with a common downstream EO feature. For an aquatic element inhabiting open water
of a river, assume connection by water-current flow unless evidence suggests that this is unlikely.

14 NatureServe



http://help.natureserve.org/biotics/Content/Methodology/EO_DataStandard.pdf

EXHIBIT 4



Oecologia (2004) 139: 3544
DOI 10.1007/s00442-003-1474-2

PLANT ANIMAL INTERACTIONS

Jonathan A. Myers - Mark Vellend - Sana Gardescu -
P. L. Marks

Seed dispersal by white-tailed deer: implications
for long-distance dispersal, invasion, and migration of plants

in eastern North America

Received: 8 August 2003 / Accepted: 26 November 2003 / Published online: 22 January 2004

© Springer-Verlag 2004

Abstract For many plant species in eastern North
America, short observed seed dispersal distances (ranging
up to a few tens of meters) fail to explain rapid rates of
invasion and migration. This discrepancy points to a
substantial gap in our knowledge of the mechanisms by
which seeds are dispersed long distances. We investigated
the potential for white-tailed deer (Odocoileus virginianus
Zimm.), the dominant large herbivore in much of eastern
North America, to disperse seeds via endozoochory. This
is the first comprehensive study of seed dispersal by
white-tailed deer, despite a vast body of research on other
aspects of their ecology. More than 70 plant species
germinated from deer feces collected over a 1-year period
in central New York State, USA. Viable seeds included
native and alien herbs, shrubs, and trees, including several
invasive introduced species, from the full range of habitat
types in the local flora. A mean of >30 seeds germinated
per fecal pellet group, and seeds were dispersed during all
months of the year. A wide variety of presumed dispersal
modes were represented (endo- and exozoochory, wind,
ballistic, ant, and unassisted). The majority were species
with small-seeded fruits having no obvious adaptations for
dispersal, underscoring the difficulty of inferring dispersal
ability from diaspore morphology. Due to their broad diet,
wide-ranging movements, and relatively long gut retention
times, white-tailed deer have tremendous potential for
effecting long-distance seed dispersal via ingestion and
defecation. We conclude that white-tailed deer represent a
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significant and previously unappreciated vector of seed
dispersal across the North American landscape, probably
contributing an important long-distance component to the
seed shadows of hundreds of plant species, and providing
a mechanism to help explain rapid rates of plant migration.

Keywords Dung - Endozoochory - Herbivore - Invasive
species - Odocoileus virginianus

Introduction

Long-distance seed dispersal is currently of intense
interest, because of its critical importance for invasion
dynamics, population structure, and vegetation response to
climate and land-use changes (Pitelka 1997; Cain et al.
2000; Bullock et al. 2002). Environmental change,
whether natural or anthropogenic, is constantly altering
local habitat conditions that influence demographic
processes in plants. When previously unsuitable habitat
conditions become suitable for establishment, successful
colonization depends on dispersal of seeds into the altered
habitat. If there are no nearby seed sources, “long-
distance” dispersal is essential (i.e., >100 m; Cain et al.
2000). The dynamics of metapopulations and genetic
structure, especially in fragmented habitats, and rates of
plant migration (post-glacial and otherwise), are also
strongly influenced by long-distance movements.

Despite the disproportionate effect of long-distance
dispersal on a host of ecological and evolutionary
processes, rare long-distance seed dispersal events are
difficult to document (Cain et al. 2000), and dispersal
ability and vectors are frequently inferred from diaspore
type (e.g., Willson 1993; Cain et al. 1998). Several groups
of species have generally been considered to lack long-
distance dispersal ability, including seeds dispersed by
ants or ballistically, as well as diaspores with no obvious
morphological adaptations for a particular mode of
dispersal, sometimes called “unassisted” (Willson 1993;
Hughes et al. 1994; Cain et al. 1998). However, several
observations suggest that long-distance movement is
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achieved in ways other than the presumed dispersal mode.
Forest herb species considered to lack long-distance
dispersal have colonized successional stands isolated
from potential seed sources (Matlack 1994; Grashof-
Bokdam and Geertsema 1998), and variation among
species in colonization rate into successional forests is
often not directly related to diaspore type (Singleton et al.
2001; Verheyen et al. 2003; Flinn and Marks 2004). Given
the advantages of dispersal, another apparent anomaly is
the large number of species considered to have no special
seed dispersal morphology, accounting for 20-50% of the
plant species in some regions (Willson et al. 1990; Willson
1993). Finally, the rates of post-glacial migration that have
brought many herbaceous plants to their current distribu-
tions appear to be much more rapid than can be explained
by empirical observations of seed dispersal by these
species (Cain et al. 1998). Despite many years of research
on seed dispersal (Ridley 1930; Murray 1986; Bullock et
al. 2002), these inconsistencies reveal significant gaps in
our knowledge of how seeds move long distances.

Large grazing mammals have long been recognized as
potentially important seed dispersers (Ridley 1930).
Domestic cattle and sheep can deposit vast quantities of
pasture plant seeds in their dung (Dore and Raymond
1942; Welch 1985), but wild ungulate species that range
more widely have much greater potential for long-distance
seed dispersal. Viable seeds can be abundant in the feces
of wild ungulates (Ridley 1930; Malo et al. 2000; Heinken
et al. 2002), especially those from species with small or
hard-coated seeds. Janzen (1984) suggested that species
with traits such as edible foliage and small hard seeds,
retained on the plant, may in fact be adapted for seed
dispersal by large herbivores. However, endozoochorous
dispersal by herbivores is not limited to small-seeded
species (Pakeman et al. 2002), and for most plant species it
remains unknown whether viable seeds are actually
dispersed this way. To the degree that wild ungulates in
different regions may disperse a variety of diaspore types,
including species considered to have “unassisted” dis-
persal, this could provide a general mechanism to help
explain some of the apparent inconsistencies in the
dispersal literature described above.

The dominant large wild herbivore throughout much of
eastern North America is the white-tailed deer (Odocoileus
virginianus Zimm.), which forages in a variety of habitats,
including forests, fields, and suburban yards. White-tails
are medium-sized deer (+40-100 kg), whose range
extends from southern Canada to South America (Halls
1984). Where densities of white-tailed deer are high, there
is widespread concern about the major negative impacts of
deer herbivory on tree regeneration, forest herbs, prairie
natives, crops, and ornamentals (Sayre et al. 1992;
Anderson et al. 2001; Rooney 2001; Tzilkowski et al.
2002). Given their economic importance as a game
resource, there is a vast body of research on most aspects
of the ecology of white-tailed deer, including feeding
preferences and movement patterns (see Halls 1984;
Vellend et al. 2003). It is thus surprising how little is
known about their potential as seed dispersers. Current

information is limited to reports of germinable seeds of
one or two species in feces of white-tailed deer (Gonzalez-
Espinosa and Quintana-Ascencio 1986; Kramp et al. 1998;
Campbell and Gibson 2001), or with viable seeds not
distinguished from damaged remains (Lay 1965). We have
recently demonstrated the potential for seed dispersal by
white-tailed deer to contribute to the invasive spread of
Lonicera honeysuckles (Vellend 2002), and to the post-
glacial migration of Trillium grandiflorum, an ant-
dispersed forest herb (Vellend et al. 2003). Deer travel
across a home range of many hectares each day, and a seed
shadow modeled from white-tailed deer movement
patterns and gut retention times indicates that 95% of
the seeds that are successfully dispersed would be carried
>100 m, and 30% would be taken farther than 1 km
(Vellend et al. 2003).

We hypothesized that white-tailed deer are a significant
vector of seed dispersal, which potentially could help
explain relatively rapid rates of plant colonization and
migration in eastern North America. To test this, we
conducted the first detailed survey of the plant species
dispersed via endozoochory by white-tailed deer. We
quantified the abundance and taxonomic diversity of
viable seeds from deer feces collected over a full year, and
the range of ecological characteristics (habitat affinity,
presumed seed dispersal mode, etc.) of the germinating
species. White-tailed deer feces were collected from two
sites in central New York, USA, in a landscape
representative of much of eastern North America: a
mosaic of forest stands, active agriculture, old fields, and
suburban development.

Materials and methods
Study sites

White-tailed deer feces, which are deposited as “pellet groups,” were
collected in 2000-2001 from two mixed deciduous forests in Ithaca,
in the Finger Lakes region of New York State, USA. The first site,
McGowan’s Woods (76°272"W, 42°26'44"N), is a 10 ha forest
bordered by agricultural fields, old field, roadside, and residential
lawn, with a nearby creek and associated riparian vegetation. Our
focus on forests stemmed from an initial interest in the role of deer
in dispersing seeds of Trillium (Vellend et al. 2003) and potentially
other forest herbs. It was soon apparent that the deer feces contained
seeds of many species from the surrounding landscape, so we
broadened the study to assess the role of deer in dispersing species
of a range of habitats in our region. A second, larger forest stand
(Six-mile Creek) was added in 2001, to enhance the likelihood of
finding forest herb seeds. At Six-mile Creek (76°27'42"W, 42°25'
55"N; 2.5 km from McGowan’s Wood), deer feces were collected
from a 3 ha portion of the woods at the Mulholland Wildflower
Preserve, which is within a 70 ha strip of forest along the creek,
bordered by suburban development and a few fields. The land in the
vicinity of Six-mile Creek (based on aerial photographs, within a 1-
km-radius circle centered on the collection area) is 44% forested and
2% fields; the other 54% is primarily residential, including yards and
other landscaped areas, roadsides, etc. In contrast, the area within
1 km of the McGowan’s site is only 25% forested, with 45% in
agricultural fields, and 30% other.



Pellet group samples

Collections of white-tailed deer feces were made approximately
semi-monthly at McGowan’s Woods from October 2000 through
September 2001, for a total of 97 pellet groups (2—6 on each of 23
dates). At Six-mile Creek Woods, pellet groups were collected semi-
monthly from May through September 2001 (3—5 on each of nine
dates; 37 total pellet groups). We sampled along widely-separated
transects across each site, and care was taken to collect only entire,
recently-deposited pellet groups, removing any surface material that
might contaminate the sample with seeds. The collected pellet
groups were 18+9 g dry mass (meantstandard deviation).

To determine the number of germinable seeds in each pellet
group, we provided conditions likely to promote germination of
many species. To facilitate species identification from seed
characteristics, we examined half of each pellet group for seeds,
by rinsing the material in a 0.5 mm sieve and sorting through the
sample under magnification. The seeds found, and all residual fecal
material from the sieve, were placed (separately) on moistened filter
paper in petri dishes for moist, cold stratification (3 months at 4°C).
In addition, to allow as wide a variety of species as possible to
germinate, the other half of each pellet group was air-dried at room
temperature for 10 days before dry cold stratification, for the same
3-month period. Following stratification, the pellet material and seed
dishes were moved to warm conditions, and germination was
monitored for 4 months. Pellet material was spread onto the surface
of soil-less potting mix in individual pots, and kept moist. To keep
germination conditions constant for pellet groups collected over the
full year, we put seed dishes and the pots of McGowan’s samples
into a growth chamber with daily light/dark cycles at 25°/15°C; due
to space constraints, Six-mile Creek pots were kept in a greenhouse
(ca. 26°C). Germination from the two halves of each pellet group
(moist vs dry stratification) was highly correlated (r=0.97,
P<0.0001), and the median difference between halves was <l
germinable seed. Therefore, we report the total number of
germinable seeds for entire pellet groups. Seedlings from the dishes
and pots were kept until they could be identified to species: some
had diagnostic seed and leaf characters, but most species were
transplanted and grown until flowering to verify identification.

Additional data on species dispersed

We also report here the species that germinated from an initial set of
samples, collected from McGowan’s Woods to study dispersal of
Lonicera and Trillium (Vellend 2002; Vellend et al. 2003) during
3 weeks of their fruiting period in summer 2000 (33 pellet groups;
20 July to 12 August). For these pellet groups, seeds >2 mm were
retrieved for germination in petri dishes, seeds and residual pellet
material were given 4 months of moist cold stratification,
subsamples of residual material were spread onto potting mix for
germination of small-seeded species, and germination from seed
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dishes and pots was monitored in the growth chamber for 4 months.
Data from these samples are included in an overall summary of the
traits of species dispersed by white-tailed deer at the two study sites,
but because of the short sampling period and some differences in
methods, for simplicity we do not present quantitative data from this
preliminary collection.

Data analysis

For the samples from the full-year collection at McGowan’s Woods,
and the 5-month period at Six-mile Creek, we present the total
numbers of germinations and species, and the median and maximum
values per pellet group over the sampling period, and by month.
Since seed availability varies across the seasons, to express the
overall mean number of germinations per pellet group at each site,
we averaged the monthly means, thereby adjusting for variation in
sample number among months. For the number of species per pellet
group (richness), we counted occasional seedlings that died before
they could be identified only if differentiable from all other taxa in
the sample. For simplicity we refer to all taxa as species. We also
report, for each of the species, the numbers of germinations and the
frequency of pellet groups in which the species occurred.

To present an overall summary of traits of the germinating
species, we categorized them by growth habit, habitat, origin
(native; introduced; or mixed, i.e., species with plants of both native
and non-native origin here in the northeast), dispersal type, and seed
size (see Electronic Supplementary Material for details), excluding
unidentified taxa (2% of all germinations). This species trait
summary is based on all data: the McGowan’s full-year samples,
the Six-mile Creek collection (May—September), and the initial set
of McGowan’s samples from July—August 2000. For calculating the
contribution of each species to overall germination, we used the
annual mean number of germinations per pellet group, averaged
from the 12 monthly means for each of the species, to avoid biasing
for species dispersed in summer months in this pooled set of data.

Results

More than two-thirds of the fecal pellet groups of white-
tailed deer contained germinable seeds, at both McGo-
wan’s Woods and Six-mile Creek, for a total of >3,000
germinations (Table 1). Averaged over the full year at
McGowan’s Woods, there were 38 germinable seeds per
pellet group. The number of germinable species in each
pellet group was generally low (medians of 1), with a
maximum of 11 species (Table 1). Overall, at least 72
species germinated, including forbs, grasses and sedges,

Table 1 Germinable seeds in

white-tailed deer feces collected McGowan’s Six-mile Creek
from two sites in Ithaca, New (full year) (May—September)
g:ﬁl;t. gg&ztvglcfoxﬁoz(goggj Percentage of pellet groups with germinable seeds 67 68
September 2001), and Six-mile ~ Number of germinated seeds 3,431 217
Creek Woods (37 pellet groups;  Seed density (germinations per pellet group)
May-September 2001) Median 3 |

Maximum 1,985 52

Overall mean germinations per pellet group 38 53

(average of monthly means)

Species richness per pellet group

Median
Maximum

11 5

Total number of germinating species 57 21
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shrubs, and trees (Table 2). The full-year samples from
McGowan’s had 57 germinable species, many of which
were also in the Six-mile Creek samples, which had a total
of 21 species. An additional ten species germinated only in
the initial set of McGowan’s samples from summer 2000
(Table 2). Most species were relatively uncommon (<10
seeds total), and many occurred in only one pellet group
(Table 2). There were also seeds of at least four taxa that
appeared viable but did not germinate (listed in square
brackets in Table 2, with the symbol 7).

The species with by far the most germinations was
Chenopodium glaucum (Table 2), an annual roadside weed
of European origin, with several pellet groups each having
>100 seeds of that species. C. glaucum was in 12% of the
full-year samples at McGowan’s Woods (Table 2), and
was also abundant in the McGowan’s pellet groups from
summer 2000, but was not present in the Six-mile Creek
samples. The next most numerous species at McGowan’s
(Table 2) were: Lythrum salicaria, an invasive wetland
plant; Potentilla norvegica, a weed of cultivated fields that
is both native and introduced in North America; and C.
album, another agricultural weed from Europe. Seeds of
invasive Lonicera shrubs (L. morrowii, L. tatarica, and
their hybrid L. xbella; see Vellend 2002) were among the
most abundant taxa at both sites, especially Six-mile
Creek. Most other species in the Six-mile Creek pellet
groups were found in low numbers (Table 2). The most
abundant species at McGowan’s did not have the highest
relative frequency; Plantago major and Juncus tenuis
germinated from the greatest number of pellet groups
(Table 2). Both are weeds of lawns and paths: J. tenuis is
native to North America and P. major is naturalized.

The species germinating from white-tailed deer pellet
groups at the two sites encompassed a wide range of
morphological and ecological characteristics (Table 3;
Electronic Supplementary Material). Of the 72 identifiable
taxa that germinated (Table 2), most (61%; Table 3, a)
were forbs (non-graminoid herbaceous plants), and 39% of
the 72 were annuals (Electronic Supplementary Material).
The majority of species (81%) were taxa of open habitats
(e.g., agricultural fields, old fields, roadsides). However,
there were also five wetland and five forest species, and
several of mixed habitat (Table 3, b). Many of the species
(64%) are not native to northeastern USA. The overall
number of germinations was dominated by forbs (90% of
germinations; Table 3), species of open habitat (85%), and
non-native species (95%). Excluding C. glaucum (70% of
the total, although absent at Six-mile Creek), the greatest
contributions to germination were still from non-natives
(83%), forbs (67%), and species of open habitats (50%).

Based on fruit and seed morphology, 63% of the species
had no special adaptation for a particular dispersal mode
(Table 3, d), contributing 90% of the germinations (67% if
C. glaucum is omitted). However, there were also 23
species with fruits specialized for dispersal by wind or
ingestion by vertebrates, as well as four with ballistic, ant,
or external-animal diaspore types. The majority of
germinating seeds were <3 mm in length (not including
long awn or pappus; Table 3, e; Electronic Supplementary

Material). The 12 species with seeds <1 mm contributed
81% of the germinations, or 36%, still the highest
category, if C. glaucum is excluded. A few large seeds
germinated (7riticum and Pyrus; 6 mm), but the occasional
very large seeds found in the pellets (e.g., Quercus acorns;
+20 mm) had been heavily damaged by chewing or
digestion.

Viable seeds were dispersed throughout the entire year,
but the density and species richness of germinable seeds
per pellet group varied over time (Fig. la, b). The highest
median densities were in October, January, and February,
which also had the greatest median richness (4-5 species
per pellet group). Maximum numbers of seeds per pellet
group reached highs in October and August, due to C.
glaucum, but October also had 11 species in each of two
pellet groups. Of the two periods when seed density and
richness were relatively low (late autumn and spring), the
spring low was more pronounced: at McGowan'’s, 14 of 19
pellet groups collected from 29 April to 21 June had no
germinations, and the maximum was two seeds per pellet
group. Six-mile Creek showed similar patterns, with very
low density and richness in May and June, when seeds of
many species are not yet mature. With the exception of C.
glaucum, which was not present at Six-mile Creek, the two
sites had similar seed abundance over the May—September
period: monthly means averaged 5.3 seeds per pellet group
for Six-mile Creek (Table 1), versus 5.6 for those months
at McGowan’s if C. glaucum is ignored.

Number of pellet groups sampled (Six-mile in parentheses):
7 3 6 7 10 8 8(5 7(7) 10(8) 11(8) 17(9)
1 1 1 1 1 1 1 1 1 1 1 1

1000 .
a) Germinable seeds

100

Number of seeds per pellet group
>

b) Number of species B

Number of species per pellet group

T hd T T T T T

Oct Nov Dec Jan Feb
2000

Mar Apr May June July Aug Sept
2001

Fig. 1  Variation over the year in density and richness of
germinable seeds in feces of white-tailed deer: monthly medians
(circles) and maximum values (bars) for numbers of a seeds
germinating per pellet group, and b species per pellet group, from
the full-year samples at McGowan’s Woods (filled circles), and the
Six-mile Creek Woods samples (open circles; May—September).
Values shown are from 1-3 collection dates per calendar month:
sample sizes of pellet groups for each month are listed at the top of
the figure



Table 2 Species germinating from white-tailed deer feces collected
at two sites, showing totals, maximum germinations per pellet
group, and frequency (of 97 pellet groups from McGowan’s, 37
from Six-mile Creek). Species found in an initial set of McGowan’s
samples from July to August 2000 (33 pellet groups) are indicated
with asterisks. A total of 72 identifiable taxa germinated. Square
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brackets indicate other taxa that were not counted: either because
they could not be identified to species and may thus have included
species already listed (§); or because the seeds did not germinate
(values shown in parentheses), although appearing viable when cut
open at the end of the study (7). Nomenclature follows Gleason and
Cronquist (1991)

McGowan’s Woods Full year
(October 2000—September 2001)

Six-mile Creek Woods Summer
(May—September 2001)

Total Maximum Frequency Total Maximum Frequency
Forbs
Amaranthus hybridus 2 2 1%
A. retroflexus 2 1 2%
[Amaranthus spp.] § 15 6 4%
Aster lanceolatus 4 2 3%
Capsella bursa-pastoris 6 3 3%
Chenopodium album 76 47 8% 1 1 3%
C. glaucum * 2,535 1,898 12%
Chrysanthemum leucanthemum *
Coronilla varia 1% 3 1 8%
Epilobium coloratum 8 5 4%
Galium mollugo * 3 2 5%
Gnaphalium uliginosum 1 1%
Linaria vulgaris *
Lobelia inflata 1 1 1%
Lotus corniculatus 3 2 2% 4 4 3%
Lycopersicon esculentum 2 2 1%
Lythrum salicaria 189 70 9%
Matricaria matricarioides *
Medicago lupulina 10 5 4% 4 3 5%
Melilotus alba 25 13 5%
[Oxalis spp.] T 0 (15) (9%) 0(@2) 3%)
Penstemon digitalis 3 2 2%
Plantago major 55 16 15% 6 4 8%
Polygonum careyi 1 1 1%
P. erectum *
P. lapathifolium 6 4 2%
P. persicaria 2 2 1%
[Polygonum sp.] § 1 1 1%
Portulaca grandiflora 1 1 1%
P, oleracea 9 9 1% 9 6 8%
Potentilla norvegica * 116 51 8% 7 7 3%
P. recta 4 4 1%
Ranunculus recurvatus 5 5 1% 1 1 3%
Solanum dulcamara * 63 31 10% 3 2 5%
S. nigrum 19 16 2%
Solidago canadensis 2 2 1%
S. gigantea 1 1 1%
[Solidago sp.] § 1 1 1%
Sonchus asper * 6 1 6%
[Sonchus sp.] § 1 1 1%
Spergularia media *
Stellaria media * 28 13 6% 3 3 3%
Taraxacum officinale 2 2 1%

Trifolium pratense *
Trillium grandiflorum *
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Table 2 (continued)

McGowan’s Woods Full year
(October 2000—September 2001)

Six-mile Creek Woods Summer
(May—September 2001)

Total Maximum Frequency Total Maximum Frequency
Veronica officinalis 6 5 2% 3 3 3%
V. peregrina * 1 1%
V. serpyllifolia 1 1 1%
Vicia tetrasperma *
[unidentified dicot spp.] § 11 2 9% 3 1 8%
Graminoids
Agrostis gigantea 1 1 1%
A. stolonifera 15 8 4%
Carex cristatella *
[Carex spp.] § * 5 2 4% 1 1 3%
Dactylis glomerata * 2 1 2%
Digitaria ischaemum 1 1 1%
D. sanguinalis 1 1 1%
Glyceria striata 1 1 1%
Juncus tenuis * 33 5 15%
Panicum capillare 5 3 3%
Phleum pratense 6 2 5%
Poa alsodes 3 3 1%
P annua 2 1 2%
P. compressa * 29 6 12% 1 1 3%
P. pratensis * 8 2 7% 1 1 3%
Puccinellia distans 1 1 1%
Sorghum bicolor (*) 4 2 2%
Triticum aestivum * 1 1 1%
[unidentified grass spp.] § * 1 1 1%
[unidentified graminoid spp.] § 7 3 5%
Woody plants
Betula lenta 12 8 14%
[Cornus racemosa) 0(2) 3%)
[Crataegus sp.] T 0 (18) (4%)
Juniperus virginiana 1 1 1%
Liriodendron tulipifera *
Lonicera aff. x bella * 71 31 11% 141 34 43%
Pyrus sp. (i.e. Malus) 1 1 1% 0 (1) 3%)
Rhamnus cathartica 2 1 2%
[Rhus typhina] 0(3) 2%)
Rosa multiflora 5 4 2%
Rubus allegheniensis 1 1 3%
R. flagellaris 1 1 3%
R. idaeus * 2 2 3%
R. occidentalis 2 2 3%
[Rubus spp.] § (*) 0 (14) 2%) 5 5 3%

The species composition of seeds in deer feces also
varied over the year (see Electronic Supplementary
Material). For the full-year McGowan’s samples, the
most abundant taxa in summer were C. glaucum, Lonicera
spp., C. album, and P. norvegica. In autumn, C. glaucum
and P. norvegica were still abundant, along with Lythrum
salicaria. In winter, the largest numbers of seeds were of

L. salicaria and Plantago major, while in spring only L.
salicaria was numerous. L. salicaria germinated in
samples from six months between October and April,
while P. major and J. tenuis were dispersed in every
season of the year. At least 31 species were dispersed in
autumn at McGowan’s (see Electronic Supplementary
Material), spring had a total of 15 species in spite of low



Table 3 Characteristics of the species germinated from white-tailed
deer feces, collected at McGowan’s Woods and Six-mile Creek
Woods between July 2000 and September 2001 (167 pellet groups
total), for the 72 identifiable plant taxa (see Electronic Supplemen-
tary Material for details)

Species Percentage Contribution to
(n=72) germination
(a) Growth habit
Forb 44 61 90%
Graminoid 17 24 3%
Woody 11 15 7%
(b) Habitat
Open 58 81 85%
Wetland 5 7 7%
Forest 5 7 0.2%
Mixed 4 6 8%
(c) Origin
Non-native to 46 64 95%
northeastern USA
Native 23 32 2%
Mixed-origin species 3 4 2%
(d) Diaspore type
No special morphology 45 63 90%
Fleshy, edible “fruit” 12 17 9%
Wind (wing or plume) 11 15 1%
Ballistic 2 3 0.2%
Hooked 1 0.03%
Ant 1 1 0.004%
(e) Seed length
<1 mm 12 17 81%
1 to <2 mm 24 33 7%
2 to <3 mm 20 28 5%
3 to <7 mm 16 22 7%

numbers per pellet group, and the other two seasons were
in between.

Discussion

White-tailed deer clearly disperse germinable seeds of a
large number of species. At McGowan’s Woods, based on
our average of 38 germinations per pellet group over the
year, and with a daily defecation rate of 35 pellet groups
per deer (Rogers 1987) and a local density of 20 deer per
km? (P. Curtis, Cornell University; personal communica-
tion), we estimate that a mean of 10 viable seeds per m?
are deposited by white-tailed deer each year. Given the
wide-ranging daily movements of white-tailed deer, and
typical times between ingestion and deposition of up to
several days (Mautz and Petrides 1971; Gonzalez-
Espinosa and Quintana-Ascencio 1986), the seeds are
likely to be dispersed hundreds to, occasionally, thousands
of meters (Vellend et al. 2003), and even farther during
seasonal migration (Halls 1984). White-tailed deer forage
in a diversity of habitats, and there is no reason to suspect
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that our forest samples differ in any way from pellet
groups deposited throughout their home ranges (>100 ha
in some regions; Lesage et al. 2000). White-tailed deer are
thus significant vectors for seed dispersal across the
landscape, which until now have been largely overlooked.

Viable seeds in white-tailed deer feces from our two
study sites represented over 72 plant species, covering the
full range of dispersal modes, habitat types, and growth
forms in the local flora, and including many native and
non-native species. Considering the broad array of plants
in the diet of white-tailed deer, and high deer densities in
many parts of their range (Halls 1984), many additional
plant species are undoubtedly dispersed as well. Other
species that have been reported from feces of white-tailed
deer are Conopholis americana, a parasitic herb on oak
roots (Baird and Riopel 1985), the wetland herb Ranun-
culus scleratus (Campbell and Gibson 2001), honey
mesquite, Prosopis glandulosa (Kramp et al. 1998), and
two species of Opuntia cactus (Gonzalez-Espinosa and
Quintana-Ascencio 1986). Janzen (1985) documented
white-tailed deer in Costa Rica dispersing large numbers
of viable seeds of Spondias mombin, but not by defeca-
tion; deer regurgitated the 20-mm hard endocarps intact.

The seeds germinated from white-tailed deer feces from
our study sites were predominantly alien forbs of open
habitat (38% of the species), and small-seeded species
(<2 mm). Differences in relative abundance among species
were probably due primarily to local forage availability
and feeding preferences, as deer graze on a wide variety of
plants in both forested and open habitats (Halls 1984;
Rouleau et al. 2002). The predominance of introduced
species in our samples reflects their abundance in the
many nearby open areas, including active and abandoned
fields, lawns, and roadsides. Obviously not every germin-
able seed in the feces of white-tailed deer will establish,
especially for field plants deposited in forests, or pellet
groups with very high densities of seeds. The proportion
of seedlings that emerge from deer feces may be similar to
other natural establishment rates, given that pellet groups
usually disintegrate within weeks (Wigley and Johnson
1981), although some seeds may be damaged, e.g., by
insect activity in the dung. We have observed Lonicera
seeds germinating from deer feces in situ at Six-mile
Creek (Vellend 2002).

There are several potential reasons why we found only
three forest herbs (7. grandiflorum, Ranunculus recurva-
tus, Poa alsodes) in our fecal samples, despite a rich herb
layer (>30 species) at both forests. In contrast to field
annuals that often have many thousands of seeds per plant
(Salisbury 1964), most perennial forest herbs produce few
seeds (often <25 per plant; Bierzychudek 1982). Also,
while many forest herbs are known to be heavily browsed
by white-tailed deer, forage in crop fields can be preferred
(Augustine and Jordan 1998), and fields were adjacent to
both our sampled forests. Another potential reason is that
the relatively large seeds (e.g., 2-6 mm) of many forest
herbs could be killed by chewing and digestion, as small,
hard-coated seeds are less likely to be damaged by
ruminants (Gardener et al. 1993), although there were
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several species with large, thin-coated seeds that did
germinate in our samples (e.g. Triticum). While many
forest herbs require warm stratification to germinate
(Baskin and Baskin 1998), we are confident there were
no other forest herb species in the remaining ungerminated
seeds sorted from pellet groups, because we compared
them to published seed keys and to seeds collected from
plants in our forests. Probably many more fecal samples,
from larger expanses of herb-rich forest, would be
necessary to document the occasional forest herb seeds
dispersed by white-tailed deer. This pattern of mostly
small-seeded, unspecialized diaspores, of plants of open
habitat, has also been found in fecal samples from several
wild mammal species in a European forest (Heinken et al.
2002). However, it is important to consider that for species
such as forest herbs that produce few seeds, mainly spread
only locally (by ants, ballistically, or with no other
dispersers), the relative importance of any seeds carried
long distances by deer can be large, even if the number of
viable seeds dispersed is small.

Dispersal modes

Our results have important implications for inferring
dispersal ability from diaspore type. The samples from
white-tailed deer contained 45 species with small dry fruits
often described as having no special dispersal morphology,
also considered unassisted or gravity-dispersed (i.e.,
simply falling from the plant). Of the 72 total species
that germinated, 40 (mostly ones lacking specialized
diaspores) have also been reported in dung of other large
herbivores, including cow, horse, sheep, or European deer
species (Ridley 1930; Dore and Raymond 1942; Salisbury
1964; Welch 1985; Miiller-Schneider 1986; Malo and
Suérez 1995; Campbell and Gibson 2001; Heinken et al.
2002; Pakeman et al. 2002). Although large herbivores
digest many of the seeds, and are thus seed predators,
these studies have documented that they also disperse a
long list of species—especially forbs and grasses having
small seeds with no special diaspore morphology—via
endozoochory. Regardless of whether this is “accidental”
dispersal of seeds eaten along with foliage or intentional
feeding on seeds and fruits (van der Pijl 1982), and
whether or not these plants actually have adaptations for
dispersal by large herbivores (Janzen 1984), to assume that
such species lack long-distance dispersal and therefore
have poor colonization ability (e.g., Singleton et al. 2001;
Miller et al. 2002) is clearly erroneous. One of the
adaptive traits Janzen (1984) proposed for such species
was retention of seeds on the plant; it is notable that many
seeds we found in white-tailed deer feces in autumn and
winter were from species that would have senesced by this
time, with seeds held above the snow on the old stalks.
Thus, many of the species with numerous small, hard
seeds that remain on the plant after ripening, and that are
dispersed by large herbivores, should be considered
endozoochores despite the apparent lack of specialized
diaspore morphology.

Dispersal by large herbivores is not limited to species
with small hard seeds, although these are typically
predominant: diaspores of a variety of types can be spread
by endozoochory (see also Bruun and Fritzbeger 2002;
Heinken et al. 2002). We found that white-tailed deer
potentially contribute a long-distance component to the
seed shadows of several species with ballistic, ant, or
hooked diaspore types, as well as a number of wind-
dispersed species and ones with fleshy endozoochorous
fruits. Many fruits may be eaten intentionally, rather than
passively with foliage: Lay (1965) found remains of fleshy
fruits of nearly 30 woody species in the feces of white-
tailed deer. In addition to endozoochory, large herbivores
are known to disperse a range of diaspore types externally
on their fur or hooves, including many small-seeded
species lacking specialized morphology (Ridley 1930;
Heinken et al. 2002). Thus seed dispersal by large
herbivores of species with other primary dispersal modes
potentially complicates any predictions of dispersal ability
and seed shadows based simply on diaspore type. Seed
dispersal of such species will need to be modeled as a
stratified process, incorporating local and long-distance
movement by the multiple vectors into an overall seed
shadow (Cain et al. 2000). The long-distance component is
generally more difficult to quantify, but for species whose
seeds are dispersed by white-tailed deer, the quantitative
form of the deer-generated component has been estimated
(Vellend et al. 2003), allowing more realistic models of
dispersal and migration to be constructed.

Implications for plant migration and invasive spread

In many cases, white-tailed deer may be the most
important vector for long-distance seed dispersal, with
consequent implications for plants colonizing new habitats
across landscapes as well as for post-glacial migration.
Because of the vastly disproportionate effect of long-
distance dispersal events, even if rare, on migration rates
(Cain et al. 1998), deer may make a significant
contribution even for species whose seeds are dispersed
very infrequently. A recent conceptual paper (Pakeman
2001) and a review (Gill and Beardall 2001) have
highlighted the potential importance of deer species for
long-distance dispersal of plants. Just as with white-tailed
deer in eastern North America, empirical studies in Europe
and Asia have documented that other species of deer also
disperse viable seeds of a number of species (Welch 1985;
Dinerstein 1989; Malo et al. 2000; Heinken et al. 2002).
Among the plants native to eastern North America in
our samples, white-tailed deer may have helped facilitate
the post-glacial migration of over a dozen native herbs and
grasses of open or wetland habitats, most of which have no
special diaspore morphology, as well as several wind-
dispersed trees, bird-dispersed woody plants, and forest
herb species. Because our samples did not contain seeds of
the many other forest herbs in the two stands, it remains
unclear to what extent white-tailed deer might help explain
the post-glacial migration, or the colonization of post-



agricultural stands, by forest herbs in North America.
However, the presence of native Solidago and Aster
species in our samples suggests that perhaps their
expansion into the old fields they now dominate, from
their original isolated patches of natural unforested habitat
(Marks 1983), might have been facilitated by white-tailed
deer as well as wind dispersal.

There are also a number of practical implications of
long-distance seed dispersal by deer for the spread of
introduced species. Our samples contained germinable
seeds of four of the 20 invasive species of greatest concern
in New York State (Winters and Quillen 2001). Three are
shrubs known also to be dispersed by birds (Lonicera spp.,
Rosa multiflora, and Rhamnus cathartica), but for the
fourth, purple loosestrife (Lythrum salicaria), deer could
be a very important vector for invasive spread to wetlands
across North America. Purple loosestrife seeds have no
specialized morphology and are thought to be dispersed
primarily by water (Mal et al. 1992): white-tailed deer
provide a means of upstream spread and overland
dispersal to new watersheds. Invasive plant spread may
be greatly enhanced if white-tailed deer are preferentially
feeding on these species: further studies are needed to
address this question.

Another practical implication of our findings is that 27
of the species we found are considered weeds in north-
eastern USA (of crops, pastures, or lawns; Uva et al.
1997), and 11 species, including C. glaucum, are classified
as noxious weeds in Québec, Canada (www.canlii.org/qc/
regu/crqc/20030911/r.q.a-2r.1/whole.html). Although do-
mestic animals, manuring of fields, and farm machinery
disperse many agricultural weeds (Ridley 1930; Poschlod
and Bonn 1998; Bruun and Fritzbager 2002), deer could
carry the species to more remote habitats. The presence of
viable crop seeds in the deer feces (e.g., tomato and wheat;
Lycopersicon, Triticum) indicates a potential mode of
spread for genetically-modified plants. It is possible deer
have helped facilitate the escape of some plants from
cultivation: 14 of the species we found are both cultivated
and escaped in northeast USA (Gleason and Cronquist
1991; Uva et al. 1997), including the garden flower
Portulaca grandiflora (with small seeds that simply fall
from the capsule), which has only recently become
naturalized in the local flora (F.R. Wesley, Cornell;
unpublished data). Finally, another potential implication
is that dispersal by deer may also contribute to the soil
seed bank of field species in forests (as the former practice
of allowing cattle to graze in forests is likely to have
done), as well as to the colonization of woody and
herbaceous plants into old fields.

Conclusion

In this paper, we have reported the discovery of a formerly
unappreciated, but probably quite important, vector for
seed dispersal in eastern North America: white-tailed deer.
In spite of the many negative consequences of browsing
on plants, white-tailed deer may also provide a positive
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influence by facilitating seed dispersal, with consequent
potential effects on population and community structure,
and the ability of species distributions to track climate or
land-use changes. It is likely that white-tailed deer
contribute an important long-distance component to the
seed shadows of hundreds of plant species.
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2 EO DEFINITION

2.1 Principal EOs

2.2 Sub-EOs

2.3 Feature Labels

2.4 Location Use Classes

2.5 Persistence and Practical Conservation Value
2.6  Captivity/Cultivation

2.7  Anthropogenic Habitat

2.8 Reintroduction/Restoration

2.9 Introduction/Exotics

2.10  Historical EOs

2.11  Extirpation

2.12  Recordation and Representation

An Element Occurrence (EO) is an area of land and/or water in which a species or natural
community is, or was, present. An EO should have practical conservation value for the Element
as evidenced by potential continued (or historical) presence and/or regular recurrence at a given
location. For speciest Elements, the EO often corresponds with the local population, but when
appropriate may be a portion of a population (e.g., long distance dispersers) or a group of nearby
populations (e.g., metapopulation). For community Elements, the EO may represent a stand or
patch of a natural community, or a cluster of stands or patches of a natural community. Because
they are defined on the basis of biological information, EOs may cross jurisdictional boundaries.

An Element Occurrence record? is a data management tool that has both spatial and tabular
components including a mappable feature and its supporting database. EOs are typically
represented by bounded, mapped areas of land and/or water. EO records are most commonly
created for current or historically known occurrences of natural communities or native species of
conservation interest. They may also be created, in some cases, for extirpated occurrences.

There are two kinds of EOs: principal EOs and suB-EOs. EOs may also be categorized according
to descriptive classes and labels.

2.1 Principal EOs

The characteristics of principal EOs are globally defined for each individual Element
(see Section 4, EO Specifications). A principal EO may be a single contiguous area or may be
comprised of discrete patches or subpopulations.

1 In this Standard, the term “species” includes all entities at the taxonomic level of species (including interspecific hybrids), as
well as all subspecies and plant varieties. Subspecies and varieties are collectively termed “infraspecific taxa”. Other subsets of
species (e.g., geographically distinct population segments not recognized as infraspecific taxa) are sometimes designated as
species Elements, and recurrent, transient, mixed-species animal assemblages (e.g., shorebird concentration areas) may also
be considered Elements.

2 |n this Standard, the term “Element Occurrence record” is used in a general sense to refer to a set of data associated with a
particular EO. In many database implementations, this information will be contained in multiple tables.
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For species, a principal EO conceptually represents the full occupied habitat (or previously
occupied habitat) that contributes, or potentially contributes, to the persistence of the species at
that location. Generally, a principal EO corresponds to a population or metapopulation.? Principal
EOs are typically separated from each other by barriers to movement or dispersal, or by specific
distances defined for each Element across either unsuitable habitat, or suitable but apparently
unoccupied habitat.

For community types?, principal EOs represent a defined area that contains (or contained) a
characteristic species composition and structure. Principal EOs are separated from each other by
barriers to species interactions, or by specific distances defined for each Element across adjacent
areas occupied by other natural or semi-natural community types, or by cultural vegetation.

Rarely, principal EOs of the same Element can overlap or contain another principal EO; however,
in such cases, the features must have significantly different levels of associated information (see
Section 7.16.2, Overlapping Principal EOs). An example of a situation in which this might occur
would be when an EO based on general historical information is created, and then a second, much
smaller, EO is developed from new field survey data that locates it within the boundaries of the
first. Both principal EOs should be retained until additional survey work establishes that the
second EO is actually the same as first and should therefore replace it.

Although a principal EO conceptually represents the full occupied habitat (for species) or area (for
communities), evidence for a particular occurrence may not necessarily provide complete
knowledge of its full extent. Whether the full extent of occupied habitat or area is actually known
for an EO may depend on different factors, including the intensity and extent of survey, the types
of survey techniques employed, characteristics of the Element (e.g., plants that seed bank, animals
with secretive behaviors), and the level of expertise of the person(s) collecting data. In cases where
knowledge of the full extent or area of an occurrence is not known, only the portion of the
occupied habitat or area that is known should be recorded from the evidence available. The EO
record should indicate whether the full extent of occupied habitat or area of an occurrence is
known by distinguishing between situations where there is (a) confidence that the full extent of the
EO is known; (b) confidence that the full extent of the EO is not known; and (c) uncertainty
whether the full extent of the EO is known.

In some cases, a population or community may be so extensive that it is impracticably large for
information management or site-level conservation action (e.g., many migratory birds, whales, some
riparian plants, some matrix communities). For example, all of the individuals of a migratory bird
species breeding over an area hundreds of kilometers across may function as a single population,
making it impractical to treat this population as a single principal EO. In these situations, principal
EOs should be defined on the basis of separation distances, or natural or cultural geographic

3 For animals, metapopulation structure may arise when habitat patches are separated by distances that the species is
physically capable of traversing, but that exceed the distances most individuals move in their lifetime (that is, the patches
support separate subpopulations). If habitats are so close together that most individuals visit many patches in their lifetime,
the system will tend to behave as a single continuous population (Gutierrez and Harrison 1996, McCullough 1996). For
plants, demographically significant exchange among subpopulations can occur through dispersal of seeds, spores, pollen,
and other propagules. Persistent dormant propagules may result in metapopulation dynamics over time as well as space.

4 In this Standard, the term “community type” will be used to distinguish a community Element from a community EO
(i.e., ecological community) when the distinction is not apparent from the term “community” alone.
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features (but not jurisdictional or cadastral> boundaries) that subdivide the population or
community (see Section 4.3, Separating EOs). In such cases, the population (or metapopulation)
structure or full community extent should still be considered in protection and management
planning.

2.2 Sub-EOs

Although the principal EO conceptually represents the entire occupied area, there may be smaller
geographically distinct areas within the principal EO for which information could be useful for
conservation planning, biological monitoring, or biological management at local levels. These
geographically nested components are referred to as sub-EOs. Sub-EOs must be contained within
a principal EO of the same Element. Note that sub-EOs should not be created simply to represent
different parts of a principal EO comprised of noncontiguous patches.

Sub-EOs may be defined as

a) areas utilized by species for specific behaviors or life history functions (e.g., feeding
areas, dens, nest sites);

b) areas of differing composition, or higher density, quality, or conservation concern
(e.g., demes or subpopulations, different age stands or successional phases, old
growth patches, concentrated breeding areas);

c)  discrete areas (within a principal EO characterized by noncontiguous patches) for
which it is desirable to maintain information for each area in separate records (e.g., to
facilitate recordation of monitoring data); or

d)  other areas marked by non-biological divisions assigned for convenience in mapping,
monitoring, or management (e.g., geographic, political, and land survey map units).
The creation of sub-EOs defined by these divisions should generally be avoided
because they are not biologically significant.s

Sub-EOs could be used to facilitate information management in cases where a principal EO is
particularly large, complex, or crosses jurisdictional boundaries. Such principal EOs may present
challenges, including incomplete knowledge of the full extent of the EO, loss of detail about
specific sub-populations or community patches, and difficulty in supporting information needs
related to inventory, monitoring, management, conservation planning, and environmental review.
However, sub-EOs should not replace the use of a principal EO to represent the full extent of the
occurrence.

A single observation based on ephemeral circumstantial evidence (e.g., tracks or scat for
wide-ranging carnivores) should not be recorded as a sub-EO, but may be recorded in a manual
Element file or in a separate observations database.

5 In this Standard, the term “cadastral” refers to ownership lines and public land survey lines (¢.g., townships, ranges, and
sections in US public land surveys).

6 Some geographic units, such as watersheds, may sometimes reflect biological divisions, particularly for many freshwater
Elements.
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2.3 Feature Labels

An EO can be assigned an optional descriptive FEATURE LABEL indicating what that EO is (e.g.,
deme, nest, den, watershed). In practice, feature labels are most useful for sub-EOs. They may
also be useful for those principal EOs that are based only on evidence for some component (e.g.,
nest, den) of the full occupied area’, but are generally not recommended for those principal EOs
that may be conceptually characterized simply as “occupied habitat”. One notable exception for
species with unusual life histories involves the use of feature labels to distinguish significantly
different kinds of principal EOs representing the full occupied habitat (.g., a clone-forming
perennial plant occurring at a given site as a single gender or life history stage could be described

77

using feature labels such as “male clone”, “gametophyte”, etc.).

The use of feature labels describing EOs is optional in a global context because the unit of
conservation is the principal EO, and there is no need envisioned for multi-jurisdictional
aggregation of information on sub-EQOs (for which feature labels are most useful). In addition,
feature labels (and sub-EOs) will be defined in more ways in different programs than can be
predicted.

2.4 Location Use Classes

For migratory species that utilize geographically and seasonally disjunct (i.e., not contiguous)
locations, all EOs (both principal and sub-EOs) should be assigned a descriptive “class” name that
groups EOs by their season of occurrence. Because a species may vary in vulnerability during different
seasons (e.g., due to more or less aggregation), an EO for a species at a particular season may have
greater or lesser conservation value than EOs for the same species at another season. These
potential differences in seasonal conservation value between disjunct locations are indicated
through the use of LOCATION USE CLASSES (e.g., “breeding”, “nonbreeding”, and “migratory
stopover™s), thus helping to guide conservation planning. Assigning EOs to location use classes
allows identification and conservation of EOs from each vulnerable class, which is vital to the
conservation of such species.

Location use classes pertain only to Elements that occupy geographically disjunct locations at
different seasons. Classes are not applicable to nonmigratory Elements, and are generally not
applicable to terrestrial or freshwater migratory Elements that move between contiguous areas. See
Appendix A: Migratory Status and Location Use Class for further clarification on the utilization of
Location Use Classes and Feature Labels.

2.5 Persistence and Practical Conservation Value

A primary purpose for delineating EOs is to guide conservation (g.g., site protection,
environmental review, inventory, recovery efforts, research) for the Elements represented by those

7 Use of a feature label for a principal occurrence representing a component of the full occupied habitat for the Element
indicates that further field survey work is needed.

8 “Breeding” and “nonbreeding” classes are applied to occurrences that represent seasonally resident populations. The
“migratory stopover” class, even though also nonbreeding, is applied to occurrences that represent populations during a
nonresident, migrating phase. Note that there may not be a one-to-one correspondence between location use classes and
breeding and nonbreeding Element ranks for a particular species (¢.g., the classes “migratory stopover” and “bachelor
colony” both apply to the nonbreeding Element rank).
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occurrences. It is therefore critical that EOs have PRACTICAL CONSERVATION VALUE for the
Elements they represent. Persistence at a specific location typically establishes the conservation
value of that location.

Generally, in order to qualify as an EO, the potential continued presence and/or regular
recurrence of an Element at a given location is necessary. In other words, an Element must
potentially persist at a location in order to be designated an EO. Evidence of likely ephemeral
presence of an Element at a location, lacking persistence, should not result in the designation of an
EO. For most Elements (especially perennial plant species, stable communities, and nonmigratory
animal species), persistence is presumed to be established by evidence of presence. More
specifically, for community Elements, stability is judged as persistence under natural processes for
a time period specific to that Element.

For some plant species (e.g., those with long-term seed dormancy or other dormant stages), very
dynamic communities, and migratory animal species, persistence is often defined by real or
apparent recurrence. This recurrence may be due to return migrations, periodic disturbance, or
fluctuating environmental conditions. For aerial migrants during their migration, the designation of
an EO requires temporary (e.0., a week or more) presence in a given season, significant
aggregation, and likely recurrence in different years. (See Appendix B: Persistence and Practical
Conservation Value.)

Historical occurrences (despite their possible lack of persistence) and extirpated populations may
also be designated as EOs (see Sections 2.10, Historical EOs and 2.11, Extirpation). Information
on the location of these EOs may be useful for directing future field surveys, conducting range and
trends analyses, and environmental review. Extirpated EOs, when suitable habitat remains extant,
may be appropriate sites for reintroduction.

2.6 Captivity/Cultivation

Species in captivity or cultivation (e.g., zoos, botanical gardens, tree farms) are not EOs. These
populations are not dependent on natural habitat and may be readily moved.

2.7 Anthropogenic Habitat

Species populations that are regularly or periodically found in specific anthropogenic habitats may
be EOs, particularly if the species arrived at the site without being transported there by humans
and the habitat continues to provide appropriate conditions without specialized intensive
management. Examples of such EOs include pelicans inhabiting reservoirs; peregrine falcons
nesting on skyscrapers; plants along roadcuts; ferns growing on old masonry; bats roosting under
bridges, in abandoned structures, and in mines; and plants growing in farm ponds or cemeteries.
The captive, cultivated, or intensely managed species of such cultural settings as farms, tree
plantations, horticultural landscaping, or ornamental ponds seldom qualify as EOs.

2.8 Reintroduction/Restoration

For species, areas occupied by populations that have been re-established within their native range
are EOs. EOs may also represent habitat occupied by an Element that has been reintroduced, but
that is not yet known to be established. See Section 5.2.3, Origin Status Subranks for a discussion
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of labeling such occurrences; see also Section 5.4.2, EO Rank Sequence for a discussion of the
relative conservation importance of reintroduced/restored EOs.

Communities that have been restored de novo by intensive planting or seeding (e.g., restoration of a
cornfield to a prairie) are generally not considered EOs, since it is thought that such communities,
including their invertebrate fauna and microbial organisms, cannot readily be recreated. However,
in some cases (e.g., for very rare community types) it may be desirable to track restorations as EOs.

2.9 Introduction/Exotics

An area where a species is not native (i.e., where it has been introduced, through direct or indirect
human intervention, outside its historical range) is not an EO unless it is critical to the survival of
that species. For example, sea lamprey is an exotic species in the upper Great Lakes; its presence
there is a result of indirect human intervention, specifically the construction of the Welland Canal.
However, a population newly established through natural dispersal to an appropriate natural,
semi-natural, or anthropogenic habitat may be an EO, even if outside its historical range.

2.10 Historical EOs

EOs may be recorded for locations known to be previously occupied by a species or community,
even if current field survey information is lacking. This is particularly useful for documenting
locations where the Element might be expected to occur or re-occur at some future time,
information that may be important in planning field research and in conducting environmental
review. Historical EOs, in some cases, may also be useful for demonstrating the former
distribution or pattern of decline of an Element. The timeline for categorizing an EO as historical
is Element and location specific (i.e., the time will vary by Element and location). See Section
5.2.1, Basic EO Ranks for guidance on designating an EO as historical.

2.11 Extirpation

EOs may represent locally extirpated Elements for the purpose of ranking, surveying,
environmental review, and/or restoring the Element across its native range. This may include
Elements for which the habitat is either extant or destroyed.

2.12 Recordation and Representation

Information related to EOs may be recorded in tabular form and displayed through the use of
mapped representations. See Section 7, EO Spatial Representation for guidance on developing EO
representations.
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3 EO NESTING

3.1 Principal EOs and Sub-EOs
3.2 Characteristics of Sub-EOs

3.1 Principal EOs and Sub-EOs

All principal EOs should be tracked in an Element Occurrence file, regardless of whether they
have sub-EOs nested within them. Assessing the number of principal occurrences of an Element is
useful as one of several factors in Element ranking; another such factor is a measure of the
estimated viability of each extant EO (i.e., EO ranks). For certain Elements, it may be desirable to
track sub-EOs as well. Sub-EOs may provide additional information on the Element at that
location that would be useful for site-specific conservation planning, biological monitoring, or
biological management purposes. EOs and sub-EOs can be identified using feature labels that
describe what the EO is. (See Sections 2.1 through 2.4 for more specific information about EO
definitions and descriptive feature labels and classes).

The distinction between principal and sub-EOs may be understood by considering how the
amount of information can affect the delineation of EOs. Because knowledge about an EO may
increase over time, what was once delineated as a principal EO may become a sub-EO (and
optionally tracked) as more information about occupied area is obtained.

An example using Haliaeetus leucocephalus (bald eagle) is illustrated in Figure 3.1, with principal EOs
represented by solid lines and sub-EOs represented by dashed lines. The first column shows two
principal EOs delineated on the basis of limited knowledge about occupied area (i.e., nests
occupied by two pairs and minimally separated by a distance defined for the Element). The middle
column shows a larger boundary delineating the known extent of a principal EO based on
additional information about the occupied area (i.e., breeding territory) for one of the two initial
occurrences; the original information concerning the nest within the breeding territory may be
optionally retained as a sub-EO. In the last column, additional information has been obtained on
the breeding territory surrounding the other nest, and because the two territories are within the
separation distance defined for the Element, they are merged into one large principal EO
representing the area known to be occupied (by two adjacent pairs in this example). Again, nests
may be optionally tracked as sub-EQOs within the single principal EO. Breeding territory sub-EOs
may also be optionally tracked, although this may not be particularly useful.
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Figure 3.1 - Distinguishing Principal and Sub-EOs Based on the
Amount of Information on the Occupied Area

Amount Of Information

KEY

- principal EO

sub-EO

Knowledge about community EOs may also increase over time. In relatively intact landscapes (i.e

where no substantial barriers occur between stands), information might initially be managed for
smaller areas within what could be an extremely large principal EO. The full extent of a principal
EO may be difficult to determine without extensive field surveys that are often beyond the scope
of a project. For example, a selective survey of unlogged old-growth portions of a northern
hardwoods type in the Adirondacks may identify stands that occur within a very extensive area
that is primarily second growth. In the short term these old-growth stands may be treated as
principal EOs; over time, however, the full extent of the community may be identified as the
principal EO, and the old-growth stands may become sub-EOs.

For information management purposes, records for principal EOs and sub-EOs have a parent-
child relationship. A record for a principal EO may be linked to one or more records for sub-EOs.
However, a record for a sub-EO cannot stand alone; it must be linked to its parent EO record.
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3.2 Characteristics of Sub-EOs

Nested relationships typically occur for an Element when, in addition to the principal EOs,
sub-EOs are delineated for conservation planning, biological monitoring, and/or biological
management purposes. For such an Element, EOs that are located within larger EOs having a
different feature label are represented as nested sub-EOs.

Examples:

Ursus arctos, grizzly bear
a den sub-EO located within an occupied-habitat EO

Marshallia grandiflora, large-flowered Barbara’s-buttons
an individually monitored deme or subpopulation sub-EO located on a gravel bar
within a metapopulation EO extending 40 kilometers along a river

Pinus ponderosa / Arctostaphylos uva-ursi Woodland,

ponderosa pine/bearberry woodland

an old growth area sub-EO located within a larger second growth woodland EO of
lower quality; note that while old growth and second growth woodlands are the same
community type, they have different feature labels

For some Elements there may be multiple levels of EO nesting. In such cases, all sub-EOs,
regardless of the level of nesting, are linked to the principal EO at the top of the nested set as the
parent; a sub-EO is never a child of another sub-EO. Although multiple levels of nesting are
possible for occurrences of some Elements, tracking more than two levels is not encouraged.

Examples:

Haliaeetus leucocephalus, bald eagle
a nest sub-EO located within a breeding territory sub-EO, which is located within a
seasonal occupied-habitat EO for multiple pairs of eagles

Quercus alba - Quercus rubra - Carya ovata Forest,

white oak - red oak - shagbark hickory forest

a high-quality old growth sub-EO located within an old growth sub-EO, which is
located within early successional stage growth of the same community type

Nesting cannot occur between EOs having the same feature label for a given population of an
Element.

Example:

Rangifer tarandus, caribou
a calving area cannot be located within another calving area of the same population of
R. tarandus

3.2.1 Nesting Sub-EOs for Migratory Elements Having No Location Use Classes

Migratory Elements that utilize a single occupied habitat throughout the year have no location use
classes (see Section 2.4, Location Use Classes). However, these EOs can contain nested sub-EOs.
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Examples:

Acipenser fulvescens, lake sturgeon
a spawning area sub-EO located within an occupied-habitat EO (no location use class)

Rangifer tarandus, caribou
a wintering area sub-EO located within an occupied-habitat EO (no location use class)

3.2.2 Nesting Sub-EOs for Migratory Elements Having Location Use Classes

Migratory Elements that utilize multiple disjunct occupied habitats at different seasons have two
or more location use classes. For these Elements, nesting can only occur within EOs of the same
class.

Examples:

Calidris canutus, red knot
for location use class MIGRATORY STOPOVER: a roosting area sub-EO located
within an occupied-habitat EO

Oncorhynchus tshawytscha, Chinook salmon
for location use class BREEDING: a spawning area sub-EO located within an
occupied-habitat EO

Although EOs in different classes are typically geographically disjunct, it is possible for some
species to have EOs in different classes that do overlap, although in different seasons (see Figure
3.2). This almost always involves different individuals. For a particular Element, occurrences that
belong to different classes should not be nested because they represent different populations in
different seasonal contexts.
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Figure 3.2 - Example for a Particular Element Showing Overlapping Occurrences
Belonging to Different Populations and Location Use Classes
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3.2.3 Nesting Non-Biologically Defined Sub-EOs

In some cases, it may be useful to create nested relationships by the convenient division of an EO
on the basis of extrinsic factors. Creating records for non-biologically defined sub-EOs makes it
possible to track information that is unique to those sub-EOs. However, the creation of sub-EOs
defined in this manner should generally be avoided because they are not biologically significant.

Extrinsic factors that occur naturally at a particular location (e.g., geographic features, topographic
features, landform features) may influence the division of an EO into sub-EOs, although this
should be done with caution and the rationale for doing so documented in the record for each of
the resulting sub-EOs.

Examples:

Haliaeetus leucocephalus, bald eagle
a watershed sub-EO that is a division of an occupied-habitat EO

Cardamine clematitis, mountain bittercress
watershed sub-EOs separated for convenience of monitoring

Schizachyrium scoparium — Bouteloua (curtipendula, gracilis) / Carex filifolia Herbaceous
Vegetation, northem great plains little bluestem prairie

separate sub-EQOs created for patches that occur on different landform features within
an EO: asub-EO for patches that occur within forested areas of ridges, and another
sub-EO for patches of the same community type that occur on adjacent plains (since
these two sub-EOs differ somewhat in composition and function, there is benefit in
maintaining separate records)
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Alternatively, extrinsic factors imposed by humans (e.g., political and/or jurisdictional boundaries)
may also determine the division of EOs into sub-EOs.

Examples:

Canis lupus, gray wolf
a sub-EO delineated by subnational boundaries that is a portion of a
multi-jurisdictional occupied-habitat EO

Pinus ponderosa/Schizachyrium scoparium Woodland,

ponderosa pine/little bluestem woodland

two sub-EOs created for different parts of an EO: one for that portion occurring
within a Research Natural Area, and another for the portion occurring within an
adjacent wilderness area, each of which has very different management objectives

Canis lupus, gray wolf

two sub-EOs (one being an area designated as a recovery zone, and the other an area
designated as a non-essential experimental population) that are located within an
occupied-habitat EO
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4 EO SPECIFICATIONS

4.1 Purpose of EO Specifications

4.2 Minimum Criteria for EOs

4.3  Separating EOs

4.4 Inferred Extent for Some Animal Species
4.5  Characteristics of Good EO Specifications
4.6 Developing EO Specifications

4.7  Templates for Writing EO Specifications

4.1 Purpose of EO Specifications

Element Occurrence information represents one of the principal tools of heritage inventory, and
serves as the basis for conservation planning. Building a quality EO database depends on clear and
consistent EO specifications. Occurrences identified according to the specifications for a given
Element are mapped, recorded in an Element Occurrence file, and assigned conservation ranks
(i.e., EO ranks) that reflect estimated viability. EOs and their ranks can be used to determine
priorities for conservation site selection. Having consistently applied EO specifications across the
range of an Element is especially beneficial for multi-jurisdictional and rangewide planning.

EO specifications are used to delineate and differentiate EOs. In other words, EO specifications
define precisely what evidence constitutes a valid EO (i.e., the minimum size, quality, or
persistence required), and what distances or factors separate one principal EO from another. This
will affect the number of EOs tracked. Low thresholds for minimum size or quality in the EO
specifications (i.e., lax criteria) may result in a proliferation of EOs having little practical
conservation value, and high development and maintenance costs for biologists and data
managers. Conversely, high thresholds (i.e., stringent criteria) may result in a failure to designate
EOs for significant occurrences of an Element.

Although the number of principal EOs is often used as one of many factors in determining
Element conservation priorities (i.e., Element ranks), this number should be used judiciously. For
some Elements, the number of EOs may be, in part, a result of fragmentation of historically more
extensive occurrences. Whether a given Element in such a fragmented landscape is represented as
a single large principal EO having multiple sub-EOs or multiple small principal EOs is of little
importance in ranking the Element; both means of recordation should reflect the reduced viability
of the Element at that location. In such situations, consistent delineation of the EOs is important,
and should be based on separation distances that are useful for delineating viable units that are
practical for conservation action.

EO specifications should be based on the best available information on the biological and
ecological factors that determine the estimated viability of an Element. In some cases, especially
for invertebrates and other cryptic species, the best available information will consist of indirect
and/or circumstantial evidence (e.g., for many nocturnal moths, evidence of presence coupled with
habitat patch size and quality).



EO DATA STANDARD 23
2/6/02

For communities, EO specifications information may be organized according to the spatial
patterns and ecological dynamics typical of groups of Elements. These groups can be described as
matrix, large patch, small patch, and linear (see Appendix C: Spatial Patterns of Different
Community Types). Ecological factors and ranking considerations may be similar for Elements
within a group that share the same spatial patterns and dynamics; thus, EO specifications for
Elements within a particular group may also be similar.

EO specifications should be developed for principal EOs in a global context. Conservation
planning is often conducted rangewide or across an ecoregion, and the information available from
multiple jurisdictions for this planning should be consistent, requiring that global specifications be
applied in the delineation of principal EOs throughout the range of an Element. Because sub-EOs
are generally defined locally and not aggregated across jurisdictions, global specifications for
sub-EOs are typically not needed. Individual jurisdictions may develop local specifications for
sub-EOs as they find useful and appropriate. However, in cases where sub-EOs for an Element
are widely tracked, it may be useful to develop global specifications for sub-EOs; these should be
incorporated with the text for the principal EO specifications.

4.2 Minimum Criteria for EOs

For species, EO specifications should outline the minimum criteria for defining precisely what
constitutes an occurrence of that Element. The minimum essential criteria for determining an EO
should be derived from the known biology, ecology, phenology, and/or reproductive behaviors of
the Element, as appropriate. Accordingly, the minimum EO criteria for many species typically
requires a single persisting, recurring, or potentially persisting or recurring individual. For some
species, the specifications might include a minimum required size (population and/or area) and
essential characteristics of the environment that sustain or contribute to that Element’s survival
and/or recurrence (e.g., for migratory species). (See Sections 2.5 through 2.11 for further discussion
about what constitutes an EO.)

For communities, minimum criteria for EOs are implicit in the classification of the Element. A
brief description of the Element (e.g., composition, structure) that includes information on
characteristics that distinguish it from similar communities should be provided in a global Element
summary field. Any area that is large enough to be classified as a particular community Element
has, in essence, met the minimum criteria for an occurrence of that community type. Practically,
however, minimum sizes may be helpful and should be provided in the EO specifications.
Recommended minimum sizes for the different community pattern types are: 2 hectares for matrix;
0.4 hectare for large patch; 0.05 hectare for small patch; and 30 meters in length for linear.
Stands/areas below the recommended minimum size become difficult to judge in terms of
community type characteristics, and, if isolated, become heavily influenced by edge effects. For
conservation purposes, generally only larger sized occurrences of each community type are tracked
and the threshold for minimum size is seldom approached.

4.3 Separating EOs

Principal EOs are typically separated from other principal EOs, either by barriers or breaks, or by
specified distances across intervening areas. For species, separation distances will be measured
across unsuitable habitat or suitable but apparently unoccupied habitat. For communities,



EO DATA STANDARD 24
2/6/02

separation distances will be measured across intervening areas of different natural or semi-natural
communities, or cultural vegetation.

4.3.1 Barriers

In addition to minimum criteria for identifying an EO, known barriers for Elements, either
naturally occurring or manmade, should also be described in the EO specifications.

For species, barriers are those that almost completely prevent movement or dispersal of the
Element, thereby obstructing or severely limiting gene flow. These barriers are usually abrupt, and
may be relatively narrow. Typical instances of barriers for a given species should be specified in
the EO specifications for that Element (e.g., four-lane divided highways may limit bog turtle
movement; dams exceeding 3%z meters [approximately 20 feet] in height may restrict movement of
salmon; large rivers may limit small mammal movement; deserts may curtail movement of montane
insects; tidal inlets greater than a certain width may be a barrier for beach plants).

For community EOs, barriers may be obstacles that limit the expansion or alter the function of
communities. In effect, these barriers separate populations of most of the component species
within the community, thus obstructing or severely limiting gene flow. Barriers may be common
for many aquatic and wetland communities, but are typically less common for many upland
terrestrial communities.

4.3.2 Separation Distances

In addition to barriers that totally, or almost completely, prevent movement and/or dispersal,
distances of intervening area that restrict movement may also separate EOs. These distances are
used to delineate the population units between which gene flow is significantly reduced. For
comparison, IUCN (1996) characterizes reduced gene flow between units as “typically one
successful migrant individual or gamete per year or less”.® For most species, data from gene flow
studies does not exist; thus, decisions on separation distances should be made on the basis of best
information available. Also, consideration of gene flow is not applicable to Elements that disperse
widely (e.g., birds, wind-dispersed plants or insects), Elements having very long generation times
(e.g., giant tortoises, plants characterized by long-term seed banking or dormancy, persisting
clones), or Elements that are dependent on rare but recurrent phenomena for dispersal (e.g., floods,
major storms).

The intent of assigning values for separation distances is to achieve consistency in the manner in
which EOs are defined and mapped. The degree of restriction to movement and/or to dispersal of
the Element resulting from the intervening area determines the distance(s) required to separate one
EO from another. Thus, areas that are highly restrictive to the Element’s movement or dispersal
require smaller distances for separating EOs than areas less prohibitive to movement or dispersal.

Several factors may be used to set separation distance(s) for EOs (see Section 4.3.2.5, Factors
Determining Separation Distances). The factors used to determine separation distances for EOs
should be cited as justification in the EO specifications.

9 This IUCN guideline is used to define subpopulations. Because IUCN defines the population “as the total number of
individuals of the taxon”, the IUCN concept of subpopulation most closely approximates the EO concept in this Standard.
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4.3.2.1 Species: Separation by Unsuitable and Suitable Habitats

When applicable, two separation distances should be specified for species Elements: one across
unsuitable habitat, and another across apparently suitable habitat that is not known to be occupied
(regardless of whether surveyed).1 The use of these distances in defining EOs is designed to
reflect hypothesized differences in gene flow across suitable vs. unsuitable habitats. However, for
some species Elements, there will likely be no significant differences in gene flow across the
different habitats. In these cases, only one separation distance need be specified. To promote
consistency in the application of separation distances, they should be measured along the shortest
route of expected travel of the Element between the edges of the known or minimally estimated
occupied habitat, although this may not be a straight line (see Section 7, EO Spatial
Representation).

For all species Elements, the distance of unsuitable habitat needed to separate EOs is always less
than or equal to the distance of apparently suitable but unoccupied habitat needed to separate
EOs. Because the unsuitable habitat cannot support the Element, a specified distance of this
habitat can be more prohibitive to dispersal and residence by the Element than the same distance
of apparently suitable habitat. Thus, separation by unsuitable habitat is presumed to be more
definitive. Further survey work is unlikely to result in the discovery that the separation was
inaccurate. It is also unlikely that unsuitable habitat will become occupied over time, and
therefore, the separation between two EOs will presumably remain.

4.3.2.2 Communities: Separation by Different Community Types

For community Elements, habitat suitability or unsuitability is not applicable. Instead, community
EOs may be separated by expanses of different natural or semi-natural community types, or
cultural vegetation. Intervening natural and semi-natural areas will likely inhibit the expansion or
function of community EOs to a lesser degree than intervening cultural vegetation. In a like
manner, intervening natural and semi-natural areas with similar kinds of habitat characteristics will
inhibit expansion or function of a community less than those with very different kinds of
characteristics. For example, bogs separated by intervening areas of upland jack pine on bedrock
are more definitively identified as distinct EOs than bogs separated by areas of black spruce
swamp.

4.3.2.3 Separation Across Mixed Areas

Frequently, the area located between populations or patches may consist of a mixture of
apparently suitable and unsuitable habitat, or a mixture of other natural or semi-natural community
types and/or cultural vegetation. When applying EO specifications, if no mixed habitat guidance is
provided, the separation distances to be applied should be conceptually based on the relative
amounts of apparently suitable and unsuitable habitat.

10 If the suitability of a particular habitat is unknown, then treat it as if it were suitable.

11 Conceptually, if (s, S) + (u, U)3 1, then there is more than one EO, where S = recommended minimum distance of
apparently suitable habitat, U = recommended minimum distance of unsuitable habitat, s = actual distance of apparently
suitable habitat, and u = actual distance of unsuitable habitat.
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4.3.2.4 Recommended Minimum Separation Distances

Minimum values for separation distances have been recommended to ensure that EOs are not
separated by unreasonably small distances, which would lead to the identification of unnecessarily
fragmented populations as potential targets for conservation planning or action. For species
Elements, minimum separation distances are generally 1 km?2 or greater for both unsuitable
habitat, and for apparently suitable habitat that is not known to be occupied. For communities, the
minimum separation distance delineated for intervening areas of different natural or semi-natural
communities is 1 km or greater, and a distance of at least 0.5 km for interjacent areas of cultural
vegetation. Table 4.1 summarizes the recommended minimum separation distances for species and
community EOs.

Table 4.1 - Recommended Minimum Separation Distances

Type of Separation Species EOs Community EOs
barrier qualitatively defined qualitatively defined
unsuitable habitat 3 1km N/A
apparently suitable habitat
not known to be occupied * 1km N/A
cultural vegetation N/A 3 0.5 km
different natural or N/A 3 1 Kkm

semi-natural communities

Although some Elements may occur as truly separate populations at scales of separation less than
1 km, the practical value (for conservation planning and action) of delineating finer-scale EOs is
often questionable. Nevertheless, a few Elements may require separation distances that are less
than the established minimum; in such cases, these distances should be justified in the EO
specifications.

4.3.2.5 Factors Determining Separation Distances

Several factors that may be considered when determining separation distances to be written in the
EO specifications for a given Element:

a) Dispersal Distance

For species Elements, dispersal distance is the distance that individuals or propagules (e.g., pollen,
seeds, spores, larvae) travel from an existing location to a new location. Success of dispersal

12 The new recommended minimum of 1 km is more than twice the old distance of ¥amile suggested in the Natural
Heritage Program Model Operations Manual (The Nature Conservancy 1988). The recommended minimum separation
distances are derived from a poll of representative programs throughout the Heritage Network, and have been tested
through a pilot implementation in the Eastern Region.
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depends on whether suitable habitat for establishment is reached within that distance. Typical
dispersal distance for an Element is rarely known and may be extremely variable. However, since
dispersal allows genetic connectivity between otherwise apparently distinct populations, separation
distances between EOs should be greater than the distance of routine dispersal events.

For many Elements, a small percentage of individuals or propagules may disperse great distances.
While potentially significant for establishing new populations and for reducing genetic
differentiation of populations, these rare, long-distance dispersal events should not be factored
into separation distances. For migratory species, dispersal distance is not a useful concept for
determining separation between populations since these Elements may typically disperse over
enormous distances. Considering dispersal distances in determining separation distances for such
Elements may lead to impracticably large EOs.

b) Home Range

In the absence of information about dispersal distance for animals, home range size may be a
useful surrogate for that knowledge based on a presumed relationship between the two. For some
animals, home range is the average area occupied, utilized, and/or defended by an individual,
either during its lifetime or for a given breeding season. The true extent of home range is often not
well known, and may vary from year to year, and between different habitats. Generally, separation
distances should be at least three times the average home range for the Element (i.e., based on the
length of the largest axis). In cases where the area of a home range is not known but information is
available on movement (excluding dispersal and migration), use three times the distance of that
movement. This distance would ensure that EOs that are, in fact, distinct remain separate despite
fluctuating home range boundaries through defining adequate space between them to allow for
such fluctuations.

c) Spatial Patterns of Occurrence

The relative degree of spatial patchiness of an EO is an important factor when determining
separation distances for EO specifications. Spatial patterns can be measured by the size of the
EO, separation between EOs, and/or the surrounding context of the EO (e.g., the degree of
unsuitability of the surrounding landscape).

For matrix communities, it may be difficult to develop separation distance guidelines due to their
extensive and complex spatial patterns. Large readily recognizable stands that qualify as distinct
EOs according to the separation distance guidelines may, nonetheless, be connected by smaller
less apparent stands located within the prescribed separation distance. When such cases are found
in natural or semi-natural landscapes, the smaller and larger stands may be grouped into one
principal EO, with sub-EOs used to define the individual stands. However, in more altered
landscapes, the intervening small stands are less likely to create a meaningful connection between
the large stands; thus, large stands would be maintained as separate principal EOs.

d) Temporal Patterns of Occurrence

Changes in spatial patterns over time, including many successional phenomena, may also be
considered when writing EO specifications. In general, separation distance guidelines will depend
on the rate of change.
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If spatial changes occur relatively frequently (e.g., within a practical time frame of 25 years), then
separation distance guidelines should be adjusted to incorporate the relatively dynamic
temporal/spatial nature of an occurrence. In other words, because a principal EO with dynamic
characteristics represents all potential varying locations of that population or community over a
given time period, it encompasses an area larger than what is actually occupied at the time of
survey. Thus, greater separation distances should be specified to ensure that a shifting population
or patch is not recorded as multiple separate occurrences over time.

On the other hand, if spatial changes occur relatively infrequently (e.g., the population or
community remains at a particular location for longer than 25 years), then for all practical
purposes, separation distance guidelines should reflect the relatively stable nature of the
occurrence. In other words, temporal factors should be considered largely irrelevant, and
separation distance guidelines should be based on current factors only.

Temporal patterns of occurrence may be an important consideration for many species (e.g., birds
that are dependent on grassland communities; plants characterized by seed banking that may only
be apparent for discontinuous periods of time). Temporal patterns of occurrence may also be an
important consideration for very dynamic communities (e.g., meadow and marsh communities that
move up and down streams in relation to beaver dams). In each of these cases, occurrences may
not appear to persist locally if considered at one time only, but do persist in the larger landscape
over a longer time frame.

e) Comparability with Similar Functional Groups

Similarity in components of species biology or community processes (¢.g., a - d above) between
Elements may be an important consideration in developing EO specifications. This functional
similarity is often found in groups that are related through taxonomy, shared ecological factors, or
some combination of the two (e.g., “alliance” for communities, “genus” for species, ecological
groups within an alliance). However, groups may be functionally related without having any
taxonomic relation (e.g., conifer and mixed matrix communities occurring in the same pattern in a
boreal ecoregion, riffle-dwelling mussel species occurring in similar patterns of abundance).
Functionally similar Elements should have comparable separation distances; it would normally not
make sense to specify separation distances for functionally similar Elements that differ by an order
of magnitude.

These factors to be considered in determining separation distances may be dependent on other
components (e.g., landscape may affect dispersal distance, population density may influence home
range size, and sex may determine average movement distance). Although multiple factors may
influence the decision on separation distances specified, the most significant factor(s) should be
provided as justification in the EO specifications.

4.3.3 Feature Labels and Location Use Classes

To help ensure consistency in describing EOs, specific labels used for an Element should be
described in the EO specifications, as appropriate.
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4.3.3.1 Feature Labels

The use of feature labels for describing EOs is optional (see Section 2.3, Feature Labels). A
feature label will not affect the status of an EO as either a principal EO or sub-EO. Since not all
programs will track feature labels for a given Element, meaningful analyses of aggregated sub-EO
data are not possible. If widely used, feature labels for particular Elements may be provided in the
EO specifications to foster consistency in labeling EOs among different programs.

4.3.3.2 Location Use Class

Location use classes should always (and only) be specified in the EO specifications for migratory
Elements with multiple occupied-habitat EOs (including aerial, anadromous, and marine
Elements), since for conservation planning purposes, migratory Elements with disjunct areal
requirements may have different conservation priorities during different seasons (see Section 2.4,
Location Use Classes). Protection of these distinct habitats is essential for the survival of the
Element.

For migratory Elements having seasonally disjunct occupied habitats, there will be at least two
location use classes, typically a “breeding” class and a “nonbreeding” class. Many species will also
have a “migratory stopover” class. In cases where these migratory Elements have some
nonmigratory populations, there may be a need for an additional “nonmigratory” class. (See
Appendix A: Migratory Status and Location Use Class.)

4.4 Inferred Extent for Some Animal Species

[Although this section is included here, it is not part of the Draft EO Data Standard developed through a formal
design and acceptance process by the EO Working Group. It is based on information obtained during an EO
workshop convened in September, 1999, to collect requirements for a Heritage Data Management System
(HDMS) currently under development. Approximately half of the participants at this workshop were members of
the EO Working Group. Subsequent information on this topic has been provided by zoologists Larry Master and
Geoff Hammerson.]

Most EOs are located in an area of suitable habitat that exceeds the spatial requirements for the
Element. However, principal EOs are developed on the basis of what was actually observed in the
field, without inclusion of any unsurveyed but available suitable habitat at that location (see
Section 7.17.2 for the single exception to this model). While EOs accurately reflect what is known
from underlying survey information, an EO with a confidence extent = “N” (or perhaps “?”’) may
not effectively illustrate the likely extent of the Element at that location. (See Section 2.1 for
further discussion on confidence extent.) In such cases, after the principal EO has been mapped, a
separate inferred extent (1E) feature could be created for some animals to better illustrate the
potentially/probably occupied habitat, and could be utilized in analyses for which estimates of
occupied area would be useful (e.g., conservation planning, environmental review).

An IE feature is developed by adding a specific IE distance to the underlying spatial data for the
Element at that location. For animals that are known to utilize a home range, an IE distance
should be provided in the EO specifications for the Element. The IE distance is an approximate
spatial requirement for a particular species, typically based on the average home range (specifically,
a distance equal to the diameter of the median home range). However, for some animals (e.g.,
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pond-breeding amphibians, rattlesnakes moving from a den) the IE distance represents the
distance from an initial location (in any direction) that would encompass the ultimate destination
of 75-90% of the dispersing adult individuals. See Section 7.17.1 Inferred Extent for a more
detailed description of the use of IE distance.

4.5 Characteristics of Good EO Specifications

To ensure accuracy, practicality, reliability, and consistency in defining EOs (within the
constraints of the information available), EO specifications should

a) have global application, addressing the Element throughout its range;

b) be specific, not ambiguous; avoid the use of adjectives and/or phrases that could be
interpreted differently, such as “recent”, “large”, “somewhat”;

c) provide minimum criteria for determining a species EO, or provide recommended minimum
size for a community EO;

d) provide examples of typical barriers, if they exist;

e) provide separation distances for species that differentiate one EO from another across:
(1) unsuitable habitat, and (2) apparently suitable habitat that is not known to be occupied,;

f) provide separation distances for community types that differentiate one EO from another
across: (1) different natural or semi-natural communities, and (2) intervening areas of cultural
vegetation;

g) provide justification for separation distances specified above, including citation if available
(unless the recommended minimum separation distances [described in Section 4.3.2.4 above]
are used);

h) address all potential location use classes;
i) optionally, state any widely used feature labels that might facilitate communication;
j) provide an inferred extent distance for animals that utilize a home range;

k) be peer reviewed (along with EO rank specifications); all data centers within the range of the
Element will be invited to review the EO specifications. Comments should be received from a
minimum of two reviewers, including at least one from the appropriate Central/Regional
Zoology, Botany, or Ecology program staff. In addition, review by other experts (either within
or outside of the Heritage Network) familiar with the Element or the taxonomic group to
which it belongs is encouraged,;

[) include the author(s); and
m) include the date that the EO specifications were most recently substantially revised (such that

previous versions are obsolete and occurrences should be re-evaluated using the revised
specifications).
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The above characteristics may be used as a checklist when developing or reviewing EO
specifications.

4.6 Developing EO Specifications

Poorly conceived EO specifications are likely to be interpreted differently by different individuals
and/or at different times, and result in inconsistently identified EOs. This can misdirect
conservation activities. Ensuring that specifications are developed in accordance with the
characteristics listed above can be accomplished, in part, by following standard guidelines.
Separation distances and barriers should be identified in the EO specifications, as should location
use classes and feature labels, where appropriate.

When developing EO specifications, an Element should be considered throughout its range.
Characteristics of Elements may vary significantly in different parts of the range (e.g., for species
using different habitat in different ecoregions). In such cases, specific minimum criteria and
separation distances could be provided in the EO specifications for the different portions of, or
habitats in, the range; however, this should be done with great caution.

In the absence of global EO specifications for a particular Element, jurisdictions are encouraged to
develop them in coordination with Central Zoology, Botany, or Ecology (rather than diverting
resources into the development of multiple interim local guidelines). In situations where
developing global EO specifications is not feasible, interim local guidelines can be developed.

Central Zoology, Botany, and Ecology will maintain separate draft EO specifications while new
editions of specifications are being developed and reviewed; this will ensure that they are not
confused with the current operational specifications until the review process is completed and any
revisions incorporated.

Sources of information for developing EO specifications should include the scientific literature,
scientific experts in and outside of the Heritage Network, those conservation data centers that
track the Element, and personal field experience with the Element. Any information that would
contribute to the detail and completeness of the EO specifications for a particular Element should
be forwarded to Central Heritage Operations. Any questions or comments on specifications should
be directed to Central Zoology, Botany, or Ecology.

Since inventory and research continually yield new biological and ecological information, the
development of EO specifications is an iterative process that incorporates new data. However,
due to the collective cost to data centers in implementing revisions, specifications should only be
revised when there is substantial new information that would correct any existing specifications as
they relate to EO viability or other conservation considerations. Central Zoology and Botany may
make minor editorial changes to EO specifications to ensure stylistic consistency. It is
recommended that data centers make copies of new EO specifications as they are created or
received for archiving in manual files; as subsequent editions of specifications are developed for an
Element, archived copies can provide information on the previous criteria utilized in identifying
occurrences of that Element.
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To prevent duplication of effort when developing EO specifications, it may be practical to
develop a set of criteria that would be broadly applicable to an entire functional group of
Elements, identified as a “specifications group”. Because Elements within a particular
specifications group have similar components of species biology or community processes, EO
specifications for the Elements within that group would differ only minimally, if at all. The EO
specifications developed for the group could later be modified as appropriate for a particular
Element in the specifications group, at which point the Element would be removed from the
group; the initial set of group EO specifications would continue to be applied to the Elements
remaining in the specifications group, however. Central Zoology, Botany, and Ecology should
maintain documentation on EO specifications developed for specifications groups.

In cases when information on a particular Element is scant or incomplete (due to lack of thorough
research or secretive behaviors of the Element), it may be useful to identify another Element that
is presumed or hypothesized to be functionally similar and base the EO specifications for the
lesser-known Element on those of the better-known Element. Alternatively, if a specifications
group comprised of functionally similar Elements can be identified, then the lesser-known
Element could be added to the group and the EO specifications developed for the group utilized.

4.7 Templates for Writing EO Specifications

Using a template when drafting EO specifications may help ensure that they are well written and
include all information necessary to accurately and consistently define an EO. Figures 4.1 through
4.3 show templates that should be used when writing EO specifications. These models represent
three general categories of Elements: species Elements with one type of occupied-habitat EO;
migratory species Elements with multiple, disjunct types of occupied-habitat EOs (i.e., Elements
having location use classes); and community Elements. For examples of EO specifications
developed using the templates, see Appendix D. For complete definitions of data fields in the
templates, see Appendix F [to be completed during Phase 2 of the EO Design Project]. Separation
distances should be determined on the basis of one or more of the factors described in Section
4.3.2, Separation Distances.
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Figure 4.1 - EO Specifications Template for Species Elements Having
No Location Use Classes

SPECS GROUP (name of specifications group, if applicable)
MINIMUM EO CRITERIA (minimum criteria for valid EO)

EO Separation
SEPARATION BARRIERS (example[s] of typical barriers that would separate EOs)

SEPARATION DISTANCE - UNSUITABLE HABITAT (in kilometers)
SEPARATION DISTANCE - SUITABLE HABITAT (in kilometers)

ALTERNATE SEPARATION PROCEDURE

(procedure for separating EOs if one or both separation distances cannot be specified)

SEPARATION JUSTIFICATION

(basis for separation distances, including citation if available)

Feature
FEATURE LABELS (widely used feature labels)

Inferred Extent
IE DISTANCE (distance to be used as buffer for creating 1E features, in kilometers)

IE NOTES (notes relating to the specified 1E distance)
Edition
SPECS AUTHOR (significant contributors to specifications)

SPECS EDITION DATE (YYYY-MM-DD)
SPECS NOTES (internal notes relating to development of specifications)

Note: Inferred extent attributes are utilized for some animal Elements only.
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Figure 4.2 - EO Specifications Template for Migratory Species Elements Having
Location Use Classes

SPECS GROUP (name of specifications group, if applicable)
LOCATION USE CLASSES (list of classes for Element [for example, BREEDING, NONBREEDING])

attributes below repeat for each location use class for the Element

LOCATION USE CLASS (specific class from list of classes for Element)
MINIMUM EO CRITERIA  (minimum criteria for valid EO of specified class)

EO Separation

SEPARATION BARRIERS (example[s] of typical barriers that would separate EOs of specified class)
SEPARATION DISTANCE — UNSUITABLE HABITAT (in kilometers)
SEPARATION DISTANCE - SUITABLE HABITAT (in kilometers)

ALTERNATE SEPARATION PROCEDURE
(procedure for separating EOs of specified class if one or both separation distances cannot be specified)

SEPARATION JUSTIFICATION
(basis for separation distances for specified class, including citation if available)

Feature
FEATURE LABELS (widely used feature labels for specified class)

Inferred Extent
IE DISTANCE (distance to be used as buffer for creating IE features for specified class, in km)
IE NOTES (notes relating to the specified IE distance)

Edition
SPECS AUTHOR (significant contributors to specifications for specified class)

SPECS EDITION DATE (YYYY-MM-DD)
SPECS NOTES (internal notes relating to development of specifications)
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Figure 4.3 - EO Specifications Template for Community Elements

SPECS GROUP (name of specifications group, if applicable)
MINIMUM SIZE (minimum size for valid EO)

EO Separation
SEPARATION BARRIER (example[s] of typical barriers that would separate EOs)

SEPARATION DISTANCE - CULTURAL VEGETATION (in kilometers)
SEPARATION DISTANCE - DIFF NAT/SEMI-NAT COMM (in kilometers)

ALTERNATE SEPARATION PROCEDURE

(procedure for separating EOs if one or both separation distances cannot be specified)

SEPARATION JUSTIFICATION

(basis for separation distances, including citation if available)

Feature
FEATURE LABELS (widely used feature labels)

Edition
SPECS AUTHOR (significant contributors to specifications)

SPECS EDITION DATE (YYYY-MM-DD)
SPECS NOTES (internal notes relating to development of specifications)
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5 EO RANKS AND EO RANK SPECIFICATIONS

5.1 Purpose of EO Ranks and EO Rank Specifications
5.2 EO Ranks

5.3 EO Rank Factors

5.4 EO Rank Values

5.5 Establishing the EO Rank Scale

5.6 Ranking EOs

5.7 Characteristics of Good EO Rank Specifications
5.8  Developing EO Rank Specifications

59  Templates for Writing EO Rank Specifications

5.1 Purpose of EO Ranks and EO Rank Specifications

EO ranks provide a succinct assessment of ESTIMATED VIABILITY, Or PROBABILITY OF
PERSISTENCE (based on condition, size, and landscape context) of occurrences of a given
Element. In other words, EO ranks provide an assessment of the likelihood that if current
conditions prevail an occurrence will persist for a defined period of time, typically 20-100 years
(see Section 5.5, Establishing the EO Rank Scale). EO ranks are considered in assigning global,
national, and subnational!3 Element ranks (GRANKs, NRANKSs, and SRANKS), and are a critical
tool for conservation planning. EO ranks may be used effectively in conjunction with Element
conservation status ranks to guide which EOs should be recorded and mapped (see Section 6, EO
Tracking), and to help prioritize EOs for purposes of conservation planning or action, both locally
and rangewide.4

EO rank specifications should establish criteria for a ranking scale, should be based on knowledge
of historical evidence and current status, and should include threshold values for the best
conceivable occurrences and those having only fair viability. Like EO specifications, EO rank
specifications should be developed in a global context. This means that the best occurrence in a
particular jurisdiction or geographic area (e.g., ecoregion) may not be highly ranked or even viable.
Information about local prioritization of EOs can be recorded in optional fields or existing
comment fields in the Element National or Subnational Ranking file.

5.2 EO Ranks

An EO rank represents the relative value of an EO with respect to others for that Element,
defined according to criteria derived from specific EO rank factors (see Section 5.3, EO Rank

13]n this document, the term “subnation” will refer to the first order subdivision of a nation (e.g., state, province, district,
department).

14 Although Element and EO ranks help to set conservation priorities, they are not the sole determining factors. The
determination of priority occurrences for conservation action will include not only the conservation status of the Element
and the likelihood of persistence of the occurrence, but will also include consideration of other factors such as the taxonomic
distinctness of the Element; the genetic distinctness of the EO; the co -occurrence of the Element with other Elements of
conservation concern at a site; the likelihood that conservation action will be successful; and economic, political, and logistical
considerations.
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Factors). EO ranks are assigned on the basis of data obtained from recent field surveys (except for
historical, or in some cases extirpated, occurrences) by knowledgeable individuals. (See definition
of “recent” under the description of “H” rank below.) The ranks should be set in accordance with
specifications for “A”, “B”, “C”, and “D” ranks, or other guidelines (see Section 5.2.1, Basic EO
Ranks) if these criteria cannot be applied.

Generally, EO ranks apply to principal EOs only. However, in situations where there is a need to
distinguish between sub-EOs of varying size or quality (e.g., to prioritize sub-EOs at a particular
site), ranking of sub-EOs may be useful. Note that if sub-EOs are ranked, the principal EO
should still be ranked and treated as the fundamental unit for conservation planning. In cases
where sub-EOs are ranked, the rank of a sub-EO should not be higher (but may be lower) than
that of the parent principal EO.

Often the global specifications developed for principal EOs could appropriately be used to rank
sub-EOs as well. This is generally true in cases where quality is the primary factor differentiating
principal and sub-EOs (e.g., where sub-EO patches of an old-growth forest community are located
within a lower quality matrix of the same forest type). This is also generally true in cases where
scale is the primary factor differentiating principal and sub-EOs (e.g., Lycaeides melissa samuelis
[Karner blue butterfly] metapopulation EOs and deme sub-EOs). However, when differences
between principal and sub-EOs are due to factors other than quality or scale (e.g., distinct
behaviors or life history functions), separate sub-EO rank specifications could be developed

(e.g., Acipenser brevirostrum [shortnose sturgeon] occupied-habitat EOs and spawning area sub-EQOs).
In cases where specifications for sub-EOs would be useful, such specifications can be developed
locally.

5.2.1 Basic EO Ranks

Basic EO ranks used in prioritizing EOs for conservation planning purposes are shown in Table
5.1.

Table 5.1 - Basic EO Ranks
EO Rank Description

A excellent estimated viability

B good estimated viability

C fair estimated viability

D poor estimated viability

E verified extant (viability not assessed)
H historical

F failed to find

X extirpated

The basic “A” through “D” ranks are based on currently known factors (described in Section 5.3,
EO Rank Factors) that are used to estimate the viability of an EO. The more viable an EO is, the
higher its EO rank and the higher its conservation value.
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Whenever possible, EOs should be assigned ranks according to criteria specified for “A”, “B”,
“C”, and “D”-ranked occurrences. This includes EOs for native Elements that have been
reintroduced, as well as exotic Elements (those with Element rank = “SE” or “NE”, or those that
are locally exotic) that are critical to the survival of the species. When evidence of presence is
lacking, or when field information is not sufficient to assign an “A”, “B”, “C”, or “D” rank, the
other basic ranks, “E”, “H”, “F”, or “X” may be used.

The “E” = EXTANT EO rank should be used for an EO that has been recently verified as still
existing, but sufficient information on the factors used to estimate viability of the EO has not yet
been obtained. Use of the “E” rank should be reserved for those situations where the occurrence is
thought to be extant, but an “A”, “B”, “C”, “D”, or range rank cannot be assigned.

The “H” = HISTORICAL EO rank should be used when there is a lack of recent field information
verifying the continued existence of an EO, such as

a) when an EO is based only on historical collections data; or

b) when an EO was ranked “A”, “B”, “C”, “D”, or “E” at one time and is later, without field
survey work, considered to be possibly extirpated due to general habitat loss or degradation of
the environment in the area.

This definition of the “H” rank is dependent on an interpretation of what constitutes “recent” field
information. In general, if there is no known survey of an animal EO within the last 20 years, it
should be assigned an “H” rank. Similarly, if there is no known survey of a plant or community
EO within the last 20 to 40 years, it should be assigned an “H” rank. While these time frames
represent suggested maximum limits, the actual time period for historical EOs may vary according
to the biology of the Element and the specific landscape context of each occurrence (including
anthropogenic alteration of the environment). Thus, an “H” rank may be assigned to an EO before
the maximum time frames have lapsed. Occurrences that have not been surveyed for periods
exceeding these time frames should not be ranked “A”, “B”, “C”, or “D”.

The higher maximum limit for plants and communities (i.e., ranging from 20 to 40 years) is based
upon the assumption that occurrences of these Elements generally have the potential to persist at
a given location for longer periods of time. This greater potential is a reflection of plant biology
and community dynamics. However, landscape factors must also be considered. Thus, areas with
more anthropogenic impacts on the environment (e.g., development) will be at the lower end of the
range, and less-impacted areas will be at the higher end.

The “F” = FAILED TO FIND EO rank?s should be assigned to an EO that has not been found
despite a search by an experienced observer at a time and under conditions appropriate for the
Element at a location where it was previously reported, but that still might be confirmed to exist at
that location with additional field survey efforts. For EOs with vague locational information, the

15 The “F” rank replaces the “O” = obscure rank (an earlier standard documented in the Natural Heritage Program Model
Operations Manual [The Nature Conservancy 1988]) in order to avoid any ambiguity with the word “obscure” relating in
part to the location of the occurrence. According to the 1988 standard, locational obscurity is more properly indicated
through use of the PRECISION field.
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search must include areas of appropriate habitat within the range of locational uncertainty. An “F”
rank, when applicable, supersedes an “A”, “B”, “C”, “D”, “E”, or “H” rank.

The “X” = EXTIRPATED EO rank should be assigned to an EO for which there is documented
destruction of its habitat or environment, or persuasive evidence of its eradication based on
adequate survey (i.e., thorough or repeated survey efforts by one or more experienced observers at
times and under conditions appropriate for the Element at that location).

5.2.2 Range Ranks and the “?” Qualifier

Range ranks and the “?”” qualifier may be used to indicate uncertainty about particular basic ranks.
Range ranks and the “?”” qualifier should be used only with “A”, “B”, “C”, and “D” ranks; “E”,
“H” “F”, and “X” should not be combined with one another, with the “?”” qualifier, or with “A”,
“B”, “C”, or “D” ranks.

Range ranks may be assigned when there is insufficient or uncertain information such that an EO
has a relatively equal probability of being either, or any, of the ranks included in the range
specified. Range ranks should not be used in cases where relatively complete information on an
occurrence indicates intermediacy between two ranks; in such cases, one of the two ranks should
be selected. Range ranks are used provisionally, and should be replaced with an “A”, “B”, “C”, or
“D” rank when knowledge permits. A four-point (“A” through “D”) scale should be sufficient for
categorizing viability of EOs; a scale having finer distinctions cannot be justified given the
variability of nature, incomplete knowledge, and limitations inherent in any ranking methodology.

Both one- and two-point spreads are acceptable ranges for EO ranks. The “AC” range rank may be
used to indicate that an EO is simply deemed to have at least a fair probability of being viable
when further information indicating the degree of viability (i.e., “A”, “B”, or “C” differentiation) is
lacking. EO range ranks with spreads greater than two points should not be used (i.e., an “AD”
rank is the same as, and should be recorded as, an “E” rank). Valid range ranks are summarized in
Table 5.2.

Table 5.2 - Range Ranks

Spread Range Rank Estimated Viability
AB excellent or good (A or B)

1 - point BC good or fair (B or C)
CD fair or poor (C or D)

2 - point AC excellent to fair (A, B, or C)
BD not excellent (B, C, or D)

In many situations (e.g., due to insufficient field information), the uncertainty about an EO rank
may be distributed around an “A”, “B”, “C”, or “D” rank. In these cases, a “?” qualifier may be
used in conjunction with one of these basic ranks to indicate uncertainty about that rank.

Figure 5.1 provides an example that conceptually illustrates the different probabilities with which
assigned basic ranks, “?”-qualified ranks, and range ranks actually represent the true “A”, “B”,
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“C”, or “D” rank of an EO. Note that in reality, there will likely be some margin of error
associated with such probabilities since there cannot be absolute certainty that the true rank of an
EO is accurately represented by the assigned rank. Thus, while the illustration represents
probabilities with precise, clear-cut edges for the sake of simplicity, in actuality the edges of the
probability distributions taper off indicating some degree of uncertainty.

Note also that Figure 5.1 illustrates the probability for various EO ranks when the distribution of
“A” through “D” ranks is uniform. In reality, this may not be the case, depending on the Element-
specific criteria that determine the thresholds between “A”, “B”, “C”, and “D” ranks. As a result,
probability distributions for EO ranks may actually be bell-shaped or skewed.

Figure 5.1 - Example Comparing an EO Basic Rank with Range Ranks
and an A-D “?”-Qualified Rank
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5.2.3 Origin Status Subranks

The majority of EOs represent naturally occurring native species populations or communities.
However, Elements may be found at locations where they are not native and/or not naturally
occurring!é (see Section 2.8, Reintroduction/ Restoration and Section 2.9, Introduction/EXxotics).
In such cases, it may be desirable to track these occurrences if the Element is very rare, or if the
occurrence is critical to the survival of the species.

Knowledge of the origin status of an EO may be useful in prioritizing occurrences for conservation
purposes, since natural occurrences have inherently higher conservation value relative to both
non-native occurrences and those which are not natural in origin. If an EO is not native or not
natural in origin, its origin status can be indicated through the use of an origin status subrank
(shown in Table 5.3) following the assigned basic EO rank or range rank (see Section 5.2.1, Basic
EO Ranks, and Section 5.2.2, Range Ranks and the “?”” Qualifier).

Table 5.3 — Origin Status Subranks

Origin Status —
Subrank Description
r reintroduced / restored
i introduced

The “r” = REINTRODUCED/RESTORED subrank indicates, for species, that all or a majority of the
individuals in an EO have been anthropogenically translocated to that location, which must be
within a presently or historically occupied portion of the native range of the Element. A
reintroduction could include a transplant from elsewhere; it could also include a transplant of some
or all of the individuals in an EO to a location within the separation distance surrounding the
original occurrence. In such situations, the “r”” subrank should be used for the occurrence when
greater than 50% of the population has been reintroduced. Removing individuals and returning
them and/or their progeny to the original location does not constitute a restoration.

The “r” subrank for a reintroduced EO is retained over time unless there is evidence of significant
gene flow from naturally dispersing individuals into that occurrence. Similarly, a new EO thought
to be established directly or indirectly through dispersal of individuals from a reintroduced
occurrence should also be treated as a reintroduced occurrence unless there is evidence of
significant gene flow from other individuals dispersing from natural populations into that EO.

The “r” subrank may be used for rare community EOs that have been re-established in areas
where they are believed to have previously existed (i.e., de novo restorations).” Thus, while EOs

16 Categorization of an occurrence as “natural” at a particular location is independent of whether the habitat at that location
is natural or anthropogenic. For example, bats in a mine can be a natural occurrence (i.e., not introduced or reintroduced),
even though the mine is an anthropogenic habitat.

17 The “r” origin status subrank should not be applied to degraded community EOs in which only selected components
(i.e., species, structures, or processes) have been reintroduced.
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that are assigned an “r” origin status subrank are native, they are not natural in origin, having been
established by anthropogenic means.

The “i” = INTRODUCED subrank may be used to indicate that occurrences of Elements have been
introduced to areas outside of presently or historically occupied portions of their native range.
EOs that are assigned an origin status subrank of “i” are neither native nor natural in origin.

In some situations there may be some degree of uncertainty about whether an EO is, in fact,

introduced or reintroduced/restored. In these cases, a “?”” may be used as a qualifier to the “r”” or
“i” origin status subrank to indicate uncertainty about the origin of the EO.

5.2.4 Valid EO Ranks
Table 5.4 defines the various legitimate combinations of characters that can be used as EO ranks.

Table 5.4 — Determining Valid EO Ranks

Initial Rank A-D Qualifier Origin Status o

. Qualifier
(optional) Subrank optional)

To construct an EO rank appropriate for a particular occurrence, characters should be combined
according to the following formula:

EO Rank = Initial Rank + “?” Qualifier + Origin Status + Origin Status

(for “A”-"D" ranks Subrank Qualifier
only; optional) (if appropriate) (optional)

5.3 EO Rank Factors

Because EO ranks are used to represent the relative conservation value of an EO as it currently
exists, EO ranks are based solely on factors that reflect the present status, or quality, of that EO.
There are three EO rank factors, each reflecting what is currently known (in an ideal situation)
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about an EO: size, condition, and landscape context. These factors are used as the basis for
estimating the viability of an EO, i.e., its EO rank. Thus:

Size + Condition + Landscape Context P Estimated Viability » EO Rank

For community Elements, the term “viability” is used loosely, since communities are comprised of
many separate species, each with their own viability. Thus, the viability of a community is
considered to be the sum of the viability or persistence of the component species and their
ecological processes. More directly, EO ranks reflect the degree of negative anthropogenic impact
to a community (i.e., the degree to which people have directly or indirectly adversely impacted
community composition, structure, and/or function, including alteration of natural disturbance
processes). Occurrences with relatively less impacts would generally be ranked “A”, “B”, or “C”
(at least “fair” viability), and those with significant degradation would be ranked “D” (“poor”
viability).

It is not necessary to have knowledge of each of the three rank factors to develop EO rank
specifications (especially for species). For some Elements, information on one factor may be
sufficient to rank an occurrence (e.g., a large population size may require, and thus imply, adequate
condition and landscape context). For other Elements, information may be scant or incomplete. In
such cases, EO ranks will be based on only one or a combination of the rank factors.18 The three
EO rank factors are summarized in Table 5.5 below.

18 For the majority of nocturnal insects, for example, little data will be obtainable on population size. In such situations,
samples indicating the size of the apparently occupied habitat, coupled with information on habitat condition and landscape
context, become more important than population size in defining and assessing EO rank.
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Table 5.5 - EO Rank Factors and Components

FACTOR COMPONENT species comm.
area of occupancy 0O 0
population abundance O
Size population density O
population fluctuation
(average population and minimum population in worst o)

foreseeable year)
reproduction and health
(evidence of regular, successful reproduction; age
distribution for long-lived species; persistence of O
clones; vigor, evidence of disease affecting
reproduction/survival)
development/maturity
(stability, old-growth)
species composition and biological structure
(richness, evenness of species distribution, presence of o) o]
exotics)
ecological processes
(degree of disturbance by logging, grazing; changes in 0] o]
hydrology or natural fire regime)
abiotic physical/chemical factors
(stability of substrate, physical structure, water O o
quality) [excluding processes]
landscape structure and extent
(pattern, connectivity, e.g., measure of fragmentation/ 0] o]
Landscape patchiness, measure of genetic connectivity)
Context condition of the surrounding landscape -
(i.e., development/maturity, species composition and
biological structure, ecological processes, abiotic
physical/chemical factors)

Condition

5.3.1 Size

Size is a quantitative measure of the area and/or abundance of an occurrence. Components of this
factor are:

a) area of occupancy;

b) population abundance, (i.e., total count or qualitative estimate) (for species);
c) population density (for species);

d) population fluctuation (for species).

For communities, size is equal to the area of the occurrence. For species, the (population) size of
an EO can be determined in several ways. Most commonly, information on both population
abundance and the area of occupancy is used to calculate population size; however when
appropriate (e.g., for territorial and colonial species), population abundance alone can be used as
the EO (population) size. If population density is to be used in determining the population size of
a species occurrence (e.g., when sampling a population in order to estimate its size), density must
be used in combination with the area of occupancy. In addition, information on population
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fluctuations can be considered when calculating EO population size, particularly for species
known to typically have high fluctuations in population.

When using abundance as a measure of the size of an occurrence, the units to be counted for the
Element (e.g., juveniles, adults, eggs, seeds) should be identified. In addition, whether genetic
individuals can and/or should be counted (particularly for clone-forming organisms) is important
to consider. In such cases, a more practical and repeatable unit, such as spatially separated clumps
or flowering stems (e.g., ramets) should be specified if more appropriate.

Many species (e.g., insects) have populations that fluctuate through one or more orders of
magnitude over a 20-year period due to unsuitable weather conditions, drought, flood, fire, and/or
biotic factors. For these Elements, populations occasionally crash to a level below 5% of their
average size. EO rank specifications for such Elements must be developed with consideration of
exceptionally bad years (e.g., “A” and “B” rank specifications might be based on an average
population size that is large enough to withstand a 95% crash without becoming more extinction-
prone due to demographic stochasticity [see Section 5.5, Establishing the EO Rank Scale]).

Populations of some species may appear to fluctuate despite a relatively constant number of
dormant individuals (e.g., in a seed bank); the aboveground visibility of individuals varies with
respect to environmental conditions. For these Elements, information on widely fluctuating
aboveground abundance should be considered when developing EO rank specifications. In
addition, size should not be the sole factor used for ranking occurrences of these Elements; large
numbers of individuals may not indicate a high EO rank if conditions for that event very rarely
occur or result from anthropogenic disturbance.

EO size varies as a function of both natural and anthropogenic factors. Larger EOs are generally
presumed to be more valuable for conservation purposes, all other rank factors being equal. Larger
occurrences are typically less influenced by edge effects, and less susceptible to degradation or
extirpation by stochastic events.

5.3.2 Condition

Condition is an integrated measure of the quality of biotic and abiotic factors, structures, and
processes within the occurrence, and the degree to which they affect the continued existence of the
EO. Components of this factor are:

a) reproduction and health (for species);
b) development/maturity (for communities);
c) ecological processes;
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d) species composition and biological structure?e;
e) abiotic physical/chemical factors.

5.3.3 Landscape Context

Landscape context is an integrated measure of the quality of biotic and abiotic factors, structures,
and processes surrounding the occurrence, and the degree to which they affect the continued
existence of the EO. Components of this factor are:

a) landscape structure and extent, including genetic connectivity;

b) condition of the surrounding landscape (see components of “condition” listed above
[Section 5.3.2], excluding reproduction).

In terms of EO rank, genetic connectivity refers to the degree of connectivity between different
EOs. Although EOs for non-migratory species are delineated in part by the degree of genetic
connectivity between adjacent populations (see Section 4.3, Separating EOs), there is usually
some small amount of gene flow between adjacent EOs. If, due to an EQ’s isolation, there is
virtually no genetic connectivity between a particular EO and any other EOs, the EO rank might
be lowered. For example, the EO rank for spotted owl is influenced by the degree of isolation of a
population from other populations.

5.3.4 Considerations Related to Predictions of the Future

EO ranks should be based only on current measures of size, condition, and landscape context.
Because EO ranks are intended to reflect estimated viability, however, they must be based on
components of these factors that are reliable predictors of the future. Accordingly, EO rank
specifications should stipulate criteria for current measures only, and should consider components
of those factors that provide the most reliable predictions of the future.

Factors should not be considered in developing rank specifications if they do not provide reliable
predictions of the future. These include trend, expected future stresses, and considerations related
to defensibility, manageability, and restorability.

5.3.4.1 Current Stresses and Trends

In general, current stresses and trends for a particular occurrence will be reflected in the current
size, condition, and landscape context for that occurrence. Because the influence of trend on an

19 Although terrestrial communities are usually classified and assessed by analyzing their vegetation composition and
structure, the zoological component of a community should be considered in determining EO rank specifications. For
example, an “A”-ranked community should be large enough to sustain habitat-specific animal species that are characteristic
of that community (e.g., prairie chickens for prairie communities; edge-sensitive, forest interior birds for eastern forested
communities). Note, however, that wide-ranging animal species (e.g., bison) may be dependent on landscape or
multi-community factors (i.e., above the scale of the individual EO), and the rank specifications need not consider the ability
of the community to support such species. Note also that the principle of “best EOs that are reasonably and conceivably
achievable” may preclude setting “A”-rank specifications at levels to support all historically component species. For a
particular community EO, evidence that the fauna currently present no longer represent the full suite of species to be
expected (e.g., due to past aerial spraying of pesticides, due to destruction of the upper soil horizons and litter layer) may be
cause to significantly lower the condition rating of that community.
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occurrence is already inherent in measures of the three primary EO rank factors, trend per se for a
given occurrence should not be used in ranking an EO. Trends are notoriously changeable and
may not provide a reliable basis for predicting the future. For instance, an occurrence of a
community maintained by frequent low-intensity fire may not have burned recently, and, therefore,
shows some signs of lack of fire. If the lower apparent condition is superficial (for instance, it
could be easily reversed by one prescribed fire), then the occurrence should not be downranked
based on a presumption of continued fire exclusion, since it cannot be assumed that a short-term
fire exclusion will continue. However, if the fire exclusion has continued for such a length of time
that the change in condition is not readily reversible, then the occurrence (or at least its condition)
would be ranked lower.

On the other hand, if the same trend in population size or area has been observed consistently
under particular circumstances, then those circumstances may serve as a reliable basis for
predicting the future. In other words, EO rank specifications should detail current conditions
whose impact on population size or area can reliably be projected into the future, such that the
population or area will almost assuredly decline or increase (e.g., a mussel population that has not
reproduced in many years; a turtle population that will predictably decline from current population
levels given a specified amount of habitat degradation within the area occupied). In these cases,
the EO rank, following guidance that should be provided in the EO rank specifications, may be
adjusted upward or downward to reflect the likely inevitable impact of those current conditions on
future population size or area.

5.3.4.2 Defensibility, Manageability, Restorability, and Future Stresses

Other factors that have historically been considered as potential EO rank factors are future
stresses, defensibility, manageability, and restorability. These factors relate to demonstrably
uncertain predictions of the impacts of future actions, and do not represent the relative
conservation value of an EO as it presently exists, based on known current and recent factors. As
such, information related to these factors should not be considered in EO ranking, but may be
handled in Element Occurrence record comments fields, and should be incorporated in Site
selection and Site conservation planning.

For example, an occurrence of a fire-maintained community (or a tracked component species)
should not be down-ranked because of a presumption that development occurring in the vicinity
will preclude prescribed fire twenty years from now. This potential change should, however, be an
important consideration in Site selection and Site conservation planning. In contrast, if
surrounding development is already resulting in fire suppression at the Site, this will be
incorporated in EO ranks via both condition and landscape context factors. Another example is a
dam, proposed or under construction, that would destroy a mussel population upstream. The
mussel EO should not be down-ranked as there is always a possibility that the dam will not be
built or completed.

5.3.5 Naturalness

Naturalness is considered indirectly as a part of condition and landscape context in developing EO
rank specifications. The degree of naturalness of an EO is inherent in several components of the
rank factor “condition” (specifically species composition and structure, ecological processes, and
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abiotic physical factors), and so should not be considered as an independent EO rank factor.
However, when ranking individual occurrences, those located in anthropogenic habitats lacking
long-term stability (i.e., the habitat requires regular maintenance or management practice to
maintain its suitability for the Element) should be down-ranked by one rank, unless indicated
otherwise in the rank specifications. For example, an occurrence of Sida hermaphrodita (Virginia
mallow) along a highway may be dependent on an established mowing routine; thus, the condition
of such an EO should be considered lower quality than that of a population in natural or
semi-natural habitat to reflect this instability.

5.4 EO Rank Values

Different EO ranks reflect varying degrees of conservation value related to the viability of an
occurrence. For purposes of sorting, selecting, and reporting on occurrences, EO ranks may be
expressed in their original form, as rounded ranks, and/or as numerical rank sequence values.

5.4.1 EO Rounded Ranks

EO basic ranks and range ranks are assigned rounded ranks at a coarse scale, primarily to support
easier interpretation of EO ranks for a wide audience, including land managers, policy makers, and
the general public. In determining rounded ranks, first any “?” qualifiers and the “r” subrank, if
present, are removed. One-point spreads (i.e., “AB”, “BC”, and “CD” ranks) are rounded upward
(e.g., “AB” range rank = “A” rounded rank)2°, while two-point spreads are rounded to the median
value (e.g., “AC” range rank = “B” rounded rank). For “H”, “F”, and “X” ranks, the “i” subrank, if
present, is removed; for other ranks, the “i” subrank is not removed. All invalid ranks are given the
rounded rank of “*”.

5.4.2 EO Rank Sequence

EO ranks can be arranged in a hierarchical sequence to permit assessment of an EO’s relative
conservation importance. The sequence ranges from “A”-ranked EOs having highest conservation
value (i.e., “excellent” viability) to “X”-ranked (extirpated) EOs of low concern, thereby enabling
conservation efforts to target the most valuable EOs for protection or other conservation actions
(e.g., monitoring) through sorting and selection of EOs by their assigned rank.

The EO rank sequence includes both basic EO ranks and range ranks (see Section 5.2, EO
Ranks). These ranks are assigned a numeric value to facilitate the precise identification and
prioritization of EOs in conservation planning activities. Using the numeric values, EOs ranked
“AC” and “B” are treated as equivalents in Natural Diversity Scorecard?! reports, and EOs ranked
“BD” and “C” are also treated as equivalents.

20 Traditionally (e.g., in determining Site biodiversity significance rank), one-point spreads were rounded downward to reflect
the lack of global EO rank specifications and the preponderance of locally derived EO rank specifications that were naturally
somewhat inflated. With the application of global EO rank specifications developed according to this Standard, these EO
range ranks should be rounded upward (as is done with Element range ranks) so as to give EOs the “benefit of the doubt”
in general tabulations and summaries. However, exact ranks should be considered in individual cases in order to see the
degree of uncertainty involved.

21 Natural Diversity Scorecard reports list Elements and EOs in prioritized order according to Element rank and EO rank.
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The EO rank sequence is determined according to a series of three steps, each of which arranges
various subsets of occurrences hierarchically on the basis of relative conservation value. The steps
of the EO sequencing process are described below:

a) native vs. not native

In the first step, occurrences are arranged according to origin status (see Section 5.2.3, Origin
Status Subranks), or more specifically, according to whether the EOs are native. Occurrences
that are located within their native range, having greater conservation value, are placed higher
in the sequence than those that exist outside of their native range, which are of lower concern.
In other words, EOs that are native and naturally occurring (i.e., lacking an origin status
subrank), and those that are reintroduced/restored (subrank = “r”) are both positioned above
introduced EOs (subrank = “i”).

b) degree of viability
The second EO rank sequencing step positions EOs based on their estimated viability (EO
rank). As estimated viability (and therefore, conservation value) decreases, so does position of
the EO rank in the sequence. This means that EOs with “excellent” viability (“A”-ranked) are
placed at the top of the group, and EOs with “poor” viability (“D”-ranked) are positioned at
the bottom of EOs that are known to be extant. Due to a lack of information on “E” =
“extant” occurrences, it is impossible to make a reasonable estimation of their viability; thus,
because “E”-ranked EOs may have greater than “poor” viability, they are positioned above
“D”-ranked occurrences. The “H” = “historical”, “F” = “failed to find”, and “X” =
“extirpated” ranks occur at the bottom of the EO rank sequence because these EOs are not
known to be extant, and hence are generally not used for site conservation priority setting
(although they could be useful for targeting future survey work or evaluating sites for possible
restoration). Thus, the sequence of EO ranks in this step, from highest to lowest, is: “A”,
“AB”, “B” and “AC”, “BC”, “C” and “BD”, “CD”, “E”, “D”, “H”, “F”, and “X”.

¢) natural vs. not natural
The final step in establishing the EO rank sequence involves positioning occurrences on the
basis of origin status, or more specifically, according to whether the EOs are naturally
occurring. Occurrences that are natural in origin have greater conservation value than those
that have been anthropogenically reintroduced or restored. Thus, within each initial rank, EO
ranks are arranged so that natural occurrences (i.e., EOs lacking an origin status subrank) are
positioned higher than those that are reintroduced/restored (subrank = *“r”).

Table 5.6 indicates the hierarchical sequence of EO ranks, including rounded ranks. Note that
invalid EO ranks will be assigned a sequence = 0 so that they will be placed highest in the
sequence where they can be more readily detected and corrected. Also note that the use of *“?”
qualifiers with either “A” through “D” ranks or with origin status subranks does not affect the rank
sequence value (e.g., “A” and “A?” both have a sequence value = 1; “Ar”, “Ar?”, “A?r”, and
“A?r?” all have a sequence value = 2).
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Table 5.6 - EO Rank Values

Initial Rank Sequence EO Rank Rounded Rank
- 0 <any invalid rank> *
1 A
A
z ;:; .
AB 4 ABr
5 ABC
Band A
and AC - ACT .
Br
7 BC
BC 8 BCr
9 Bg
Cand BD
BDr
10 o C
11 CD
b 12 CDr
13 E
E 14 Er E
A 15 A|_ Al
AB 16 ABi
ACi
B and AC 17 B Bi
BC 18 BCi
BDi
Cand BD 19 G Gi
CD 20 CDi
E 21 Ei Ei
22 D
D 23 Dr D
24 Di Di
25 H
H 26 Hr H
27 Hi
28 F
F 29 Fr F
30 Fi
31 X
X 32 Xr X
33 Xi

5.5 Establishing the EO Rank Scale

In order to effectively prioritize EOs for conservation planning, EO rank specifications that
establish a scale for distinguishing between “A”, “B”, “C”, and “D” occurrences should be
developed. This scale should usually spread from a lowermost limit (the “D” rank or minimum EO
threshold) up through the threshold for an “A” rank. In addition, the threshold delineating EOs
with “fair” vs. “poor” viability must be identified. Figure 5.2 illustrates the rank scale for “A”, “B”,
“C”, and “D”-ranked EOs.
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Figure 5.2 - Model of the A, B, C, and D Rank Scale

criteria for best conceivably
A achievable EOs in future*

minimum A rank criteria
(A rank threshold)

minimum C rank criteria
(C rank threshold)

<—— minimum EO criteria

* within the next 10-25 years, based on historic evidence and current status

Once the minimum criteria for determining what constitutes a valid EO has been developed (see
Section 4, EO Specifications), a potentially useful approach to developing EO rank specifications
is to then establish the threshold between EOs with “fair” and “poor” viability (the minimum “C”
rank criteria). Next establish the criteria for the best EOs that are reasonably and conceivably
achievable; generally, these will be the minimum “A” rank criteria unless the best reasonably
achievable EOs have only “fair” or “poor” viability. Then, assuming the best EOs that are
reasonably and conceivably achievable are at or above the “A” rank threshold, identify minimum
“B” rank criteria that, in the absence of a population viability analysis, achieve a spread between
“A” and “C”-ranked EOs. Finally, set “D” rank criteria that distinguish between extant
occurrences with “poor” viability (i.e., “D”-ranked EOs) and those for which there is simply not
enough information to assign an “A” through “D” rank or range rank (i.e., “E”-ranked EOSs).

In the rare cases in which the best reasonably achievable occurrences of an Element are no better
than extant EOs with “fair” viability, it may not be possible to set an “A” rank threshold. If the
best EOs that are reasonably and conceivably achievable have only fair” viability (i.e., a “C”
rank), then the EO rank scale would be truncated at the “C” rank. Thus, in these cases EO rank
specifications would be developed only for “C” and “D” occurrences, and other factors (e.g., EO
data, size) could potentially be used for prioritizing EOs for conservation planning. For example,



EO DATA STANDARD 52
2/6/02

the last remaining population of a mussel species existing only as a nonreproducing population
living in the cold tail waters of a dam would be ranked “D.” However, both “C” and “D” rank
specifications might be written for the species to suggest what would be required to achieve a
population with “fair” viability (i.e., a “C”-ranked EO).

An “A” rank need not be comparable to historical conditions. For example, bison will not
conceivably exist again in their historical condition with herds numbering in the millions, but
nevertheless a range of viable populations (e.g., herds of differing sizes and conditions) might still
be reasonably achievable. In other words, it is still necessary to conceive of a range of viable
populations, although the range is truncated when compared to EO rank specifications that would
have been written 150 years ago.

5.5.1 Establishing the “C” Rank Threshold

The distinction between EOs with “fair” viability (i.e., “C”-ranked) and EOs with “poor” viability
(“D”-ranked) is especially important for helping to prioritize occurrences for conservation
planning. The context for developing minimum specifications for “C”-ranked EOs (i.e., the “C”
rank threshold) is described below for species and communities.

For species, the “C” rank threshold should be defined such that a “C”-ranked occurrence will have
a 50% probability of persisting at or above a minimum threshold22 for a period of either 20 years or
five times the age of reproductive maturity, whichever is greater. This interval permits several
generations to be included in estimating viability.z> The minimum 20-year interval is suggested
because it is a practical time frame for conservation planning and action, recognizing the rapid
anthropogenic changes that are occurring in landscapes in many areas of the world. For some
clonal or other long-persisting but nonreproductive species whose persistence cannot be assessed
in terms of generations, a 100-year time frame may be appropriate as a practical substitute.

For communities, criteria for distinguishing occurrences with “fair” viability (“C”-ranked) from
EOs with “poor” viability (“D”-ranked) should be based on the degree of negative anthropogenic
disturbance rather than a specified probability of persistence over a given time period. In most
cases, occurrences with severely altered composition, structure, and/or ecological processes
should be ranked “D”; that is, few native species that comprise the community type are found on
the site, and the ones present are some combination of resilient, common, species and less resilient
species that appear unlikely to persist under current conditions. For these EOs, there may be little
long-term conservation value without restoration, and such restoration may be difficult or
uncertain.

22 This threshold may be as low as one mature pair of individuals (for dioecious) organisms.

23 In the application of EO rank specifications to individual EOs for species having a longer period until reproductive
maturity (typically greater than 4 years), the use of an interval longer than 20 years helps ensure that declines that may only be
manifested after several generations will be reflected in the EO rank. In this manner, such EOs may be flagged for
management attention while there still may be adequate time (e.g., before the population is in its last generation) to affect
demographic parameters.
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5.5.2 Establishing the “A” Rank Threshold

The “A” rank threshold represents the cut-off for the best EOs that are reasonably and
conceivably achievable for a particular Element within a foreseeable time frame (e.g., 10 to 25
years). In setting the minimum criteria for “A”-ranked occurrences, all available knowledge, both
historical and current, should be utilized in order to make the most accurate estimation for
restorability of EOs for a given Element.24 In addition, any current constraints on restoration
should be taken into account.?s As restoration techniques improve, the “A” rank threshold could
be placed at higher levels, reflecting greater estimated restorability.

5.5.3 Use of PVA in Establishing EO Rank Criteria

If available and when appropriate, results from one or more population viability analyses (PVAS)
may be used to help define minimum “A”, “B”, and “C” rank criteria. However, this should be
done with great caution and a clear understanding of the underlying assumptions.z6 Although the
reliability of PVAs has yet to be demonstrated, the increasing use of PVAs seems likely to lead in
the future to the development of more robust EO rank specifications for particular species.

The probability of persistence of EOs (at a level equal to or above a “C” rank) should be
conceptually based on a time interval of 20 years or five times the age of reproductive maturity,
whichever is greater, as shown in the following table.

Table 5.7 - Suggested Probability of Persistence

EO Rank (for 20|:)>/£z?rsb (;arbfullxl?éeoo‘lt rlf:pergsdluscttilg(r:neaturity)
A 98%
B 95%
C 50%

Note that the difference in probability of persistence between “A” and “B” ranks is relatively small
(just 3%) over a span of 20 years (or 5 x the age of reproductive maturity). This small difference
will lead to an increasingly divergent probability of persistence over longer time frames (see Figure
5.8, Total Probability of Extinction).

One potentially promising use of PVA is to help establish the population sizes that would meet the
minimal conceptual persistence guidelines shown above. These population sizes could then be
used in the “A”, “B”, and “C” rank specifications for those species. For example, one approach to
PVA uses data on counts of the total number of individuals in a population, or in a well-defined
subset that represents a constant fraction of the population (number of mature individuals is

24 The “A” rank threshold should not be based solely on historical information because: a) historical status often cannot be
achievable; b) use of historical information could drastically truncate the rank scale for current EOs; and c) historical
information is often not known.

25 Note that, although “restorability” is not a factor in ranking a particular Element Occurrence, it is a factor in setting the
“A” rank threshold. In order to set a threshold that is reasonably and conceivably achievable for “A”-ranked occurrences, it is
necessary to consider restorability so that the threshold is not limited to EOs that are extant.

26 Two general assumptions include the continuance of the current and/or recent demographic patterns, and the absence of
landscape changes for the duration of the projected time period.
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normally recommended), over a number of years (at least 10 is suggested). This method, developed
by Dennis et al. (1991)%7, allows one to easily calculate the mean and variance of a population’s
annual multiplication rate, so as to estimate the following:

a) the probability of eventual extinction ; and

b) the cumulative probability?8 that extinction will have already occurred by a particular
time in the future, given that it will occur eventually.

The product of these two probabilities is the total probability that extinction will have occurred by
a given future time. The total probability of extinction by a given time is influenced by the critical
extinction threshold population size?® and by the initial (i.e. current) size of the population. One
may insert different initial population sizes into the model to derive total extinction probability
curves. These curves will show the probabilities of persistence of different sized populations at
different times (e.g., 20 years). The results from a hypothetical analysis are shown in Figure 5.3.

27 This model assumes that variation in the data is real (due to the environment and not sampling error, such as from
varying detectability or observer error) and it does not account for possible catastrophes or density-dependent growth or
decline. The minimum 10-year time frame is suggested to reduce the confidence intervals around the estimates of extinction
probabilities, although they may still be quite large.

28 Because the cumulative probability of extinction only applies to those population trajectories that will eventually fall
below the threshold (which will not apply to all trajectories if the population is experiencing an increasing trend), it is
necessary to multiply the cumulative probability of extinction at time t by the probability of eventual extinction. See Morris
et al. (1999) for details.

29 The critical extinction threshold population size may be based on expert opinion. This number may be as few as two
mature individuals if there are no significant Allee effects. An Allee effect is a reduction in population growth rate at low
density, which may arise due to difficulty in finding mates or failure of group defense in populations at low density.
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Figure 5.3 - Cumulative Probability of Extinction
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For a hypothetical species for which simple count data is available over time, the three extinction
probability curves in Figure 5.8 show the initial population sizes (No) necessary to provide an EO
of that species with a 50%, 95%, or 98% chance of persistence (1 minus extinction probability) for
20 years. In this example, these probabilities correspond with 20 individuals for a minimal “C”
rank population size, 110 individuals for a minimal “B” rank population, and 240 individuals for a
minimal “A” rank population, respectively. It is important to determine the confidence intervals on
the estimates of extinction probabilities as these intervals may be large for populations with high
variability, or if the number of censuses is small (Dennis et al. 1991).

5.6 Ranking EOs

5.6.1 Species

For species occurrences, the size, condition, and landscape context factors are generally considered
together in determining an EO rank. Thus, specifications for “A”, “B”, “C”, and “D” ranks may be
entered into corresponding EO RANK SPECIFICATIONS fields. In many cases, where knowledge

permits, size is the primary factor influencing EO rank, with condition and landscape context used
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secondarily (or not at all for some vertebrates). This is because a large size (i.e., number) of
breeding individuals would generally not occur without favorable a condition and landscape
context, especially for relatively short-lived species. For species where little information on size is
available to develop rank specifications (especially many plants and invertebrates), condition and
landscape context factors may be relied upon more heavily.

Because the rank factors are considered together, it is especially important that EO rank
specifications for species be mutually exclusive and collectively inclusive. Any known or
reasonably expected EO should fall within a single rank (when data completeness permits), or at
the worst be on the borderline of two adjacent ranks. For example, if the criteria for an “A”-ranked
occurrence include “>10,000 mature individuals over >100 hectares”, then it should be made
clear in criteria for other ranks which rank should be assigned to an EO comprised of >10,000
individuals over <100 hectares, or an EO comprised of <10,000 individuals over >100 hectares.
When applying EO rank specifications to a particular occurrence, the rank specifications should be
considered in sequential order from “A” to “D” such that anything that does not meet the criteria
of a higher rank is then considered at the next lower rank. This ensures accurate application of
rank specifications involving multiple criteria.

Population viability analyses (PVAs) are expected to be increasingly used in the determination of
viability of individual occurrences. As discussed above in Section 5.5.3, just as a PVA may be used
to help establish EO rank criteria, they may also be used to evaluate the viability of a given EO.
Given only population counts over time (as discussed in Section 5.5.3), it is possible to estimate
the probability of extirpation (or persistence) of an EO to some future time, or the time until a
population falls below a critical threshold. (Given additional demographic data on fecundity and
survivorship of different life stages over a period as short as 3 years, it is also possible to use PVA
to more explicitly inform management decisions.) The sensitivity of persistence estimates from
this approach to variation in growth rates, etc. has not been established, so at a minimum,
confidence limits should be calculated for any estimate. However, due to the untested nature of
PVAs and our lack of knowledge about factors that influence a particular population, when
assigning a rank to a particular EO, the results of a PVA should not automatically override
consideration of other factors specified in the EO rank specifications (e.g., those factors that may
be expected to cause a decline not yet detected). However, increasing use of PVAs seems likely to
lead to increasing confidence in the resulting EO ranks for occurrences of many species.

5.6.2 Communities

Because of the greater complexity of communities, due in part to the interaction of species and
successional change, it is difficult to consider the influence of all rank factors concurrently. Thus,
each factor is assigned a separate “A”, “B”, “C” or “D” rating, sequenced and weighted according
to priority, and combined in an algorithm to calculate a suggested EO rank value, which can be
accepted or revised. The process for developing an EO rank for a community is described in detail
below.

Specifications for determining “A”, “B”, “C”, and “D” ratings for condition, size, and landscape
context factors should be entered into corresponding EO RANK FACTOR SPECIFICATIONS
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fields30. In addition, the prioritization sequence and weighting scheme used in calculating an EO
rank should be documented in the EO rank specifications. There are general guidelines for the
sequencing of rank factors to be used for calculating EO ranks. For most Elements, the general
guidelines for the rank factor prioritization sequence are determined according to community
pattern type (described in Section 5.6.2.1 below), while the general guidelines for weighting rank
factors apply to any community, regardless of pattern type. In most cases, community EO rank
specifications can simply incorporate these general guidelines. However, for Elements for which
these general guidelines do not apply, the rationale for the specified alternative prioritization
sequence and/or weightings should be included in the EO rank specifications.

While the procedure for ranking community EOs may seem complicated, the actual application of
factor weightings and calculation of the final EO rank can be automated. EO ranks should be
reviewed by an ecologist; in rare cases, adjustment of the rank may be necessary and the reasons
for doing so documented.

5.6.2.1 Prioritizing EO Rank Factors

The first step in the process of developing EO rank specifications for a community is prioritizing
the rank factors on the basis of the relative importance of each factor for that Element. The factor
that is most important is considered the primary rank factor, the factor with less importance is the
secondary rank factor, and the remaining factor, having the least importance, is the tertiary rank
factor. Note that sometimes two of the factors, or all three, are considered to be of similar
importance; this is addressed as part of the assignment of a weighting scheme (see Section 5.6.2.2
below).

EO rank specifications developed for a particular Element designate the prioritization sequence of
the rank factors. The pattern type of the community (see Appendix C: Spatial Patterns of Different
Community Types) may generally serve as a guide to determining the prioritization sequence of
rank factors that is appropriate for the Element, but certain communities will differ from these
guidelines. Especially when a prioritization sequence indicated in the rank specifications differs
from these general guidelines, the developer of the EO rank specifications should provide a
justification for the selected sequence. Table 5.8 summarizes the general guidelines for priority
sequencing on the basis of community pattern type (described in a-d below).

Table 5.8 — General Rank Factor Prioritization Sequence Guidelines
Based on Community Pattern Type

Community Pattern Primary Secondary Tertiary
Type Rank Factor Rank Factor Rank Factor
Matrix size landscape context condition
Large Patch condition size landscape context
Small Patch condition landscape context size
Linear landscape context condition size

30 Unless otherwise noted, further reference to “EO rank specifications” in this document will be intended to mean “A”,
“B”, “C”, or “D” rank specifications for species, or “A”, “B”, “C”, or “D” rank factor specifications for communities.
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a) Matrix Community Pattern Type

Size and landscape context are generally identified as the primary and secondary factors for a
matrix community type. A matrix community, by definition, occupies a very large area with high
connectivity to other community types; thus, size and landscape context are typically more
important than condition, which could be quite variable (and in some cases, difficult to measure).

b) Large Patch Community Pattern Type

Condition and size are generally identified as the primary and secondary factors for a large patch
community type; however, this sequence is quite flexible. Because this community type
conceptually occupies the “middle ground” between matrix and small patch types, some large
patch communities may be more similar to matrix types, while others more closely resemble small
patch types, or linear types. In such cases, the general guidelines for rank factor prioritization for
the community type most similar could be utilized for the large patch type.

¢) Small Patch Community Pattern Type

Condition and landscape context are generally identified as the primary and secondary factors for a
small patch community type. Small patch types vary less in size, often contain more specialized
species, and, because of their small size, are sensitive to factors affecting landscape context. Thus,
the variation that a small patch community exhibits in size may not be as significant to its viability
as its condition and landscape context.

d) Linear Community Pattern Type

Landscape context and condition are generally identified as the primary and secondary factors for a
linear community type. Linear types, having a large amount of edge and typically dependent on
currents or flow regimes, are generally very sensitive to factors affecting landscape context. In
addition, linear types often support very specialized species.

5.6.2.2 Weighting EO Rank Factors

Specifications for determining “A”, “B”, “C”, and “D” ratings for condition, size, and landscape
context factors should then be entered into the corresponding EO RANK FACTOR
SPECIFICATIONS fields. Development of these specifications will then inform selection of a
weighting scheme that will be applied to the three rank factors in the actual EO ranking process.
The words “primary,” “secondary,” and “tertiary” imply a “stairstep” weighting, with primary (P) >
secondary (S) > tertiary (T), but do not specify the relative weightings. Also, there are
circumstances in which the best ranking scheme may equally weight two or more factors. The
following weighting schemes cover the main possibilities, and should allow adequate flexibility to
developers of EO rank specifications:

a) Stairstep. 45%: 33%: 22%. P>S>T. Primary is greater than secondary, which is greater
than tertiary, but the three factors are only moderately different in importance. This is the
default weighting scheme.

b) Steep stairstep. 57%: 33%: 10%. P>>S>>T. The primary factor is much more important
than the secondary, which is much more important than the tertiary.
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c) Extreme stairstep. 70%: 20%: 10%. P>>>S>T. The primary factor is very much more
important than the secondary, which is slightly more important than the tertiary.

d) Even. 33.3%: 33.3%: 33.3%. P=S=T. The three factors are essentially of equal
importance. There is no reason to believe that any factor is more important than the other
two.

e) Tertiary of low weight. 45%: 45%: 10%. P=S>T. The primary and secondary are of
similar importance, and they are considerably more important than the tertiary.

f) Primary of greatest weight. 60%: 20%: 20%. P>>S=T. The primary factor is very much
more important than the secondary and tertiary, which are of similar importance.

Weighting schemes are based on the following assumptions: primary factor weighting (P) =
secondary factor weighting (S) = tertiary factor weighting (T) (by definition), and the tertiary factor
has a minimum value of 10%. This means that the weighting of the primary factor can range from
33% to 70%, the secondary factor from 20% to 45%, and the tertiary factor from 10 to 33%. In
effect, this generates 25 different schemes that cover all significantly different permutations of
factor prioritization and weighting. Figure 5.4 graphically illustrates the relationship between EO
rank factors, with the weighting schemes described above corresponding to the points labeled (a)
through (f) in the diagram.
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Figure 5.4 — Graphic Representation of Weighting Schemes
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5.6.2.3 Calculating an EO Rank Value

The prioritization (primary, secondary, and tertiary) of the rank factors (size, condition, and
landscape context) and the selection of a weighting scheme for those factors are part of the
development of EO rank specifications for communities. These now allow the numeric
calculation of a suggested EO rank of an occurrence of that community, based only on “A”-“D”
ratings assigned to the three rank factors. It is envisioned that calculation of a suggested EO rank
will be automated, and/or that it can be looked up on a matrix. However, if any of the three rank
factors lack an assigned rating, or have an assigned range rank (e.g., ”AB”), or a value other than
“A” “B”, “C”, or “D” (e.g., "E”), an automatic calculation will not be done, and the biologist
determining the EO rank must make a subjective decision. This section provides an example of
the formula utilized in the calculation of an EO rank, and the matrix derived from that formula for
those interested in understanding the details of this approach.

In order to perform the calculation, numeric equivalents must first be assigned for “A”, “B”, “C”,
and “D” rank factor ratings as follows:

Arating =4
B rating = 3
C rating = 2
D rating=1

The following simple formula may then be used for the calculation:
[(P*X)+ (S*y) + (T *2z)] = EO Rank Value

where P = weighting assigned to primary rank factor

S = weighting assigned to secondary rank factor

T = weighting assigned to tertiary rank factor
and X = numeric equivalent for primary rank factor rating

y = numeric equivalent for secondary rank factor rating

z = numeric equivalent for tertiary rank factor rating

The suggested EO rank (derived from the assigned rank factors ratings applied to the appropriate
weighting scheme) is shown in Table 5.9.

Table 5.9 - EO Rank Scale for Ranking Community Occurrences

EO Rank Numeric Values
A >3.25 and £4.00
B >2.50 and £3.25
C >1.75 and £2.50
D >1.00 and £1.75
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This can also be expressed as a matrix developed for the weighting scheme, based on the above-
described formula. An example of a matrix for the default “stairstep” weighting scheme (P=45%,
S=33%, T=22%) is shown in Table 5.10.

Table 5.10 —-Matrix for Ranking Community Occurrences
AAA | 4.00 A BAA | 3.55 A CAA | 3.10 B DAA| 2.65 B
AAB | 3.78 A BAB | 3.33 A CAB | 2.88 B DAB| 2.43 C
AAC | 3.56 A BAC | 3.11 B CAC | 2.66 B DAC| 221 C
AAD| 3.34 A BAD | 2.89 B CAD| 2.44 C DAD| 1.99 C
ABA | 3.67 A BBA | 3.22 B CBA | 2.77 B DBA | 2.32 C
ABB | 3.45 A BBB | 3.00 B CBB | 2.55 B DBB| 2.10 C
ABC | 3.23 B BBC | 2.78 B CBC| 2.33 C DBC| 1.88 C
ABD | 3.01 B BBD | 2.56 B CBD | 211 C DBD| 1.66 D
ACA| 334 A BCA | 2.89 B CCA | 244 C DCA| 1.99 C
ACB | 3.13 B BCB | 2.67 B CCB| 222 C DCB| 1.77 C
ACC | 2.90 B BCC | 2.45 C CCC| 2.00 C DCC| 1.55 D
ACD | 2.68 B BCD | 2.23 C CCD| 1.78 C DCD| 1.33 D
ADA | 3.01 B BDA | 2.56 B CDA| 211 C |DDA| 166 D
ADB | 2.79 B BDB | 2.34 C CDB| 1.89 C DDB| 1.44 D
ADC| 257 B BDC | 2.12 C CDC| 1.67 D |DDC| 122 D
ADD| 2.35 C BDD | 1.90 C |CDD| 145 D |DDD| 1.00 D

5.6.3 Multi-Jurisdictional EOs

For an EO that crosses one or more jurisdictional boundaries, the EO rank should be based on the
best available information on the full extent of the EO. This includes cases in which a
multi-jurisdictional occurrence is not tracked in every jurisdiction. For example, an occurrence that
occupies a very small area in one jurisdiction where it is tracked, but an extensive area in
neighboring jurisdictions where it may or may not be tracked, should be ranked based on the full
extent of the occurrence in all jurisdictions.

If more than one jurisdiction tracks the occurrence, the programs should collaborate on
determining the EO rank. Although the rank should always be based on the full extent of the EO
across jurisdictions, the spatial representation used by a particular program may not necessarily
include portions of the occurrence outside of that jurisdiction. (See Section 7.18, Spatial
Representation of Multi-Jurisdictional EOs for information on mapping such occurrences.)
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5.7 Characteristics of Good EO Rank Specifications

To ensure accurate and consistent ranking of EOs (within the constraints of the information
available), EO rank specifications should

a) have global application, addressing the Element throughout its range;

b) be specific, not ambiguous (e.g., make units of counting clear); avoid the use of adjectives

and/or phrases that could be interpreted differently, such as “large”, “small”, “good”, “fair”;

c) provide criteria, as applicable, for each rank (“A”, “B”, “C”, and “D”) for size, condition,
and/or landscape context factors, and address any interactions between these factors; these
criteria will usually involve multiple characteristics, and should specify which are the most
important;

d) for communities, provide the prioritization sequence and weightings for EO rank factors and
describe the process for calculating an EO rank using rank factor ratings;

e) be mutually exclusive and collectively inclusive;
f) help provide measurable criteria for ecological or biological monitoring;

g) provide justification for the distinction between occurrences with “fair” viability and those
with “poor” viability (i.e., the “C”/”D” threshold), including citation if available, when
distinguishing criteria are based on historical evidence, research, literature, etc.;

h) provide justification for values used to establish the threshold for “A”-ranked occurrences,
including citation if available (e.g., historical precedents, current best-known occurrence,
results of experimental restoration projects, current constraints on restoration);

i) address all potential location use classes;

J) be peer reviewed (along with EO specifications); all data centers within the range of the
Element will be invited to review the EO rank specifications. Comments must be received
from a minimum of two reviewers, including at least one from the appropriate
Central/Regional Zoology, Botany, or Ecology program staff. In addition, review by other
experts (either within or outside of the Heritage Network) familiar with the Element or the
taxonomic group to which it belongs is encouraged;

k) include the author(s); and

[) include the date that the EO rank specifications were most recently substantially revised (such
that previous versions are obsolete and occurrences should be re-ranked using the revised rank
specifications).

The above characteristics may be used as a checklist when developing or reviewing EO rank
specifications.
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5.8 Developing EO Rank Specifications

In order to ensure that EOs having high conservation value are ranked as priorities, EO rank
specifications must provide stringent guidelines for assigning consistent and appropriate “A”
through “D” ranks to EOs. Specifications for each of the EO ranks should provide, as appropriate
for the Element, criteria related to one or more of the three identified ranking factors: size,
condition, and landscape context. Criteria for “D”-ranked EOs must be consistent with the
minimum criteria in the EO specifications for that Element. Time frames for the persistence of
viable EOs should be considered when writing EO rank specifications. For migratory Elements
having multiple classes, EO rank specifications must specify “A” through “D” rank criteria for
each location use class.

When developing EO rank specifications, an Element should be considered throughout its range.
Characteristics of Elements may vary significantly in different parts of the range (e.g., for species,
different habitat use in different ecoregions; for communities, different pattern types in different
ecoregions). In such cases, specific criteria related to the ranking factors could be provided in the
EO rank specifications for the different portions of, or habitats in, the range; however, this should
be done with great caution.

In the absence of global rank specifications for a particular Element, jurisdictions are encouraged
to develop them in coordination with Central Zoology, Botany, or Ecology (rather than diverting
resources into the development of multiple interim local guidelines). In situations where
developing global EO rank specifications is not feasible, interim local guidelines can be recorded
in optional fields in the Element national or subnational ranking file.

Central Zoology, Botany, and Ecology will maintain separate draft EO rank specifications while
new editions of specifications are being developed and reviewed; this will ensure that they are not
confused with the current operational EO rank specifications until the review process is
completed and any revisions incorporated.

Criteria in EO rank specifications should be based on the scientific information available,
including historical precedents, knowledge of current occurrences, results of experimental
restoration projects, and current constraints on restoration. Justification for the criteria used in
setting the “A” rank threshold should be documented. In addition, when available, justification for
the “C”/”D” threshold (i.e., the distinction between EOs with “fair” viability and “poor” viability)
should also be provided. Justification for the “D” rank threshold (differentiating EOs from non-
EOs) should be recorded in the EO specifications for that Element.

To prevent duplication of effort when developing EO rank specifications, it may be practical to
develop a set of criteria that would be broadly applicable to an entire functional group of
Elements, identified as a “rank specifications group”. Rank specifications groups may be
particularly useful for grouping community associations (e.g., as an alliance), and to a lesser extent
for species (e.g., cave amphipods). Because Elements within a particular rank specifications group
have similar components of species biology or community processes, EO rank specifications for
the Elements within that group would differ only minimally, if at all. The EO rank specifications
developed for the group could later be modified as appropriate for a particular Element in the rank
specifications group, at which point the Element would be removed from the group; the initial set
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of group EO rank specifications would continue to be applied to the Elements remaining in the
rank specifications group, however. Central Zoology, Botany, and Ecology should maintain
documentation on EO rank specifications developed for rank specifications groups.

In cases when the biology and ecology of a particular Element is poorly understood, it may be
useful to identify another Element that is presumed or hypothesized to be functionally similar and
base the EO rank specifications for the lesser-known Element on those of the better-known
Element. Alternatively, if a rank specifications group comprised of functionally similar Elements
can be identified, then the lesser-known Element could be added to the group and the EO rank
specifications developed for the group utilized.

Ongoing reports of new biological and ecological information will likely cause the criteria
developed for different EO ranks to undergo progressive modifications, particularly with respect
to potential restorability (i.e., the “A” rank threshold). As new EO rank specifications are created
or received by data centers, it is recommended that copies be archived in manual files; as
subsequent editions of rank specifications are developed for an Element, archived copies can
provide information on the previous criteria used for ranking occurrences of that Element. To the
degree possible, changes to EO rank specifications should be made in a manner that facilitates
re-ranking affected EOs in a timely manner by all jurisdictions. Otherwise, the revision of the
specifications will result in less (rather than more) consistent EO ranks across the range of the
Element.

5.9 Templates for Writing EO Rank Specifications

Using a standard template when writing EO rank specifications may help ensure that they are
consistent with the guidelines described above (Section 5.7). Figures 5.5 and 5.6 show templates
that could be used when writing EO rank specifications for species. Figure 5.7 provides a template
that could be used when writing rating criteria for ranking community EOs. (For examples of EO
rank specifications developed using the templates, see Appendix D.) For species, rank
specifications should be recorded in the “A” through “D” specifications fields. For communities, a
set of rating specifications should be recorded in the “A” through “D” specifications fields for each
of the three EO rank factors (i.e., condition, size, and landscape context).
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Figure 5.5 - EO Rank Specifications Template for Species Elements Having
No Location Use Classes

EO Rank Specs
RANK SPECS GROUP (name of rank specifications group, if applicable)

A SPECS (minimum criteria for “A” rank size, condition, and/or landscape context factors)
B SPECS (minimum criteria for “B” rank size, condition, and/or landscape context factors)
C SPECS (minimum criteria for “C” rank size, condition, and/or landscape context factors)

D SPECS (minimum criteria for “D” rank size, condition, and/or landscape context factors)

RANK SPECS JUSTIFICATION (basis for “A” rank threshold and “C”/”’D” threshold,
including citations if available)

Edition
RANK SPECS AUTHOR (significant contributors to rank specifications)

RANK SPECS EDITION DATE (YYYY-MM-DD)

RANK SPECS NOTES (internal notes relating to development of rank specifications)
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Figure 5.6 - EO Rank Specifications Template for Species Elements Having
Location Use Classes

EO Rank Specs
RANK SPECS GROUP (name of rank specifications group, if applicable)

attributes below repeat for each location use class for the Element

LOCATION USE CLASS (specific class from list of classes for Element)

A SPECS (minimum criteria for “A” rank size, condition, and/or landscape context factors)
B SPECS (minimum criteria for “B” rank size, condition, and/or landscape context factors)
C SPECS (minimum criteria for “C” rank size, condition, and/or landscape context factors)

D SPECS (minimum criteria for “D” rank size, condition, and/or landscape context factors)

RANK SPECS JUSTIFICATION (basis for “A” rank threshold and “C”/”D” threshold,

including citations if available)
Edition
RANK SPECS AUTHOR (significant contributors to rank specifications)

RANK SPECS EDITION DATE (YYYY-MM-DD)

RANK SPECS NOTES (internal notes relating to development of rank specifications)
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Figure 5.7 - Template for Community EO Rank Factor Specifications

EO Rank Specs

RANK SPECS GROUP (name of rank specifications group, if applicable)

Rank Procedure

COMBINATION RULE MATRIX NAME (matrix to be used for weighting EO rank factor
ratings to determine suggested EO rank, selected from set of general combination rule matrixes)

ALTERNATIVE WEIGHTING SCHEME

(alternative scheme for weighting EO rank factor ratings to determine suggested EO rank)
JUSTIFICATION FOR ALTERNATIVE SCHEME (basis for use of alternative scheme)
PRIMARY (EO rank factor of highest importanc, defaults based on community pattern type)
SECONDARY (EO rank factor of secondary importance, defaults based on community pattern type)
TERTIARY (EO rank factor of least importance, defaults based on community pattern type)
JUSTIFICATION FOR ALTERNATIVE SEQUENCE

(basis for use of alternative sequence)

Condition

Size

A RATING SPECS (minimum criteria for “A” rating for condition)
B RATING SPECS (minimum criteria for “B” rating for condition)
C RATING SPECS (minimum criteria for “C” rating for condition)
D RATING SPECS (minimum criteria for “D” rating for condition)
RANKSPECS JUSTIFICATION (basis for “A” rank threshold and “C”/”D” threshold

for condition ratings criteria, including citations, if available)

A RATING SPECS (minimum criteria for “A” rating for size)
B RATING SPECS (minimum criteria for “B” rating for size)
C RATING SPECS (minimum criteria for “C” rating for size)
D RATING SPECS (minimum criteria for “D” rating for size)

RANKSPECS JUSTIFICATION (basis for “A” rank threshold and “C”/”’D” threshold
for size ratings criteria, including citations, if available)

Landscape Context

A RATING SPECS (minimum criteria for “A” rating for landscape context)
B RATING SPECS (minimum criteria for “B” rating for landscape context)
C RATING SPECS (minimum criteria for “C” rating for landscape context)
D RATING SPECS (minimum criteria for “D” rating for landscape context)

RANKSPECS JUSTIFICATION (basis for “A” rank threshold and “C”/”D” threshold
for landscape context ratings criteria, including citations, if available)

Edition

RANK SPECS AUTHOR (significant contributors to EO rank specifications)
RANK SPECS EDITION DATE (YYYY-MM-DD)
RANK SPECS NOTES (internal notes relating to development of EO rank specifications)
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6 EO TRACKING

6.1 Purpose of EO Tracking
6.2 Conceptual Process for Developing or Modifying an EO Tracking List
6.3  Summary Guidelines for EO Tracking

6.1 Purpose of EO Tracking

Element tracking and Element Occurrence (EO) tracking are closely related but distinct concepts.
ELEMENT LIsTS are compiled at global, national, and subnational levels to define the universe of
Elements present in the jurisdiction. These lists may be complete (comprehensive) or partial

(ad hoc), depending on the knowledge of that group. Comprehensive lists for a given group are
comprised of all the Elements present in a jurisdiction (including demonstrably secure species,
exotic species, and semi-natural community types), while ad hoc lists for a group tend to include
only Elements of documented or probable conservation concern. See Appendix E for more
detailed discussion of Element tracking.

An EO TRACKING LIST (also known as an Element Inventory List) is a subset of an Element
List. EO Tracking Lists are compiled at national and subnational levels to define the set of
Elements that are of sufficient conservation concern to warrant the accumulation and maintenance
of detailed locational and status data (i.e., EO records) on some or all occurrences. Element
Occurrences tracked by Natural Heritage Programs and Conservation Data Centers serve as the
foundation for environmental review, conservation planning, and conservation action, including
land management. Thus, the purpose of EO tracking is to ensure that locational information is
gathered for Element Occurrences having the greatest conservation significance. While decisions
on which EOs to track should be based primarily on status and biogeographic considerations,
political or jurisdictional considerations also need to be addressed. Guidelines for determining
which EOs are meaningful from a conservation perspective, and thus should be tracked, are
provided in this section.

The selection of which occurrences to track is, in essence, a decision about potential conservation
targets in a particular jurisdiction. Selecting which occurrences to track is a three-step process.
First, Elements present in a specific jurisdiction are compiled into an Element List (see Appendix
E2, Element Lists). Second, Elements on the Element List for which occurrences will be
inventoried are compiled into an EO Tracking List. Third, a distinction is made between those
Elements on the EO Tracking List for which all occurrences will be tracked, and those for which
only selected occurrences will be tracked. Decisions about which Elements are tracked, which
occurrences of those Elements are tracked (see Section 6.3, Summary Guidelines for EO
Tracking), and how the EOs are ranked and prioritized within a jurisdiction are fundamental for
effective conservation. Conservation planning at various scales relies on the EO Tracking List and
inventory results to determine conservation targets.

Although conservation decisions might ideally be based on comprehensive data on all Elements,
practical considerations dictate that data is collected on only a selected set of Elements. Gathering
data on EOs and maintaining this data in a database is expensive. Implicit in the concept of
tracking occurrences is the need to maintain some degree of currency of the data for tracked
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occurrences, since only up-to-date information is of direct conservation application.3! If the
information about an occurrence is not regularly reassessed through field work or remote sensing,
the data becomes stale and its use limited, especially for conservation planning and environmental
review. However, information on former locations of EOs, or locations of uncertain status, are
still useful for planning inventory work and environmental review. Tracking occurrences that are
not priorities for conservation takes time and resources away from maintaining current data on
occurrences that are most critical to conservation planning and action. Conversely, failure to track
occurrences for Elements in need of conservation attention precludes their consideration in
conservation decisions.

A WATCH LIST should be used for Elements of some current or potential conservation concern
for which occurrences are not currently tracked. Watch List status is commonly assigned on the
basis of lesser conservation concern than Elements that are EO tracked. Other reasons for
assigning Elements to a Watch List include uncertainty about status (e.g., taxonomic distinctness,
uncertain Element rank, native status), and concerns related to threats or declining trends for
Elements that are currently relatively secure. Additionally, Watch List status may be used for
Elements for which EO tracking has been deferred due to limited program resources.

For Watch List Elements, maintaining at least minimal information on specific locations is
desirable. Watch List status for Elements may involve the maintenance of an observations file,
consisting minimally of a log sheet and/or completed field forms. Watch List status can provide
more complete information for ranking and rangewide assessments, since it provides information
from parts of the range that might not otherwise be represented with any data. However, the
general absence of centralized electronic and mapped information on Watch List Elements in the
EO database, and in any regional/national databases compiled or derived from that database,
makes it difficult to access and use this information for either ranking or conservation planning.
Use of the proposed observations database for Watch List species may allow better flexibility for
data maintenance, transfer, and access than the use of manual observations files alone.

Resource limitations necessitate a selective approach to determining which Elements (and which
occurrences of those Elements) to include on an EO Tracking List. Despite this limitation,
excellent decisions on conservation priorities can be made on the basis of selective, carefully
maintained, and cost-effective EO Tracking Lists.

6.2 Conceptual Process for Developing or Modifying an EO Tracking List

The current paradigm (employed by The Nature Conservancy and the Heritage Network) in
conservation site selection is that the most efficient and effective way to attempt to conserve
native biodiversity is to target all viable, native communities and all viable, vulnerable, native
species. Vulnerable species are those that have a heritage global rank of G1, G2, G3, or GH (or
T1, T2, T3, or TH). (See Appendix E3.2, Element Ranking Definitions.) This approach,
sometimes called a “coarse filter/fine filter” approach to conservation site selection, is utilized to
ensure that a broad, practical, and well-balanced representation of the biological diversity in an
ecoregion or jurisdiction is protected. Communities may be viewed as a coarse filter; identification

31The frequency of update of EO records depends on resource availability, but might ideally be related to both the global
rank of the Element and the likelihood that the status of the EO has changed (e.g., as a result of anthropogenic impact).
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and protection of the best examples of all types of communities (i.e., terrestrial, subterranean,
freshwater, marine), regardless of vulnerability, will ensure that most species and ecological
processes are conserved. However, some species that are imperiled or vulnerable “fall through” the
coarse filter — due to their rarity, they are not reliably found in the habitats or communities where
they might be expected for natural diversity; thus, a “fine filter” comprised of these species is
needed. Targeting fine filter Elements for conservation along with communities ensures that a
broad spectrum of biodiversity, including the imperiled and vulnerable Elements, will be
preserved. Thus, minimally all G1, G2, G3, and GH (and T1, T2, T3, and TH) species, and all
communities should be included in an EO Tracking List, although not necessarily all occurrences
of these Elements will be tracked (see Section 6.2.2, EO Rank).

Additionally, it may be desirable (or legally or politically necessary [see Section 6.2.5.1, Political
Jurisdictions]) on the basis of ecological and/or jurisdictional considerations to track additional
species with lower (i.e., G4 or G5) global ranks. These might include taxa that are disjunct to the
ecoregion or jurisdiction, or taxa that are officially listed in the jurisdiction, or taxa that are
imperiled, vulnerable, or otherwise of concern within the jurisdiction.

Therefore, to ensure that data collected and recorded will provide the best possible basis for
conservation action, EO Tracking Lists should be developed and regularly re-evaluated on the
basis of the following:

a) global Element rank;

b) global and regional threats and trends;

c) national or subnational Element rank;

d) EO rank (i.e., spread and number of occurrences of an Element);

e) changes to the Element list (including additions);

f) taxonomic distinctness;

g) questionable origin of the taxon;

h) jurisdictional context; and

i) biogeographic context (including significant disjunction).
An Element belongs on the EO Tracking List when further attention to that Element (i.e., tracking
occurrences) would be beneficial to the goal of conserving natural diversity. Whether an Element
is included on a national or subnational EO Tracking List is indicated in the EO tracking fields in

the Element files through the use of “A” = “all extant”, “P” = “partial” 32, “N” = “no”, or “W” =
“Watch List”.

Generally, species that are globally historical, critically imperiled, imperiled, or vulnerable are
included on the EO Tracking List (indicated by “A” in EO tracking fields). However, in some
situations it may be useful to track only selected occurrences of an Element within a jurisdiction

32 Partial tracking of EOs is a relatively new concept, and thus not included in the previous standard documented in the
Natural Heritage Program Model Operations Manual (The Nature Conservancy 1988).
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(indicated by “P” in EO tracking fields). Below are four potential reasons for the partial tracking
of EOs:

a) tracking occurrences having specific EO ranks (see Section 6.2.2, EO Rank);
b) tracking disjunct occurrences (see Section 6.2.6, Biogeographic Context);

c) tracking occurrences only in selected geographic areas, such as watersheds, ecoregions, or
other biogeographic units (see Section 6.2.6, Biogeographic Context); and

d) tracking occurrences only on selected sites determined by present or prospective
conservation status (see Section 6.2.5.2, Sites and Managed Areas).

It is important to distinguish between Elements for which all extant occurrences are tracked
(indicated by “A” in EO tracking fields), and those Elements for which certain extant occurrences
are tracked, depending on whether their EO rank and/or location meet specific criteria (indicated
by “P” in EO tracking fields). Although partial tracking on the basis of EO rank is not a new
concept (it has been the rule for communities), decisions on which occurrences to track have rarely
been well documented. In situations where EOs are partially tracked on the basis of EO rank or
location, information on which EOs are tracked and the reasons for this should also be recorded in
a tracking comment field in the Element file. In either situation (i.e., EO tracking = “A” or “P”), it
is useful to record information on whether “H” and “F”-ranked EOs are also tracked.

6.2.1 Element Ranks and Status

Element ranks should be used as one of the principal factors for determining which Elements
should be added to the EO Tracking List. Global ranks (GRANKS, including infraspecific taxon
ranks [“T” ranks]) provide information on the relative risk of extinction of an Element, based on a
five-point hierarchical scale. At a jurisdictional level, national and subnational Element ranks
(NRANKS and SRANKS, respectively) provide information on the relative risk of extirpation
within a jurisdiction. Each of these Element ranks may be modified by qualifiers or incorporated in
ranges reflecting more detailed information on the status of the Element. To facilitate
interpretation, ranks may be rounded to the five-point scale. (See Appendix E3, Element Ranking
for a summary of rules on assigning Element ranks and rounded ranks.)

The following three sections may refer to Elements with rounded global ranks (or the equivalent
rounded global infraspecific taxon ranks).

6.2.1.1 Gl, G2, and GH Elements

Elements that are imperiled throughout their range have global ranks of G1, G2, or GH. Many G1
and G2 Elements have obvious and active threats that contribute to their global rank. However,
even if the threats are not overt or currently active, G1 and G2 Elements are considered
intrinsically vulnerable because of their existence in low numbers or at few locations. Because GH
Elements may still be extant, they should be treated similarly to G1 and G2 Elements.

Because of their vulnerability to extinction, all G1 and G2 Elements are considered conservation
targets. If rediscovered, GH Elements are also considered conservation targets. Thus, G1, G2, and
GH Elements should always be included on an EO Tracking List (unless extirpated from the
jurisdiction, not native to the jurisdiction, or highly questionable taxonomically).
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6.2.1.2 G4 and G5 Elements

At the other end of the global rank spectrum, Elements ranked G4 and G5 are generally
considered to be widespread, abundant, and at least apparently secure. They are rarely subjected to
serious threats throughout their range; if such Elements are determined to be seriously threatened
rangewide, their global rank should be changed to G3. However, most G4 and G5 Elements are
threatened and/or vulnerable somewhere in their range. Decisions on tracking occurrences of G4
and G5 species should be based on biogeographic context, as well as on local jurisdictional
considerations (see Section 6.2.6, Biogeographic Context, and Section 6.2.5, Jurisdictional
Context).

In contrast, G4 and G5 communities should always be included on an EO Tracking List. In
jurisdictions where they are most widespread or abundant (e.g., matrix communities), emphasis
should be placed on tracking the highest quality examples (i.e., those with the highest EO ranks).
(See Section 6.2.2, EO Rank.)

6.2.1.3 G3 Elements

At the middle of the global ranking scale, G3 Elements are generally considered to be vulnerable
to extinction. Although not imperiled rangewide, G3 Elements are typically important
conservation targets.

In general, G3 Elements should be included on EO Tracking Lists. However, tracking all EOs for
G3 Elements often requires a large amount of resources, especially in those regions having high
biodiversity. In situations where it is currently not practical to track all the occurrences of G3
Elements, decisions about which EOs to track will require careful analysis. Higher quality EOs
should be tracked for most, if not all, G3 Elements (see Section 6.2.2, EO Rank). In addition,
consideration should be given to tracking all occurrences of G3 Elements considered to be of
higher conservation concern due to relatively greater vulnerability or various other factors,
including disjunct distribution or legal status.

6.2.1.4 Threats and Trends

Elements that are too common and widespread to require inventory and conservation protection
should not be included on the EO Tracking List (indicated by “N” in the EO tracking fields of the
Element file). However, judgment will often have to be used in borderline cases (e.g., G4 Elements
with significant downward trends or increasing threats). Such Elements should be placed on a
Watch List (indicated by “W” in EO tracking fields) and periodically reviewed for evidence of
changes in status. This will make additional resources available for inventory and monitoring of
more threatened, higher-priority Elements.

Decisions on whether to track occurrences of G3 and G4 Elements that are threatened by
epidemic disease or exotic pest infestations are difficult to make. Because the threat is evident but
unrelated to land conservation, locational data on occurrences generally cannot be used as a basis
for effective conservation action. In most cases, tracking of EOs is not recommended; however,
partial tracking of very high quality or relatively healthy occurrences should be considered.
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Alternatively, information on the location of relatively healthy populations could be maintained in
an observations database or manual file.

Example:

Juglans cinerea (butternut or white walnut) is threatened throughout its extensive
distribution in eastern North America by a fatal canker disease, apparently introduced
from abroad. In some states and provinces, the number of historical (and even current)
locations for J. cinerea may be in the hundreds. Comprehensive EO data is unlikely to
aid in the conservation of this species, although recording locations of large or
apparently healthy populations (i.e., “A”-ranked occurrences) might be of use to
researchers. Information on other populations could be recorded in an observations
database or manual file.

6.2.2 EO Rank

EO rank is a useful and desirable filter on which to base decisions about which EOs to track.
Because communities blanket the landscape, it has long been the desired practice to only track the
most viable occurrences of common (e.g., G4 and G5) communities.

In contrast, selective EO tracking on the basis of EO rank has not been generally practiced for
species. As a result, occurrences of many vulnerable (e.g., G3) species are not tracked in high
biodiversity jurisdictions where the species may be most abundant and protectable. While the
coarse filter approach of conservation of communities may protect many of these vulnerable
species, specific information on all, or at least the most viable, occurrences of vulnerable species is
of great value in conservation planning.

It may not be practical, particularly in regions having high biodiversity, to attempt to track (and
keep data current for) all occurrences of all species on an EO Tracking List, especially species that
are not imperiled (i.e., not G1, G2, or GH) and may, therefore, have many EOs. For vulnerable
(G3) species, minimally all “A”-ranked occurrences should be tracked, and it is strongly
recommended that all “B”, “C”, and “E”-ranked occurrences be tracked as well. If resources do
not permit tracking of these occurrences for a G3 species in a jurisdiction, the decision about
which EOs to track for a species should ideally be made in a biogeographic context. For example,
in order to support ecoregional planning, the tracking of “A”-ranked occurrences of a particular
Element in any portions of jurisdictions within that ecoregion would ensure that the most viable
EOs are identified for conservation purposes.

Partially tracking occurrences on the basis of EO rank is particularly useful for more common
Elements, especially for G3, G4, and G5 communities, and for G3 species. Tracking the best EOs
(i.e., occurrences having a high EO rank) of common communities and G3 species can overcome
the bias and lack of depth of a conservation portfolio based on only imperiled Elements, and will
result in a more complete representation of biodiversity.

In general, if “A”, “B”, and “C”-ranked occurrences of a species are tracked, then “E”-ranked
occurrences of that species are recommended for tracking since many of these occurrences will be
ranked “C” or higher when further information is obtained. Occurrences ranked “D”, “H”, and “F”
usually have lower priority for tracking than “A”, “B”, and “C”-ranked occurrences.
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It is generally not advisable to spend limited resources tracking “X”-ranked EOs, especially where
the habitat is destroyed. Knowledge of these occurrences will typically be very incomplete, and
resources are better spent increasing the depth and/or currency of data on extant, or possibly
extant, EOs for which conservation actions are possible. However, maintaining information on
“X”-ranked occurrences of extant Elements in manual or electronic files may be valuable in
documenting the decline and former extent of the Element. In those situations where information
is more complete, storing such information in electronic files may be preferable. Information on
extirpated occurrences provides evidence of locations where the Element formerly existed, which
may be valuable in guiding inventory and recovery efforts, and in environmental review.

Partial tracking of occurrences on the basis of EO rank can create complexities and difficulties, in
comparison to the simplicity of an “all or nothing” approach to the tracking of Elements. Partial
EO tracking puts a premium on the existence of EO rank specifications, and on the relatively
consistent application of those specifications by individuals and programs. Partial tracking of
occurrences may mean that global, national, and subnational Element ranks cannot be based
strictly on the number of occurrences of an Element in the database; however, this is currently
rarely possible. Furthermore, partial EO tracking may mean that an EO Tracking List requires
additional information on precisely which occurrences of an Element should be tracked (e.g., all
viable occurrences of the Element should be recorded). All of these potential difficulties and
complexities are minor compared to the alternative: the absence of data on critically important,
priority occurrences of conservation targets.

6.2.3 Discoveries and Taxonomic Changes

In order to best preserve the existing biodiversity in a jurisdiction, the EO Tracking List should be
regularly evaluated and changes made to reflect advances in knowledge and increased
understanding of biodiversity. For example, additions and other changes to the Element List, and
revisions to Element ranks, should be evaluated for their impact on the EO Tracking List.

6.2.4 Questionable Taxonomy and Origin

6.2.4.1 Questionable Taxonomy

In general, decisions on whether to include Elements considered to be questionably taxonomically
distinct33 on an EO Tracking List should be based on the same criteria (e.g., global rank, EO rank,
and biogeographic factors) as for any clearly distinct Element. If there is a reasonable expectation
that such an Element may be taxonomically valid, it is preferable to track its occurrences because
the potential irreparable loss of a taxonomically valid Element outweighs the costs incurred in data
management. However, if the taxonomy is highly questionable, with little expectation that the
Element may be taxonomically valid, it may be appropriate to place it on a Watch List (e.g.,
apomictic microspecies sometimes recognized in the plant genus Rubus).

33 Uncertainty concerning the taxonomic classification of a particular Element is reflected in the taxonomic status (for species)
or confidence (for communities) fields in the Element files (not necessarily by the assignment of a “Q” qualifier to the
global rank). See Appendix E2.2.8, Questionably Distinct Elements.
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6.2.4.2 Questionable Origin

It is sometimes difficult to determine whether a species is native to a particular jurisdiction or
biogeographic region. For plant species in particular, determination of origin status may be very
ambiguous. In general, such species have weedy or opportunistic capabilities, and are globally
ranked G4 or G5.

Occurrences of species that are not native (i.e., are introduced) should not be tracked unless the
Element is globally critically imperiled and the occurrence is critical to the survival of the species
(see Section 5.2.3, Origin Status Subranks). For Elements of questionable origin, decisions about
which occurrences to track should be informed by multi-jurisdictional or biogeographic
considerations; this will help ensure consistency in EO tracking among the jurisdictions within the
Element’s range.

6.2.5 Jurisdictional Context

6.2.5.1 Political Jurisdictions

Natural Heritage Programs and Conservation Data Centers often have missions that involve the
conservation of Elements of biodiversity within their jurisdictions. Programs working under the
mandate of national or subnational government may be required to track occurrences for all
species that are at risk in a given jurisdiction, typically occurrences of species that are ranked S1 or
S2.

Additionally, there are legitimate biological arguments for tracking occurrences of some species
that are imperiled in a given jurisdiction (NH, N1, or N2; or SH, S1, or S2) but secure globally (G4
or G5). Tracking and maintaining currency for such EOs will inevitably compete for resources that
could be directed towards tracking occurrences of globally imperiled and/or vulnerable (GH, G1,
G2, or G3) species. However, there may be value in tracking occurrences of G4 or G5 species that
are locally at risk (NH, N1, or N2; or SH, S1, or S2) on the basis of the known or hypothesized
genetic distinctness of peripheral populations. It has also been argued that species should be
conserved before they collapse to a small portion of their original range.

Because a limited jurisdictional perspective of a species’ rarity may be misleading, the best
conservation decisions should be based on broader analyses of biodiversity needs. Consequently,
decisions on whether to include species that are globally secure (G4 or G5) and locally imperiled
(NH, N1, or N2; or SH, S1, or S2) on an EO Tracking List are better made from a regional or
rangewide perspective (see Section 6.2.6, Biogeographic Context).

Example:

Polymnia canadensis (white-flower leafcup) is abundant (S5) in Tennessee, primarily on
calcareous substrates. In immediately adjacent North Carolina, P. canadensis is more
imperiled (S2), with few occurrences. Thus, this species might be described as “trivially
rare” in North Carolina, and EOs should not be a priority for tracking in that state,
where it has no legal status. Resources spent tracking occurrences of this species would
be better spent maintaining currency on species that are globally at risk and exemplary
communities.
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6.2.5.2 Sites and Managed Areas

In some cases it may be necessary to track occurrences of particular Elements on selected Sites or
Managed Areas without tracking occurrences of those Elements in the remainder of the
jurisdiction. Tracking EOs on Sites or Managed Areas exclusively (indicated by “P” in EO
tracking fields) may be appropriate for certain research and/or contract-related projects.

6.2.6 Biogeographic Context

Decisions regarding the EO tracking of G3, G4, and G5 species (or T3, T4, and T5 infraspecific
taxa) should be informed by biogeographic context. The rangewide distribution and status of the
Element provides an important perspective on the conservation significance of occurrences of the
Element in that jurisdiction, for example when disjunction is involved. There are various large
geographic units (e.g., physiographic provinces, ecoregions, major watersheds, floristic regions) that
can provide a perspective on biogeographic context independent of jurisdictional boundaries.

For many Elements, taxonomy or classification will effectively account for disjuncts through the
recognition of genetically distinct plant or animal populations, or geographically distinct
community associations. However, this is not always the case, especially for plant and animal
populations. Disjunction should be an important consideration in tracking occurrences of G4 and
G5 species. This is particularly true for plants, which often have relict fragmented distributions;
the disjunct portions of the range often represent populations distinct in biogeographic history and
possibly genetics.34

EOs that represent peripheral populations of G4 and G5 species are generally not considered to be
of great conservation importance in jurisdictions where they are rare, unless they are geographically
disjunct. Tracking decisions related to such occurrences should not be affected by the hypothetical
shifting of political boundaries.

Example:

Trichophorum cespitosum (Scirpus cespitosus), an G5 sedge abundant in arctic regions of the
northern hemisphere, extends south in eastern North America to scattered populations
on alpine summits and in fens located in northern New York (in the Northern
Appalachian Ecoregion). It then reappears as disjunct populations on about a dozen
sites in the Southern Blue Ridge Ecoregion, specifically in western North Carolina (52),
eastern Tennessee (S1), and northeastern Georgia (S1). Rangewide or ecoregional
analysis would suggest that conservation of these relict southern populations is
important, and that all three states in the Southern Blue Ridge Ecoregion should track
occurrences of this species.

34 Ecological distinctiveness of an occurrence may have similar significance to geographic disjunction (e.g., a rare instance of a
lowland plant occurring at a high elevation in the same geographic area, or a plant commonly found on limestone that has a
single occurrence on acidic sandstone).
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6.3 Summary Guidelines for EO Tracking

6.3.1 EO Tracking Decisions

Inclusion of an Element on an EO Tracking List indicates that occurrences of that Element
should be inventoried. However, in many cases it is not practical (or even possible) to track all the
occurrences of a given Element within a particular jurisdiction or biogeographic region. Decisions
on partial tracking of occurrences are ideally based on multiple factors, including global and
subnational ranks, EO rank, decline, and biogeographic distribution.

An illustration of the summary guidelines for making EO tracking decisions is provided in Figure
6.1. These guidelines are primarily intended for making decisions related to processing data on new
occurrences. (Decisions on the retention, archiving, or deletion of existing EO records may differ
from these guidelines depending on the potential value of the records, database use and
maintenance issues, and other factors.) While the EO tracking guidelines are intended for global
use, it should be noted that decisions on tracking occurrences will frequently be made at the
national or subnational level on the basis of the specific political, financial, and biological concerns
of that jurisdiction. Whenever possible, the rangewide distribution of occurrences should be
considered when making decisions on EO tracking; this will help to ensure conservation of
disjunct occurrences and the most viable occurrences within various jurisdictions or biogeographic
areas.
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Figure 6.1 - Summary Guidelines for EO Tracking
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In addition to Element factors (e.g., ranks, threats, decline) and EO rank, decisions on partial
tracking of occurrences of a particular Element are also influenced by the abundance of
biodiversity existing in the jurisdiction. For example, when tracking a G3 S1 species, a jurisdiction
having low biodiversity may track all occurrences known to be extant, or possibly all but the
extirpated occurrences; in contrast, a jurisdiction having high biodiversity may only have the ability
to track a subset of the viable occurrences of the species (shown in Figure 6.2). Thus, in some
cases EO tracking decisions will be more strongly influenced by the biodiversity existing within a
jurisdiction rather than on other more global factors.
Figure 6.2 - Example of Partial EO Tracking of a G3 S1 Species
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6.3.2 Communities

According to the EO tracking guidelines, at least some occurrences of all natural communities
should be tracked, including occurrences of common natural communities. Rarely, if ever, are
cultural (or even semi-natural) communities tracked. Tracking natural communities serves as a
“coarse filter” for natural diversity, providing for the conservation of many unknown species, as
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well as ecological processes operating at a community or ecosystem scale. Tracking the high
quality occurrences of common communities is important for long-term conservation of
biodiversity through preservation of the best remaining natural areas before they become critically
threatened. Although not all communities are rare, nearly all have been substantially altered
and/or reduced from their former natural extent and function (in particular, formerly widespread
matrix communities which exist primarily in a fragmented and degraded condition). Thus, high
quality and viable occurrences of common communities are often rare and there is a premium on
the identification and conservation of such occurrences while they still exist.

6.3.3 Species

The majority of species should theoretically be conserved through the preservation of communities
as a “coarse filter” for biodiversity. This does not hold true for imperiled and vulnerable species
that, because of their inherent or induced rarity, are not reliably found in communities where they
might otherwise be expected to occur. Thus, according to the EO tracking guidelines, all
occurrences of imperiled and vulnerable species should be tracked as a “fine filter” for
biodiversity. Because of their potential genetic distinctness, viable disjunct populations of more
secure (G4 or G5) species should also be tracked.
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7 EO SPATIAL REPRESENTATION

7.1 Locational Properties of Spatial Data

7.2 Minimum Mapping Unit

7.3 Stages in Developing an EO Representation

7.4 Observed Feature

7.5  Conceptual Feature

7.6 Source Feature

7.7 Basic Feature

7.8 Procedural Feature

7.9 Process for Developing an EO Representation
7.10  Accuracy of EO Representations

7.11  Developing a Complex EO Representation

7.12  Multiple EO Representations of a Single Element
7.13  EO Point Representations

7.14  Generalized EO Representations

7.15  Detailed Features

7.16  Observations

7.17  Spatial Requirements for Animals

7.18  Symbology for Spatial Data

7.19  Map Scale Considerations

7.20 Spatial Representation of Multi-Jurisdictional EOs

Although locational information related to EOs may be recorded in tabular form, spatial
representation of occurrences on maps provides much greater information that can be useful in
guiding conservation decisions. Mapping EOs provides a more accurate basis for identifying
relationships with other landscape features including habitat, watershed, observations, and other
occurrences, as well as with tracts, protected areas, managed areas, geopolitical units, and various
land use planning areas.

The spatial data model described in this Standard provides a method for deriving and managing an
EO representation. The model relies on the formal representation of occurrences with polygons
(i.e., features with areal dimension).35 In addition, the model provides a methodology for
developing EO representations from one or more source features, each of which delineates a
discrete observed area based on survey information (i.e., an observation36) and incorporates any
uncertainty associated with the location of the observation. Although the spatial model allows for
the use of either a manual mapping system or a geographic information system (GIS), managing
information in a GIS permits spatial operations that facilitate the analysis of relationships between
occurrences and other mapped features.

3 In order to more easily manage EO spatial data with current GIS technology, polygon representations are necessary.

36 Until further analysis and design related to observation data occurs, the interim solution for managing observation data in
conjunction with the EO model is based on the assumption that an observed area is equivalent to an observation.
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7.1 Locational Properties of Spatial Data

Elements may occupy very specific locations in various, often complex, ways reflecting the its
biology and differences in physical and environmental factors (e.g., substrate, habitat, hydrologic
regime). These diverse patterns of occurrence by a particular Element, or by multiple Elements, at
a given location often create specific challenges in spatial representation.3? In all cases, however,
feature boundaries should be delineated to encompass only the full known extent of the Element,
based on information from current field surveys or historical accounts without extrapolation that
includes presumed potential habitat.38

7.1.1 Multiple Elements at a Location

Multiple occurrences of different Elements are often located concurrently at a particular place.
Two locational properties have been identified for such situations, described in a) and b) below
and illustrated in Figure 7.1.

a) Observed areas of different Elements may overlap.3®

Example:

areas observed to be occupied by a cactus, a lizard, a small rodent, and a snake in the
desert may overlap in location

b) Observed areas of different Elements may coincide (i.e., share the same location and
boundaries).

Example:

a fish and an aquatic invertebrate may both occur throughout a lake, with observed
areas defined by the boundaries of the lake

37These complexities were originally described by the California Natural Diversity Database program (Gaul, 1997) as they
relate to the GIS spatial data model used by that program.

38 EOs should be delineated strictly on the basis of actual field observations and survey information. EO boundaries
should not be expanded to include proximate suitable habitat when there is a lack of field survey information confirming
the actual presence of the Element at that proximate location (see Section 7.17.2 for the single exception to this model). Nor
should EO boundaries be expanded outward a prescribed distance from the actual area occupied to capture presumed
territory, range, or movement (i.e., “biological buffers” should not be used in delineating EOs).

39 In some cases, principal EOs of the same Element may overlap if the occurrences are based on different levels of
information (see Section 7.12.2, Overlapping Principal EOs).
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Figure 7.1 — Properties of Multiple Elements at a Location

(a) overlap (b) coincide

7.1.2 A Single Element at a Location

A single occurrence of an Element may represent a complex spatial pattern. Three locational
properties have been identified for complex EOs, described in ¢) through e) below and illustrated
in Figure 7.2.

c) An observed area may contain “voids” (i.e., areas where the Element is not found).

Example:
an occurrence of a high-altitude alpine plant may be delineated at a specific elevation
around mountain peaks, but exclude the rocky summits

d) An occurrence may consist of noncontiguous areas (i.e., discrete observations) close enough to each
other to be considered one EO, based on separation distances defined for the Element (see
Section 4.3.2, Separation Distances).

Example:

an occurrence of a pothole pond community may be comprised of two or more distinct
ponds whose separation distance does not exceed that specified for the community

e) An occurrence may be comprised of differing, contiguous areas (e.g., an area with a linear extension).

Example:
an occurrence of a fish may include both a pond and a stream
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Figure 7.2 — Properties of Single Element at a Location

(c) contain "voids" (d) noncontiguous areas (e) differing contiguous areas

See Section 7.11 for additional details on complex EOs.

7.2 Minimum Mapping Unit

Representing patterns of occurrence on a map requires translating field observations and
measurements into map symbols and units. In essence, the observed feature must be represented at
a reduced scale so that it can be symbolically depicted on a map. The degree of scale reduction and
the accuracy of representation (i.e., the EO shape and boundary) will depend in part on the size of
the occurrence and the scale of the map used to portray it.

A limiting factor in any representation is the MINIMUM MAPPING UNIT for the map being used.
The minimum mapping unit is the size of the smallest feature for which boundaries will be
delineated on a map of a particular scale. The boundaries of an occurrence whose dimensions are
smaller than the minimum mapping unit is not mapped as a polygon. For example, if the diameter
of the recommended minimum mapping unit for a 1:24,000 map is 12.5 m, an occurrence must be
312.5 min both dimensions (i.e., length and width) for boundaries to be mapped. In cases where
the EO is smaller than the minimum mapping unit in both dimensions, the occurrence may be
conceptually represented by a point (see Section 7.13, EO Point Representations).

7.3 Stages in Developing an EO Representation

In order for conservation to be most effective, the spatial representation of data should be as
accurate and detailed as practical and/or possible. The mapped boundaries of an occurrence must
capture both the known occupied habitat and any area of locational uncertainty associated with
that location. Consistency in EO representations across the range of an Element is particularly
important for multi-jurisdictional and rangewide planning. Inconsistent and inaccurate spatial
representation of occurrences may result in a failure to correctly identify their actual locations;
consequently, these locations may not be included in areas targeted for conservation, and valuable
resources may be expended conserving locations where the EOs are falsely depicted. Accurate
representation of occurrences will help ensure that the EOs targeted for conservation are actually
located within the areas selected for conservation.
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Developing consistent and accurate spatial representations from survey information requires five
stages, each of which is characterized by a feature. Each stage builds on the previous one, resulting
in progressive modifications of the representation. The process begins with an OBSERVED
FEATURE based on field survey information, a museum collection, or literature report that
describes the observed area. This observed feature is characterized as a CONCEPTUAL FEATURE
through cartographic conceptualization. The feature is next translated into a SOURCE FEATURE,
and then a BASIC FEATURE, based on the type of locational uncertainty associated with the data.
Finally, the basic feature may be further modified through the addition of a procedural buffer,
resulting in a PROCEDURAL FEATURE. An EO representation is comprised of one or more
procedural features, depending on separation guidelines provided in the EO specifications for the
Element. While the observed feature directly reflects the actual area of an observation, the source
feature, basic feature, and procedural feature are based on an interpretation of locational
information related to the data. The stages in developing spatial representations are illustrated in
Figure 7.3 and discussed in Sections 7.4 through 7.8. These sections describe the development of
the progressive features that would comprise an EO derived from a single observation; Section
7.11, Developing a Complex EO Representation, addresses issues involving EOs that are based
on multiple discrete observations.
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Figure 7.3 - Essential Stages in Developing an EO Representation
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While the fundamental process for developing an EO representation is characterized by five
features, an EO may also be depicted using other features. An EO POINT REPRESENTATION iS
used to denote an EO at any map scale small enough that the boundary of the occurrence is not
apparent. A GENERALIZED EO REPRESENTATION may be used to protect the precise location of
an EO on a map to be used for public distribution. DETAILED FEATURES may be used to
represent observation data at a scale larger than the standard map scale. These additional features
are illustrated in Figure 7.4 and described in Sections 7.13, 7.14, and 7.15.
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Figure 7.4 - Additional Features Associated with an EO Representation
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7.4 Observed Feature

An observed feature is based on a discrete observation obtained from a field survey or historical
account, and serves as the foundation from which an EO representation is developed. An
observed feature may be one of three types (small area, linear area, or large area), depending on the
size of the area represented by the data compared with the minimum mapping unit (mmu) for the
standard scale map. Features extending in a linear dimension (e.g., along a ridge or stream) a
distance greater than the diameter of the mmu, but having a width less than the mmu, are linear
area features. Other observed features are categorized as either small areas or large areas,
depending on whether the size of the feature (i.e., measures of both length and width) is smaller or
larger, respectively, than the mmu for the particular map being used.

Examples:
Note that the mmu = 12.5 m for the standard 1:24,000 scale map.

Small area: an observation of a nest

Linear area: multiple samples of a fish collected a distance of 30 m along a stream 8 m
wide

Large area: information on a breeding territory approximately 50 m in diameter in all
dimensions

The types of observed features are illustrated in Figure 7.5, where x and y are used to label the two
dimensions, and mmu represents a distance equivalent to the diameter of the minimum mapping
unit for the standard scale map.

Figure 7.5 - Types of Observed Features
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7.5 Conceptual Feature

In the second stage of the process, an observed feature is conceptually characterized as a
simplified cartographic unit (a point, line, or polygon) that can be easily drawn on a map or in a
GIS. The type of conceptual feature is determined according to the type of observed feature:

Point: conceptualization of a small area observed feature
Line: conceptualization of a linear area observed feature

Polygon: conceptualization of a large area observed feature
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Figure 7.6 illustrates the characterization of observed features to conceptual features.

Figure 7.6 - Derivation of Conceptual Features
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7.6 Source Feature

A source feature results from the translation of a conceptual feature to a tangible form, and serves
as the initial mapped spatial component developed from a discrete unit of observation data.
Creation of the source feature requires an interpretive process. The likely location and extent of an
observation is determined through consideration of the nature of any uncertainty associated with
the location of the observation data. In most cases, the source feature is delineated to encompass
locational uncertainty.

As with conceptual features, there are three types of source features (points, lines, and polygons),
although there is not a simple correspondence between like types of the two features. The type of
source feature developed depends on both the preceding conceptual feature type and the
locational uncertainty associated with the feature.

7.6.1 Locational Uncertainty

The location of an EO is determined on the basis of underlying observation information that is
frequently imperfect or incomplete. The quality and reliability of locational data may vary due to
many factors, including the level of expertise of the data collector, differences in survey techniques
and equipment used, and the amount and type of information obtained. Consequently, the
recorded location of an observed area may vary from its true location, reflecting a certain measure
of uncertainty associated with that location. To ensure the accuracy of mapped features, the
spatial representation of data should reflect the full observed extent of that Element at that
location, including any uncertainty associated with the location. Since the recorded location of an
observation may vary from its actual location, a mapped feature that fails to incorporate
uncertainty would misrepresent the location of the underlying data.
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There are four major types of LOCATIONAL UNCERTAINTY: negligible, linear, areal delimited, and
areal estimated. Uncertainty type is dependent on both the degree (i.e., the amount/magnitude)
and direction of locational variability of the data.

7.6.1.1 Negligible Uncertainty

Locational information based on a comprehensive field survey with high quality mapping has a
high degree of associated certainty. In cases where the amount of variability between the actual
and recorded location of an observation is less than or equal to half the diameter of the minimum
mapping unit (i.e., £ 6.25 m on a 1:24,000 scale map), the locational uncertainty is NEGLIGIBLE.
To be categorized as having negligible uncertainty, the entire feature (i.e., all of the boundaries)
must meet this variability criteria.

Source features with negligible uncertainty are derived from point, line, and polygon conceptual
features, and are delineated to include the uncertainty. Because it is likely that the recorded
location of observation fairly accurately reflects its actual location, no interpretation or
modification is necessary when translating the conceptual feature to a source feature. So, although
negligible uncertainty is incorporated in a source feature, the source feature is mapped as the
conceptual feature without any change.

Examples of data that would qualify for negligible uncertainty:

Point conceptual feature translated as point source feature:
a plant specimen location based on corrected GPS data

Line conceptual feature translated as line source feature:
mussel specimens observed along a stream a measured distance at a known location

Polygon conceptual feature translated as polygon source feature:
a rodent occupied habitat with boundaries determined by thorough field survey work

Conceptual features having negligible uncertainty and the resulting source features are shown in
Figure 7.7. The locational uncertainty associated with the underlying observation data is indicated
by heavy solid lines.
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Figure 7.7 - Derivation of Source Features with Negligible Uncertainty
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7.6.1.2 Linear Uncertainty

Data having locational uncertainty greater than negligible that varies in one dimension (i.e., along
an axis) has LINEAR UNCERTAINTY. 40 In such cases, the recorded location of the observation
falls within a linear range, but its position within that range is not known; thus, the true location of
the observation may be visualized as effectively “sliding” within a linear span that delineates the
uncertainty.

The endpoints of a source feature with linear uncertainty are delineated on the basis of

a)  referenced features (e.g., natural features [including shorelines, ridges, streams],
anthropogenic structures [such as roads, dams, bridges, trails], local political
jurisdictions, official land survey units);

b)  field biologist’s determination of extent; and/or
c) anestimate of uncertainty distance(s).

40 |n a strict sense, linear uncertainty is not limited to one dimension since it may follow the path of a curved line.
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Note that any combination of these factors may define the limits of a linear range of uncertainty.
Regardless of the basis, however, a conceptual feature having linear uncertainty is modified as a
source feature to encompass the linear range within which the observation is known to be located.

Source features with linear uncertainty are derived from point and line conceptual features only.
Since the dimensions (length and width) of polygon conceptual features already exceed the
minimum mapping unit, the locational uncertainty associated with these features cannot be linear.
Because source features with linear uncertainty are delimited to include the uncertainty, a point
conceptual feature having linear uncertainty becomes a line source feature. A line conceptual
feature having linear uncertainty also becomes a line source feature, but the addition of locational
uncertainty results in a lengthening of the line.

Examples of data that would qualify for linear uncertainty:

Point conceptual feature translated as line source feature:
fish specimen observed at poorly determined position in a stream known to be located
somewhere between two bridges

dragonfly specimen observed along a shoreline at a position determined by the biologist

Line conceptual feature translated as line source feature:
plant specimens observed on a ridge along a stretch known to begin at a particular trail
and extend about 1 km

Figure 7.8 illustrates source features derived from conceptual features having linear uncertainty
(indicated by dotted lines extending to the limits of the range of uncertainty of the underlying
observation data).



EO DATA STANDARD 05
2/6/02

Figure 7.8 - Derivation of Source Features with Linear Uncertainty
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7.6.1.3 Areal Delimited Uncertainty

Data having locational uncertainty greater than negligible that varies in two dimensions (i.e., in any
direction) and for which boundaries can be drawn has AREAL DELIMITED UNCERTAINTY.4! In
such cases, the recorded location of the observation falls within an area having known extent, but
the precise position of the observation within that area is not known; thus, the true location of the
observation may be visualized as effectively “floating” within a specific area.

The boundaries of the source feature with areal delimited uncertainty are delineated on the basis of

a)  referenced features (e.g., natural features [including shorelines, ridges], anthropogenic
structures [such as roads, dams, bridges, trails], local political jurisdictions, official
land survey units); and/or

b)  field biologist’s determination of extent.

Note that any combination of these factors may define the extent of uncertainty. Regardless of the
basis, however, a conceptual feature having areal delimited uncertainty is modified as a source

41 Many existing EOs with the value “U” = unmappable in the PRECISION field of the EO record (EOR) will have areal
delimited uncertainty under this Standard. Boundaries for the area within which an unmappable occurrence was observed
can frequently be delineated (e.g., watershed, county, national park).



EO DATA STANDARD 96
2/6/02

feature to encompass the area within which the observation is known to be located. Thus, all
conceptual features having areal delimited uncertainty become polygon source features.

Examples of data that would qualify for areal delimited uncertainty:

Point conceptual feature translated as polygon source feature:
orchid specimen observed at an indeterminate location somewhere within a particular

swamp
Line conceptual feature translated as polygon source feature:

mussel specimens observed along a small intermittent stream that doesn’t appear on

any map, but is known to be in a particular county

Polygon conceptual feature translated as polygon source feature:
three hectares of rodent occupied habitat described at an indeterminate location that is
known to be within a specific area bounded by roads on two sides, with the remaining

boundaries determined by the biologist

Figure 7.9 illustrates source features derived from conceptual features having areal delimited
uncertainty. In this figure, a heavy solid boundary line delineates the known extent within which

the location of the observation varies.

Figure 7.9 - Derivation of Source Features with Areal Delimited Uncertainty
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7.6.1.4 Areal Estimated Uncertainty

Data having locational uncertainty greater than negligible that varies in two dimensions (i.e., in any
direction), but for which boundaries cannot be delimited has AREAL ESTIMATED UNCERTAINTY.
In such cases, the actual location of the observation is uncertain, or the full extent of the
observation is not known; thus, the true location of the observation may be visualized as
effectively “floating” within some area for which boundaries cannot be specifically delimited.
When developing features with areal estimated uncertainty, a distance representing the locational
uncertainty is estimated by the biologist.

Source features with areal estimated uncertainty are derived from point, line, and polygon
conceptual features, and the uncertainty applies to the entire feature (i.e., the uncertainty extends
in all directions). However, unlike conceptual features with negligible, linear, or areal delimited
uncertainty, conceptual features with areal estimated uncertainty are not modified to incorporate
uncertainty during translation to source features. Because the actual location of an occurrence with
areal estimated uncertainty is uncertain, by definition its boundaries must be approximated; this is
best accomplished by applying a buffer for the estimated uncertainty distance around a feature.
However, a buffer can only be applied to a tangible feature that is already on a map, so the source
feature is delineated to directly reflect the conceptual feature, capturing only the essential
information needed (a point, line, or polygon) to anchor the observation to a location.42
Essentially, the source feature is used as a construction device (locational “tag”) that will have an
estimated uncertainty distance applied during the next step in the process for developing a spatial
representation (see Section 7.7.1, Adding Uncertainty Distance). Since uncertainty is not included
in source features with areal estimated uncertainty, a point conceptual feature results in a point
source feature, a line conceptual feature results in a line, and a polygon results in a polygon.

Examples of data that would gualify for areal estimated uncertainty:

Point conceptual feature translated as point source feature:
historical record of a plant specimen located north of a lake

Line conceptual feature translated as line source feature:
plant specimens observed along a small intermittent stream at an indeterminate
unmapped location

Polygon conceptual feature translated as polygon source feature:
information describing a prairie dog town southwest of a landmark

Figure 7.10 illustrates source features derived from conceptual features having estimated areal
uncertainty (indicated by dotted lines).

42 The derivation of source features unmodified by areal estimated uncertainty may be especially important for occurrences
having shared boundaries (e.9., tessellated communities); the addition of uncertainty and the resulting approximation of
boundaries for such source features would obscure the definitive boundaries between them.
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Figure 7.10 - Derivation of Source Features with Areal Estimated Uncertainty
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* |_ocational uncertainty will be added to the source feature at a later step.

7.6.2 Summary of Source Feature Derivation

As described above, a source feature is the initial mapped spatial component developed from a
discrete observation. It is derived through a process that begins with an observed feature based on
field survey information (small area, linear area, or large area); next, an observed feature is
cartographically characterized as a conceptual feature (point, line, or polygon). A conceptual
feature is then developed into a source feature according to the locational uncertainty associated
with the underlying observation.

A conceptual feature having negligible, linear, or areal delimited uncertainty is delineated to
encompass uncertainty during translation to a source feature. However, a conceptual feature with
areal estimated uncertainty is not delineated to include uncertainty during translation to a source
feature; an estimated uncertainty distance is applied to such features during the next step in the
process of developing a spatial representation.

Figure 7.11 and Table 7.1 summarize the derivation of a source feature beginning with an initial
observed feature, its characterization as a conceptual feature, and subsequent modification of that
feature according to the associated type of locational uncertainty.
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Figure 7.11 - Graphic Summary of Source Feature Derivation
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* For conceptual features with areal estimated uncertainty, an estimated uncertainty distance will be added to the associated source feature during translation to a basic feature.
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Table 7.1 - Tabular Summary of Source Feature Derivation
Observed small area linear area large area
Feature (x and y both = mmu) (x or y > mmu) (x and y both > mmu)
CFé)al’&JQ:ef)tUd point line polygon
Type of areal areal areal
Locational negligible linear negligible linear negligible
Uncertainty delimited estimated delimited estimated delimited | estimated
Locational
Uncertainty Y Y Y N Y Y Y N Y Y N
Incorporated
FeatLre point line polygon point line line polygon line polygon polygon polygon

* For conceptual features with areal estimated uncertainty, an estimated uncertainty distance will be added to the associated source feature during translation to a basic feature.
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7.7 Basic Feature

A BASIC FEATURE results from the translation of a source feature to a basic geometric
shape (point, line, or polygon) that represents the observation data and its locational
uncertainty without the addition of any procedural or programmatic buffers.43 Because of
this, it is basic features that are evaluated according to separation guidelines in the EO
specifications to determine whether the features should later be grouped into a single
occurrence or processed as separate EOs (see Section 4.3, Separating EOs). Although this
determination is made at the basic feature stage, any grouping of features occurs after the
final stage in the spatial representation development process.

In most cases, a conceptual feature is modified to incorporate locational uncertainty during
translation to a source feature. Specifically, a source feature with negligible, linear, or areal
delimited uncertainty is derived through inclusion of locational uncertainty. In contrast,
source features with areal estimated uncertainty are translated directly from conceptual
features without the addition of locational uncertainty (see Section 7.6.1.4). These source
features must be modified to encompass locational uncertainty during translation to basic
features.

7.7.1 Adding Uncertainty Distance

The actual location of an occurrence with areal estimated uncertainty is unknown, and the
associated locational uncertainty applies to the entire feature (i.e., extends in all directions).
In order to incorporate a measure of uncertainty during the derivation of a basic feature,
the field biologist approximates the extent of the area within which the actual location of
the observation is most likely to be contained. This is accomplished through estimation of
a distance that can be uniformly applied outward in all directions from the feature to define
the range of extent, resulting in a polygon; GIS tools may be used to facilitate this process.
In cases when it is difficult to estimate a distance to be applied to a source feature,
selection of a distance range from a set of specified uncertainty distance classes may
simplify the process. If a distance class is specified, the largest value in the class would be
used to buffer the source feature. Value ranges for uncertainty distance classes are shown
in Table 7.2.

43 Depending upon the GIS used, in the future it may be possible to derive a standard EO representation directly
from the basic feature without any further modification.
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Table 7.2 — Uncertainty Distance Classes

Value Range
(in meters)

>6.25 -25
>25-50

>50 - 100
>100 - 200
>200 - 400
>400 - 800
>800 — 1500
>1500 - 4000

Figure 7.12 illustrates basic features derived from source features with areal estimated
uncertainty, modified to encompass an estimated uncertainty distance (shown as solid red
lines).

Figure 7.12 - Derivation of Basic Features from Source Features with
Areal Estimated Uncertainty
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7.7.2 Summary of Basic Feature Derivation

As described above, a basic feature is a simple geometric shape that represents an
observation delineated to include locational uncertainty. It is derived through a process
that begins with an observed feature based on field survey information (small area, linear
area, or large area). An observed feature is then cartographically characterized as a
conceptual feature (point, line, or polygon). Next, a source feature (point, line, or polygon)
is developed from a conceptual feature according to the locational uncertainty associated
with the underlying observation data. Finally, a basic feature is derived from a source
feature through the addition of an estimated uncertainty distance, if locational uncertainty
has not already been incorporated in the feature.

Source features with estimated areal uncertainty are modified to encompass an estimated
uncertainty distance during translation to basic features. Source features that result from
conceptual features having negligible, linear, or areal delimited uncertainty are translated to
basic features without modification; such source features already include locational
uncertainty.

Because they capture simply the location and associated locational uncertainty of the data,
basic features are evaluated according to separation guidelines in the EO specifications to
determine whether the features should be subsequently grouped into a single occurrence or
processed as separate EOs. However, any grouping of features occurs after the final stage
in the process of developing an EO representation.

Figure 7.13 and Table 7.3 summarize the derivation of basic features beginning with an
initial observed feature, its characterization as a conceptual feature, modification according
to locational uncertainty in developing a source feature, and subsequent translation or
modification according to the type of associated locational uncertainty.
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Figure 7.13- Graphic Summary of Basic Feature Derivation
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Table 7.3 - Tabular Summary of Basic Feature Derivation

Observed
Feature

small area
(x and y both = mmu)

linear area
(x ory > mmu)

large area
(x and y both > mmu)

Conceptual

point

line

polygon

Type of
Locational
Uncertainty

negligible

areal

linear
delimited estimated

negligible

areal

linear
delimited estimated

areal

negligible
delimited | estimated

Locational
Uncertainty
Incorporated

Feature

point

line polygon point

line

line polygon line

polygon polygon polygon

Estimated
Uncertainty

Added

Basic
Feature

point

line polygon polygon

line

line polygon polygon

polygon polygon polygon
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7.8 Procedural Feature

In order to more easily manage spatial data with the current technology, polygon
representations are necessary. In a GIS, the use of polygons facilitates management of
features in a single geographic data set. A PROCEDURAL FEATURE results from translation
of a basic feature to a shape that represents an observation and its locational uncertainty as
a polygon on a standard scale map.44 All procedural features are polygons.

In cases where the basic feature is a polygon, no further modification is needed during
translation to a procedural feature. However, a basic feature smaller than the minimum
mapping unit in any dimension requires the addition of a PROCEDURAL BUFFER t0
produce a polygon on a standard scale map.

EO representations are developed from one or more procedural features. The
determination as to whether an EO representation is comprised of a single or multiple
procedural features is based on an evaluation of the preceding basic features according to
guidelines for separating occurrences provided in EO specifications for the Element.

7.8.1 Adding a Procedural Buffer

Whether a procedural buffer should be applied to a particular basic feature is dependent on
the type of basic feature. Point and line basic features require the application of a
procedural buffer equal to half the minimum mapping unit (i.e., mmu/2 =6.25mon a
1:24,000 scale map) during the translation process to establish areal dimension of the
procedural feature. The addition of procedural buffers will maximize the number of
occurrences that would be selected during environmental review.

Figure 7.14 illustrates procedural features derived from basic features modified to include
procedural buffers (shown as heavy solid lines).

441f future advances in GIS technology permit the management of point, line, and polygon features in the same
geographic data set, then the procedural feature may become unnecessary as the standard EO representation.
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Figure 7.14 - Derivation of Procedural Features from Point and Line Basic Features
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7.8.2 Summary of Procedural Feature Derivation

As described above, a procedural feature is a polygon on a standard scale map. It is derived
through a process that begins with an observed feature based on field survey information
(small area, linear area, or large area). An observed feature is then cartographically
characterized as a conceptual feature (point, line, or polygon). Next, a source feature
(point, line, or polygon) is developed from a conceptual feature according to the locational
uncertainty associated with the underlying observation data. Then a basic feature is derived
from a source feature through the addition of an estimated uncertainty distance, if
locational uncertainty is not already included in the feature. Finally, a procedural feature is
derived from a basic feature through the addition of a procedural buffer (mmu/2) if
necessary to establish areal dimension and ensure visibility on a standard scale map. Point
and line basic features require modification to include a procedural buffer during
translation to procedural features. Procedural features are used to develop EO
representations according to an evaluation of the preceding basic features according to
separation guidelines provided in the EO specifications for the Element.

Figure 7.15 and Table 7.4 summarize the derivation of procedural features beginning with
an initial observed feature, its characterization as a conceptual feature, modification
according to locational uncertainty in developing a source feature, translation or
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modification to include an estimated uncertainty distance in deriving a basic feature, and
subsequent translation or modification according to the type of basic feature.
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Figure 7.15 - Graphic Summary of Procedural Feature Derivation
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Table 7.4 - Tabular Summary of Procedural Feature Derivation

Observed
Feature

small area
(x and y both = mmu)

linear area
(x ory > mmu)

large area

(x and y both > mmu)

Conceptual
Feature

point

line

polygon

Type of
Locational
Uncertainty

negligible

linear

areal

delimited

estimated

negligible

areal
linear

delimited estimated

negligible

areal

delimited

estimated

Locational
Uncertainty
Incorporated

Source
Feature

point

line

polygon

point

line

line polygon line

polygon polygon

polygon

Estimated
Uncertainty
Distance
Added

Basic
Feature

point

line

polygon

polygon

line

line polygon polygon

polygon polygon

polygon

Procedural
Buffer
(mmu/2)
Added

Procedural
Feature

polygon

polygon

polygon

polygon

polygon

polygon polygon polygon

polygon polygon

polygon
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7.9 Process for Developing an EO Representation
[This section under development.]

7.9.1 Steps in the Process
[This section under development.]

7.9.1.1 Feature Development
[This section under development.]

7.9.1.2 EO Determination
[This section under development.]

7.10 Accuracy of EO Representations

The procedural features that comprise EOs are derived from observed features through a
series of steps that translate observation data into mapped features. This translation
process may complicate interpretation of the data since the final polygon EO
representations include locational uncertainty that is not readily apparent in the mapped
features. In many cases, EO representations will appear to be similar on a map despite
having very different amounts of associated locational uncertainty. For example, two
identical EO representations derived from line source features could have very different
amounts of incorporated locational uncertainty if one was developed from a point
conceptual feature and the other from a line conceptual feature.

To facilitate the proper interpretation of data when making comparisons between mapped
EOs, a measure reflecting the accuracy of each feature, that is the amount not attributable
to added locational uncertainty, should be provided for every EO. This measure, referred
to as REPRESENTATION ACCURACY (RA), should be displayed using appropriate
symbology when EOs are mapped. RA can be either calculated or estimated, depending on
the process utilized for determining the value.

7.10.1 Calculated Representation Accuracy

Calculated RA can be determined through computation of a ratio between two areas
associated with an EO: the observed area (the surveyed size of the underlying observed
area[s] that comprise the occurrence) and the procedural area (the area of the procedural
feature[s] derived through the spatial representation process)*®; the resulting value is then
multiplied by 100 to indicate the percentage of the procedural area that reflects the actual
size of the initial field observation(s).

[Observed Area (Ao) , Procedural Area (Ar)] x 100 = Calculated RA

45 Note that RA is a ratio between two areas rather than the probability of finding the Element at any single
specific location within the boundaries of the procedural area.
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A feature having a procedural area that closely approximates the observed area has a
calculated RA that approaches 100%; there is little locational uncertainty associated with
the occurrence and thus, its derived EO representation has high accuracy. Conversely, a
feature with a larger procedural area relative to observed area has a relatively low RA since
the feature was modified to encompass a significant amount of associated locational
uncertainty. Figure 7.16 illustrates two EO representations of the same size (i.e., with the
same procedural area) that have differing calculated RA values.

Figure 7.16 - Example Showing Similar EO Representations
Having Different Calculated RA Values

.. Observed Area (A ) A

0]
[ ] Procedural Area (A ) Calculated RA = A_ 100

P

A, =10,000 m *
A, =4,000m?

Calculated RA = 40%

A, =10,000 m *
A, =9,000m?

Calculated RA = 90%

Calculating RA for EO representations derived from point and line features is not as
straightforward. For point source features, the size of the occurrence is less than the
minimum mapping unit. In such cases, the observed area should not be defined as the
surveyed size of the observation; rather, the observed area should be defined as the area of
a circle equal to the minimum mapping unit. This ensures a baseline calculated RA equal to
100% for point features with negligible uncertainty.

Similarly, for line source features, one dimension of the occurrence is less than the
diameter of the minimum mapping unit. Thus, the observed area should not be defined on
the basis of the surveyed size of the observation; rather, the observed area should be
defined as the area of a rectangle derived from the observed length of the occurrence
buffered to the width of the minimum mapping unit. Again, this ensures a baseline
calculated RA equal to 100% for line features with negligible uncertainty.
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7.10.2 Estimated Representation Accuracy

A practical problem in calculating RA occurs when there is a lack of information available
on the size of the field observation. In such cases, there is no value to be used as the
observed area, which makes it impossible to compute a calculated RA (unless the feature
was derived from a conceptual point or line with negligible uncertainty, as described
above). However, an estimate of RA (i.e., a percentage range selected from a scale) can be
assigned to every EO by a biologist. Thus, until the underlying data for all EOs provides
an observed area measurement obtained through field survey work, estimated RA should
be utilized as the common method for comparing the accuracy of EO representations. In
cases where a calculated RA can be computed for an EO, that value can be used to
determine the appropriate category of estimated RA to be assigned.

The estimated RA scale provides the biologist with five categories from which to select:
“very high accuracy”, “high accuracy”, “medium accuracy”, “low accuracy”, and
“unknown”. Table 7.5 illustrates the percentage ranges associated with the categories in

the estimated RA scale.

Table 7.5 — Estimated RA Scale

Categories of Accuracy Percentages
very high accuracy >95%
high accuracy >80% - 95%
medium accuracy >5% - 80%
low accuracy 0-5%
unknown ?

Features developed with minimal added locational uncertainty have “very high accuracy”,
and the accuracy category declines as a greater portion of an EO representation is
attributable to added uncertainty. The use of the “unknown” category should be restricted
to only those few cases when none of the other categories can be reasonably assigned by a
biologist.

7.11 Developing a Complex EO Representation

An EO may occupy a location in various complex spatial patterns, depending on the
biology of the Element, and different physical and environmental factors (e.g., suitability of
habitat). In general, two types of complex EOs have been identified (compound and
composite), depending on whether the multiple features that comprise such EOs are
discrete or contiguous.

7.11.1 Compound EOs

An occurrence consisting of noncontiguous areas close enough to each other to be
considered one EO (based on separation guidelines defined for the Element) is a
COMPOUND EO. An example of a compound EO would be a pothole pond community
comprised of two or more distinct ponds with intervening distances that do not exceed the
separation distances specified for the community in EO specifications.



EO DATA STANDARD 114
2/6/02

In developing a spatial representation of a compound EO, each discrete observation that
comprises the occurrence should proceed through the process described in Sections 7.4
through 7.8 above. Thus, each observation is first categorized as a small, linear, or large
area observed feature according to its size in comparison with the minimum mapping unit
for the standard scale map. Next, each feature is conceptually characterized, and then
further interpreted to encompass associated locational uncertainty, if appropriate, during
translation to a source feature. Each source feature may then be optionally modified to
encompass an estimated uncertainty distance during the derivation of a basic feature.
Finally, during translation to a procedural feature, each component feature may be
optionally modified to include a procedural buffer. Multiple procedural features are then
grouped to create the EO representation. Note that the addition of estimated uncertainty
distances and procedural buffers may result in features that abut or overlap; in such cases,
these features would be merged into a single feature. Figure 7.17 illustrates the process of
developing a compound EO representation using an example of an occurrence comprised
of discrete observations (i.e., patches) of a plant.
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Figure 7.17 - Example Showing the Derivation of a Compound EO Representation

Some compound EOs may be comprised of a very large number of distinct features due to
many observations. In cases where the number of features comprising an occurrence is
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excessive, it may be more practical (particularly for mobile animals) to define a single
boundary for the EO that encompasses all the features rather than retaining the individual
components. When creating such an inclusive polygon (which would be an additional
source feature for the EO), the boundaries should be delineated to include only the
existing associated basic features and any intervening area that is appropriate habitat only
(i.e., interpolation), without incorporating any additional area.*¢ Decisions as to whether to
delineate a single EO boundary or retain distinct features defining a complex EO are
dependent on many factors, including characteristics of the Element, the nature of the
intervening area between the features, and resource considerations of the program.

For animals that occur in linear patterns, particularly aquatic species, it may be valid to
create a single polygon once there are at least two distinct features that comprise a single
occurrence, based on separation guidelines provided in the EO specifications. For animals
that do not typically occur in a linear pattern, it may be more reasonable to create a single
polygon when there are three or more distinct features that comprise an EO; delineating a
boundary based on only two features for such Elements would essentially define a “path”
between the two locations, which would likely be an inaccurate representation of the
actual occupancy.

[this section on grouping features under development]

7.11.2 Composite EOs

An occurrence comprised of different contiguous areas reflecting different categories of
observed features is a COMPOSITE EO. An example of a composite EO would be a fish
population observed in both a section of stream (a linear area) and a pond (a large area).

In developing a spatial representation of a composite EO, the occurrence should initially
be separated into the different types of observed features from which it is constituted.
Similar to the compound EO representation described above, each feature of a composite
representation should be processed according to the steps summarized in Sections 7.4
through 7.8. The procedural features derived through this process should then be rejoined
to create an EO representation. Figure 7.18 illustrates the process of developing a
composite EO representation using an example of an occurrence comprised of a lake and a
portion of an outlet stream occupied by a fish.

46 EO boundaries should not be expanded outward a prescribed distance from the actual area occupied to capture
presumed territory, range, or movement (i.e., “biological buffers” should not be used in delineating EOs).
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Figure 7.18 - Example Showing the Derivation of a Composite EO Representation
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7.12 Multiple EO Representations of a Single Element

7.12.1 Different Kinds of EOs

Both principal EOs and sub-EOs may be represented spatially. Regardless of which kind
of EO is defined by the underlying information, the process for developing spatial
representations is exactly the same (described in Sections 7.4 through 7.8). Each
occurrence begins as an observed feature based on the minimum mapping unit for the
standard scale map, is next characterized as a conceptual feature, translated according to
locational uncertainty to a source feature, optionally modified with an estimated
uncertainty distance to become a basic feature, and finally optionally modified with a
procedural buffer during translation to a procedural feature. After the procedural features
have been developed for both kinds of occurrences, EO representations and associated
records are created.

In order to be considered a sub-EQO, the derived procedural feature must be located
entirely within the boundaries of another procedural feature for that Element, or must be
one of the procedural features that comprise a complex (i.e., multi-source) EO. The nesting
relationship between a parent and sub-EO is established through a link in the records
associated with the features. Sub-EQOs are identified and linked to the parent EO through
insertion of the parent identification number in each sub-EO record.

A sub-EO should be identified only when there is specific information related to a
component of an occurrence that is better tracked in a record separate from that of the
parent EO. Otherwise, it is preferable to simply create an EO from multiple source
features (see Section 7.11, Developing a Complex EO Representation) rather than
processing each source into a separate EO and then establishing a linkage between the
parent and sub-EO.

7.12.2 Overlapping Principal EOs

In some situations a principal EO can overlap or contain another principal EO of the same
Element. However, in such cases, the features must have different types of associated
locational uncertainty and/or different representation accuracy values. Generally, an initial
principal EO (typically based on historical or secondary source information) has more
added locational uncertainty than any subsequent principal EOs; as additional survey work
is performed over the area delineated by the original principal EO, more current principal
EOs with less associated uncertainty may eventually replace the older occurrence.

Example:

A principal EO is initially be created from an herbarium record describing a
patch of Rugelia nudicaulis (Rugel’s ragwort) on the slope of a mountain, with the
information processed as a point with areal delimited uncertainty and
boundaries delineated to encompass the entire slope. When a new, detailed
field survey records a sighting of the plant on a small portion of the same slope,
the information becomes a second principal EO. Depending on the size of the
observation and the survey technique, this second EO may be processed as
either a point or polygon conceptual feature with either negligible or areal
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delimited uncertainty. (If the latter, the area delineated is significantly smaller
than the original herbarium EO representation, and thus, has a higher RA
value.) It would likely be desirable to retain both records as principal EOs;
because the new survey covered just a portion of the area identified in the
herbarium record, it cannot necessarily be assumed that the new occurrence at a
very specific location within the larger principal EO replaces that original
occurrence. When additional fieldwork covering the entire slope is completed
and any occurrences of the Element are mapped, the initial principal EO
derived from the herbarium record could be deleted.

7.13 EO Point Representations

Every EO representation should have an associated reference point located within the
boundaries of one of the underlying procedural features. An EO POINT
REPRESENTATION (i.e., the reference point) is used to represent an EO at any map scale
small enough that the boundary of the occurrence is not apparent. When using a GIS,
reference points are typically generated automatically. However, in some cases it may be
desirable to manually position the reference point at a particular location within a
procedural feature. For example, a point automatically generated for an EO representation
for a particular animal may fall in an area used for transient activities; in this instance, it
may be more desirable to manually position the reference point near an area with a
consistently high concentration of individuals, such as a den site.

7.14 Generalized EO Representations

One of the major uses of EO information, particularly spatial representations, is
distribution to private business, conservation organizations, government agencies, and to
the general public. These clients often do not need (and arguably should not always have)
information on the precise locations of occurrences; instead, EO representations
distributed to clients should show only general locations where Elements are likely to be
found. A GENERALIZED EO REPRESENTATION that blurs the boundaries and/or offsets
the position of an EO may be used to protect information on the location of a sensitive
Element on a map to be used for public distribution (e.g., maps showing EOs by watershed
or by county).

7.15 Detailed Features

In some cases, very precise locational information is known for a particular EO. Given the
scale of a standard map, the procedural feature(s) derived for such an occurrence may
generalize the feature to such a degree that detailed spatial information is not discernible
(e.g., a circular polygon may result from very precise information for a small area). In such
cases, a DETAILED FEATURE may be used to represent the data at a scale larger than that
of a standard map, thus retaining the most complete, accurate, and specific spatial
information for that occurrence (see Figure 7.4, Additional Features Associated with an
EO Representation).

The process for generating a detailed feature differs from the standard procedure for
developing an EO representation (described in Sections 7.4 through 7.8 above) only in the
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use of a larger scale map and smaller minimum mapping unit. Thus, a detailed feature
begins as one or more large area observed features. The observed features are next
characterized as polygon conceptual features, and then translated according to locational
uncertainty (either negligible or areal delimited) to polygon source features. The source
features are translated without modification to basic and procedural features, with
evaluation of separation distances according to EO specifications determining if and how
features should be grouped to denote an EO.

Because a detailed feature is developed on a larger scale map than the standard, it is not
comparable with EOs developed using the process for developing an EO representation.
In order to translate a detailed feature into an EO representation, the underlying
observation data must proceed through the steps for developing an EO representation
using a standard scale map, described in Sections 7.4 through 7.8. Specifically, using the
standard scale map, the data is interpreted as one or more observed features based on the
minimum mapping unit, each of which is characterized as a conceptual feature, translated
according to locational uncertainty to a source feature, optionally modified with an
uncertainty distance to become a basic feature, optionally modified with a procedural
buffer during translation to a procedural feature, and then grouped (according to evaluation
of separation distances in the EO specifications) to create an EO representation.

7.16 Observations

[Although this section is included here, it is not part of the Draft EO Data Standard developed through
a formal design and acceptance process by the EO Working Group. It is based on information obtained
during an EO workshop convened in September, 1999, to collect requirements for a Heritage Data
Management System (HDMS) currently under development. Approximately half of the participants at
this workshop were members of the EO Working Group.]

In order to constitute a valid EO, information on observed areas for an Element must meet
minimal criteria provided in the EO specifications for that Element. However, it may be
useful to track the spatial location and minimal data on an observation that does not meet
the specifications, and is thus, not a component of an EO. Over time, such independent
observations may ultimately be combined with other data on observed areas to define an
EO.

Although a formal methodology for creating and managing observation data has yet to be
developed, an interim solution has been proposed that would utilize source features to
track observed areas, regardless of whether such observations are to be associated with an
EO in the foreseeable future. This model is based on the assumption that an observed area
(i.e., observation) is represented by a single source feature. Minimal information could be
associated with the source feature (e.g., observer, date, brief description of the
observation), and the feature would be identified as an independent observation rather
than a feature that is to be linked immediately to an EO representation. The independent
observation/source feature could later become a component of an EO when deemed
appropriate based on EO specifications, typically when further information on the Element
at that location is obtained, or when sufficient additional observations of the Element
within the appropriate separation distance have been made to accurately define the
boundaries of an EO.
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7.17 Spatial Requirements for Animals

[Although this section is included here, it is not part of the Draft EO Data Standard developed through
a formal design and acceptance process by the EO Working Group. It is section is based on information
obtained during an EO workshop convened in September, 1999, to collect requirements for a Heritage
Data Management System (HDMS) currently under development. Approximately half of the
participants at this workshop were members of the EO Working Group. Subsequent information on this
topic has been provided by zoologists Larry Master and Geoff Hammerson.]

Many animal species, especially terrestrial vertebrates, have significant requirements for
space in order to find sufficient food for themselves and/or their offspring. These spatial
requirements are sometimes referred to as the animal’s “home range”. Considerable
research has been conducted to characterize the movement patterns of animal species, and
results indicate that the spatial requirements (or home range size) for an individual of a
particular species may vary temporally and spatially depending on a number of factors,
including availability of resources, season, and sex of the individual. Despite this
variability, it is possible to determine an average home range requirement for many species
that would be included in the characterization information for the Element.

Frequently, the spatial requirement of an individual (based on evaluation of the home
range) exceeds the size of the EO that is being developed from field survey information. In
most cases, the EO representation is developed according to the process described in
Sections 7.4 through 7.8 above, and the fact that the representation delineates an area less
than the likely extent of the Element (based on average spatial requirements) is generally
indicated through a confidence extent of “N” = confidence that the full extent of the EO
is not known. (See Section 2.1 for further discussion on principal EOs and confidence
extent.)

7.17.1 Inferred Extent (IE)

Most EOs are located in an area of suitable habitat that exceeds the spatial requirements
for the Element. However, EO representations are developed on the basis of what was
actually observed in the field, without inclusion of any unsurveyed but available suitable
habitat at that location (see Section 7.17.2 for the single exception to this model). While
EO representations accurately reflect what is known from underlying survey information,
an EO representation with a confidence extent = “N” (or perhaps “?”) may not effectively
illustrate the likely extent of the Element at that location. In such cases, after the EO
representation has been developed, a separate inferred extent (IE) feature could be
generated to better represent potentially/probably occupied habitat for some animals, and
could be utilized in analyses for which estimates of occupied area would be useful (e.g.,
conservation planning, environmental review).

In order to generate an IE feature, the following criteria must be met:
the EO specifications for the Element provide an IE distance value;
the EO representation was developed from one or more point source features; and
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the size of the final EO representation (incorporating an uncertainty distance or
procedural buffer) is smaller than the 1E feature will be.

An IE feature is generated by buffering the underlying source feature(s) of a principal EO
representation by the specified IE distance for the Element. IE distance is an approximate
spatial requirement for a particular species, typically based on the average home range
(specifically, a distance equal to the diameter of the median home range). However, for
some animals (e.g., pond-breeding amphibians, rattlesnakes moving from a den) the IE
distance represents the distance from an initial location (in any direction) that would
encompass the ultimate destination of 75-90% of the dispersing adult individuals.

Habitat known to be unsuitable and/or unused can be edited (removed) from an IE feature
after it has been generated. Note that IE features are retained and managed in a GIS
separately from EO representations. Figure 7.19 illustrates the process for generating an I1E
feature from a source feature.

Figure 7.19 — Generating an IE Feature

. O

point source feature EO representation developed with separate IE feature generated
either estimated uncertainty distance or (optional)
procedural buffer

7.17.2 Inclusion of Home Range

In rare cases, a source feature is located in an area of known suitable habitat smaller than
the average home range for the animal; further, the EO representation being developed
from that source feature (including either an estimated uncertainty distance or procedural
buffer) will be smaller than the available suitable habitat. Since the average spatial
requirement of the individual exceeds the available suitable habitat surrounding such an
EO representation, it would be appropriate to assume that the individual is utilizing all of
the suitable habitat at that location to survive. In such cases only, an additional source
feature matching the boundary of the available suitable habitat could be included when
developing the EO representation. If the available suitable habitat is comprised of discrete
patches, only the patch within which the source feature is located could be used as an
additional source feature, since it cannot be determined which other patches are being
utilized by the animal without additional survey work. Figure 7.20 illustrates the rare case
when an additional source feature based on available suitable habitat could be included
when developing an EO representation.
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Figure 7.20 — Optional Incorporation of Home Range When Developing
an EO Representation
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7.18 Symbology for Spatial Data
[This section under development.]

7.19 Map Scale Considerations

[Although this section is included here, it is not part of the Draft EO Data Standard developed through
a formal design and acceptance process by the EO Working Group. It is based on information obtained
during an EO workshop convened in September, 1999, to collect requirements for a Heritage Data
Management System (HDMS) currently under development. Approximately half of the participants at
this workshop were members of the EO Working Group.]

Features digitized in a GIS may have different levels of associated map accuracy,
depending on the scale of the reference maps utilized for mapping the observation
locations. Generally, the larger the scale of a map, the higher its accuracy. The scale at
which an observation is mapped is important information that needs to be recorded with
the associated source feature.

Different jurisdictions frequently utilize different scale reference maps for mapping spatial
data. Currently, in the United States, most Heritage Programs map observed area locations
based on 1:24,000 reference maps; however, in Canada, most Conservation Data Centers
map observed area locations based on 1:50,000 reference maps. In addition, some
programs utilize other reference map data, such as satellite imagery or aerial photography,
which can be at any scale (e.g., 1:10,000; 1:30,000).

Differences of map scale can also occur within a jurisdiction. For example, a state may
have large scale aerial photography available for a portion of state, and utilize 1:24,000
USGS topographic quadrangle maps for the remainder of the state. In this case, data
mapped using the aerial photography will be more accurate than data mapped using the
quadrangle maps.

When comparing spatial representations, it is important to ensure that all the features have
been mapped at the same scale. Features mapped using different scale reference maps have
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different levels of associated map accuracy, and cannot be compared without first
translating all the features to the smallest scale map utilized for mapping any of the data
under evaluation. This translation would be accomplished by processing the observation
data through the stages described in Sections 7.4 through 7.8. Note that translation of
features to a smaller scale map may result in the loss of detailed boundary information
associated with features originally mapped at a larger scale. For example, a large area
observed feature translated to a polygon source feature with a precisely delineated
boundary may be replaced by a small area observed feature translated to a point source
feature, and eventually a circular polygon due to the larger minimum mapping unit
associated with the smaller scale map.

7.20 Spatial Representation of Multi-Jurisdictional EOs

Because the location of an occurrence reflects Element biology and various physical and
environmental factors (e.g., substrate, habitat, hydrologic regime), EO representations can
cross jurisdictional boundaries. Multi-jurisdictional EOs pose special challenges for data
management, since information on the occurrence in a neighboring jurisdiction may be
lacking, and/or the base maps for the neighboring jurisdiction may be in a different scale or
projection, may not have edges matched, or may be unavailable. To ensure that programs
tracking a multi-jurisdictional EO have accurate and complete information on the full
extent of the occurrence, collaboration between the relevant jurisdictions is important.
Such collaboration includes determining which jurisdiction has lead responsibility for
maintaining information on the occurrence, and sharing data among the jurisdictions
involved. Notes on collaborative efforts between relevant jurisdictions may be documented
in the EO record.

To facilitate appropriate interpretation of an EO record, occurrences that cross one or
more jurisdictional boundaries should be flagged “multi-jurisdictional”. The tabular
information in these records (e.g., EO rank, EO data, description) should reflect the full
multi-jurisdictional extent of the occurrence, regardless whether that full extent is
represented spatially on the associated maps. In addition, for a multi-jurisdictional EO, the
EO record should indicate whether or not the spatial representation delineates the full
multi-jurisdictional extent of the occurrence.4’

Ideally, the spatial representation of a multi-jurisdictional EO should also delineate the full
extent of the occurrence across jurisdictions. However, this may not be possible or
practical, particularly in situations where the Element is not tracked in all jurisdictions in
which the occurrence is located. As a result, the representation developed by a particular
jurisdiction may not necessarily include portions of the occurrence outside of that
jurisdiction.

[Although the following section is included here, it is not part of the Draft EO Data Standard developed
through a formal design and acceptance process by the EO Working Group. It is based on information
obtained during an EO workshop convened in September, 1999, to collect requirements for a Heritage

47 Information on the extent of an EO spatially represented should not be confused with information related to
whether the full extent of an EO is known (described in Section 2.1, Principal EOs).



EO DATA STANDARD 125
2/6/02

Data Management System (HDMS) currently under development. Approximately half of the
participants at this workshop were members of the EO Working Group.]

In cases where the Element is tracked in all jurisdictions in which a multi-jurisdictional EO
is located, the concept of principal and sub-EOs may be useful for managing such
occurrences, and could be applied as follows. Each program having a significant portion of
a multi-jurisdictional EO within its jurisdiction would initially create a principal EO. One
of the programs would assume the responsibility for creating and maintaining a principal
EO that encompasses the entire extent of the EO (i.e., across jurisdictions), and each of
the associated programs would provide a copy of their EO record to the designated lead
program. The lead would create a single multi-jurisdictional principal EO based on the
principal EO records received, and then each of these initial principal EOs would become
sub-EOs. The multi-jurisdictional principal EO record would contain minimal attribute
data since more detailed information would be retained in the sub-EO records. Key
attributes for the multi-jurisdictional principal EO would need to be determined
cooperatively, and any changes to the boundary of the EO would also require a
collaborative effort.
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8 EO DATA MANAGEMENT

8.1 Benchmark Standards
8.2 Transcription
8.3  Quality Control

8.1 Benchmark Standards
8.2 Transcription

8.3 Quality Control

--t0 be written
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9 OBSERVATIONS AND EOs

9.1 Information Contained in the Observations Database
9.2 Evaluating Observation Data to Delineate EOs

9.1 Information Contained in the Observations Database

EO specifications delineate the minimal criteria that must be met in order for data on a particular
Element to constitute an EO. Information that does not meet the specifications for that Element
(i.e., information that is insufficient for an EO) may be recorded in an observations database.

Transcribing non-EO data in the observations database may be useful in defining occupied
habitats for animal Elements, as well as for other analyses. However, use of this database to track
data is entirely optional.

[this section under development]

9.2 Evaluating Observation Data to Delineate EOs
--to be written
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APPENDIX A: Migratory Status and Location Use Class

Al Nonmigratory Elements

A2 Migratory Elements

A2.1 Terrestrial and Freshwater Migrants

A2.2 Aerial and Marine Migrants

A2.3 Anadromous Migrants

A2.4 Multiple Species in Migratory Concentration Areas

An animal Element may be categorized according to its seasonal patterns of movement. Animals
that do not make significant seasonal movements to and from different habitats are characterized
in this document as nonmigratory.#¢ Animals that make significant seasonal movements (e.g., to
breeding or wintering grounds) are characterized as migratory. These movements typically coincide
with climatic and/or breeding seasons, and usually relate to the availability of food, shelter, or
breeding sites. Migratory animals include many birds, fishes, bats, marine mammals, sea turtles,
amphibians, and insects such as butterflies and dragonflies.

The seasonal movement patterns of a population influence the delineation of principal EOs for
that Element (see Section 2.1, Principal EOs). In order to include all habitat necessary for the
survival of a migratory Element throughout its life cycle, consideration of different seasonally
occupied habitats as well as any migratory corridors is imperative. Based on different seasonal
movement patterns, migratory Elements may be divided into two general categories. Elements in
the first group, terrestrial and freshwater species, have a single principal EO for a given population
encompassing different seasonally occupied habitats and any migratory corridors. Because
principal EOs for this group tend to be quite large, tracking sub-EOs may be useful for identifying
specific areas within them (see Section 2.2, Sub-EOs). These sub-EOs may be described using
different feature labels (see Section 2.3, Feature Labels).

Elements in the second group, aerial, marine, and anadromous species, have multiple seasonally
disjunct principal EOs, each encompassing only one seasonally occupied habitat. For this group of
migrants, location use classes must be used to indicate the seasonal usage of principal EOs (see
Section 2.4, Location Use Classes).

Commonly recognized location use classes include

breeding
nonbreeding

adult foraging area
juvenile foraging area
nesting area

calving area

nursery area
migratory stopover

48Some species have both migratory and nonmigratory populations. Such species shall be treated here as migratory
Elements, and should include a “nonmigratory” class. Note also that dispersal of juveniles from a population does not
qualify as migration unless it is part of a seasonal cycle involving departure and return.
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migratory corridor
staging area
hibernaculum
maternity colony
bachelor colony
freshwater
estuarine

marine
nonmigratory
undetermined

An Element would typically have two classes, but may have up to four. Note that there is not
necessarily a one-to-one correspondence between location use class and breeding/nonbreeding
status (e.g., Myotis grisescens [gray bat] may be considered to be breeding in all classes except
“bachelor colony” [example in A2.2.2 below]).

Al Nonmigratory Elements

A population of a nonmigratory Element occurs in one area throughout the life cycle of the
individual species, not including initial dispersal. Because a nonmigratory species’ population
exists in essentially the same location throughout its lifetime, only this location can be designated
as the occupied habitat. Thus, for a given population, a nonmigratory Element may have only one
principal EO described by an “occupied habitat” feature label; multiple sub-EOs may also
(optionally) be delineated. Location use classes are not applicable for nonmigratory Elements.

Example:
Vulpes macrotis, kit fox
Location Use Class Potential Feature Labels
den
(none) . .
occupied habitat*

* The “occupied habitat” feature label is typically not used.
(See Section 2.3 for a discussion of the use of feature labels.)

A2 Migratory Elements

A2.1 Terrestrial and Freshwater Migrants

Some migratory animals move within defined terrestrial or freshwater aquatic corridors, typically
between breeding and nonbreeding areas of occupancy. Examples include caribou, short-distance
altitudinal mammal migrants, and some freshwater fishes that migrate (typically upstream) to
spawn. These animals are dependent not only on the habitats they use for breeding and
nonbreeding, but also on the habitats in the corridor that connect these areas. If a major highway
or an impassable dam is constructed that blocks the corridor, the population may be effectively
destroyed even though both the breeding and nonbreeding habitats are protected. Thus, in order to
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conserve a population of these corridor migrants, it is necessary to protect the entire area that is
contiguously occupied during their life cycle. For these species, the contiguously occupied habitat,
including the corridors between breeding and nonbreeding/wintering areas, should be treated as a
single principal EO. If useful, sub-EOs may be optionally tracked and described using feature
labels.

Examples:
Rangifer tarandus, caribou

Location Use Class Potential Feature Labels

calving ground
wintering area
(none) _ _
migratory corridor

occupied habitat*

* The “occupied habitat” feature label is typically not used.

Emydoidea blandingi, Blanding's turtle

Location Use Class Potential Feature Labels

nesting area
(none) ) .
occupied habitat*

* The “occupied habitat” feature label is typically not used.

Acipenser fulvescens, lake sturgeon, and
Ptychocheilus lucius, Colorado squawfish

Location Use Class Potential Feature Labels

spawning area
(none) : .
occupied habitat*

* The “occupied habitat” feature label is typically not used.

A2.2 Aerial and Marine Migrants

A2.2.1 Long Distance

Most aerial and marine aquatic migratory animals move between breeding and nonbreeding

(e.9., wintering) habitats by flying over or swimming through broad areas of intervening habitat. It
is not critical to protect all of the intervening habitat in order to conserve the populations of a
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species for such migrants, as they can potentially fly over or swim around unsuitable areas.
Examples include some birds, bats, butterflies, dragonflies, sea turtles, whales, and seals.®

The geographically and seasonally occupied disjunct habitats between which these species travel
are typically used either for breeding, wintering, or staging/refueling (during migration), and each
has conservation value for the species. Because these areas may differ in conservation importance,
it is necessary to identify those seasonally occupied habitats that are significantly utilized by
individuals of the species during the year in order to ensure survival of the species (see Appendix
B: Persistence and Practical Conservation Value). Conservation of only one of these habitats (e.g.,
breeding) for a species would be insufficient to conserve the species if the other seasonally
occupied habitats (e.g., nonbreeding) were destroyed or degraded. In order to classify these disjunct
areas according to their conservation value, EOs for these aerial or noncorridor migratory species
must be assigned to a location use class (e.g., breeding, nonbreeding, migratory stopover) that
describes the usage of the area by the species.

In some cases, the occupied-habitat EOs for some Elements during a given season may be
unknown, such as may be the case for long-distance aerial migrants where the occupied habitat for
one season is located on another continent. When entering the ocean, anadromous fishes become
marine migrants whose nonbreeding concentration areas, if any, are mostly unknown (see
Appendix A2.3, Anadromous Migrants). To conserve these species, it will ultimately be necessary
to identify and ensure the protection of these currently unknown habitats.

Examples:
Haliagetus leucocephalus, bald eagle

Location Use Class Potential Feature Labels
nest site
breeding breeding territory

occupied habitat *

roosting area
nonbreeding feeding area
occupied habitat *

* The “occupied habitat” feature label is typically not used.

49 Note that there is evidence that some marine species (e.g., whales, loggerheads [sea turtles]) may, at times, follow fairly
narrow migration routes in the open ocean after they leave their seasonally occupied feeding or breeding/nesting areas.
These corridors should be recognized as belonging to a distinct location use class if they are long (e.g., hundreds of
kilometers). Some bird migrants (e.g., altitudinal bird migrants in the tropics) may follow narrow corridors and/or be
reluctant to cross even small patches of unsuitable habitat. For these Elements, it is critical to protect the area between
seasonally occupied habitats. This area may be appropriately included as part of a single EO, although feature labels may be
used if desired to distinguish breeding, nonbreeding, and transient areas.
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Myotis grisescens, gray bat

Location Use Class Potential Feature Labels

cave
hibernaculum mine
occupied habitat*

cave
migratory stopover mine
bridge

cave
) mine
maternity colony brid

ridge

occupied habitat*

cave
mine
bachelor colony )
bridge

occupied habitat*

* The “occupied habitat” feature label is typically not used.

Chelonia mydas, green turtle

Location Use Class Potential Feature Labels

breeding nesting beach

breedi juvenile feeding area
nonbreedin
. occupied habitat *

* The “occupied habitat” feature label is typically not used.
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Eschrichtius robustus, gray whale

Location Use Class Potential Feature Labels
breeding occupied habitat *
nonbreeding occupied habitat *
migratory corridor migratory corridor

* The “occupied habitat” feature label is typically not used.

A2.2.2 Short Distance

Some migratory animals fly only a short distance, typically on a seasonal basis, between areas
used for seasonal feeding or breeding purposes. Many of these are altitudinal migrants that
migrate up and downslope depending on season and food availability. Some species migrate
only a short distance such that breeding and nonbreeding areas may be contiguous or nearly so.
These species should be treated as if they were terrestrial migrants (i.e., with no location use
classes).

Example:
Lagopus leucurus, white-tailed ptarmigan

Location Use Class Potential Feature Labels

breeding area
(none)

occupied habitat*

* The “occupied habitat” feature label is typically not used.

Other short distance migrant species migrate somewhat longer distances such that there may be
some separation between breeding and nonbreeding habitats. Many of these species are known
to readily cross patches of unsuitable habitat. If it is thought that the habitat suitability of the
intervening area between seasonally occupied breeding and feeding areas is inconsequential to a
species, the species should be treated as if it were a long distance migrant. The species should
have breeding and nonbreeding location use classes, and intervening areas of transit between
seasonally occupied habitats should not included as part of any (breeding or nonbreeding) EO.
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Example:
Procnias tricarunculata, three-wattled bellbird
Location Use Class Potential Feature Labels
breeding occupied habitat*
nonbreeding occupied habitat*

* The “occupied habitat” feature label is typically not used.

A2.3 Anadromous Migrants

Anadromous fishes breed in freshwater and move downstream to live as nonbreeding individuals
in marine environments before returning some years later to breed in the same freshwater streams
where they hatched. Upstream habitats used for breeding may sometimes be interspersed in the
migratory corridor when the areas used for breeding may not readily or practicably be distinguished
from areas used solely for passage.

Anadromous species (e.g., salmon) are both corridor and noncorridor migrants. While in freshwater
habitats, they are naturally restricted to stream channels. When they enter marine environments
these species are thought to be more widely dispersed and not confined to a corridor.

Like freshwater migrants (see Appendix A2.1, Terrestrial and Freshwater Migrants), the
construction of an impassable dam that blocks the freshwater migratory corridor for anadromous
species can cause loss of the population, even though the upstream breeding habitat may be
protected. Thus, the entire contiguously occupied freshwater stream system used by a given
population that spawns at a particular season should be treated as a principal EO. In delineating
the contiguously occupied freshwater habitat of an anadromous fish population, it is possible that
an entire stream network may be defined as the principal EO. In such cases, it may be of practical
benefit to identify sub-EOs, such as breeding areas, basin subpopulations, or migratory corridors.
For some Elements, the lower portions of a watershed may contain many overlapping EOs of
different breeding populations that separate, either spatially into distinct headwater streams to
spawn, or temporally by spawning at different times.

In principle, there are two classes of EOs for anadromous fishes: freshwater and marine.>0
However, when in the marine environment, the whereabouts of many anadromous species is
largely unknown, and like aerial migrants, they are likely somewhat dispersed. As nonbreeding
concentration areas become known, these should be treated as a second class of principal EOs. In
practice, EOs are generally delineated only for freshwater or estuarine locations of anadromous
fishes.

50 Catadromous species (e.g., eels), which breed in marine environments and occur in freshwater habitats as nonbreeders, are
treated similarly.
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Example:
Oncorhynchus tshawytscha, Chinook salmon or king salmon

Location Use Class Potential Feature Labels

spawning area
migratory corridor

freshwater basin, (i.e., hydrological
division of entire occupied
habitat)

occupied habitat *

marine [unknown — typically not tracked]

* The “occupied habitat” feature label is typically not used.

A2.4 Multiple Species in Migratory Concentration Areas

Some areas are utilized for limited time periods by a large number of migrating animals. Migratory
stopover areas should be tracked as EOs if they contain a significant (i.e., according to Element-
specific EO specifications) aggregation of the species. Similarly, migratory corridors should be
protected only if the corridor has practical conservation value (i.e., is vital for migration of the
species between seasonally occupied habitats).

Although a particular migratory concentration area may not contain a significant number of
individuals of any species of conservation concern (and hence would not be tracked as an EO),
the area may nonetheless contain a significant aggregation of multiple species. Such significant
transient assemblages of multiple species should be tracked as EOs. In this case, the Element of
concern is not an individual species but is an Element in the "other"5! group. Examples include
migratory shorebird concentrations, waterfowl concentrations, and bat hibernacula.

51 According to the standard documented in the Natural Heritage Program Model Operations Manual (The Nature
Conservancy 1988), Elements are divided into the following groups: vascular plants, nonvascular plants, vertebrate animals,
invertebrate animals, communities, and “other”. “Other” Elements were defined to include transient aggregations of mixed
species. Although vague, the term *“other” has been used because no standard classification or tracking system has yet been
developed for transient animal communities. This is an area that needs to be addressed by the Heritage Network in the
future.
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Examples:
Western hemisphere shorebird aggregation

Location Use Class Potential Feature Labels

roosting area
(none) feeding area
occupied habitat*

* The “occupied habitat” feature label is typically not used.

North American mixed bat species assemblage

Location Use Class Potential Feature Labels

Cave

mine

(none) bridge

building

occupied habitat*

* The “occupied habitat” feature label is typically not used.
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APPENDIX B: Persistence and Practical Conservation Value

Bl Persistence

B2 Ephemeral Presence

B3 Recurrence

B4 Recurrence Without Survival

B5 Presence Without Reproduction

B6 Persistence in a Landscape Context

Bl Persistence5?

A primary purpose for delineating EOs is to guide conservation (e.g., site protection,
environmental review, inventory, recovery efforts, research) for the Elements represented by those
occurrences. It is therefore critical that EOs have PRACTICAL CONSERVATION VALUE for the
Elements they represent. Persistence at a specific location typically establishes the conservation
value of that location.

Generally, in order to qualify as an EO, the potential continued presence and/or regular
recurrence of an Element at a given location is necessary. In other words, an Element must
potentially persist at a location in order to be designated an EO. Evidence of likely ephemeral
presence of an Element at a location, lacking persistence, should not result in the designation of an
EO. For most Elements (especially perennial plant species, stable communities, and nonmigratory
animal species), persistence is presumed to be established by evidence of presence. More
specifically, for community Elements, stability is judged as persistence under natural processes for
a time period specific to that Element.

For some plant species (e.g., those with long-term seed dormancy or other dormant stages), very
dynamic communities, and migratory animal species, persistence is often defined by real or
apparent recurrence. This recurrence may be due to return migrations, periodic disturbance, or
fluctuating environmental conditions. For aerial migrants during their migration, the designation of
an EO requires temporary (e.0., a week or more) presence in a given season, significant
aggregation, and likely recurrence in different years.

B2 Ephemeral Presence

Evidence of likely ephemeral presence of an Element should not result in the designation of an
EO. Habitat occupied in an ephemeral, irregular, transitory, or dispersed manner that does not
routinely or irreplaceably contribute to the survival or persistence of an Element at that location
lacks conservation value and should not be designated as an EO. Typically, this will be the case
for dispersing large mammals, or dispersed long-distance migrants (often assigned an “NZN” or
“SZN” Element rank for “zero EOs” in a given jurisdiction).

52Appendix B1 also appears above as Section 2.5, Persistence and Practical Conservation Value, and is repeated here for
reference.
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Examples:

Large mammals pass through numerous areas as they disperse; if other routes are just as
likely to be utilized in the future, the locations fail to contribute routinely to
persistence of the Element and should not be considered EOs.

Areas used ephemerally or irregularly by relatively low numbers of individuals during
long-distance migration should not be considered EOs, since the presence of the
Element at a particular time does not indicate persistence of the Element at that
specific location, nor does it have particular conservation value for that Element.

B3 Recurrence

In some cases, evidence of ephemeral presence of an Element may establish practical conservation
value of a location due to recurrence. In other words, any periodicity of an Element (i.e., recurring
presence of the Element at a location, usually in relatively large numbers, either due to migratory
behaviors, environmental factors, or intermittent dormancy) should be considered in defining
persistence.

Examples:

Despite occupation for ephemeral periods of time, a significant annual migratory
concentration area for shorebirds (e.g., >1000 individuals for some species; see
Element-specific EO specifications) should be designated an EO since the location
has practical conservation value, ensuring the successful migration and continued
survival of the species.

Seed-banking annual plants are often dependent on specific environmental conditions,
which may not appear for numerous years. Examples are desert annuals dependent on
moisture, or coastal plain pond annuals (such as Rhexia aristosa) dependent on
drawdown of the water table and exposure of the substrate at a particular season. Note
that these plants actually permanently occupy the site; it is only their aboveground
appearance that is recurrent, with intervening periods where they may be present
exclusively as propagules.

Many grassland bird species breed only in prairie grasslands of a certain height or
density (a short-term cyclic phenomenon, probably originally driven by fire, drought,
bison, and prairie dogs). Ammodramus bairdii (Baird's sparrow) may only breed at a
location for a year or two, and then not reappear for perhaps a decade; however,
previously occupied breeding locations not currently in use should be considered EOs
to ensure protection of adequate areas for breeding.

Some communities are of short duration at a given point in a landscape, but are
consistently present within the landscape as a result of establishment by disturbance
(such as fire or flooding). Aspen forests in a fire landscape, point bar willow
communities, and jack pine forests are pertinent examples. Within an area (determined
for the Element), shifting patches of a given community could be considered an EO,
even though the existence of any given patch (polygon) may be predictably short.
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In some parts of their range, Loxia leucoptera (white-winged crossbills) require large
crops of spruce cones to successfully breed. Although these seed crops and their
associated crossbills may only re-occur every few years, these locations should be
considered EOs.

B4 Recurrence Without Survival

The recurrent presence of an Element at a particular breeding location where it is unable to
survive has little or no conservation value, and should not be considered an EO.

Examples:

Some butterflies successfully breed over large areas at the far northern edge of their
range during the summer. These populations should not be considered EOs if there is
no known return southward migration and any overwintering stages perish due to frost,
so that the progeny never survive to contribute to future generations. As a result, the
habitat is repopulated, sometimes annually, through immigration. These habitats should
not be considered EOs for such Elements.

Some plants regularly disperse long distances, but fail to survive and reproduce because
of unsuitable conditions (e.g., climate). Red mangrove (Rhizophora mangle) or coconut
(Cocos nucifera) propagules regularly reach temperate shores, but cannot survive and
reproduce. Such short-term localities should not be considered EOs.

B5 Presence Without Reproduction

An Element at a location without evidence of successful reproduction may have conservation
value as a potential source for continued survival of the Element, and thus could be considered an
EO.

Examples:

The last known individuals of the white wartyback (mussel), Plethobasus cicatricosus, exist
as an old, nonreproducing “population” living in the cold tailwaters (too cold to
support their host fishes) resulting from hypolimnetic dam discharges. Such populations
should be tracked as EOs as they represent the last known populations and last hope
for recovering the species (e.g., should conditions improve).

Due to fragmentation effects (e.g., increased predation and parasitism), birds at some
locations may fail to produce offspring most years. Nonetheless, the habitat may rarely
contribute individuals to the regional population, or it may serve as habitat for pre-
reproductive birds, or it may potentially be restored, or the causes of reproductive
failure could lessen. Such locations could be tracked as EOs.

B6 Persistence in a Landscape Context

Some Elements, including short-lived species, transient communities, and their dependent species,
are unable to persist at exactly the same site for extended periods of time. However, these
Elements do remain present within the larger landscape in shifting patterns. For such Elements,



EO DATA STANDARD 140
2/6/02

persistence, and therefore determination of occurrences, should be judged within a temporal and
landscape context (see Section 4.3.2.5[d], Temporal Patterns of Occurrence).

Example:

Some communities dependent on fire processes having short return intervals may shift
in location. For example, in some areas, Pinus banksiana (jack pine) and Picea mariana
(black spruce) forest types have fire regimes where crown fires or high-intensity surface
fires kill most or all trees over large areas. Typical return intervals for some stands are
in the range of 40-100 years, but some stands may re-burn and reproduce only 15-20
years after a fire, while others may not recur for 200 years or more (Heinselman 1996).
A large principal EO comprised of a shifting mosaic of stands can be defined within
the landscape; fires may alter the shifting patchwork but may not significantly change
the boundaries of the principal EO.
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APPENDIX C: Spatial Patterns of Different Community Types

C1 Matrix Communities

C2 Large Patch Communities

C3  Small Patch Communities

C4 Linear Communities

C5 Examples of Community Types in Different Ecoregions

Within an ecoregion, natural terrestrial communities may be categorized into four functional
groups on the basis of their current or historical patterns of occurrence, as correlated with the
distribution and extent of landscape features and ecological processes. These groups are identified
as matrix communities, large patch communities, small patch communities, and linear
communities.

Cl Matrix Communities

Communities that form extensive and often contiguous cover may be categorized as matrix (or
matrix-forming) community types. Matrix communities occur on the most extensive landforms and
typically have wide ecological tolerances. Individual Element occurrences of the matrix type
typically range in size from 2000 to 405,000 hectares (approximately 5000 to 1,000,000 acres). In
a typical ecoregion, the aggregate of all matrix communities covers, or historically covered, as
much as 75-80% of the natural vegetation of the ecoregion. Any matrix occurrence is likely to
have large patch and small patch occurrences embedded within it. Matrix community types are
often influenced by large-scale processes (e.g., climate, fire), and are important habitat for wide-
ranging or large area-dependent fauna, such as large herbivores or birds (e.g., bison, prairie
chickens).

C2 Large Patch Communities

Communities that form large areas of interrupted cover may be categorized as large patch
community types. Individual EOs of this community type typically range in size from 20 to 2000
hectares (approximately 50 to 5000 acres). Large patch communities are associated with
environmental conditions that are more specific than those of matrix communities, and that are
less common or less extensive in the landscape. In a typical ecoregion, the aggregate of all large
patch communities covers, or historically covered, as much as 20% of the natural vegetation of the
ecoregion. Like matrix communities, large patch community types are also influenced by large-
scale processes, but these tend to be modified by specific site features that influence the
community.

C3 Small Patch Communities

Communities that form small, discrete areas of cover may be categorized as small patch
community types. Individual EOs of this community type are typically 20 hectares (approximately
50 acres) or less. Small patch communities occur in very specific ecological settings, such as on
specialized landform types or in unusual microhabitats. In a typical ecoregion, the aggregate of all
small patch communities covers, or historically covered, only as much as 5% of the natural
vegetation of the ecoregion. Small patch community types are characterized by localized, small-
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scale ecological processes that can be quite different from the large-scale processes operating in
the overall landscape. The specialized conditions of small patch communities, however, are often
dependent on the maintenance of ecological processes in the surrounding matrix and large patch
communities. In many ecoregions, small patch communities contain a disproportionately large
percentage of the total flora, and also support a specific and restricted set of associated fauna
(e.g., invertebrates, herpetofauna) dependent on specialized conditions.

C4 Linear Communities

Communities that form as linear strips are often, but not always, ecotonal between terrestrial and
aquatic systems. Examples include coastal beach strands, bedrock lakeshores, and narrow riparian
communities. Similar to small patch communities, linear communities occur in very specific
ecological settings, and the aggregate of all linear communities covers, or historically covered, only
a small percentage of the natural vegetation of the ecoregion. They also tend to support a specific
and restricted set of associated flora and fauna. Linear communities differ from small patch
communities in that both local scale processes and large scale processes, such as lake/ocean
currents or riverine flow regimes, strongly influence community structure and function. This
characteristic often leaves these communities highly vulnerable to alterations in the surrounding
land and waterscape.

C5 Examples of Community Types in Different Ecoregions

The following examples illustrate matrix, large patch, and small patch communities in a diverse set
of ecoregions. Note that the scale and pattern of communities designated in these four categories
may vary considerably depending on the ecoregion and its scale and distribution of landscapes.

C4.1 Northern Tallgrass Prairie

Matrix:

Andropogon gerardii — Stipa spartea — Sporobolus heterolepis Herbaceous Vegetation
[Northern Mesic Tallgrass Prairie] on glacial lakeplains

Schizachyrium scoparium — Bouteloua curtipendula — Stipa spartea — (Pascopyrum smithii) Hill
Herbaceous Vegetation [Little Bluestem — Porcupine Grass Hill Prairie] on ground
moraines

Large Patch:

Schizachyrium scoparium — Bouteloua spp. — Stipa spartea Gravel Herbaceous Vegetation
[Northern Little Bluestem Gravel Prairie] found on beach ridges associated with the
edges of lakeplains

Carex lacustris Herbaceous Vegetation [Lake Sedge Wet Meadow] and Scirpus spp. —
Typha spp. Mixed Herbs Great Plains Herbaceous Vegetation [Great Plains Bulrush —
Cattail Marsh] found in large wet basins of the lakeplain
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Small Patch:

Carex prairea — Scirpus americanus — Rhynchospora capillacea Herbaceous Vegetation [Great
Plains Calcareous Fen] found in seeps along the beach ridges

Calamagrostis stricta — Carex sartwellii — Carex praegracilis — Plantago eriopoda Saline
Herbaceous Vegetation [Saline Wet Meadow] found in local saline upwellings in the
lakeplain

Linear:

Fraxinus pennsylvanica - Ulmus americana - (Celtis occidentalis, Tilia americana) Northern
Forest [Northern Ash-Elm-Hackberry Floodplain Forest]

C4.2 Northern Appalachian/Boreal Forest

Matrix:
Picea rubens — Betula alleghaniensis Forest [Red Spruce — Yellow Birch Forest]

Acer saccharum — Betula alleghaniensis — Fagus grandifolia / Viburnum lantanoides Forest
[Montane Northern Hardwoods Forest]

Picea rubens — Abies balsamea — Sorbus americana Forest [Montane Spruce Fir Forest]

Large Patch:
Picea rubens — Abies balsamea — Betula papyrifera Forest [Lowland Spruce Fir Forest]
Abies balsamea — (Betula cordifolia) Forest [High Elevation Fir Forest]
Picea mariana / Pleurozium schreberi Forest [Upland Black Spruce Forest]

Picea mariana / Ledum groenlandicum / Sphagnum spp. Forest [Black Spruce / Labrador
Tea / Sphagnum species Forest]

Small Patch:

Carex (interior, hystricina, flava) — Eriophorum alpinum Herbaceous Vegetation [Northern
Appalachian Short Sedge Fen]

Tofieldia glutinosa — Parnassia glauca Herbaceous Vegetation [Circumneutral Riverside
Seep]

Thuja occidentalis / Hylocomium splendens Forest [Circumneutral Northern White Cedar
Swamp]

Linear:

Polypodium vulgare Acid Bedrock CIiff Sparse Vegetation [Common Polypody Acid
Bedrock Cliff]
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C4.3 East Gulf Coastal Plain

Matrix:

several associations in the Pinus palustris Woodland Alliance [Longleaf Pine Woodland
Alliance] and the Pinus palustris Saturated Woodland Alliance [Longleaf Pine Saturated
Woodland Alliance]

several associations in the Pinus elliottii Temperate Saturated Woodland Alliance [South
Florida Slash Pine Temperate Saturated Woodland Alliance]

Large Patch:
several associations in the Taxodium ascendens Seasonally Flooded Forest Alliance
[Pond-Cypress Seasonally Flooded Forest Alliance]

Small Patch:

several associations in the Rhynchospora oligantha — Sarracenia spp. — (Aristida beyrichiana,
Ctenium aromaticum, Muhlenbergia expansa) Saturated Herbaceous Alliance [Feather-bristle
Beaksedge — Pitcherplant species — (Southern Wiregrass, Toothache Grass, Savanna
Hairgrass) Saturated Herbaceous Alliance]

Linear:

Cakile constricta Sparse Vegetation [Gulf Sea-rocket Sparse Vegetation]

C4.4 Chihuahua Desert

Matrix:

several associations in the Larrea tridentata Shrubland Alliance (including Larrea
tridentata / Erioneuron pulchellum Shrubland and Larrea tridentata — Euphorbia antisyphilitica
Shrubland) [Creosotebush Shrublands]

Large Patch:
several associations in the Pinus cembroides Woodland Alliance [Pinyon Woodlands]

several associations in the Pinus ponderosa Woodland Alliance [Ponderosa Pine
Woodlands]

Autriplex obovata / Tidestromia carnosa Dwarf-shrubland [Gypseous Clay Badlands]

Small Patch:

several associations in the Arbutus xalapensis — Acer grandidentatum — Quercus spp. Forest
Alliance [Xalapa Madrone — Bigtooth Maple — Oak species Forest Alliance]

Scirpus americanus — Flaveria chlorifolia — (Helianthus paradoxus) Herbaceous Vegetation
[Olney Threesquare — Clasping Flaveria — (Puzzle Sunflower) Herbaceous Vegetation]
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Linear:

several associations in the Salix gooddingii Temporarily Flooded Woodland Alliance
[Goodding Willow Temporarily Flooded Woodland]

several associations in the Platanus wrightii Temporarily Flooded Woodland
Alliance[Arizona Sycamore Temporarily Flooded Woodland]

Panicum blubosum - Lycurus phleoides Herbaceous Vegetation [Bulb Panic Grass -
Common Wolf’s-Tail Herbaceous Vegetation], among other herbaceous riparian
communities

C4.5 Tropical Florida

Matrix:

several associations in the Cladium mariscus ssp. jamaicense Seasonally Flooded
Herbaceous Alliance [Sawgrass Marshes], Muhlenbergia filipes — Rhynchospora microcarpa —
Centella erecta Herbaceous Vegetation [Muhly Prairie], and various mangrove alliances

Large Patch:
several associations in the Pinus elliottii Tropical Woodland Alliance [Pine Rocklands],
Batis maritima — Sarcocornia perennis Dwarf-shrubland [Batis Flats]

Small Patch:

several associations in the Bursera simaruba — Coccoloba diversifolia — Ocotea coriacea —
Eugenia axillaris Forest Alliance [Tropical Hardwood Hammocks], Schizachyrium
rhizomatum — Aristida purpurascens var. tenuispica — Eragrostis spectabilis Herbaceous
Vegetation [Rockland Glade]

Linear:

several associations in the Coccoloba uvifera Shrubland Alliance [Sea Grape Shrubland
Alliance] “coastal strand” and foredune communities
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APPENDIX D: Examples of EO Specifications and EO Rank Specifications
Using Templates

D1 Species Elements

D1.1 Species Having No Location Use Classes
D1.1.1 Acipenser brevirostrum, shortnose sturgeon

D1.1.2 Acronicta albarufa, dagger moth

D1.1.3 Amaranthus pumilus, seabeach amaranth

D1.1.4 Aphelocoma coerulescens, Florida scrub-jay

D1.1.5 Bufo boreas, western toad

D1.1.6 Gymnoderma lineare, rock gnome lichen

D1.1.7 Lycaeides melissa samuelis, Karner blue butterfly
D1.1.8 Lysimachia asperulifolia, rough-leaf loosestrife

D1.2 Migratory Species Having Location Use Classes
D1.2.1 Histrionicus histrionicus, harlequin duck

D2 Community Elements

D2.1 Matrix Communities

D2.1.1 Pinus ponderosa / Physocarpus monogynus Forest,
ponderosa pine / mountain ninebark forest

D2.1.2 Quercus alba — Quercus rubra — Quercus macrocarpa / Carpinus caroliniana Forest,
white oak — red oak — bur oak / musclewood forest

D2.1.3 Tsuga canadensis — (Betula alleghaniensis) Mesic Forest,
eastern hemlock — (yellow birch) mesic forest

D2.2 Large Patch Communities

D2.2.1 Artemisia tridentata spp. tridentata / Pseudoroegneria spicata Shrub Herbaceous Vegetation,
basin big sagebrush / bluebunch wheatgrass shrub herbaceous vegetation

D2.2.2 Thuja occidentalis — (Picea mariana — Abies balsamea) / Alnus incana Wetland Forest,
eastern white cedar — (black spruce — balsam fir) / speckled alder wetland forest

D2.3 Small Patch Communities

D2.3.1 Carex lasiocarpa — Carex buxbaumii — Scirpus cespitosus Boreal Herbaceous Vegetation,
wiregrass sedge — sedge sp. — bulrush sp. boreal herbaceous vegetation

D2.4 Linear Communities

The following examples of specifications utilize templates described in Section 4, EO
Specifications and Section 5, EO Ranks and EO Rank Specifications, above. These have been
chosen to represent a range of Element groups, life histories, ecological settings, and levels of
understanding. Note that for brevity, the citations referenced in these examples are not included in
the Bibliography of this document.
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D1 Species Elements

D1.1 Species Having No Location Use Classes

D1.1.1 Acipenser brevirostrum, shortnose sturgeon

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA

An occurrence is defined by any collection or observation of single or multiple individuals. Although this species is
migratory, breeding and nonbreeding areas are linked by narrowly defined, continuous corridors (rivers) which must be
used for each upstream and downstream migration. Ideally, an occurrence should include the entire portion of a river (from
the downstream estuary to the point of furthest upstream passage) utilized by the fish in a specific drainage over the course
of an entire breeding cycle. Thus, the occurrence will include areas used for spawning and overwintering as well as the
migratory corridor. Specific breeding and nonbreeding areas may be optionally tracked as sub-EOs.

EO Separation

SEPARATION BARRIERS
Barriers that would restrict all, or nearly all, fish passage include anthropogenic barriers (e.g., dam, impoundment) or
natural barriers (e.g., high waterfall).

SEPARATION DISTANCE - UNSUITABLE HABITAT
SEPARATION DISTANCE - SUITABLE HABITAT

ALTERNATE SEPARATION PROCEDURE

All observations or collections within the same river drainage will be considered part of the same occurrence unless
there is an intervening barrier which restricts fish passage, regardless of the distance between observation or collection
points.

SEPARATION JUSTIFICATION

Because these migratory fish move from downstream estuaries to upstream spawning areas over the course of their
annual cycle, there is no distance of unsuitable or suitable habitat within a given drainage for differentiating EOs.

FEATURE LABELS
Spawning Area
Nonbreeding Concentration Area

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Novak, P.G.

GSPECS DATE
1997-01-02

GSPECS NOTES
RANKSPECS GROUP
A SPECS

Population estimates of >10,000 adult fish, and positive evidence of reproduction indicated by the collection of females in
spawning condition, larvae with yolk sacs, and/or a multiple age/size class distribution within the last 10 years.
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B SPECS
Population estimates of 1,000-10,000 adult fish, and positive evidence of reproduction indicated by the collection of females
in spawning condition, larvae with yolk sacs, and/or a multiple age/size class distribution within the last 10 years.

C SPECS
Population estimates of 100-999 adult fish, and positive evidence of reproduction indicated by the collection of females in
spawning condition, larvae with yolk sacs, and/or a multiple age/size class distribution within the last 10 years.

D SPECS

Population estimates of less than 100 adult fish, or river systems where fish have been observed or collected within the past
10 years, but are not currently known to be breeding (i.e., there are no known active spawning areas, no larval fish with yolk
sacs have been taken within the past 10 years, there are no young fish in the age/size class distribution of the individuals
which have been captured).

RANKSPECS JUSTIFICATION
“A”-rank threshold: At least two of the best known EOs recently had population estimates in excess of 10,000 adults and
have documented spawning areas which are used annually (Dadswell et al. 1984).

“C”/”D” threshold: One occurrence with a population estimate in this range has persisted in an essentially landlocked
situation for over 100 years, and spawning grounds have been documented (Dadswell et al. 1984, Taubert 1980). This
indicates that even at this low population level, a viable population may be maintained as long as a spawning site is
available.

GRANKSPECS AUTHORSHIP
Novak, P.G.

GRANKSPECS DATE
1997-01-02

GRANKSPECS NOTES
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D1.1.2 Acronicta albarufa, dagger moth

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA
Collections of one or more specimens, unless habitat is obviously inappropriate (see habitat comments in the Element
database).
EO Separation
SEPARATION BARRIERS

SEPARATION DISTANCE — UNSUITABLE HABITAT
1km

SEPARATION DISTANCE - SUITABLE HABITAT

ALTERNATE SEPARATION PROCEDURE
For apparently suitable habitat, the separation distance is 2 km where surveys have failed to find the Element, or 5 km
if the habitat is not known to be occupied.

SEPARATION JUSTIFICATION

There is no information to suggest what would be a barrier to dispersal. EO separation distances are based on very
limited information; however, strays away from normal habitats are virtually unknown east of MO. The 1 and 2 km
distances are best estimates; the 5 km distance reflects the fact that most, if not all, known EOs are substantially larger
than 1 square km. All of these figures are based primarily on experience of D.F. Schweitzer with this Element and its
habitats.

This species is known to have persisted after large (>4000 hectares [approximately >10,000 acres]), but very infrequent,
wildfires in MA, although not all habitat was burned. One current NJ occurrence where adult density appears to be very
low is subject to very frequent, patchy, partial, unplanned burns, with some fires occurring in most years.

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Schweitzer, D.F.

GSPECS DATE
1997-01-16

GSPECS NOTES
RANKSPECS GROUP

A SPECS
Either of the following criteria must be met for an “A”-ranked EO:

a) >2000 hectares (approximately >5000 acres) of apparently occupied habitat, usually xeric open oak woodland
(including barrens) or denser oak forest; or

b) evidence of occupation based on blacklight samples from a minimum of three sites per 800 hectares
(approximately 2000 acres) of presumed habitat, with an average of >1 adults per 15-30 watts of blacklight per
night during peak season.
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B SPECS
Any one of the following criteria must be met for a “B”-ranked EO:

a) 800-2000 hectares (approximately 2000-5000 acres) of apparently occupied habitat with capture rate of >1 adult per
night per blacklight sample; or

b)  400-800 hectares (approximately 1000-2000 acres) of apparently occupied habitat where capture rates average 10
adults per blacklight sample in more than one year; or

0 >2000 hectares (approximately >5000 acres) of apparently occupied habitat where capture rates average 0.1-0.9
adults per blacklight sample.

C SPECS
Any one of the following criteria must be met for a “C”-ranked EO:

a) 200-400 hectares (approximately 500-1000 acres) of apparently occupied habitat where average capture frequency is
>=1 adult per 10 blacklight samples at peak season; or

b)  40-200 hectares (approximately 100-500 acres) of apparently occupied habitat with evidence that the species has
persisted for more than 10 years, and is not declining; or

0 800-2000 hectares (approximately 2000-5000 acres) of apparently occupied habitat where average capture frequency
is 0.1-0.9 adult per blacklight sample; or

d) >2000 hectares (approximately >5000 acres) of apparently occupied habitat, but trap catches consistently average
<1 adult per 10 blacklight samples.

D SPECS
Sites <200 hectares (approximately <500 acres) where the species is present, and not meeting “C”-rank specifications.

RANK SPECS JUSTIFICATION

“A”-rank threshold: A capture rate of >1 adult per night with blacklight traps would suggest adult densities of several per
acre. Since this species has a long flight season and apparently short adult life (ca. 1 week in captivity - Schweitzer), most
individuals of a given brood will not be present on a given night.

Some habitats are known to be 2000 hectares (approximately 5000 acres), but most are smaller. This species seldom turns
up in small habitat patches (see “C”-rank specifications) so “A”-rank specifications need to be high to identify exceptional
EOs.

“C”/”D” threshold: This species seldom, if ever, occurs in small (<400 hectare [approximately <1000 acre]) habitats, and is
absent from most apparently suitable larger habitats east of MO. Schweitzer believes these specifications will probably define
a potentially viable population. The area criteria may be slightly low, but Schweitzer feels it is best to leave some margin for
error.

The likely high (but rarely 100%) mortality during fires should be considered in rank specifications. In many cases (e.g., all
but the coolest dormant season fires; or in some habitats any summer fire), burned areas should not be considered
currently occupied, but will almost certainly be recolonized. Thus, occupied habitat should exclude the average percentage
subject to such burns each year. Schweitzer suggests fire should not be considered if;

a) individual burns seldom affect >10% of any size habitat in any given year; or
b) fires affect less than 75% of a >800 hectare (approximately >2000 acre) habitat at intervals of 25 years or longer; or
0 the unburned refugia will be >=2000 hectares (approximately >=5000 acres) in all years.

GRANKSPECS AUTHORSHIP
Schweitzer, D.F.

GRANKSPECS DATE
1997-01-16

GRANKSPECS NOTES
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D1.1.3 Amaranthus pumilus, seabeach amaranth

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA

Any occurrence of one or more plants. This is a fugitive annual species that occurs in an unstable and shifting habitat. In
addition, populations may be present even though plants are not visible for one or more years. This species seed-banks,
and may not appear in a given year if seeds are covered over too deeply.

EO Separation

SEPARATION BARRIERS
A barrier to dispersal of the species would be any distance of estuarine water >100 m at low tide (i.e., populations on
separate islands are separate EOs).

SEPARATION DISTANCE - UNSUITABLE HABITAT
1 km

SEPARATION DISTANCE - SUITABLE HABITAT
5km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION

The distance for unoccupied but suitable habitat is set at such a great distance because of the fugitive nature of
Amaranthus pumilus, and the likelihood that intervening "suitable but unoccupied™ habitat will likely be occupied at
some time in the near future (i.e., two apparently separate EOs will become connected, leading to instability of EOs).
Unsuitable habitat is categorized on the basis of unsuitability for the foreseeable future, such as riprap, sea walls, or
barren beach areas (with beach -grooming or extremely heavy recreational use). Note that scarped and eroding foredunes
should not be considered unsuitable for the foreseeable future, as new deposition of sand may quickly change its
suitability. EO specifications (e.g., separation distances) should be determined as much as possible by the spatial
distribution of plants. Plant distribution should be based on recent (i.e., within the past 5 years) repeat surveys
performed subsequent to any major catastrophic change in habitat occurring during that period.

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Weakley, A.

GSPECS DATE
1997-01-02

GSPECS NOTES

RANKSPECS GROUP

A SPECS

1000 or more individuals on average, based on all censuses in the last 5 years and subsequent to any major catastrophic

change in the habitat.

B SPECS
100-999 individuals on average, as above.
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C SPECS
10-99 individuals on average, as above.

D SPECS
1-9 individuals on average, as above.

RANK SPECS JUSTIFICATION
“A” rank threshold: It is not anticipated that future occurrences will exceed the best that currently exist. Thus, “A”-rank
criteria are set such that the largest, most stable, and most viable occurrences currently in existence are so designated.

“C”/”D” threshold: Populations with fewer than 10 individuals average (based on repeat census) may be temporarily small
but viable populations; they are re-ranked upwards (by specifications above) if they produce more individuals. In contrast,
such populations may represent temporary waifs in generally unsuitable situations.

GRANKSPECS AUTHORSHIP
Weakley, A.

GRANKSPECS DATE
1997-01-02

GRANKSPECS NOTES
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D1.1.4 Aphelocoma coerulescens, Florida scrub-jay

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA
Occurrences of the Florida scrub-jay are defined by one or more territorial pairs.

EO Separation

SEPARATION BARRIERS
A barrier to dispersal of the species would include open water, especially with forested margins, and closed-canopy
forest.

SEPARATION DISTANCE - UNSUITABLE HABITAT
3.5km

SEPARATION DISTANCE - SUITABLE HABITAT
35km

ALTERNATE SEPARATION PROCEDURE
Note that separation distances are assessed between territorial borders.

SEPARATION JUSTIFICATION

This relatively sedentary species is described as occurring in metapopulations, which Stith et al. (1996) delineated by
buffering all territories with a 12 km buffer, a distance beyond which dispersal is negligible. The researchers also selected
3.5 km as a dispersal buffer to delineate subpopulations after they found that 80% of documented dispersals are 1.7
km or less, and 85% are within 3.5 km.

Subpopulations, rather than metapopulations, are principal EOs for this species. In part this derives from a
recommendation that the highest conservation priority is to preserve the large subpopulations (Stithet al. 1996). Also,
some of the metapopulations appear to be impracticably large conservation targets (e.g., 200 km of coastal central
Florida). The metapopulation context of a subpopulation is taken into account in the “B” and “C” EO ranks below,
and should be taken into account in site selection and design.
Only one distance is used for both suitable and unsuitable habitat, in part because Stith et al. (1996) did not distinguish
dispersal across unsuitable (other than the “barriers” listed above) versus suitable habitat, and in part because
dispersing jays appeared to cue on other resident jays more strongly than on habitat.

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Master, L.L.

GSPECS DATE
1997-01-06

GSPECS NOTES
RANKSPECS GROUP

A SPECS
>=400 pairs.
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B SPECS
Either 100-399 pairs; or 50-99 pairs that are part of a metapopulation of >=100 pairs (all within 12 km of each other).

C SPECS
Either 10-99 pairs; or <10 pairs that are part of a metapopulation of >=50 pairs (all within 12 km of each other). The key
ecological process, fire, must be reasonably intact or restorable.

D SPECS
1-9 pairs or not otherwise meeting “C” rank specifications.

RANK SPECS JUSTIFICATION

“A” rank threshold: This number is considered to convey a very low probability of extinction (Fitzpatrick et al. in prep).
Although historical populations were likely much larger, three geographically separate subpopulations met this criterion in
1993 (Stith et al. 1996). Given continued development pressures and fire suppression, the present large populations are
possibly the best achievable. Condition and landscape factors are considered to be partially intact, at least temporarily, if this
size criterion is met. Stithet al. (1996) discussed the need to maintain fire as a key ecological process, and landscape
connectivity so that large populations do not become fragmented.

“C”/”D” threshold: The results of the model by Stith et al. (1996) indicate that a population of 10 pairs has approximately
a 50% probability of extinction within 100 years.

GRANKSPECS AUTHORSHIP
Master, L.L.

GRANKSPECS DATE
1997-01-06

GRANKSPECS NOTES
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D1.1.5 Bufo boreas, western toad

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA

Occurrences are defined by any collection or observation of one or more individuals. When a breeding site is known, the EO
minimally includes breeding site(s) and the surrounding area of suitable upland habitat extending 500 m from breeding
sites.

EO Separation

SEPARATION BARRIERS
A major barrier to dispersal would be a busy interstate highway without culverts.

SEPARATION DISTANCE - UNSUITABLE HABITAT
SEPARATION DISTANCE - SUITABLE HABITAT

ALTERNATE SEPARATION PROCEDURE
EOs should be evaluated using a 5 km separation distance between drainages in mountainous terrain, or a 10 km
separation distance in low elevation areas or within a drainage in mountainous terrain.

SEPARATION JUSTIFICATION

Recent radiotelemetry evidence strongly suggests that movements away from breeding sites of up to 2 km are common
(C.R. Peterson, pers. comm.). S. Corn (pers. comm.) found that several males and females per generation moved
between two breeding sites 10 km apart, and many moved between breeding sites 2 km apart, even within the same
season. These movements were within a drainage in mountainous terrain, but movements between drainages may be
less common (S. Corn, pers. comm.). Additionally, radiotelemetry and mark-recapture data for western toads and Rana
pretiosa complex frogs suggest they readily move across seemingly inhospitable habitat (e.g., Nevada desert, high
elevation granite slabs), apparently during wet weather (various papers presented at the Conference on Declining and
Sensitive Amphibians in the northern Rocky Mountains and the Pacific Northwest held 7-8 Nov. 1996, in Boise,
Idaho, by researchers including D.A. Patla, C.R. Peterson, D. Pilliod, J. Reiser, and P. Ritson).

What constitutes a major barrier remains poorly known. In Yellowstone National Park, a major highway effectively
eliminated regular use of one part of a Rana pretiosa occurrence that had been regularly used historically (C.R. Peterson
and D.A. Patla, pers. comm.).

EO rank depends mainly on population attributes enumerated in the following rank specifications. For all ranks, the
EO may be either one polygon, or multiple polygons if separated by distances no larger than specified above.
Population estimates may be based on careful judgment if adequate data is unavailable; use recent median population
size if data is available from multiple years.

FEATURE LABELS
Breeding Site
Hibernation Site

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Reichel, J.D. and G.A. Hammerson

GSPECS DATE
1997-01-31
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GSPECS NOTES
RANKSPECS GROUP

A SPECS
EO includes >500 breeding females.

B SPECS
EO includes 50-500 breeding females.

C SPECS
EO includes 5-49 breeding females.

D SPECS
EO includes <5 breeding females.

RANK SPECS JUSTIFICATION

“A” rank threshold: Single breeding pond/lake populations of 200-400 females have been reported in the literature
(Nussbaum et al. 1983, Olson 1989, Blaustein et al. 1994). It seems likely that by combining adjacent (<10 km apart)
breeding populations into a single occurrence, some occurrences would qualify for “A”-rank status. These numbers may be
revised upward if:

a) itis found that many EOs are larger when applying the current EO specifications across the range of the toad; or

b) PVA models show that substantially larger numbers are needed to maintain EOs (thereby increasing the numbers
needed for “C”-rank status).

“C”/”D” threshold: While western toads are relatively long-lived (up to 9 years; Campbell 1976), it seems unlikely that
isolated populations of less than 5 breeding females could survive for 100 years. However, S. Corn (pers. comm.) has seen
small populations (2-5) females lasting at least 10 years. PVA modeling should be used to better determine this number.

GRANKSPECS AUTHORSHIP
Reichel, J.D. and G.A. Hammerson

GRANKSPECS DATE
1997-01-31

GRANKSPECS NOTES
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D1.1.6 Gymnoderma lineare, rock gnome lichen
SPECS GROUP

LOCATION USE CLASSES

MINIMUM EO CRITERIA
Any naturally occurring population. This species occurs in several different habitats:

a) exposed or semi-exposed high-elevation cliff faces;

b) small to medium rock outcrops under full canopy in high elevation forests, or at low to moderate elevations in
forests in extremely humid gorges, especially near waterfalls; or

0 rock outcrops and boulders in high to moderate elevation streams.

EO Separation
SEPARATION BARRIERS

SEPARATION DISTANCE - UNSUITABLE HABITAT
SEPARATION DISTANCE - SUITABLE HABITAT

ALTERNATE SEPARATION PROCEDURE
The separation distance for occurrences in different habitats (see above) is 1 km, or between occurrences in the same
habitat is 2 km. Patches located closer than these distances can be recorded as sub-EOs.

SEPARATION JUSTIFICATION
Itis difficult to survey this species (and its rock outcrop habitat) reliably. EO separation distances are, therefore,
relatively long. Occurrences in different habitats have very different dynamics. Thus, it is desirable to keep these separate
unless in closer proximity (<1 km separation distance).

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Weakley, A.

GSPECS DATE
1997-01-25

GSPECS NOTES
RANKSPECS GROUP

A SPECS
>50 square meters cover and <10% showing necrosis.

B SPECS
10-50 square meters cover and <10% showing necrosis; or >50 square meters with 10-30% showing necrosis.

C SPECS
2-10 square meters cover and <10% showing necrosis; or 10-50 square meters and >10% showing necrosis; or >50 square
meters and >30% showing necrosis.

D SPECS
Less than 2 square meters cover; or <10 square meters and 10-90% necrosis.
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RANK SPECS JUSTIFICATION
“A” rank threshold: The “A” rank criteria emphasize substantial cover and apparent vitality.

“C”/”D” threshold: EOs not meeting “C” rank specifications have considerable probability of extirpation, either from
intrinsic low size and susceptibility to accident, or from moderate to small size in combination with obvious decline.

GRANKSPECS AUTHORSHIP
Weakley, A.

GRANKSPECS DATE
1997-01-25

GRANKSPECS NOTES
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D1.1.7 Lycaeides melissa samuelis, Karner blue butterfly

[ The following specifications are based on a U.S. Fish and Wildlife Service Draft Recovery Plan, and may need revision depending upon
criteria adopted in the final, published Recovery Plan. ]

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA
Any collection or observation of one or more individuals. EO boundaries will often approximate natural community
boundaries and must contain adequate resources to sustain all life stages.

EO Separation

SEPARATION BARRIERS
Dispersal of the species would be inhibited by a barrier>=100 m that extends beyond the boundaries of the occurrence.

SEPARATION DISTANCE — UNSUITABLE HABITAT
1km

SEPARATION DISTANCE - SUITABLE HABITAT
2 km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION

Evidence suggests that long term viable populations of this species occur as metapopulations (e.g., Givnish et al. 1988;
Schweitzer 1994; U.S. Fish and Wildlife Service Draft Recovery Plan). Demes are typically separated by 50-100 m of
unsuitable habitat, and may also be defined on the basis of mark-recapture (MRR) data. Where applicable, the
metapopulation, rather than the subpopulation or deme, is the principal EO for this species. Principal EO boundaries
usually approximate those of the associated barrens or savanna community, even though these communities may
contain some habitat that is unsuitable for the Element.

What constitutes a major barrier remains poorly known. Any habitat discontinuity may deter movement of adults, but
dispersers are known to cross busy two-lane highways, lawns, forest, parking lots, etc. A possible barrier should be
considered only if there is evidence that it actually deters the movement of individuals.

EO separation distances are based on data from unpublished reports reviewed in the Draft Recovery Plan, and in
Givnish et al. (1988) and Schweitzer (1994). Typically, few adults leave their original habitat patch; however, dispersal
>=1 km has been documented repeatedly, and a few longer dispersal events are known. Generally, if substantial
suitable contiguous habitat occurs between two known occupied habitat patches <2 km apart, it is very likely the
intervening habitat will prove to be occupied.

In developing EO rank specifications, numbers can be accurately estimated only through use of MRR data (see Gall
1985); non-MRR estimates are likely to be somewhat low. It is known empirically that the total brood size will
normally be approximately triple the census on a given day during peak season. Use of this tripling method is based on
the assumption that the majority of adults are observed, which seldom occurs. Thus, the tripling method is usually
inaccurate for determining brood size, particularly for large dispersed populations (consult Schweitzer [1994] or
Recovery Plan to determine if tripling method might may be adequate). Numbers used in these specifications represent
true brood size numbers (i.e., determined from MRR data rather than census numbers).

For EO rank specification purposes, habitat burned subsequent to the preceding July 10t should be assumed to have
been unoccupied for at least one year. This may affect estimation of numbers for "normal” or "worst" years.

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES
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GSPECS AUTHORSHIP
Schweitzer, D.F.

GSPECS DATE
1997-01-16

GSPECS NOTES
RANKSPECS GROUP

A SPECS
Each of the following criteria must be met for an “A”-ranked EO:

a) >20,000 adults in the larger annual brood (usually July), and >5,000 adults in the smaller brood (usually late May-
June); and

b) >=5 demes meeting “C”-rank specifications, or >=4 meeting “B”-rank specifications, in normal years; and

0 occupying >800 hectares (approximately >2,000 acres) of appropriately managed habitat including lupine occurring
in microhabitats having 0-60% shade or diverse topographic aspect.

In addition, the metapopulation must have >=1,000 adults in the smaller brood, and approximately 4,000 in the larger
brood, in the worst possible year (e.g., immediately after a wildfire, in a severe drought). There must be some gene flow
between each of the demes described in (b) above and another deme. In addition, between some of the demes there should
be lupine that is occasionally occupied by either adults or larvae.

B SPECS
Each of the following criteria must be met for a “B”-ranked EO:

a) >=10,000 adults in the larger brood, or >=2,500 smaller brood, of a normal year, but otherwise not meeting
some of the “A” rank specifications; and

b) >=4 demes, 3 of which individually would meet “C”-rank specifications, and have gene flow with another deme;
and

0 if there are no demes meeting “C”-rank specifications, there must be >=50 occupied habitat patches in most years,
and >=20 in worst years, well distributed throughout the associated community or potential habitat.

In addition, the total associated community or potential habitat must be >400 hectares (approximately >1,000 acres), and
the total metapopulation must be >=500 adults in smaller brood of the worst possible year.

C SPECS
The first criterion (a), and either one of the following two criteria (b or c), must be met for a “C”-ranked EO:

a) >3,000 adults in the larger annual brood in normal year, and >=100 adults in the smaller brood in the worst
years; and

b) >=2 demes, with >=20% (or 1,000 adults in larger brood) of total population not being in the largest deme; or

0 population consisting of a single deme must occupy >=80 hectares (approximately >=200 acres), consist of
>5000 adults in larger brood of a normal year, and >200 adults in smaller brood of worst year.

D SPECS
Any occurrence meeting minimum specifications for an EO but not meeting “C”-rank specifications.

RANK SPECS JUSTIFICATION

“A” rank threshold: All major references indicate a need for multiple demes and/or substantial habitat size to buffer the
impact of catastrophic events (e.g., uncontrolled fire). Variable aspect and shade conditions provide some protection from
weather extremes such as drought and late spring freezes. Large population size also provides a buffer against population
fluctuations caused by weather and other factors. The “A”-rank specifications should be set above the Large Viable
Population criteria of the Recovery Plan.

“C”/”D” threshold: Several studies (e.g., see Recovery Plan or Schweitzer 1994) show low survival rates over a period of 10-
20 years, and even less for populations with >=1,000 July brood adults. Individual habitat patches are subject to
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catastrophic events (e.g., weather) that can cause numbers to crash at least an order of magnitude. All extant EOs are likely to
have been much larger historically.

The “C”-rank specifications should meet the Minimum Viable Population (MVP) criteria of the Recovery Plan. The
Recovery Team believes a viable population generally must be >1,000, and may determine that 3,000 in a normal year is
minimal. Single demes will probably not be considered viable in the Recovery Plan, but Schweitzer disagrees and considers
such an EO to be potentially viable with careful management. The most stable documented population (with >20 years of
observation) exists at the Saratoga Airport (NY) and seems to fit these criteria, with probably >10,000 in only one deme.
Schweitzer has studied it in detail and believes that the habitat is large enough so that loss to catastrophic events (other than
cessation of management) is unlikely.

GRANKSPECS AUTHORSHIP
Schweitzer, D.F.

GRANKSPECS DATE
1997-01-16

GRANKSPECS NOTES
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D1.1.8 Lysimachia asperulifolia, rough-leaf loosestrife

SPECS GROUP
LOCATION USE CLASSES

MINIMUM EO CRITERIA
Any naturally occurring population.

EO Separation
SEPARATION BARRIERS

SEPARATION DISTANCE - UNSUITABLE HABITAT

SEPARATION DISTANCE - SUITABLE HABITAT
2 km

ALTERNATE SEPARATION PROCEDURE

The separation distance for EOs across unsuitable habitat (e.g., upland pinelands) or altered and unsuitable areas is 1
km. However, in sandhills the separation distance may be as little as 0.5 km across a watershed break (in order to make
watershed EO separations practical).

SEPARATION JUSTIFICATION

The rationale for this large a separation distance across suitable but apparently unoccupied habitat is to maintain
stability of EOs. This species often occurs as apparently small and isolated populations in linear pocosins along
sandhill streams, or in ecotones along peat dome pocosins. Owing to the difficulty of surveying for this species in fire-
suppressed pocosin habitats, it can often be assumed that apparently unconnected populations will eventually be
found to be more closely connected; these are best regarded as subpopulations. These subpopulations may be
recognized, if desired, as sub-EOs.

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES

GSPECS AUTHORSHIP
Weakley, A.

GSPECS DATE
1997-01-02

GSPECS NOTES
RANKSPECS GROUP

A SPECS

>=1000 stems (ramets); populations with all of the following: many genets flowering vigorously, in natural site, with
natural processes (primarily fire and hydrology) approximating natural conditions. To receive an “A” rank, deep peat
pocosin populations require infrequent fire, and intact or minimally affected site hydrology. To receive an “A” rank, ecotonal
populations (sandhill/pocosin, flatwoods/pocosin, and savanna/pocosin) require frequent prescribed or natural (at least
once per decade and preferably more frequent) fire, and minimal ground disturbance of the ecotone (as by fire plows).

B SPECS
300-1000 stems (ramets); populations with at least two of the following: many genets flowering vigorously, in natural site
(fire regime natural, hydrology intact, ground disturbance minimal).
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C SPECS

50-300 stems (ramets); populations lacking most of the following: many genets flowering vigorously, in natural site (fire
regime natural, hydrology intact, ground disturbance minimal). Minimum criteria for “C” rank should state that the
population is likely to be viable, with emphasis on the likelihood that processes necessary for Lysimachia will continue.

D SPECS

Less than 50 stems (ramets); populations with few genets flowering poorly, in site maintained by unnatural means (e.g.,
mowing). Populations with >50 ramets may still be ranked “D” if in an unnaturally created and maintained situation (e.g., a
road ditch) with little likelihood of long-term viability.

RANK SPECS JUSTIFICATION

“A” rank threshold: It is not anticipated that future occurrences will exceed the best that currently exist. Thus, “A”-rank
criteria are set such that the larger and more viable occurrences currently in existence are so designated. Habitat features (fire,
hydrology, ground disturbance) are as important as documented population size.

“C”/”D” threshold: EOs not meeting “C”-rank criteria are likely to: be susceptible to extirpation through accident; have
low population viability; and occur in degraded habitats with low long-term potential for survival.

GRANKSPECS AUTHORSHIP
Weakley, A.

GRANKSPECS DATE
1997-01-02

GRANKSPECS NOTES
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D1.2 Migratory Species Having Location Use Classes

D1.2.1 Histrionicus histrionicus, harlequin duck

SPECS GROUP

LOCATION USE CLASSES
Breeding
Nonbreeding

BREEDING LOCATION USE CLASS:

MINIMUM EO CRITERIA

EOs are defined by a drainage, or portion of a drainage, where breeding is known or highly suspected. Minimally, this
should be based on three or more independent observations of females or pairs (e.9., one pair in three different years,
three different pairs in one year).

EO Separation
SEPARATION BARRIERS
A barrier to dispersal of the species in the BREEDING class would include >2 km over a major divide.

SEPARATION DISTANCE — UNSUITABLE HABITAT
10 km

SEPARATION DISTANCE - SUITABLE HABITAT

ALTERNATE SEPARATION PROCEDURE
The separation distance (measured along watercourses) for both rarely used habitat (e.g., lakes, <1% gradient
rivers) and for apparently suitable habitat not known to be occupied is 20 km.

SEPARATION JUSTIFICATION

The barrier is based on lack of movements between streams separated by a 4-km (2.5-mile) rise over a major divide
(Reichel and Genter 1997). Unsuitable habitat (i.e., across land) separation is based on movements of up to 7 km
over a low divide (Cassirer and Groves 1994). Movements along watercourses include a 21-km movement across a
reservoir (Reichel and Genter 1995), while a few movements up to 31 km have occurred across mixed suitable and
unsuitable habitat (Reichel and Genter 1996); all have either occurred between years or following a substantial
disturbance. Home ranges average 7-10 km of stream length (Kuchel 1977, Cassirer and Groves 1992).

FEATURE LABELS

Inferred Extent
IE DISTANCE

IE NOTES
RANKSPECS GROUP

A SPECS
>=100 pairs within a single EO.

B SPECS
40-99 pairs within the EO.

C SPECS
3-39 pairs within the EO.

D SPECS
A yearly average of 1-2 pairs within the EO.
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RANK SPECS JUSTIFICATION

“A” rank threshold: The largest currently known breeding class EO was calculated to include 215 adults on the Bow
River, Alberta (Smith 1996). “A” rank specifications may need to be increased if data from Alaska shows substantially
larger numbers within single EOs.

“C”/”D” threshold: Given the low productivity and high site fidelity, less than 3 pairs are not likely to be viable over a
100-year period. However, little data is available on numbers of ducks present versus the length of time an occurrence is
maintained.

NONBREEDING LOCATION USE CLASS:
MINIMUM EO CRITERIA
EOs are defined by the presence of >=25 individuals using an area >1 week in most years on coastal waters, or >=5
individuals for interior staging areas.
EO Separation
SEPARATION BARRIERS

SEPARATION DISTANCE - UNSUITABLE HABITAT
20 km

SEPARATION DISTANCE - SUITABLE HABITAT
20 km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION
Of 89 females marked during late summer molt in coastal Alaska, 92% stayed within approximately 20 km of
where they were marked through mid-February (Esler 1996).

FEATURE LABELS
Coastal Aggregation
Staging Area

Inferred Extent
IE DISTANCE

IE NOTES
RANKSPECS GROUP

A SPECS
>=3000 birds using an area >1 month yearly.

B SPECS
1000-2999 birds using an area >1 month yearly.

C SPECS
100-999 birds using an area >1 week in most years.

D SPECS
25-99 birds using an area >1 week in most years for coastal staging, wintering, and summer nonbreeding areas. 5-99
birds for interior staging areas.

RANK SPECS JUSTIFICATION

“A” rank threshold: Reports during the nonbreeding season of up to 5300 are known from Hornby Island, B.C.
(Goudie 1996), however “A” rank specifications may need to be increased if data from Alaska shows substantially larger
numbers.
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“C”/”D” threshold: Given the low productivity and high site fidelity, less than 3 pairs are not likely to be viable over a
100-year period. However, little data is available on numbers of ducks present versus the length of time an occurrence is
maintained.

GSPECS AUTHORSHIP
Reichel, J.D. and E.F. Cassirer

GSPECS DATE
1996-11-26

GSPECS NOTES

GRANKSPECS AUTHORSHIP
Reichel, J.D. and E.F. Cassirer

GRANKSPECS DATE
1996-11-26

GRANKSPECS NOTES
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D2 Community Elements

D2.1 Matrix Communities

D2.1.1 Pinus ponderosa / Physocarpus monogynus Forest,
ponderosa pine / mountain ninebark forest

SPECS GROUP
Ponderosa Pine Forest and Woodland Alliances, Black Hills Group

MINIMUM SIZE
2 ha

EO Separation

SEPARATION BARRIERS
Barriers that would separate patches of this community include a major two-lane paved highway, urban development,
and an open body of water.

SEPARATION DISTANCE - DIFFERENT NATURAL/SEMI-NATURAL COMMUNITIES
2km

SEPARATION DISTANCE - CULTURAL VEGETATION
0.5 km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION

The separation distance for cultural vegetation is based on the suggested minimum value, since little is known about
limitations on ponderosa pine or shrub and herb seed dispersal. Seeds of ponderosa pine are reported to travel as far as
120 m from the parent tree (Barret 1978 in Oliver and Ryker 1990). The separation distance for intervening natural or
semi-natural communities seems to be a pragmatically useful distance.

FEATURE LABELS

GSPECS AUTHORSHIP
McAdams, A. and D. Faber-Langendoen

GSPECS DATE
1998-06-29

GSPECS NOTES
RANKSPECS GROUP

RANK PROCEDURE
Condition, size, and landscape context are weighted equally for this type because, although it is a matrix type, it occurs
within a mosaic of other ponderosa pine community types that together comprise the matrix.

EO RANK FACTOR 1st
Condition

A SPECS

a) Overstory structure intact (i.e., average of 25 trees per hectare greater than 40 cm dbh and/or more than
160 years old have not been cut [Mehl 1992]); crown shape mature, flattened; bark yellowish in character;

b) understory vegetation composed of native species;

0 shrub layer may or may not be present;
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d) there is evidence of fire as a natural process, including potentially long intervals without fire (>45 years).
Such evidence might include fire scars and scorching. Evidence of lack of natural fire patterns might
include increased densities of small diameter trees, increased litter depth, and/or decreased herbaceous
production;
€) stands may have been thinned with minimal disruption of understory (>20 years ago), but little or no
exotics are present.
B SPECS
a) Old growth trees present over greater than 75% of occurrence (i.e. average of 25 trees per hectare greater
than 40 cm dbh and/or more than 160 years old have not been cut (Mehl 1992) over most of the area;
b) if thinning of small diameter trees has occurred, there is little evidence of minimal disruption of
understory vegetation;
0 some light grazing by livestock may have occurred;
d) exotic species may be present at low densities.
C SPECS
a) Heavily logged with only small diameter trees remaining and disturbance to understory vegetation (due
to logging activities or grazing);
b) heavy grazing by livestock has severely altered ground layer composition;
0 some exotic species present (including such species as Cirsium arvense [Canada thistle] and/or Euphorbia
esula [leafy spurge]).
D SPECS

a) Heavily logged and thinned, perhaps to the point of a clear-cut;
b) ground very disturbed with major disruptions to vegetation;

0 large proportion of exotic species, including Cirsium arvense (Canada thistle) and/or Euphorbia esula (leafy
spurge).

RANK SPECS JUSTIFICATION

“A” rating threshold: Old growth criteria are based on those of Mehl (1992), who reviewed these criteria for
ponderosa pine forests and other types throughout the Rocky Mountain region. Ponderosa pine forest systems
generally depend on some form of fire to maintain overstory and understory composition. Brown and Sieg (1996)
show that the range of fire in the Black Hills was between 1-45 years. Lack of fires within this time frame leads to
structural changes in ponderosa pine, and alters ground layer composition and diversity. Fire intervals may be even
longer in the northern Black Hills.

“C”/”D” threshold: Native ground layer composition is severely altered and unlikely to replace exotics. Recovery
of ponderosa pine old-growth structure would take greater than 100 years.

EO RANK FACTOR [2nd]

Size

A SPECS
Very large (>=200 ha)

B SPECS
Large (50-199 ha)

C SPECS
Moderate (15-49 ha)

D SPECS
Small (<15 ha)
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RANK SPECS JUSTIFICATION
“A” rating threshold: Stands this size would be able to support natural disturbance processes such as fire, and
would contain sufficient internal variability to be representative of the type.

“C”/”D” threshold: Stands lack variability, and often are confined to specific aspects or slopes.

The minimum size, even for “D”-ranked occurrences, will rarely fall below 2 ha. Stands below 2 ha become
difficult to judge in terms of stand homogeneity, and become heavily influenced by edge effects.

EO RANK FACTOR [3rd]
Landscape context

A SPECS
Highly connected — area around the EO is largely intact natural vegetation, with species interactions and natural
processes occurring across communities (>2000 ha).

B SPECS

Moderately connected — area around the EO is moderately intact natural vegetation, with species interactions and
natural processes occurring across many communities; landscape includes partially disturbed natural or
semi-natural communities, some of it not high quality due to overgrazing or recent logging (>2000 ha).

C SPECS

Moderately fragmented — area around the EO is largely a combination of cultural and natural vegetation, with
barriers between species interactions and natural processes across natural communities; EO is surrounded by a mix
of intensive agriculture and adjacent forest lots.

D SPECS
Highly fragmented — area around the EO is entirely, or almost entirely, surrounded by agricultural or urban land
use; EO is at best buffered on one side by natural communities.

RANK SPECS JUSTIFICATION

“A” rating threshold: Landscapes could sustain natural disturbance regimes. Definitions for minimum dynamic
area (i.e., the area of land necessary so that the proportion of the landscape in early, middle and late successional
stages will remain constant over time, given the occurrence of windstorms and fires) proposed by Shugart (1984) —
fifty times the average disturbance size, or Johnson and Van Wagner (1985) — two times the maximum
disturbance size (see also Frelich 1995), can be used as a rough guide to landscape size. If disturbance regimes are
virtually unknown, the minimum “C”-rated size (15-49 ha) can be used as a starting point and multiplied by fifty.
Thus, “A”-rated ponderosa pine landscapes may need to be 750-2500 ha in size.

“C”/”D” threshold: Processes such as natural disturbances are essentially irretrievable.

GRANKSPECS AUTHORSHIP
McAdams, A. and D. Faber-Langendoen

GRANKSPECS DATE
1998-06-29

GRANKSPECS NOTES
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D2.1.2 Quercus alba — Quercus rubra — Quercus macrocarpa / Carpinus caroliniana

Forest,
white oak — red oak — bur oak / musclewood forest

SPECS GROUP
Quercus alba — (Quercus rubra, Carya spp.) Forest Alliance

MINIMUM SIZE
2 ha
EO Separation

SEPARATION BARRIERS
Barriers that would separate patches of this community include a four-lane highway, urban development, and an open
body of water.

SEPARATION DISTANCE - DIFFERENT NATURAL/SEMI-NATURAL COMMUNITIES
4Kkm

SEPARATION DISTANCE - CULTURAL VEGETATION
0.5km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION

The separation factors are based on seed dispersal of Quercus and Carya spp., which are dependent on squirrels and jays.
These dispersers can move considerable distances between patches in intact or fragmented landscapes, from several
hundred meters to 4 or 5 km (Harrison and Werner 1984, Crow 1988, Johnson and Webb 1989).

FEATURE LABELS

GSPECS AUTHORSHIP
Dunevitz, H. and D. Faber-Langendoen

GSPECS DATE
1998-06-29

GSPECS NOTES
RANKSPECS GROUP

RANK PROCEDURE

Condition, size and landscape context are weighted equally for this type. Although matrix types typically consider condition
to be of less importance than size and landscape context, this community type has been extensively cleared throughout its
range, and choosing among remaining examples requires a greater consideration of condition because of the potential for
extensive alteration of the groundlayer.

EO RANK FACTOR [1st]
Condition

A SPECS
For types that attain old-growth status:
a) age of forest is typically old growth (120 years old or more);

b) human-induced disturbance is minimal, including light selective logging that occurred in the past (>80
years ago);

0 structure is all-aged with multi-layered canopies and some mesophytic species, such as Acer saccharum or
Fraxinus americana, which may only be in the subcanopy or understory;

d) aproportion of the Quercus spp. exceed 70 cm diameter at breast height, depending on site condition;
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e) few or no exotic species occur in the overstory or understory, with little evidence of livestock grazing
within the last 80 years.

For types that do not attain old-growth status and require disturbance for regeneration:

a) forest is typically older (>100 years old or more) and of natural origin (regenerating following natural
disturbance such as fire or wind-storm);

b) there is little or no human-induced disturbance, except natural area management such as prescribed
burning or light selective logging that occurred in the past (>80 years ago);

0 structure is even or all-aged, with single or multi-layered canopies;

d) shrub layer is not composed predominantly of species that follow livestock grazing, but instead is
composed of Corylus americana (hazel), Prunus virginiana (chokecherry), Cornus spp. (dogwood, including
C. florida) and/or Vaccinium spp. (blueberry);

€) ground layer is composed of native species typical of oak forests;
f)  there is evidence of fire in the last fifty years.

B SPECS
a) Typically a mature or nearly mature forest, younger than old-growth, but with intact canopy;

b) if logging occurred, it was either long ago (>60 years ago), very light selective cutting, or was done as a
deliberate management strategy to approximate natural disturbance such as fire;

0 atmost, very light livestock grazing occurred within the last 60 years.

C SPECS

a) EO may have been grazed by livestock, but not heavily enough to destroy groundlayer or result in
dominance by armed shrubs that characteristically follow grazing;

b) selective logging may have recently occurred (20- 60 years ago), but community composition has
remained intact and some tree regeneration (including Quercus spp.) is occurring;

0 alsoincludes young second-growth (20-60 year old) stands that originated with good regeneration
following clearcutting or burning.

D SPECS

Heavily cut or heavily grazed forest with a dense shrub layer of Xanthoxylum americanum (prickly ash), Ribes spp.
(gooseberries), or Rhamnus cathartica (buckthorn), with a ground layer generally containing low diversity, either
packed or very loose soil with few herbaceous plants, or dominated by weedy grasses and sedges or by exotic
species, such as Alliaria petiolata (garlic mustard).

RANK SPECS JUSTIFICATION

“A” rating threshold: Parker (1989) required that old-growth conditions for central hardwoods, including oak
forests, was >150 years, but noted that distinctions between old forest (100-150 years) and old-growth forests
have not been developed. Frelich (1995) used 120 years to define old growth oak-hickory forests in the Lake States
of Michigan, Minnesota, and Wisconsin. Parker (1989) also restricted old growth to stands with >80 years with no
livestock grazing. The role of fire in oak forests is not clear, but some type of ground fire with occasional
catastrophic disturbances has been noted (Guntenspergen 1983, Parker 1989, Abrams 1992, Olson 1996).
Ground-layer characteristics of fire-maintained oak forests are poorly understood, but Quercus spp. regeneration
may be enhanced through fires.

“C”/”D” threshold: Quercus spp. regeneration is unlikely, and exotics will have altered the ground-layer,
preventing re-establishment of native species. Alliaria petiolata is difficult to eradicate (Nuzzo 1991, Schwartz and
Heim 1996).

EO RANK FACTOR [2nd]

Size

A SPECS
Very large (>=100 ha)
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B SPECS
Large (40-99 ha).

C SPECS
Moderate (10-39 ha).

D SPECS
Small (<10 ha)

RANK SPECS JUSTIFICATION

“A” rating threshold: In a study of one township in southeastern Wisconsin, Guntenspergen (1983), reported
that nineteenth century stands of forest rarely exceeded 200 ha, and averaged 40 ha. Currently few stands exceed 30
ha throughout the central hardwoods of the United States (Parker 1989).

“C”/”D” threshold: Guntenspergen (1983) found that below the 10 ha limit, edge effects became pronounced.
Brothers (1992, 1993) reported that stands at or above 10 ha in size were fairly resistant to invasion by shade-
intolerant exotics (e.g., Taraxacum officinale [dandelion], Rosa multiflora [multiflora rose], and Chenopodium album
[goosefoot]). However shade-tolerant exotics (e.9., Alliaria petiolata [garlic mustard], Lonicera japonica and L. tatarica
[honeysuckles]), may be able to spread into small fragments far more easily.

The minimum size, even for “D”-ranked occurrences, is not likely to fall below 2 ha. Stands below 2 ha become
difficult to judge in terms of stand homogeneity, and become heavily influenced by edge effects, which can extend
50 m from the edge (Guntenspergen 1983, Brothers 1992).

EO RANK FACTOR [3rd]
Landscape context

A SPECS
Highly connected — area around the EO is largely intact natural vegetation, with species interactions and natural
processes ogcurring across communities (>500 ha).

B SPECS

Moderately connected — area around the EO is moderately intact natural vegetation, with species interactions and
natural processes occurring across many communities; landscape includes partially disturbed natural or
semi-natural communities, some of it not high quality due to overgrazing or recent logging (>500 ha).

C SPECS

Moderately fragmented — area around the EO is largely a combination of cultural and natural vegetation, with
barriers between species interactions and natural processes across natural communities; EO is surrounded by a mix
of intensive agriculture and adjacent forest lots (total area no smaller than ten times the minimum “C”-rated size
[>100 ha]).

D SPECS
Highly fragmented — area around the EO is entirely, or almost entirely, surrounded by agricultural or urban land
use; EO is at best buffered on one side by natural communities.

RANK SPECS JUSTIFICATION

“A” rating threshold: Definitions for minimum dynamic area (i.e., the area of land necessary so that the
proportion of the landscape in early, middle and late successional stages will remain constant over time, given the
occurrence of windstorms and fires) proposed by Shugart (1984) — fifty times the average disturbance size, or by
Johnson and Van Wagner (1985) — two times the maximum disturbance size (see also Frelich 1995), can be used
as a rough guide to landscape size. If disturbance regimes are virtually unknown, as they are for oak forests, the
minimum “C”-rated size (10-39 ha) can be used as a starting point and multiplied by fifty. Thus, “A”-rated oak
forest landscapes may need to be about 500-2000 ha in size.

“C”/”D” threshold: “C”-rated landscapes still provide a buffer against some edge effects on an EO and provide
some connectivity to other natural communities.

GRANKSPECS AUTHORSHIP
Dunevitz, H. and D. Faber-Langendoen
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GRANKSPECS DATE
1998-06-29

GRANKSPECS NOTES
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D2.1.3 Tsuga canadensis — (Betula alleghaniensis) Mesic Forest,
eastern hemlock — (yellow birch) mesic forest

SPECS GROUP
Tsuga canadensis Forest Alliance Group

MINIMUM SIZE
2 ha

EO Separation

SEPARATION BARRIERS
Barriers that would separate patches of this community include a four-lane highway, urban development, and an open
body of water.

SEPARATION DISTANCE - DIFFERENT NATURAL/SEMI-NATURAL COMMUNITIES
2km

SEPARATION DISTANCE - CULTURAL VEGETATION
0.5km

ALTERNATE SEPARATION PROCEDURE
SEPARATION JUSTIFICATION
The separation distance for cultural vegetation is based on the suggested minimum value, since little is known about
limitations on seed dispersal. The separation distance of 2 km for intervening natural or semi-natural communities
seems to be a pragmatically useful distance.

FEATURE LABELS

GSPECS AUTHORSHIP
Faber-Langendoen, D.

GSPECS DATE
1998-06-29

GSPECS NOTES

RANKSPECS GROUP

RANK PROCEDURE

Size is the primary factor, landscape context is the secondary factor, and condition is the tertiary factor. The primary and
secondary factors are weighted equally, and weighted more heavily than the tertiary factor. The rationale for the sequence is
that this is a matrix type, less affected by condition than size and landscape context. Note however, that size can be naturally
very variable in this type (Mladenoff et al. 1993).

EO RANK RACTOR [1st]

Condition
A SPECS
a) Overstory structure intact (i.e., old-growth has not been cut), generally 150 years old or more;
b) understory vegetation composed of native species;
0 stands may have been thinned with minimal disruption of understory (>20 years ago), but little or no
exotics are present.
B SPECS

a) Overstory structure intact, with perhaps some selective logging. Stand age may range from 80-150 years;
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b) if thinning of small diameter trees has occurred, there is little evidence of disruption of understory
vegetation;

0 some light grazing by livestock may have occurred;

d) exotic species may be present at low densities.

C SPECS

a) Heavily logged with only small diameter trees remaining and disturbance to understory vegetation (due
to logging activities or grazing); stand age may range from 50-80 years;

b) heavy grazing by livestock or by deer has severely altered ground layer composition;

0 some exotic species present.

D SPECS
a) Heavily logged and thinned, perhaps to the point of a clear-cut; stand age less than 50 years;
b) ground very disturbed with major disruptions to vegetation;
0 large proportion of exotic species.

RANK SPECS JUSTIFICATION

“A” rating threshold: Hemlock forest systems begin to take on old-growth characteristics only after 150 years, and
may even go through a series of old-growth changes between 180 and 400 years (Tyrrell and Crow 1994). Forest
stands of this type experience relatively low disturbance rates, so under natural disturbance regimes most of the
stands should be in old-growth.

“C”/”D” threshold: Native ground layer composition is severely altered and unlikely to replace exotics. Recovery
of hemlock old-growth structure would take greater than 100 years. Overgrazing by deer could prevent hemlock
regeneration (Mladenoff and Stearns 1993).

EO RANK FACTOR [2nd]
Size

A SPECS
Very large (>=400 ha)

B SPECS
Large (40-399 ha)

C SPECS
Moderate (4-39 ha)

D SPECS
Small (<4 ha)

RANK SPECS JUSTIFICATION

“A” rating threshold: Stands this size would be able to support natural disturbance processes such as wind
blowdowns, and would contain sufficient internal variability to be representative of the type. Studies of old-
growth landscapes in the Great Lakes region show that stands can attain this size (Mladenoff et al. 1993).

“C”/”D” threshold: Studies by Mladenoff et al. (1993) found that in one old-growth landscape, patches of
hemlock stands ranged in size from 2 ha to over 1,000 ha, and that the average stand was 21 ha. Stands much
below this average (i.e., less than 4 ha) will be dominated by edge effects throughout the stand.

The minimum size, even for “D”-ranked occurrences, will rarely fall below 2 ha. Stands below 2 ha become
difficult to judge in terms of stand homogeneity, and become heavily influenced by edge effects. Note, however,
that size can be naturally quite variable in this type (Mladenoff et al. 1993).
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EO RANK FACTOR [3rd]
Landscape context

A SPECS
Highly connected — area around the EO is largely intact natural vegetation, with species interactions and natural
processes occurring across communities (>5000 ha).

B SPECS

Moderately connected — area around the EO is moderately intact natural vegetation, with species interactions and
natural processes occurring across many communities; landscape includes partially disturbed natural or semi-
natural communities, some of it not high quality due to overgrazing or recent logging (>5000 ha).

C SPECS

Moderately fragmented — area around the EO is largely a combination of cultural and natural vegetation, with
barriers between species interactions and natural processes across natural communities; EO is surrounded by a mix
of intensive agriculture and adjacent forest lots.

D SPECS
Highly fragmented — area around the EO is entirely, or almost entirely, surrounded by agricultural or urban land
use; EO is at best buffered on one side by natural communities.

RANK SPECS JUSTIFICATION

“A” rating threshold: Landscapes could sustain natural disturbance regimes. Definitions for minimum dynamic
area (i.e., the area of land necessary so that the proportion of the landscape in early, middle and late successional
stages will remain constant over time, given the occurrence of windstorms and fires) proposed by Shugart (1984) —
fifty times the average disturbance size, or Johnson and Van Wagner (1985) — two times the maximum
disturbance size (see also Frelich 1995), can be used as a rough guide to landscape size. Frelich and Lorimer (1991)
showed that the average disturbance size in these hemlock-hardwood forests was about 100 ha, so that landscapes
of over 5,000 ha would be needed to sustain old-growth characteristics.

“C”/”D” threshold: Processes such as natural disturbances are essentially irretrievable.

GRANKSPECS AUTHORSHIP
Faber-Langendoen, D.

GRANKSPECS DATE
1998-06-29

GRANKSPECS NOTES
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D2.2 Large Patch Communities

D2.2.1 Artemisia tridentata spp. tridentata / Pseudoroegneria spicata Shrub Herbaceous

Vegetation,
basin big sagebrush / bluebunch wheatgrass shrub herbaceous vegetation

SPECS GROUP
Artemisia tridentata Shrub Herbaceous Alliance, zonal or loamy soil group

MINIMUM SIZE
0.4 ha
EO Separation

SEPARATION BARRIERS
Barriers that would separate patches of this community include a four-lane highway, urban development, and an open
body of water.

SEPARATION DISTANCE - DIFFERENT NATURAL/SEMI-NATURAL COMMUNITIES
2km

SEPARATION DISTANCE - CULTURAL VEGETATION
0.5km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION

The separation distances for cultural vegetation are based primarily on the suggested minimum value, since little is
known about limitations on sagebrush and herb seed dispersal. The separation distance for intervening natural or
semi-natural communities seems to be a pragmatically useful distance. Primary criteria considered are the reaction of
native species to disturbance, seed dispersal by dominant shrubs, and biology of shrub-steppe passerines.

FEATURE LABELS

GSPECS AUTHORSHIP
Chappell, C., D. Faber-Langendoen, and R. Crawford

GSPECS DATE
1997-07-02

GSPECS NOTES
RANKSPECS GROUP

RANK PROCEDURE
Condition is the primary factor, size is the secondary factor, and landscape context is the tertiary factor. The primary and
secondary factors are weighted equally, and weighted more heavily than the tertiary factor.

EO RANK FACTOR [1st]
Condition

A SPECS

a) Cryptogamic crust intact, covering >80% of vascular plant interspace; high diversity of lichens and/or
mosses in crust;

b) non-native species and native annual increasers (e.g., Plantago patagonica, annual fescues) absent or
incidental;
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o fire-sensitive shrubs mature and recovered from past fires; shrubs well-spaced if present (generally <20-
25% cover);

d) diverse forb layer within expected range for the type; native perennial increasers not particularly
prominent. This is now very rare to non-existent and is meant to represent a community that is
indistinguishable from a community that has never been grazed and has not burned for some time. Fire
was probably part of the “natural” landscape, but fires have increased in frequency unnaturally such that
unburned areas are of greater natural value than recently burned areas. Fire frequency has decreased in
some parts of the range (e.g., Pacific Northwest).

B SPECS

a) Cryptogamic crust well-developed, >60% cover of vascular plant interspace; cryptogamic crust little
disturbed or may have recovered well from long-past grazing; cryptogamic crust diverse in species
composition (at least 3-4 species prominent);

b) community dominated by natives; non-natives and native annual increasers <10% total cover and <20%
relative cover in the herb layer; cheatgrass not thick under shrub crowns;

o fire-sensitive shrubs prominent, but may not be mature or fully recovered from fire; shrubs well spaced
if present; diverse forb layer within expected range for the type; native perennial increasers do not
predominate. This is generally the best of what remains in the landscape.

C SPECS

a) Cryptogamic crust moderately degraded or recovering, >30% cover of vascular plant interspace (although
monotypic early-successional moss may be more abundant); species diversity of crust may be relatively
low; lichens likely to have low percent cover;

b) community clearly dominated by natives in the herb layer; non-natives and native annual increasers
<20% total cover and <30% relative cover in the herb layer; bunchgrasses >50% relative cover in the herb
layer; indicator bunchgrasses (Pseudoroegneria spicata, Festuca idahoensis) clearly more important than
increasers or non-natives; forb diversity may be somewhat lower than expected for the type; native
perennial increasers may be relatively prominent but do not dominate. Cheatgrass can often be dense
under shrub crowns;

o fire-sensitive shrubs may be present or absent; shrubs that increase (e.g., Artemisia tridentata spp.
tridentata) may be somewhat more dense than pre-disturbance, but still <35% cover.

D SPECS

a) Cryptogamic crust degraded or absent, <30% cover of vascular plant interspace; crust often low diversity;

b) community may not be clearly dominated by natives; herb layer is a mix of natives and non-natives;
native annual increasers or non-native invaders may be >20% cover and >30% relative cover in the herb
layer; native indicator bunchgrasses (Pseudoroegneria spicata, Festuca idahoensis combined) >5-10% cover;

0 shrubs may be quite dense, with >40% cover.

RANK SPECS JUSTIFICATION
“A”-rating threshold: The “A” rated criteria are based on descriptions of relict communities and reactions of key
plant species to anthropogenic disturbances.

“C”/”D” threshold: This threshold is intended to separate “C”-rated occurrences that will naturally improve in
condition when released from livestock or other anthropogenic disturbance, from “D”-rated occurrences that will
not improve and are prone to irreversible changes in composition.

EO RANK FACTOR [2nd]

Size

A SPECS
Very Large (>=200 ha)

B SPECS
Large (80-199 ha)
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C SPECS
Moderate: (20-79 ha)

D SPECS
Small (<20 ha)

RANK SPECS JUSTIFICATION

“A”-rating threshold: Stands this size would be able to support natural disturbance processes such as fire, and
would contain sufficient internal variability to be representative of the type.

“C”/”D” threshold: Stands lack variability, and are prone to being eliminated by a single disturbance event.

The primary criteria considered are seed dispersal by dominant shrubs, biology of shrub steppe passerines, and the
likelihood of an area completely burning in a single event.

EO RANK FACTOR [3rd]
Landscape context

A SPECS
Highly connected — landscape has been little altered, and the EO is completely surrounded by other high quality
communities and extensive shrub-steppe (> 400 ha).

B SPECS
Moderately connected — EO is surrounded by moderate to extensive (>400 ha) low quality shrub-steppe, an
extensive landscape that is used or has been extensively used for grazing or training.

C SPECS

Moderately fragmented — EO is surrounded by a mix of intensive agriculture and adjacent natural/semi-natural
shrub-steppe, or by a relatively small area (total area smaller than twice the minimum EO size) of shrub-steppe in
an agriculturally fragmented landscape.

D SPECS

Highly fragmented — area around the EO is entirely, or almost entirely, surrounded by agricultural or urban land
use; EO is at best buffered on one side by natural communities. The surrounding landscape is primarily intensive
agriculture or suburban development.

RANK SPECS JUSTIFICATION

“A” rating threshold: Natural disturbances, such as fire, can occur on a scale that permits maintenance of patches
of the community in a variety of conditions.

“C”/”D” threshold: Processes such as natural disturbances are essentially irretrievable.

The primary criteria considered are seed dispersal by dominant shrubs, biology of shrub steppe passerines, and the
likelihood of an area completely burning in a single event.

GRANKSPECS AUTHORSHIP
Chappell, C., D. Faber-Langendoen, and R. Crawford

GRANKSPECS DATE
1997-07-02

GRANKSPECS NOTES
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D2.2.2 Thuja occidentalis — (Picea mariana — Abies balsamea) / Alnus incana Wetland

Forest,
eastern white cedar — (black spruce — balsam fir) / speckled alder wetland forest

SPECS GROUP
Thuja occidentalis Saturated Forest Alliance Group

MINIMUM SIZE
0.4 ha

EO Separation

SEPARATION BARRIERS
A substantial barrier that would separate patches of this community is a two-lane highway or larger.

SEPARATION DISTANCE - DIFFERENT NATURAL/SEMI-NATURAL COMMUNITIES
1km

SEPARATION DISTANCE - CULTURAL VEGETATION
0.5km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION
Because white cedar swamps are dependent on saturated hydrological processes, the effects of even small roads may
create substantial barriers between occurrences.

Boundaries can usually be determined from aerial photos. Difficulties in distinguishing this type from balsam fir, black
spruce, or black ash swamps may require mapping as a complex.

FEATURE LABELS

GSPECS AUTHORSHIP
Aaseng, N. and D. Faber-Langendoen

GSPECS DATE
1997-07-02

GSPECS NOTES
RANKSPECS GROUP

RANK PROCEDURE
Condition is the primary factor, size is the secondary factor, and landscape context is the tertiary factor. The primary and
secondary factors are weighted equally, and weighted more heavily than the tertiary factor.

EO RANK FACTOR [1st]
Condition

A SPECS
a) Site dominated by mature Thuja occidentalis generally >150 years old, with lesser cover of Abies balsamea
and/or Picea mariana;

b) extensive areas (>5 ha) with sufficient tree cover (50-100%) to favor development of typical shade-
tolerant flora; species diversity high (>65 species);

0 no obvious impact on vegetation from flooding or lowering of water table by activities such as road
construction, ditching, or mining;

d) surface disturbance due to winter roads, selective logging, and utility corridors limited to small percentage
(<5%) of swamp;
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€)  no exotic species present;
f)  absence of overgrazing by deer, as inferred by presence of white cedar reproduction;

g) Downgrading of rank because of greater disturbance may be offset by significant presence of rare species
such as Cypripedium arietinum, Ranunculus lapponicus, Geocaulon lividum, Arethusa bulbosa, Polemonium
occidentale, or important concentrations of several species of orchid.

B SPECS

a) A stand with the above “A”-rated condition characteristics, but partially degraded by surface activities
such as selective logging;

b) astand with the above “A”-rated condition characteristics, but impacts due to water table alteration are
present (although limited to a narrow band along ditch, road, etc.);

0 astand with mature cedar and typical structure, but with depauperate ground flora due to alteration of
groundwater by ditching.

C SPECS

a) Stand has structure and species composition significantly altered from its presettlement character by
flooding, lowering of water table, or surface activities;

b) lowering of water table may result in reduction or near total loss of ground flora;

0 has more than occasional occurrence of exotic or non-typical cedar-spruce swamp species, but has enough
structure and typical species so that the community is still recognizable.

D SPECS
A site where the hydrology has been severely altered or the surface drastically disturbed such that restoration is
unlikely to occur.

RANK SPECS JUSTIFICATION
“A”-rating threshold: Maintenance of natural groundwater flow patterns is essential to the condition of this
community. Use of rare species is suggested here because of their value as an indicator of natural processes.

“C”/”D” threshold: Groundwater flow has been severely altered such that the community is not likely to persist.

EO RANK FACTOR [2nd]
Size

A SPECS
Very Large (>=40 ha)

B SPECS
Large (20-39 ha)

C SPECS
Moderate (4-19 ha)

D SPECS
Small (<4 ha)

RANK SPECS JUSTIFICATION
“A”-rating threshold: In the United States, white cedar swamps can occur in stands of over 40 ha, and sometimes
as large as 200 ha, but this is relatively unusual.

“C”/”D” threshold: White cedar swamps often occur in small, concentrated areas where minerotrophic flows
occur. In the New England region, the average occurrence size is 19 ha, and the mode and median sizes are 8 ha.
These averages are within the size range specified for “C”-rated occurrences. The minimum viable size of this
community is set fairly low at 4 ha.
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EO RANK FACTOR [3rd]
Landscape context

A SPECS
Highly connected — area around the EO is largely intact natural vegetation, with species interactions and natural
processes occurring across communities (>1000 ha).

B SPECS

Moderately connected — area around the EO is moderately intact natural vegetation, with species interactions and
natural processes occurring across many communities; landscape includes partially disturbed natural or semi-
natural communities, some of it not high quality due to overgrazing or recent logging (>1000 ha).

C SPECS

Moderately fragmented — area around the EO is largely a combination of cultural and natural vegetation, with
barriers between species interactions and natural processes across natural communities; EO is surrounded by a mix
of intensive agriculture and adjacent forest lots.

D SPECS
Highly fragmented — area around the EO is entirely, or almost entirely, surrounded by agricultural or urban land
use; EO is at best buffered on one side by natural communities.

RANK SPECS JUSTIFICATION
“A”-rating threshold: Landscape context meeting these criteria provides a buffer against hydrologic changes.

“C”/”D” threshold: EO is subject to direct hydrologic inputs from adjacent land use that will alter the water
quality; maintenance of natural hydrologic dynamics will be very difficult.

The landscape context is somewhat small, and partially reflects the small to moderate scale of EO size
requirements. Landscape requirements for white cedar swamps need investigation, particularly as they relate to
groundwater flows.

GRANKSPECS AUTHORSHIP
Aaseng, N. and D. Faber-Langendoen

GRANKSPECS DATE
1997-07-02

GRANKSPECS NOTES
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D2.3 Small Patch Communities

D2.3.1 Carex lasiocarpa — Carex buxbaumii — Scirpus cespitosus Boreal Herbaceous

Vegetation,
wiregrass sedge — Buxbaum’s sedge — tufted club-rush boreal herbaceous vegetation

SPECS GROUP
Carex lasiocarpa Saturated Herbaceous Alliance Group

MINIMUM SIZE
0.05 ha
EO Separation
SEPARATION BARRIERS
A substantial barrier that would separate patches of this community is a two-lane highway or larger.

SEPARATION DISTANCE - DIFFERENT NATURAL/SEMI-NATURAL COMMUNITIES
1km

SEPARATION DISTANCE - CULTURAL VEGETATION
0.5km

ALTERNATE SEPARATION PROCEDURE

SEPARATION JUSTIFICATION
Because fens are dependent on hydrological processes, the effects of even small roads may create substantial barriers
between occurrences.

Note that occurrences of this community may be difficult to distinguish from other communities. Possible difficulties
include:

a) distinguishing between rich fen and wet meadow on aerial photographs (fens usually appear light blue in color on
IR NAP [infra-red national aerial photography] photographs, while wet meadows appear white); and

b) defining boundaries between rich fen and poor fen. In the absence of field data, these types can often be
distinguished on the basis of landform position and inferred surface chemistry and water flow. Poor fens are often
distinguished by the abundance of ericaceous shrubs, which appear somewhat orange in color on NHAP (national
high altitude photography) photographs.

FEATURE LABELS

GSPECS AUTHORSHIP
Aaseng, N. and D. Faber-Langendoen

GSPECS DATE
1997-07-02

GSPECS NOTES
RANKSPECS GROUP
RANK PROCEDURE

Condition is the primary factor, landscape context is the secondary factor, and size is the tertiary factor. The primary and
secondary factors are weighted equally, and weighted more heavily than the tertiary factor.
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EO RANK FACTOR [1st]

Condition
A SPECS

a) No obvious impact on vegetation (determined using aerial photos) resulting from alteration of
groundwater by activities such as road construction, ditching, utility corridors, or mining activities. Some
minor occurrence of abandoned winter vehicle trails is acceptable;

b) presence of Drosera anglica, and particularly D. linearis, is a good indicator of pristine condition. Other rare
species may be present, such as Drosera linearis, D. anglica, Xyris montana, Carex exilis, Cladium mariscoides,
and Rhynchospora fusca in the boreal section of its range, and Scirpus cespitosus, Cladium maricoides, Carex
viridula, and Eleocharis pauciflora in the southern part of its range;

0 high flora diversity because of presence of mud-bottomed pools or flarks and moss-covered ridges
(these features can be detected on aerial photos); moss layer is well-developed, consisting of genera such
as Campylium, Drepanocladus, and Calliergonella;

d) no exotic species present.

B SPECS

a) Sites with “A”-rated condition characteristics, but where surface disturbance over a small to moderate
percentage of fen has occurred due to winter roads or utility corridors;

b) small percentage of fen surface is impacted due to water table alteration (which may be indicated by
invasion of Asclepias incarnata, Alnus incana, or Cirsium arvense, or an increase in Chamaedaphne calyclata,
Betula glandulifera, Larix laricina, or Calamagrostis canadensis);

0 undisturbed site lacking floristic diversity, fairly monotypic, often with thick thatch; moss layer partially
disturbed.

C SPECS

a) Overall ground water flow intact, but is extensively impacted by ditches and roads; significant portions of
fen remain intact;

b) moss layer may be very patchy.

D SPECS

a) Hydrology has been severely altered or surface drastically disturbed (e.g., by peat mining) such that
restoration is unlikely to occur;

b) moss layer very sparse; composition may be very simplified.
RANK SPECS JUSTIFICATION
“A”-rating threshold: Maintenance of natural groundwater flow patterns is essential to the condition of this
community.
“C”/”D” threshold: Groundwater flow has been severely altered, such that the community is not likely to persist.

Care should be taken not to inflate the rank based on the presence of rare species per se; rather, they serve to indicate
high quality conditions. Their role as indicators needs further investigation.

EO RANK FACTOR [2nd]
Size

A SPECS
>=20 ha

B SPECS
10-19 ha



EO DATA STANDARD 185
2/6/02

C SPECS
4-9 ha

D SPECS
<4 ha

RANK SPECS JUSTIFICATION
“A”-rating threshold: Fens of this size are more likely to have diverse composition.

“C”/”D” threshold: Fens below 4 ha in size are not likely to contain the full range of diversity, and will be easily
affected by non-natural processes, should these be occurring nearby.

EO RANK FACTOR [3rd]
Landscape context

A SPECS
Highly connected — area around the EO is largely intact natural vegetation, with species interactions and natural
processes occurring across communities (>1000 ha).

B SPECS

Highly connected — area around the EO is moderately intact natural vegetation, with species interactions and
natural processes occurring across many communities; landscape includes partially disturbed natural or semi-
natural communities, some of it not high quality due to overgrazing or recent logging (>1000 ha).

C SPECS

Moderately fragmented — area around the EO is largely a combination of cultural and natural vegetation, with
barriers between species interactions and natural processes across natural communities; EO is surrounded by a mix
of intensive agriculture and adjacent forest lots.

D SPECS
Highly fragmented — area around the EO is entirely, or almost entirely, surrounded by agricultural or urban land
use; EO is at best buffered on one side by natural communities.

RANK SPECS JUSTIFICATION
“A”-rating threshold: This landscape context provides a buffer against hydrologic changes.

“C”/”D” threshold: EO is subject to direct hydrologic inputs from adjacent land use that will alter the water
quality, and maintenance of natural hydrologic dynamics will be very difficult.

Landscape context is fairly small, and partially reflects the smaller scale of EO size requirements. Landscape
requirements for fens need investigation.

GRANKSPECS AUTHORSHIP
Aaseng, N. and D. Faber-Langendoen

GRANKSPECS DATE
1997-07-02

GRANKSPECS NOTES
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APPENDIX E: Element Lists and Ranking™

El Element Definition
E2 Element Lists
E3 Element Ranking

El Element Definition

An Element is a unit of natural biological diversity. Elements represent species (or infraspecific
taxa), natural communities, or other nontaxonomic biological entities (e.g., migratory species
aggregation areas).>

To ensure that a broad, practical, and well-balanced representation of the biological diversity in a
jurisdiction or ecoregion is protected, a “coarse filter/fine filter” approach to conservation site
selection is utilized. Communities may be viewed as a coarse filter for natural diversity;
identification and protection of the best examples of all types of communities (i.e., terrestrial,
subterranean, freshwater, marine) will ensure that most species and ecological processes are
conserved. However, some species that are imperiled or vulnerable “fall through” the coarse filter;
because of their rarity, they are not reliably found in habitats or communities where they might be
expected, and their conservation cannot be assured without specific attention. Thus, a “fine filter”
comprised of these species is needed. Targeting fine filter Elements for conservation along with
communities ensures that a broad spectrum of biodiversity will be preserved.

Decisions on which Element groups to target for conservation vary on the basis of several factors,
including differences in the amount and availability of Element information, and whether the
Elements represent coarse or fine filters for biodiversity conservation (see E2.2.1 through E2.2.9,
below).

E2 Element Lists

E2.1 Global, National, and Subnational Element Lists

The first step in any heritage inventory is the compilation of Elements into ELEMENT LISTS.
Although developing a comprehensive list of all the Elements that currently exist (or have existed
historically) on earth is not feasible, the Element List should include as broad and well-balanced a
representation of all biodiversity as possible. Whenever possible, to ensure consistency and
comparability of data across jurisdictions, the taxonomy and nomenclature in the Element List
should be based on standard name references or checklists (or, if no name sources are available, on
names published in the scientific literature). The Central Zoological, Botanical, and Ecological

53This Appendix summarizes Element listing and ranking as currently practiced. Some additional information on Element
listing and ranking is contained in on-line documentation for the Element Tracking and Element Ranking files in the
Biological and Conservation Data System (The Nature Conservancy 1996), and in the Natural Heritage Program Model
Operations Manual (The Nature Conservancy 1988).

54 Note that in regions where there is only limited information on Elements, surrogate targets may be used to model
patterns of biodiversity for conservation planning and action. Surrogates that have been considered include higher
taxonomic levels, image-derived cover types, land-use classifications, abiotic factors, and coarsely-mapped distributions of
vulnerable species.
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Databases of the Natural Heritage Network list standard names for many thousands of taxa (e.g.,
vascular plants, vertebrates, community types, and many invertebrate and nonvascular taxa)
occurring in North America for the benefit of network participants. The information in the Central
Databases may thus be considered as a Global Element List. However, the Global Element List is
currently not worldwide in scope; while the list includes global information about species and
communities, it does not include all the species or communities in the world.

National and Subnational Element Lists may be developed that contain Elements found within
particular nations or subnations, respectively. Such lists are a subset of the Global Element List.

E2.2 Developing an Element List

For some groups of Elements, decisions on what to include on an Element List are determined
using a comprehensive approach in which all Elements within a group (typically phylum, class,
order, or family for species) are listedss; this is termed COMPREHENSIVE ELEMENT LISTING. The
comprehensive approach is often applied in situations where the taxonomy, status, and distribution
(e.g., by subnation) are reasonably well known for most species in each family or group (e.g.,
amphibians, vascular plants, tiger beetles).

Comprehensive listing within a group of all the Elements known to occur or known to have
occurred in a jurisdiction provides many benefits to a data center. Comprehensive Element listing
facilitates the identification of taxa that are at risk (or, conversely, taxa that might pose risks [e.g.,
invasive exotics]) in a particular jurisdiction and helps to ensure that vulnerable but unfamiliar
species are not overlooked. Individual data centers benefit by receiving (e.g., through data
exchange) centrally recorded global information for all of the Elements in comprehensively listed
groups in their jurisdiction. In addition, comprehensive Element listing helps to service a growing
user community by providing basic, frequently requested information regarding which species in a
particular group occur in a particular jurisdiction. Comprehensive Element listing also provides
network-wide benefits by permitting all network data centers and a multi-jurisdictional user
community to benefit from the collective work of many data centers and their collaborators. If all
jurisdictions in a large region (e.g., North America north of Mexico) comprehensively list and rank
every Element in a particular group, rangewide information is then available for global and
national conservation status assessments for most Elements in that group in the region.

For many Element groups, particularly within invertebrates and nonvascular plants, the taxonomy,
distribution, and/or status of the component species are not sufficiently well known to develop a
comprehensive Element List. In such cases, decisions on which Elements to list are made on the
basis of a selective approach. In this situation, only some of the Elements within a group are
included on an Element List without consideration of other Elements within the group, some of
which could be of equal or greater conservation concern. This is termed AD HOC ELEMENT
LISTING, and is usually applied to those species in poorly known groups of Elements that are
believed to be imperiled and vulnerable, including species of official national or subnational
concern.

55 The use of the verb “to list” in this Standard should not be confused with the placement of species on official lists (e.g.,
national or subnational endangered species lists, CITES appendices).
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E2.2.1 Vascular Plants

Vascular plants are relatively well known as a group in the United States and Canada. For this
reason, all standard species in the network’s central databases should be listed in each subnation
(i.e., state or province) where they occur. In Latin America, the status and distributions of most
plant species are not as well known and ad hoc listing is necessary.

E2.2.2 Vertebrates

Vertebrate animals, except marine fishes, are relatively well known as a group in the United States
and Canada. For this reason, all standard species in the network’s central databases should be
listed in each nation and subnation where they occur. In Latin America, the status and distribution
of birds, mammals, reptiles and amphibians is relatively well known and these species should be
comprehensively listed in each nation. Freshwater fishes, on the other hand, are not as well known
in Latin America and ad hoc listing must be used. Marine fishes are generally not comprehensively
listed nationally or subnationally in the United States, Canada, or Latin America, although in some
cases ad hoc listing is used.

E2.2.3 Communities

In theory, communities should also be comprehensively listed, both for their intrinsic conservation
value and as a coarse filter, assuring that many species that are not directly targeted for
conservation (e.g., most nonvascular plants and invertebrates, especially insects and bacteria) will
still be protected. The listing of communities also helps to ensure the conservation of ecosystems
and ecological processes.

In practice, however, comprehensive listing is only feasible for terrestrial vegetated communities
(i.e., at least at the global level) since only these community types have a standard classification
system (Grossman et al. 1998). In contrast, global listing for subterranean (e.g., caves, aquifers, lava
tubes), freshwater, and marine communities is not possible until standard classification systems are
developed for these community types.s6

Lacking a global standard classification, nations and subnations may still list subterranean,
freshwater, and marine communities based on locally developed classifications. In other words,
each nation and subnation has the option to list (on an ad hoc basis) nonstandard community types,
which can be beneficial for conservation in that jurisdiction. However, regional and global
analyses, comparability of EOs, and identification of conservation priorities across jurisdictional
lines are very difficult when each jurisdiction is listing different nonstandard Elements.

%6 Standard classifications are currently under development for freshwater communities (Lammert et al. 1997) and marine
communities (Sullivan Sealey and Bustamante 1999). A classification for subterranean communities is not yet under
development.
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E2.2.4 Nonvascular Plantss?

In comparison with vascular plants, nonvascular plants (e.g., mosses, liverworts, hornworts,
lichens, other fungi, algae) are more poorly known in terms of taxonomy, distribution, rarity, and
threats. Consequently, it is difficult to list nonvascular plants comprehensively. Where possible,
selected groups (e.g., mosses, liverworts, hornworts, and lichens) should be comprehensively listed
at a national or subnational level, especially if the group is small and well known in a particular
jurisdiction or region. Ad hoc listing of other imperiled or vulnerable species should also be
considered.

Because of their more direct relationship with the substrate and their different biogeographic
history, the distribution and habitats of nonvascular plants known to be at risk are often poorly
correlated with those of vascular plants. Therefore, including at least selected nonvascular plants
on an Element List usually provides an additional perspective on biodiversity, leading to
conservation of sites that might not otherwise be chosen. Because other groups of “lower plants”
(e.g., various algal groups, fungi) and cyanobacteria cannot be feasibly listed in a comprehensive
manner, conservation of these Elements is addressed through listing communities as a coarse filter
for biodiversity.

E2.2.5 Invertebrates

Listing most invertebrates raises many of the same issues considered when listing nonvascular
plants. However, in United States and Canada the status and distribution of species in some
groups of invertebrates are sufficiently well known that these groups should be comprehensively
listed at national and subnational levels. These groups currently include freshwater mussels,
crayfishes, snails, and some insect groups, including butterflies and skippers, dragonflies and
damselflies, tiger beetles, and several moth families. Additional groups may be added to this list as
knowledge permits. As with nonvascular plants, although it may not be possible to assess the
status and distribution of a particular invertebrate group globally, there may be sufficient
information available in a given jurisdiction to do so. However, most species in most groups of
invertebrates in the United States and Canada are less well known than species in the groups
mentioned above, but should be individually listed on an ad hoc basis, especially when there is
evidence that they are in need of conservation attention.

Similar to nonvascular plants, listing additional species or groups of invertebrates has led to the
identification of sites that would not otherwise have been identified as priorities for conservation.
Also, in some cases, such sites may be critically important on a global level to the survival of
species in a particular group. For example, a high proportion of the world’s known freshwater
invertebrates, especially mussels, crayfishes, and aquatic insects, are endemic to the southeastern
United States.

Because most invertebrate species cannot be comprehensively listed, it is anticipated that the
conservation of communities, as well as the conservation of vascular plants, vertebrates, and
relatively well known invertebrate species, will capture most invertebrate biodiversity. However,

57 As used in this document, “nonvascular plants” includes not only bryophytes, but also lichens (more accurately termed
lichen-forming fungi), fungi, algae, and blue-green “algae” (cyanobacteria); these organisms have been traditionally treated as
plants, although many are now classified in other kingdoms. When listed, these organisms are usually grouped with
nonvascular plants on Element Lists.
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inclusion of selected additional invertebrates on an Element List will help ensure that additional
sites critical to the conservation of biodiversity are identified.

E2.2.6 Undescribed Species Elements

Estimates of the total number of living species span more than an order of magnitude, from around
3 million to more than 100 million, but fewer than 2 million of these species have been
scientifically described and formally named. Even in relatively well known areas such as the
United States, it is estimated that less than half of the species have been described and named. In
most Element groups there are many “new” undescribed species that have been discovered, but
these taxa may wait many years before being formally described. Rather than wait until they are
formally described, it is desirable to include undescribed Elements of possible conservation
concern on an Element List if there is a reasonable expectation that they are taxonomically
distinct. Unpublished scientific names should not be used in Element Lists; instead, an informal
designation (e.g., Carex sp 7) should be used provisionally.

E2.2.7 Infraspecific Elements

Taxonomic practices and the degree to which infraspecific taxa are currently recognized vary
tremendously among different Element groups. For vascular plants, subspecies and varieties are
often recognized; for butterflies, subspecies are often recognized; for salmonid fish, informally
named stocks are often recognized; however, for lichens, mussels, and many vertebrate groups,
few subspecies are recognized in current taxonomic treatments. In most cases, the inclusion of
infraspecific taxa on Element Lists should correspond to the degree to which such taxa are
generally recognized by systematists working on that Element group.

E2.2.8 Questionably Distinct Elements

The taxonomic standing of many species and communities is questionable or unresolved.
Uncertainty concerning the classification of a particular Element is discussed in the taxonomic
comment or classification confidence fields (for species and communities, respectively) in the
Element files (not necessarily by the assignment of a “Q” qualifier to the global rank38). In general,
it is preferable to include an Element of possible conservation concern on an Element List if there
is a reasonable expectation that it is taxonomically distinct.

E2.2.9 Nontaxonomic Elements

By definition, nontaxonomic Elements lack a standard global classification and, therefore, describe
nonstandard types that may be listed at the discretion of each jurisdiction. Typically such
Elements represent transient animal communities (i.e., aggregations of migratory species). These
transient animal communities include migratory shorebird concentrations; waterfowl
concentrations; rookeries; bat hibernacula; alcid, tern, and gull colonies; and warm water, cold

58 Some species may have a “Q” qualifier assigned to their global rank indicating that the rank is uncertain due to
questionable taxonomy. However, not all species with questionable taxonomy have a “Q” qualifier on their global rank
since the assigned rank will not always be affected by a change in taxonomy. More comprehensive information on Element
ranking is contained in on-line documentation for the Element Ranking files in the Biological and Conservation Data
System (The Nature Conservancy 1996), and in the Natural Heritage Program Model Operations Manual (The Nature
Conservancy 1988).



EO DATA STANDARD 191
2/6/02

water, and anadromous fish concentrations. Treating these aggregations as Elements serves to
group animals that are functionally related through shared seasonal behaviors. More importantly,
because of the numbers of individuals of different species, such mixed species aggregations are
often significant from a conservation perspective. For example, particular migratory shorebird
aggregations may contain a large proportion of the hemispheric populations of several species.

Although geologic features are sometimes listed by Heritage Programs because of requirements of
a parent agency, only the listing of biologically significant geologic features that are not yet
classified as community Elements (e.g., caves) can be readily justified. The use of caves (which
may be subdivided into various categories [e.g., solution and fissure, wet and dry]) as distinct
Elements serves as a surrogate classification for subterranean communities, which currently lack a
standard global classification system. Since the inclusion of caves on an Element List is analogous
to listing subterranean communities, such listing should be considered in the same context as
community Elements.

Various non-standard community types (e.g., Coastal Plain pond shores zones, dune/swale
complexes) may be useful where inventory is most feasibly accomplished by such units. Use of
such types should not be seen as a means of creating an alternative classification to the natural
community classification used by this document, but as a necessary means of characterizing parts
of the landscape that are otherwise difficult to assess using the natural community classification. It
is critical that the standard community types that comprise these units be identified, so that an
understanding of what is being identified and potentially protected is made clear, and what the EO
rank of the standard types might be. Since each occurrence of a nonstandard EO might contain a
different mix of standard Elements, each nonstandard EO should list the standard Elements found
within them.

E3 Element Ranking

Global, national, and subnational Element conservation ranks (GRANKSs, NRANKSs, and
SRANKS) provide basic information on the relative imperilment or vulnerability of an Element
within the specified geographic ranges based on a five-point hierarchical scale, ranging from
critically imperiled to demonstrably widespread, abundant and secure. In addition, Element ranks
provide, where appropriate, specific information reflecting an Element's historical or extinct status,
taxonomic level, rank certainty (as a function of available information or taxonomic questions),
and hybrid, captive/cultivated, exotic, accidental, potential, reported, and breeding/nonbreeding
statuses. For species, Element ranks provide an approximation of the risk of extinction, and they
serve as the single most important factor used to evaluate whether occurrences of an Element
should be listed. Element ranks also serve as a critical factor (for both species and communities) in
setting priorities for conservation action.

E3.1 Element Ranking Factors

Rare species and communities are particularly vulnerable to both human-induced and natural
hazards. As a result, rarity is a key predictor of extinction potential. Although rarity may seem a
straightforward concept, it is complex to characterize. For each Element, several distinct
characteristics of rarity are evaluated in assessing its conservation status: the number of different
populations or occurrences of the Element; the extent of its area of occupancy; the breadth of its
geographic range; and, for species, the total population size or number of individuals of the
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species. Considerations other than rarity are also factored into conservation status determinations.
Trends, both population trend for species (whether a species’ numbers are increasing, stable, or
declining) and trends in area of occupancy and total range for both species and communities, are
key ranking factors. The viability of existing occurrences is also an important factor, especially for
Elements whose occurrences are reduced in number or extent. Viability (see Section 5.3, EO Rank
Factors) is a function of population or community size, condition (e.g., reproductive output,
intactness of ecological processes), and landscape context (e.g., genetic connectivity). Threats to
the Element, both human and natural, must also be considered since these are important
predictors of future decline.

E3.2 Element Ranking Definitions

Global conservation status ranks are based on a one to five scale (see Table E1), ranging from
critically imperiled (G1) to demonstrably widespread, abundant, and secure (G5). Species and
communities known to be extinct (GX), or missing and possibly extinct (GH), also are recorded. A
numeric range rank is used to denote the range of uncertainty about the exact status of a species or
community (e.g., G2G3); range ranks may be assigned in situations where an Element has a
relatively equal probability of being either, or any, of the ranks included in the range specified. In
addition, Element rank qualifiers may be used to provide information on uncertainty of a numeric
rank (“?”"), questionable taxonomy (“Q”), or the captive/cultivated status of an Element (“C”).

The global conservation status of infraspecific taxa (subspecies or varieties) is indicated by using a
“T” subrank as part of the global rank. Rules for assigning “T” subranks follow the same principles
outlined above. For example, the global rank of a critically imperiled subspecies of an otherwise
widespread and common species would be G5T1. A “T” subrank cannot imply that the subspecies
or variety is more abundant than the species’ basic rank (e.g., a G1T2 subrank should not occur).

Table E1 - Definitions of Global Conservation Status Ranks

Global Rank Description
GX Presumed Extinct
not located despite intensive searches
GH Possibly Extinct

historical; still some hope of rediscovery

Critically Imperiled Globally

G1 typically 5 or fewer occurrences, or 1000 or fewer individuals
Imperiled Globally

G2 typically 6-20 occurrences, or 1000 to 3000 individuals
Vulnerable

G3 rare; typically 21 to 100 occurrences, or 3000 to 10,000 individuals
Apparently Secure

G4 uncommon but not rare; some cause for long-term concern;

usually more than 100 occurrences and 10,000 individuals
G5 Secure

common; widespread and abundant; usually with considerably more
than 100 occurrences and 10,000 individuals
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A similar numeric scale is also used for national (N1 through N5) and subnational (S1 through S5)
Element ranks. For these ranks, the status of a species or community is evaluated within specific
national or subnational jurisdictions rather than on a rangewide basis.

The global Element rank represents the rangewide conservation status of a species or community.
If the Element is vulnerable or imperiled everywhere it occurs, it has a global rank of G1, G2, G3,
or GH. Species and communities that are imperiled or vulnerable in a local area, but common
elsewhere, have global ranks of G4 or G5 and local ranks of N1, N2, N3, or NH (or S1, S2, S3, or
SH). These latter species and communities are components of biological diversity locally at risk,
but common and unthreatened in at least some other portion(s) of their ranges. The three levels in
the conservation status ranking system allow independent distinction of global, national, and more
local (subnational) conservation status.

E3.3 Element Rank Roundings®

Rounded ranks simplify complex GRANK, NRANK, and SRANK values. They may be useful
when performing tallies or analyses, or when summarizing complex Element status information for
general purposes (e.g., in products for external audiences). Rounded ranks serve as an approximate
substitute only; they are not intended as a replacement for the detailed Element status information
contained in the GRANK, NRANK, or SRANK fields when this detail is important. In general,
the rounding algorithm eliminates range ranks, strips the qualifiers off the GRANK, and focuses
on the "T" subrank for infraspecific taxa. Rounded ranks include GX, GH, G1, G2, G3, G4, G5,
and the equivalent “T” subranks.

59 More comprehensive information on Element rank rounding is contained in the document titled Element Rank
Rounding and Sequencing (The Nature Conservancy 1996).
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GLOSSARY

AD HOC ELEMENT LISTING

A selective approach for determining what to include on an Element list. With ad hoc Element
listing, only some of the Elements within a group are included without consideration of others in
the group, some of which could be of equal or greater conservation concern. This approach is
usually applied to those species in poorly-known groups of Elements that are believed to be
imperiled and vulnerable, including species of official national or subnational concern.

AREAL DELIMITED UNCERTAINTY

Locational uncertainty greater than negligible that varies within a known extent in more than one
dimension. The true location of an EO with areal delimited extent can be visualized as “floating”
within some area for which boundaries cannot be specifically delimited.

AREAL ESTIMATED UNCERTAINTY

Locational uncertainty greater than half the minimum mapping unit and that varies an unknown
extent in more than one dimension. The true location of an EO with areal estimated extent can be
visualized as “floating” within a specified boundary that delimits the full extent of uncertainty
associated with the occurrence.

BASIC FEATURE
A feature derived from a source feature that represents the occurrence including associated
locational uncertainty without the addition of any procedural or programmatic buffers

CALCULATED REPRESENTATION ACCURACY

Ratio of the observed area to the procedural area of an EO representation, multiplied by 100, used
to indicate the percentage of the procedural area of an occurrence that is actually occupied by the
Element.

COMMUNITY

An ecological community (i.e., a community Element Occurrence) is an assemblage of species
populations that co-occur and potentially interact with one another (Begon et al. 1990, McPeek
and Miller 1996).

COMMUNITY TYPE

A terrestrial vegetated community type (i.e., a community Element) is defined by conceptually
grouping “on the ground” communities into “associations” or taxonomically higher-level units (i.e.,
“alliances” or “formations”) based on similarities in floristic composition, vegetation structure
(physiognomy), and environmental characteristics (Grossman et al. 1998).

COMPOSITE EO
An occurrence comprised of different contiguous areas reflecting different categories of observed
features (e.g., an EO comprised of a stream [linear area] and a pond [large area]).
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COMPOUND EO

An occurrence consisting of noncontiguous areas close enough to each other to be considered one
EO, based on separation guidelines defined for the Element (e.g., a pothole pond community
comprised of two or more distinct ponds).

COMPREHENSIVE ELEMENT LISTING

An approach for determining what to include on an Element List in which all Elements within a
group (typically phylum, class, order, or family for species) are listed. This approach is often
applied in situations where the taxonomy, status, and distribution (e.g., by subnation) are
reasonably well-known for most species in each family or group.

CONCEPTUAL FEATURE
Conceptually characterization of an observed feature as a simplified cartographic unit (a point,
line, or polygon).

CONDITION
EO rank factor that is an integrated measure of the quality of biotic and abiotic factors, structures,
and processes within an occurrence, and the degree to which they affect the viability of the EO.

CULTURAL VEGETATION

Planted/cultivated areas defined by the Federal Geographic Data Committee (1996) as “Areas
dominated with vegetation which has been planted in its current location by humans and/or is
treated with annual tillage, a modified conservation tillage, or other intensive management or
manipulation. The majority of vegetation in these areas is planted and/or maintained for the
production of food, feed, fiber, or seed. This includes: vegetation planted in built-up settings, for
recreation, erosion control, or aesthetic purposes; all areas used for the production of crops, such
as corn, soybeans, vegetables, tobacco, cotton, wheat, and rice; grasses, legumes, or grass-legume
mixtures planted for livestock grazing or the production of seed or hay crops; orchards, vineyards,
and tree plantations planted for the production of fruit, nuts, fiber (wood), or ornamental. In cases
where one cannot assess whether it was planted by humans (e.g., some mature forests), the
vegetation is considered ‘natural/semi-natural’.

DETAILED FEATURE
A feature use to represent an observation at a scale larger than the standard map scale.

ELEMENT LIST

A register comprised of many species and communities that currently exist, or have existed
historically. Element Lists are compiled at global, national, and subnational levels to provide a
broad and well-balanced selection of the biodiversity present in the jurisdiction.

ELEMENT

An Element is a unit of natural biological diversity. Elements represent species (or infraspecific
taxa), natural communities, or other nontaxonomic biological entities (e.g., migratory species
aggregation areas).
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ESTIMATED REPRESENTATION ACCURACY

Scale that indicates the accuracy of a feature. EOs with negligible uncertainty are the most
accurate, with all other features categorized according to the biologist’s estimate of the percentage
of an EO representation that is attributable to the area of the original field observation (i.e., before
added locational uncertainty).

EO RANK

An EO rank represents the relative value of an EO with respect to others for that Element,
defined according to criteria derived from specific EO rank factors. An EO rank provides an
assessment of the estimated viability or probability of persistence of the occurrence.

EO RANK FACTOR

A factor that reflects the present status, or quality, of an occurrence, used as the basis for
estimating the viability of the EQ, i.e., its EO rank. There are three EO rank factors, each
reflecting what is currently known about an EO: size, condition, and landscape context.

EO RANK FACTOR SPECIFICATIONS

For communities, guidelines developed in a global context that establish rank criteria for each of
the EO rank factors individually. EO rank factor specifications are based on knowledge of
historical evidence and current status of occurrences of the Element.

EO RANK SPECIFICATIONS

For species, guidelines developed in a global context that establish criteria for an EO rank based
on EO rank factors. EO rank specifications are based on knowledge of historical evidence and
current status of occurrences of the Element.

EO REPRESENTATION
Mapped feature delineating the boundaries of an EO, including locational uncertainty associated
with the underlying data.

EO SPECIFICATIONS
Guidelines developed in a global context that establish minimum criteria for what constitutes a
valid EO.

EO TRACKING LIST

A subset of an Element List, compiled at national and subnational levels to define the set of
Elements that are of sufficient conservation concern to warrant the accumulation and maintenance
of detailed locational and status data (i.e., EO records) on some or all occurrences. (Also known as
an Element Inventory List.)

EO
Element Occurrence - an area of land and/or water in which an Element is, or was, present.

ESTIMATED VIABILITY

The likelihood that if current conditions prevail, an occurrence will persist for a defined period of
time (typically 20-100 years). The estimated viability of an occurrence is essentially represented by
its EO rank.
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FEATURE LABEL
An optional descriptive label indicating what the data is (¢.g., deme, nest, den, watershed). In
practice, feature labels are most useful for sub-EOs.

GENERALIZED REPRESENTATION
A representation of an EO with blurred boundaries and/or an offset position, used to protect the
location of a sensitive Element on a map to be used for public distribution.

LANDSCAPE CONTEXT
EO rank factor that is an integrated measure of the quality of biotic and abiotic factors, structures,
and processes surrounding an occurrence, and the degree to which they affect the viability of the
EO.

LINEAR UNCERTAINTY

Locational uncertainty greater than negligible that varies in one dimension (i.e., along an axis). The
true location of an EO with linear uncertainty may be visualized as effectively “sliding” within a
linear span that delineates the uncertainty.

LOCATIONAL UNCERTAINTY

The recorded location of the occurrence may vary from its true location due to many factors,
including the level of expertise of the data collector, differences in survey techniques and
equipment used, and the amount and type of information obtained. This inaccuracy is
characterized as locational uncertainty, and should be incorporated in the representation of an EO.

LOCATION USE CLASS
A descriptive name that should be assigned to all observed areas of migratory species that utilize
geographically and seasonally disjunct locations, used to group EOs by their season of occurrence.

METAPOPULATION

In a broad sense, a metapopulation is a spatially structured group of subpopulations where at least
one of the subpopulations has a non-trivial probability of natural extirpation. More narrowly
defined, a metapopulation is a population that has demographically significant exchange among
subpopulations (e.g., demes) such that the persistence of the metapopulation depends on the
combined dynamics of extirpation from given patches and recolonization among patches by
dispersal. If habitats are so far apart that dispersal between them virtually never occurs, the system
will behave as a set of completely separate populations.

MINIMUM DIGITIZING UNIT

The size of the smallest feature that is larger than the minimum mapping unit for which boundaries
will be digitized. Features that are larger than the minimum mapping unit but below the threshold
of the minimum digitizing unit may be more practically digitized using a circle buffered to the
appropriate size.

MINIMUM MAPPING UNIT
The size of the smallest feature for which boundaries will be delineated on a map of a particular
scale.
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NEGLIGIBLE UNCERTAINTY

Locational uncertainty that is less than or equal to half the minimum mapping unit in any
dimension. EOs with negligible uncertainty are based on a comprehensive field survey with high
quality mapping has a high degree of associated certainty.

OBSERVED FEATURE
Feature based on an observed area from a field survey or historical account that serves as the
foundation from which an EO representation may be developed.

OCCUPIED HABITAT

For species Elements, the area that encompasses the full extent (or full seasonal extent for aerial,
marine, or anadromous migratory species) of all behaviors and life history functions, except long-
distance dispersal, for that local population.

POINT REPRESENTATION
A point used to represent an EO at any map scale small enough that the boundary of the
occurrence is not apparent.

PRACTICAL CONSERVATION VALUE

Idea that an instance of an Element at a particular location should potentially contribute to the
survival or persistence of the Element at that location in order to qualify as an EO. Because a
primary purpose for delineating EOs is to guide conservation action, it is critical that occurrences
have practical conservation value for the Elements they represent; this is evidenced by potential
continued (or historical) presence and/or regular recurrence at that location.

PRINCIPAL EO

For species, a conceptual representation of the full occupied habitat (or previously occupied
habitat) that contributes, or potentially contributes, to the persistence of the species at that
location. Principal EOs are typically separated from each other by barriers to movement or
dispersal, or by specific distances defined for each Element across either unsuitable habitat, or
suitable but apparently unoccupied habitat.

For community types, a representation of a defined area that contains (or contained) a
characteristic species composition and structure. Principal EOs are separated from each other by
barriers to species interactions, or by specific distances defined for each Element across adjacent
areas occupied by other natural or semi-natural community types, or by cultural vegetation.

PROBABILITY OF PERSISTENCE
The likelihood that that if current conditions prevail, an occurrence will continue to exist for a
defined period of time (typically 20-100 years).

PROCEDURAL AREA
The area of the procedural feature derived through the process of developing an EO
representation.
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PROCEDURAL BUFFER
Buffer added to any basic feature that is smaller than the minimum mapping unit in any dimension
during translation to a procedural feature to produce a polygon on a standard scale map.

PROCEDURAL FEATURE

Feature that results from translation of a basic feature to a shape that represents the occurrence
and its locational uncertainty as a polygon on a standard scale map. One or more procedural
features comprise an EO.

SEPARATION DISTANCE

For species, distances defined in EO specifications for intervening unsuitable habitat and suitable
but apparently unoccupied habitat, used to separate principal occurrences of the Element. For
communities, distances defined in EO specifications for intervening different communities and
cultural vegetation, used to separate principal occurrences of the Element.

SIZE
EO rank factor that is a quantitative measure of the area and/or abundance of an occurrence.

SOURCE FEATURE
Feature derived from the translation of a conceptual feature to a tangible form. A source feature
serves as the initial digitized or manuscripted spatial component in an EO record.

suB-EO
Smaller geographically distinct areas nested within another occurrence of the same Element.

WATCH LIST

A register comprised of Elements of some current or potential conservation concern for which
occurrences are not currently tracked. Watch List status is commonly assigned to Elements of
lesser conservation concern than those that are EO tracked.
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Introduction

Element occurrence (EO, hereafter simply "occurrence") ranks provide a succinct assessment of the
estimated viability (probability of persistence) of occurrences of a given species. They provide an
estimation of the likelihood that, if current conditions prevail, a species occurrence will persist for a
period of time. Because occurrence ranks are used to represent the relative overall “quality” of an
occurrence as it currently exists, they are based solely on criteria that reflect the present status of that
occurrence. These criteria can be broadly specified as “rank factors,” namely size (including population
size and/or occupied area), abiotic and biotic conditions, and landscape context. Future threats should
not be used to “downgrade” an occurrence rank, but ongoing events (e.g., successional changes,
periodic unfavorable management) that result in inexorable degradation of occurrence quality should be
considered.

Generic Guidelines for the Application of Element Occurrence Ranks

The generic approach to ranking species occurrences focuses on occurrences that are potentially
rankable as A, B, C, and D. Many occurrences, such as those based solely on old museum records or on a
recent observation with scant data, are not rankable as A, B, C, or D, but they could be ranked as E, H, X,
U, F, or NR.

Occurrence Rank Definitions

A: Excellent viability

Occurrence exhibits optimal or at least exceptionally favorable characteristics with respect to population
size and/or quality and quantity of occupied habitat; and, if current conditions prevail, the occurrence is
very likely to persist for the foreseeable future (i.e., at least 20-30 years) in its current condition or
better. These occurrences have characteristics (e.g., size, condition, landscape context) that make them
relatively invulnerable to extirpation or sustained population declines, even if they have declined
somewhat relative to historical levels. For species associated with habitat patches or ephemeral or
particularly dynamic habitats, occurrences warranting an A rank generally consist of metapopulations
rather than single demes (unless exceptionally large and robust). Occurrences of this rank typically
include at least 1,000 mature individuals but may be smaller (100s) or might require larger populations
(10,000s), depending on the species and its demographic characteristics. However, occurrences can be
ranked A even if population size is not known. For example, for occurrences lacking information on
population size, an A rank may be appropriate under the following circumstances: the population is
clearly very large but it is not known how large; the area of occupied habitat is exceptionally large; or
the occurrence has excellent condition and landscape context and a long history of occurrence
persistence. Occurrences with excellent estimated viability are ranked A even if one or more other
occurrences have a much larger population size and/or much greater quantity of occupied habitat. In
most cases, occurrences ranked A will occupy natural habitats. However, "natural" is an ambiguous
concept, and occurrences in "unnatural" conditions (e.g., somewhat modified by human actions) may
still be assigned a rank of A if they otherwise meet the criteria.

B: Good viability

Occurrence exhibits favorable characteristics with respect to population size and/or quality and quantity
of occupied habitat; and, if current conditions prevail, the occurrence is likely to persist for the
foreseeable future (i.e., at least 20-30 years) in its current condition or better. B-ranked occurrences
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have good estimated viability and, if protected, contribute importantly to maintaining or improving the
conservation status of threatened or declining species. For species associated with habitat patches or
ephemeral or particularly dynamic habitats, a high-quality occurrence may warrant a B rank if it consists
of a single deme rather than a metapopulation (unless the single deme is exceptionally large and robust,
in which case an A rank may be appropriate).

C: Fair viability

Occurrence characteristics (size, condition, and landscape context) are non-optimal such that
occurrence persistence is uncertain under current conditions, or the occurrence does not meet A or B
criteria but may persist for the foreseeable future with appropriate protection or management, or the
occurrence is likely to persist but not necessarily maintain current or historical levels of population size
or genetic variability. This rank may be applied to relatively low-quality occurrences with respect to size,
condition, and/or landscape context if they still appear to have reasonable prospects for persistence for
the foreseeable future (at least 20-30 years). Examples include very small non-degraded relict
occurrences as well as some remnant occurrences of former landscape-level species such as many
extant occurrences of tall-grass prairie insects. These occurrences represent the lower bound of
occurrences worthy of protection.

D: Poor viability

If current conditions prevail, occurrence has a high risk of extirpation (because of small population size
or area of occupancy, deteriorated habitat, poor conditions for reproduction, ongoing inappropriate
management that is unlikely to change, or other factors). Questionably viable occurrences that could be
restored to at least fair viability should not be ranked D if restoration is deemed feasible and plausible;
in most such cases CD should be used. Very small occurrences that may be vulnerable to deleterious
stochastic events may be ranked as follows: If the stochastic event is highly theoretical or of very low
probability in the appropriate time frame (e.g., 20-30 years), then a C or CD rank may be appropriate. If
a minority of other similar occurrences have disappeared as a result of, say, disease or inbreeding, then
perhaps CD is best. If most of these small occurrences have been extirpated or are disappearing due to
such events, then D is probably appropriate. The D rank also applies if the population is so small that
there will inevitably be a year (or generation) in the near future in which by chance all adults will be the
same gender.

E: Verified extant

Occurrence recently has been verified as still existing, but sufficient information on the factors used to
estimate viability of the occurrence has not yet been obtained. Use of the E rank should be reserved for
those situations in which the occurrence is thought to be extant, but an A, B, C, D, or combination rank
cannot be assigned.

H: Historical

Recent field information verifying the continued existence of the occurrence is lacking. Examples of this
rank include occurrences based only on historical collection data, or occurrences that previously were
ranked A, B, C, D, or E but that are now, without field survey work, considered to be possibly extirpated
due to general habitat loss or degradation of the environment in the area. H may be applied to recently
verified occurrences if two or more competent subsequent efforts that should have found the species
did not, or if there has been a known major disturbance since the last observation such that continued
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existence of the occurrence is in doubt (for example, an isolated Lepidoptera occurrence that was
sprayed with Dimilin®).

In the absence of known disturbance and with the habitat still extant, H is generally recommended for
occurrences that have not been reconfirmed for 20 or more years, but for many short-lived insects a
shorter interval may be appropriate, and for unusually stable habitats (like undisturbed caves), or for
certain plants whose seeds may persist and remain viable in the soil for decades, a longer interval, up to
40 years, may be used. With very few exceptions, occurrences are to be regarded as H after 40 years
without confirmation, even with no effort to locate the species. The time frame for H occurrences is
necessarily arbitrary, and the values specified here should be regarded as generally appropriate but
somewhat flexible rules. The professional judgment of the assessor should determine when resurveys
with negative results have been sufficient in quantity and quality to warrant updating an occurrence
rank from F to H or from H to X. Deviations from the suggested time frame should be explained in the
EO RANK Comment field.

In some cases, H may indicate occurrences with imprecise locational information such that it may be
difficult or impossible to determine whether subsequent observations are of the same occurrence; many
of these occurrences may remain H indefinitely. Nevertheless, occurrences with imprecise locational
information sometimes may be mapped using an appropriate and reasonable indication of the degree of
locational uncertainty.

F: Failed to find

Occurrence has not been found despite a search by an experienced observer at a time and under
conditions appropriate for the Element at a location where it was previously reported, but the
occurrence still might be confirmed to exist at that location with additional field survey efforts. For
occurrences with vague locational information, the search must include areas of appropriate habitat
within the range of locational uncertainty.

X: Extirpated

Adequate surveys by one or more experienced observers at times and under conditions appropriate for
the species at the occurrence location, or other persuasive evidence, indicate that the species no longer
exists there or that the habitat or environment of the occurrence has been destroyed to such an extent
that it can no longer support the species.

Unrankable

An occurrence rank (including E) cannot be assigned due to lack of sufficient information on the
occurrence. As currently defined, this category is not clearly distinguishable from H, and use of U is
discouraged until this issue is resolved (perhaps by elimination of the U category). Occurrences that
currently cannot be surveyed because of access issues (e.g., a cave entrance has been permanently
sealed, or an uncooperative landowner denies access) may be ranked A, B, C, D, E, F, H, or X if the rank is
based on recent survey data obtained when access was still possible. Currently inaccessible occurrences
that are based only on old (historical) information should be ranked H. Note that access issues often are
temporary and may be overcome by negotiation, change in ownership, use of novel survey techniques,
or other methods. The U code sometimes has been used to indicate occurrences with "unknown"
viability, but such occurrences generally should be coded as H, F, or NR, depending on the
circumstances.

4 NatureServe



NR: Not ranked

An occurrence rank has not been assigned to the occurrence. This category may be used for occurrences
that never have been ranked. Additionally, NR may be used for previously ranked occurrences that have
been altered to such an extent that the previous rank likely no longer applies but the current
appropriate rank is completely unknown. Note that H may be appropriate if there has been a major,
presumably detrimental disturbance since the last observation such that continued existence of the
occurrence is seriously in doubt (versus unknown).

Dealing with Uncertainty

Note that certain combination ranks (i.e., AB, AC, BC, and CD) are encouraged and should be used to
indicate the range of uncertainty regarding the appropriate rank for an occurrence. In fact, due to
pervasive limited information about most occurrences, the appropriate rank for most occurrences will
be a combination rank. It may be relatively easy to determine an appropriate rank by eliminating clearly
inappropriate ranks (e.g., an occurrence is clearly not an A nor a D, so it's BC; or an occurrence appears
to be viable and is clearly better than a D, but little else is known, so it's AC). The ranks AD and BD are
uninformative regarding conservation value so their use is strongly discouraged; generally E should be
used instead.

Attaining Consistency in Occurrence Ranking

Occurrence ranking benefits from multiple opinions and may be accomplished most effectively in an
"expert's workshop" setting. Occurrence ranks are best determined by persons who have a good
understanding of the population characteristics of the species or who at least have good basic
knowledge of the biology and ecology of the group of organisms to which the species belongs. Such
knowledge allows the ranker to make a good forecast about the viability of a particular occurrence. The
rationale for each rank should be recorded in the EO Rank Comments field in Biotics.

Beyond Occurrence Ranks

For purposes such as monitoring the response of an occurrence to management actions, habitat
mitigation, and ecological restoration, occurrence ranks, whether qualitatively or quantitatively defined,
will be insufficient. Instead, efforts will need to be made to identify the key ecological attributes
(subcomponents of the rank factors) that play an important (driving) function in the viability of the
species. For each key ecological attribute, specific indicators or metrics can then be selected that will
reflect changes in the viability of a species. For example, “reproductive success” is an indicator of the
“reproduction and health” key ecological attribute (a subcomponent of condition), and the specific
metric is “number of fledged young.”

Hypothetical Examples of Occurrences with Suggested Ranks

Animal Examples

Butterfly associated with a wetland food plant: populations are naturally fragmented throughout the
range; species has been known from this site for more than 100 years, and the size and condition of the
site appears to have changed little over the past several decades; population occupies a small patch of
wetland (stable bog or fen, about 1 hectare); nearest occupied habitat is 50 km away; 5-30 adults seen
during recent 2-hour surveys during peak flight season (note that this is the number observed, not the
total number of adults present); wetland is on a nature preserve with good prospects for appropriate
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habitat management. Suggested rank: C. The small size of this occurrence precludes the A and B ranks,
while long-term persistence and stable conditions eliminate the D rank.

Cave invertebrate: Surveys 50 years ago found several individuals in a cave pool. Subsequently, the
opening used for access to the cave was sealed and likely will remain so indefinitely. No further
information on the occurrence is available. Suggested rank: H. Because this occurrence is based only on
old information, the appropriate rank is H. In the future, improved remote sensing/survey techniques
might allow the rank to be updated. If prior to sealing of the cave entrance the occurrence had been
ranked A, B, C, D, or E based on recent surveys, that rank would still apply until the time frame
suggested invoking the H rank, unless there is a significant probability that cave sealing might have
affected the viability of the occurrence, in which case the appropriate rank would be H.

Colonial seabird: occurrence consists of 5 adjacent islands, all of which are protected; nesting
population recently was estimated at 400,000 pairs, with no evidence of decline compared to estimates
made 25 years ago. Suggested rank: A. An occurrence with these highly favorable characteristics is very
likely to persist for the foreseeable future (i.e., at least 20-30 years) in its current condition or better.

Freshwater mussel of riverine habitat: extensive searching by experienced mussel biologists yields only
a few mature individuals and no younger age classes; despite several surveys, no other occupied habitat
patches have been found in this river in recent decades. Suggested rank: CD or D. This occurrence might
not be completely devoid of viability; some mussels have a long life span, and it is plausible that
conditions could change for the better. For example, riverine fish faunas are notoriously dynamic, and
arrival of a new host fish could allow a renewal of successful reproduction.

Grassland songbird: Surveys in the late 1970s found a few nesting pairs around the margins of a large
pasture. Since then, the species has not been detected in that area or in other locations in the vicinity,
despite surveys at the appropriate time by expert birders in each of the past three years. Suggested
rank: X. This evidence is sufficient to regard the occurrence as extirpated. If the evidence of extirpation
were not so conclusive (i.e., there is a reasonable probability that the species is still there but was not
detected), then the appropriate rank would be H.

Passerine bird associated with grassland habitat: in recent years 2-3 singing males have been present in
May in a 5-hectare hayfield surrounded by residential development and young forest; a few fledglings
were observed in July in one of the years. Suggested rank: D. This information substantiates the
existence of a legitimate occurrence, but very small size and poor landscape context indicate a high
probability of extirpation in the foreseeable future. Feasible management could not do much to improve
the prospects for persistence.

Passerine bird associated with old field conditions: recent surveys (3-5 years old) found 25-30 singing
males during the nesting season; occupied habitat patch is 100 hectares, surrounded by forest and
residential development; reforestation is slowly occurring; land is divided among several private owners.
Suggested rank: CD. Certainly the size, condition, and landscape context are not optimal or highly
favorable, so it is not an A occurrence. If existing conditions (including ongoing reforestation) prevail, the
occurrence is likely to undergo habitat degradation and thus not to maintain its current condition, so a
rank of B can be eliminated. Appropriate management is at least plausible and probably could maintain
this population for the foreseeable future in its current condition or better, so the C rank cannot be
eliminated. Because persistence of this occurrence for the foreseeable future depends on appropriate
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management that may not occur (in which case the occurrence may be extirpated), a rank of CD is
warranted.

Pond-breeding odonate: occurrence encompasses a complex of several neighboring wetland patches of
various sizes of up to a few hectares; species was first discovered in this location 75 years ago; recent
quick surveys yielded multiple adults and exuviae in nearly every patch; wetland and adjacent upland
habitat are protected and not subject to pesticide applications. Suggested rank: AB. This occurrence,
which likely represents a metapopulation and for which long-term persistence has been documented,
can be expected to exhibit at least good viability. Further information on population size, habitat
condition, and landscape context might allow one to distinguish between A or B.

Pool-breeding ambystomatid salamander of forested landscapes: occurrence is represented by several
breeding sites; pools contain dozens to hundreds of egg masses; breeding sites are surrounded by an
extensive tract of mature forest. Suggested rank: AB. This occurrence, which likely represents a
metapopulation, can be expected to exhibit at least good viability. Further information on occurrence
size, condition, and landscape context might allow one to distinguish between A or B.

Pool-breeding amphibian of forested landscapes: occurrence consists of a single, isolated breeding pool
and surrounding, mostly intact uplands; 20 percent of the upland area contains rural residential
development; single recent survey found several hundred egg masses in the breeding pool. Suggested
rank: B. Evidence indicates a substantial population that is, however, confined to a single pool, and the
upland habitat has been somewhat degraded, so the occurrence does not meet the criteria for an A
rank. On the other hand, an occurrence such as this is likely to persist if current conditions prevail, hence
it is not a D occurrence. Given the large number of egg masses, the occurrence has good prospects for
persistence and appears to be better than a marginal or C occurrence.

Pond-breeding toad: occurrence encompasses a single pond and surrounding uplands: pond is
protected but most habitat around the pond has been converted to residential development over the
past decade; recent surveys in appropriate season yielded a total of 3 egg masses in the pond.
Suggested rank: D. Extremely small size and poor condition and landscape context make it highly
unlikely that this occurrence will persist, let alone ever become a viable occurrence.

Rattlesnake that uses communal hibernacula: Museum specimens and a published account from 15
years ago document the existence of a denning population somewhere on remote Snake Mountain. Last
year a well-timed, one-day survey failed to find any rattlesnakes, but much suitable, difficult-to-access
habitat was not searched. Suggested rank: F. The recent brief survey does not preclude the possibility
that the occurrence is still extant, so the appropriate rank is F.

Remnant grassland butterfly: small habitat scrap of 4 hectares of unmanaged dry native grassland,
surrounded by residential development and with a cleared party spot with scraps of burned wood near
the middle; absentee owner; neighbors recently started using part of the area for motorcycle recreation;
the area mark-release-recapture studies estimated 30, 40, 35 and 50 adults within the past decade; 20
years ago there were three other comparable occupied habitats within 2 kilometers but now none are
known within 50 km; populations of this species commonly decline (often in dry years) to as low as 10-
20% of the mean during a 10-20 year period; according to old timers and anecdotal literature from
several states colonies often suddenly appeared or disappeared; data indicate that immature stages are
usually reduced by 90-100% following fires; a huge majority of suitable habitat patches in the state no
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longer support the species. Suggested rank: D. With a mean of about 39 adults this apparently stable
population is expected to fall to around 4-8 adults within 10-20 years from just routine fluctuations and
certainly could not recover from two consecutive bad years, and might not from one. Furthermore, fires
are nearly inevitable considering current context and uses and are most likely during already bad (dry)
years. This occurrence has a high risk of extirpation during the next 20-30 years, and it appears to be
implausible that the occurrence will be restored to at least fair viability through appropriate
management.

Small mammal of arid basins: recent random surveys indicate that the occurrence extends over at least
100 square kilometers; habitat appears to be relatively unaltered, stable, and compatibly managed;
population size and density are unknown, but the species is readily detected. Suggested rank: AB. This
evidence suggest an at least good probability of continued occurrence persistence in the present
condition or better. Nothing here appears to compromise the viability of the occurrence.

Small mammal of coastal dunes: occurrence extends along 3 kilometers of protected coastal dunes;
surrounding areas are heavily developed (hotels, parking lots, etc.); species was first documented at the
site 30 years ago; each of several live-trapping efforts in recent years yielded at least a few individuals
per 100 trap-nights. Suggested rank: BC. Limited size and less than highly favorable landscape context
eliminate an A rank, and documented persistence over at least 30 years indicate that the occurrence
rank is better than D. Further information on population size is needed to determine whether the rank
should be B or C.

Snake of rocky desert mountains: recent 1-day survey found 9 individuals scattered over 2 patches of
talus habitat in a single remote mountain range (not readily accessible by road); suitable habitat
encompasses several additional adjacent patches totaling a few square kilometers of basically
undisturbed talus. Suggested rank: AB. Snakes in such habitats generally are difficult to observe in
guantity, so seeing this many in one day suggests an ample population. Evidence indicates that the
habitat is not subject to much disturbance and can be expected to persist in at least good condition for
the foreseeable future.

Spring-dwelling fish: Surveys done 5 years ago documented a robust population in a natural spring-fed
pool; on this basis the occurrence was ranked B. Examination of aerial photos taken last year and
discussions with local residents indicate that the pool has been significantly modified in size and shape,
but new fish surveys have not been conducted. Suggested rank: NR. Available information is insufficient
to determine whether the changes have been positive, negative, or neutral; at one extreme, the fish
may have been eradicated (perhaps in conjunction with the introduction of a predatory species in the
modified habitat), or perhaps the changes have benefited the native fish population. Because of the
altered conditions, the basis for the previous rank of B no longer applies, and the status of the
occurrence needs to be redetermined; meanwhile, the rank should be updated to NR.

Tadpole shrimp of ephemeral pools: known occurrence consists of a single 1-hectare basin in a
landscape altered only by seasonal grazing of livestock, which has occurred over several decades; 25
specimens were collected from the site 20 years ago; last year a single specimen was collected
(abundance unknown); the basin was dry this year; unknown whether or not there are any nearby
occupied pools. Suggested rank: AC. Tadpole shrimp eggs can persist for years in a dry basin, and these
shrimp can be dispersed among basins by birds and other mobile animals. In a particular location,
tadpole shrimp may be present for one or more years, then absent for a variable number of years and,
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when present, they may range from scarce to abundant. Presence of tadpole shrimp in a basin in
multiple years over a wide time frame suggests that the basin will continue to support a population
(although perhaps irregularly) for the foreseeable future, if current conditions prevail, so the rank--even
for this pool alone--is better than D. Further information on population size and landscape context (e.g.,
presence of nearby occupied pools) might allow one to define the rank more precisely. In particular this
pool might or might not prove to be merely a portion of a larger A or B quality metapopulation.

Tiger beetle of coastal sand dunes: cursory surveys during the appropriate season consistently yield
observations suggesting that a population of at least a few hundred adults (and undetermined numbers
of larvae) occupies a suitable habitat patch of 25 hectares in a national park; museum collection records
for the area extend back at least 50 years; habitat has natural processes largely intact but is partially
encroached on by a small asphalt parking lot that has been present for at least 30 years, and a small
portion of the habitat is subject to light foot traffic by humans. Suggested rank: BC. Nonoptimal habitat
conditions, and evidence of long-term persistence of a currently significant population, eliminate A and
D ranks, respectively. Further information on population size and landscape context (e.g., presence of
nearby occupied patches) might allow one to define the rank more precisely.

Toad that uses ephemeral bodies of water for breeding: Surveys in the 1970s found a several breeding
toads in and around a shallow pool in a prairie landscape then used as cattle pasture. Today the site has
been completely replaced by commercial development, and the former breeding site has been filled and
covered with asphalt. Recent searches and examination of recent aerial photographs found no evidence
of suitable breeding habitat anywhere within a few kilometers of the previous breeding site, and there
are no other records of the occurrence of this species in the area. Suggested rank: X. This evidence
indicates that it is appropriate to regard the occurrence as extirpated.

Turtle of freshwater wetlands: population of approximately 80-100 mature individuals, plus various age
classes of immatures, occupies most of a 15-hectare wetland; no indication of a major increase or
decline but few data are available for trend estimation; wetland is in a wildlife sanctuary and protected
from outright destruction. Suggested rank: B. Ideally, A-ranked occurrences should be represented by
thousands of adults, but in the case of long-lived species such as turtles, a population of hundreds of
adults likely would exhibit excellent viability. This occurrence does not exhibit optimal population size
for excellent viability, yet the prospects for long-term persistence without additional protection or
management appear to be very good, so the rank should be less than A and higher than C.

Wetland turtle: Information from 10 years ago established an occurrence in a difficult-to-access
wetland; this occurrence was then regarded as a viable occurrence and was ranked BC. Aerial photos
taken last year indicate extensive alteration of both the wetland and upland habitat adjacent to the
wetland over the past decade. Last year, a reliable person observed and photo-documented a single
adult turtle on the site, but other recent information about the population is not available. Suggested
rank: E. This information indicates that the rank might be as high as B (if the turtle population has not
been negatively affected by the habitat changes) or as low as D (e.g., if the only suitable nesting habitat
has been destroyed). An occurrence rank of BD is uninformative for conservation purposes. Because
available information is too limited to determine the estimated viability of this occurrence, the
occurrence should be categorized only as extant.

Wetland turtle: Collection information from 50 years ago established an occurrence in a difficult-to-
access wetland; this occurrence was then regarded as a viable occurrence and was ranked B. No further

9 NatureServe



information about the turtle population is available. Recent aerial photos of the area indicate extensive
alteration of both the wetland and upland habitat adjacent to the wetland over the past two decades.
Suggested rank: H. This occurrence needs to be surveyed in order to verify that it still supports a turtle
population and to determine current occurrence viability.

Plant examples

Herbaceous plant of interior, stabilized sand dunes: A university museum includes a specimen collected
in the 1940s from a vague location in a dune area, which still exists and is largely intact. Nothing else is
known about the occurrence, and the area has not been well surveyed. Suggested rank: H. This
information is too old to support an occurrence rank other than H. The occurrence needs to be surveyed
in order to verify that it still supports a population and to ascertain occurrence viability.

Long-lived perennial plant of wetlands: occurs only on the edges of wet sphagnum bogs; recent survey
found 19 plants, 60% in leaf only, 40% in fruit; 40% seedlings, 20% immature, 40% mature; occupied
area is less than 1 hectare; in 2005 there were three main patches of plants, and at least one
subsequently was destroyed by bulldozing to expand a cranberry bog; two remaining patches are extant
but need follow-up survey. Suggested rank: C or CD. The small size of this occurrence, and its poor
condition and landscape context, indicate that A or B ranks are not appropriate. Under current
conditions, the probability of persistence seems low, so the occurrence may warrant a rank of D, but
evidence of ongoing reproduction suggests that a C rank might be appropriate, especially if only a small
proportion of the remaining plants were destroyed and there is a reasonable chance that the remaining
habitat can be protected and appropriately managed.

Perennial herb of calcareous habitat: occurrence restricted to limestone barrens on isolated peninsula
of 363 hectares (864 acres) on marine coast; outlier population from main range (~1,600 kilometers
away); past quarrying stopped with protection as provincial natural reserve in 1998; harsh environment
resulting in short growing season but possible annual seed set and seeds dispersed by wind; no recent
surveys for numbers of plants but observed sporadic distribution throughout peninsula. Suggested rank:
BC. Available information indicates that this occurrence does not exhibit optimal or highly favorable size,
condition, and landscape context, and it does not suggest an occurrence with a high probability of
extirpation, so the A and D ranks can be ruled out. Further information on population size (100s?,
1,000s?) should allow one to define the rank more precisely.

Perennial herbaceous plant of upland forests: A botanist collected the species last year and deposited a
specimen in an herbarium, but nothing else is known about the occurrence. Suggested rank: E. If we
assume the collected specimen was not the last remaining individual, we can consider the occurrence to
be extant. Further information is required in order to categorize the occurrence status more precisely.

Perennial plant of wooded landscapes: historical records indicate that the species was fairly common in
the several hectares encompassed by the occurrence; recent targeted surveys yielded only a few
individuals, all browsed by deer; deer population in the area is large and unlikely to decrease. Suggested
rank: CD. Clearly not an occurrence with excellent or good estimated viability (too small, poor condition
and landscape context), so not an A or B occurrence. Construction of a deer exclosure might prevent
total loss of the remaining population, but otherwise the occurrence has a high probability of extirpation
in the foreseeable future, so the appropriate rank is CD.
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Seed-banking annual plant of river sand bars: isolated relict species; population of many 10,000s of
mature individuals occupies much of a 90-km stretch of river corridor; abundance fluctuates greatly
from year to year; population appears to be negatively affected by hydrological and sediment transport
alterations associated with present dam operations. Suggested rank: BC. The occurrence exhibits good
size characteristics but current circumstances indicate that a small or large decline might be occurring.
Though the occurrence may persist for the foreseeable future in good or excellent condition, it is also
possible that current conditions are resulting in a major decline that could significantly jeopardize
occurrence viability. The combination rank reflects this substantial uncertainty.

Short-lived perennial desert plant, emergence dependent upon spring rains: occurrences and
abundance vary widely from year to year in response to variations in precipitation): 78 plants found in
intensive survey in 1989, 15 plants observed in brief 1990 survey, 4 plants in 1991 late-season survey, 5
plants observed in 1998 at peak season with fairly intensive surveys after favorable precipitation
conditions; site is seasonally grazed by sheep, which decreases the abundance of the plant, and change
in management is unlikely. Suggested rank: D. The small size and poor condition of this occurrence
immediately rule out A and B ranks. Available data suggest a significant declining trend and high
probability of extirpation if current conditions prevail.

Wetland orchid: In the 1960s a small population of a wetland orchid was documented on a site on
private land that was formerly accessible through landowner permission. Today the site is no longer
accessible due to an uncooperative new landowner. Suggested rank: H. Because this occurrence is based
only on old information, the appropriate rank is H. The occurrence rank could be updated in the future if
access to the site improves.

History and Rationale

Problems with Previous Occurrence Rank Specifications

In 2008, NatureServe zoology staff reviewed all existing occurrence rank specifications for vertebrates
and invertebrates. Many of the rank specifications superficially looked good; they often included
guantitative criteria that seemed to appropriately "scientific." However, on closer inspection, these
occurrence rank specifications generally turned out to be arbitrary, highly subject to change, of
uncertain utility for distinguishing occurrence viability, and impractical or impossible to apply. When
viewed as a whole, the occurrence rank specifications lacked a clear and consistent conceptual
framework.

One of the major problems involved the use of specific measures of abundance, such as catch or
observation rates, to distinguish occurrence viability. Catch rates are known to vary greatly with
surveyor, methods, season, or other factors, and so the resulting data may not accurately reflect
abundance. Consequently, it is generally unreliable to use such data for determining occurrence ranks.
Strict adherence to specified sampling protocols might alleviate this problem, but in the real world such
consistency rarely occurs.

Another problem with using quantitative occurrence rank criteria derives from the demographic
characteristics of various plant and animal species. In many species, substantial variations in population
size occur over periods of multiple years. If we establish precisely defined population criteria (e.g.,
>1,000 = B, < 1,000 = C) for ranking occurrences, we cannot simply use current population size to rank
occurrences because the rank of some occurrences would change through the course of normal annual
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population fluctuations. Additionally, occurrences may be incorrectly ranked because the year or years
sampled represent extreme conditions. One could circumvent this problem by using averages or modal
or worst-year conditions, but such information is rarely if ever available. In fact, most of the occurrence
rank specifications that were written in the past often appear to be unusable for most occurrences
because the required information does not exist, rarely will be obtained, and sometimes cannot be
obtained by known methodologies.

Even if abundance could be determined in a meaningful, repeatable way, we would still lack a secure
scientific basis for specifying precisely defined, objective occurrence viability criteria. Conservation
biologists have had enormous difficulty in determining or agreeing on quantitative population viability
criteria for various taxonomic groups. And long-term population trends from the real world frequently
are at odds with theoretical considerations.

Because of these factors, past efforts to establish useful, reliable, and stable occurrence rank criteria
were largely unsuccessful.

A Simplified Approach

NatureServe scientists have concluded that elaborate or highly specific quantitative criteria are not
required in order to rank species occurrences usefully for conservation purposes. Instead, categorical,
qualitatively defined rank guidelines should be sufficient for most occurrence ranking. For a small
minority of well-studied species or groups of species it may be possible to develop and employ
meaningful, quantitative occurrence rank criteria, and the generic occurrence rank guidelines described
in the following section do not preclude the use of more quantitative alternatives. In fact, for some
particular species or species groups, the previously existing occurrence rank specifications were
modified and retained. Many of these specifications basically offer suggestions as to how to apply the
generic concepts to the species or group. When species- or group-specific occurrence rank specifications
are available they should be consulted, and the ranker should decide whether these or the generic
guidelines (or a combination) work best for the information at hand.

Advantages of Generic Occurrence Rank Guidelines

The generic occurrence rank guidelines for species address the problems mentioned above, and they
circumvent additional problems. For example, for some species, the viability of populations of equal size
may not be the same in two different regions or even in different habitats of the same region. The
qualitative generic criteria deal effectively with species that exhibit substantial ecogeographical
variations in demographic characteristics and eliminate the need to write multiple occurrence rank
guidelines for single species. By focusing on probability of persistence, the criteria should work equally
well for occurrences that attempt to represent populations as well as those that are arbitrary
conservation units (e.g., occurrences of many migratory birds). Also, the generic criteria allow one to
consider all of the variables that affect occurrence viability without having to anticipate them or
incorporate them into the occurrence rank criteria. The generic occurrence rank guidelines are much
less susceptible to change than are specific quantitative (but arbitrary) criteria. Additionally, the generic
occurrence ranking guidelines make it likely that occurrences can be assigned to a rank other than "E,"
particularly if combination ranks (e.g., AB, AC) are employed.

Most importantly, we believe that the occurrence ranks derived from the generic criteria will be
sufficient for conservation prioritization — for identifying a set of target occurrences for conservation
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action. They should allow users of the ranks to distinguish among occurrences with excellent viability,
other robust (good viability) occurrences, occurrences with fair viability, and poor occurrences that have
a high risk of extirpation.
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Applying the Generic Approach: Decision Key and Guidance

Introduction
The purpose of this key is to aid the user in assigning estimated viability ranks to Element Occurrences
(EOs) by providing a step-by-step guide to applying the Generic EO Ranking Approach.

The generic EO ranking approach was developed to address the challenge of assigning ranks on the basis
of minimal data and encourages the use of combination ranks (specifically AB, AC, BC, or CD) to better
represent the uncertainty of occurrence persistence. While the generic approach to ranking EOs is used
for most species, specific criteria for assigning ranks have been developed for particular species or
groups of species and should be used instead of the generic approach when they exist. Before using the
Decision Key for ranking occurrences, the user should first determine whether specific EO rank
specifications exist for a species by reviewing either the EO Rank Specifications records in Biotics or the
Population Viability section of a Comprehensive Report generated for the species using NatureServe
Explorer.

Because EO ranks provide an assessment of the estimated viability (likelihood of persistence for the
foreseeable future [i.e., at least 20 - 30 years] in the present condition or better) of occurrences based
on current status information, future potential threats to an EO should not be used to raise or lower its
rank. However, ongoing events (e.g., successional changes, favorable or unfavorable management) that
are resulting in the improvement or decline of occurrence quality should be considered in assigning a
rank. Occurrences that cannot be ranked A (excellent viability) through D (poor viability) or some
combination rank may be assigned an E (verified extant), H (historical), F (failed to find), X (extirpated), U
(unrankable), or NR (not ranked) value, as appropriate. Definitions of these ranks may be found on page
2. The rationale for each rank assigned should be documented in an EO Rank Comments field.

To help ensure consistency in ranking among NatureServe member programs, review the ranking
examples beginning on page 5. (“Hypothetical Examples of Occurrences with Suggested Ranks.”)

Occurrence Ranking Key for Applying the Generic Approach

a No attempt has been made to assess the viability of the EO, or the NR: Not Ranked
1 existing EO rank no longer applies.
b An attempt has been made, or is being made, to assess the viability of | 2
the EO.
EO has been recently (i.e., within last 20 years or an appropriate 3
interval for the taxon) verified as extant.
EO has not been recently (i.e., within last 20 years or an appropriate 9
interval for the taxon) verified as extant
Sufficient information (some aspect[s] of size, condition, and /or E: Verified Extant

landscape context) is not available to assess EO viability. [Note: In this
case, use an E rank rather than the AD or BD combination ranks].
Sufficient information (some aspect[s] of size, condition, and /or 4
landscape context) is available to assess EO viability.
If current conditions prevail, EO persistence for the foreseeable future | AC: Excellent to
(i.e., at least 20 - 30 years) is reasonably certain. EOs with low or Fair viability
declining quality may be included if they still appear to have continue to 5 if
reasonable prospects for persistence for the foreseeable future. In
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addition, EOs that may persist for the foreseeable future with
appropriate protection or management may be included if that
management or protection is currently ongoing.

rank may be
further refined

If current conditions prevail, EO persistence for the foreseeable future
(i.e., at least 20 - 30 years) is uncertain because of small population
size or area of occupancy, deteriorated habitat, poor conditions for
reproduction, ongoing inappropriate management that is unlikely to
change, or other factors.

Fair to Poor

viability continue
to 6 if rank may b
e further refined

Some aspect(s) of size, condition, landscape context, population size
and/or quality and quantity of occupied habitat are optimal,
exceptional, or highly favorable. EO is expected to persist in its current
condition or better. EO has highly favorable and higher quality
characteristics.

AB: Excellent to
Good viability
continue to 7 if
rank may be
further refined

Some aspect(s) of size, condition, landscape context, population size
and/or quality and quantity of occupied habitat are not optimal or
exceptional. EO may or may not persist in its current condition or
better. EO has favorable to lower quality characteristics.

BC: Good to Fair
viability continue
to 8 if rank may
be further
refined

EO has some risk of extirpation in the foreseeable future (i.e., at least
20 - 30 years) but restoration is deemed feasible and plausible, or
stochastic events that would extirpate the population are of low
probability within 20 - 30 years

CD: Fairt o Poor
viability

EO has a high risk of extirpation in the foreseeable future (i.e., at least
20 - 30 years). Restoration is not feasible and/or not plausible.
Stochastic events that would extirpate the population are expected to
occur within 20 - 30 years.

D: Poor viability

Most aspects of size, condition, landscape context, population size
and/or quality and quantity of occupied habitat are optimal or
exceptionally favorable. EO is very likely to persist for the foresee able
future (i.e., at least 20 - 30 years). These EOs have characteristics that
make them relatively invulnerable to extirpation or sustained
population declines even if they have declined somewhat relative to
historical levels. If population size is unknown, area of occupied
habitat is exception ally favorable; or the EO has excellent condition
and landscape context and a long history of persistence. In most cases
these EOs occupy natural habitats; however, EOs somewhat modified
by human actions may still be included if they otherwise meet the
criteria.

A: Excellent
viability

Some aspect(s) of size, condition, landscape context, population size
and/or quality and quantity of occupied habitat are favorable. EO is
likely to persist for the foreseeable future (i.e., at least 20 - 30 years) in
its current condition or better. This category includes EOs that
contribute importantly to maintaining or improving the conservation
status of declining or threatened species but do not meet A criteria.

B: Good viability

Some aspect(s) of size, condition, landscape context, population size
and/or quality and quantity of occupied habitat are favorable. EO is
likely to persist for the foreseeable future (i.e., at least 20 - 30 years) in

B: Good viability
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its current condition or better. This category includes EOs that
contribute importantly to maintaining or improving the conservation
status of declining or threatened species but do not meet A criteria.
Few aspect(s) of size, condition, landscape context, population size C: Fair viability
and/or quality and quantity of occupied habitat are favorable. There
may be some uncertainty about the long-term persistence of the EO
(i.e., for at least 20 - 30 years), or the EO may be expected to persist
but not necessarily maintain its current quality.

Appropriate surveys or other persuasive evidence indicate the EO no X: Extirpated
longer exists.

EO may still exist. 10

An appropriate survey was conducted but the EO was not found. 11

No appropriate survey has been conducted but the EO is possibly H: Historical

extirpated due to a known major disturbance or general habitat
loss/degradation, or the existence of the EO has not been reconfirm ed
for 40 or more years. This category includes EOs based on old
information that cannot be surveyed because of access issues as well
as EOs with locational information too imprecise to reconfirm. [Note:
With very few exceptions, occurrences are to be regarded as H after
40 years without confirmation, even with no effort to locate the taxon.
Exceptions can be found in the Generic EO Ranking Approach
document].

One to a few surveys have been conducted which failed to locate the F: Failed to find
a | EO, but additional negative survey(s) are needed to provide sufficient
evidence that the EO should be considered historical or extirpated.
There have been sufficient surveys to justify considering the EO H: Historical
11 possibly extirpated. This category includes EOs that have not been
reconfirmed for 20 or more years (or an appropriate interval for the

b | taxon). [ Note: With very few exceptions, occurrences are to be
regarded as H after 40 years without confirmation, even with no effort
to locate the taxon. Exceptions can be found in the Generic EO Ranking
Approach document].

Note: In rare situations where there is a lack of sufficient information to rank an EO using the key above,
the occurrence may be ranked U: Unrankable. However, use of this rank is discouraged. EOs with
unknown viability should be ranked H, F, or NR, unless confirmed extant in which case the EO should be
ranked E.
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