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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, I 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 



2 
 

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. I do not believe that Aster is “very rare” in Vermont as I 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 
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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
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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).1 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 

 
1As 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, I 
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).  

8.  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:  



6 
 

9.  

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, 
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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) 

“[n]arrow 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. 

12. 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 
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own Guidance (Exhibit ANR-RP-3)2 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 (𝐴𝐴=𝜋𝜋𝜋𝜋2)). 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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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). 

13. 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.”     

14. 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 
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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. 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.   

16. 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).  

17. 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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and Nimblewills near the Apple Hill solar site is to perform a plant survey, which has 

not been done since 2017.      

18.  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).       

19. 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/). 

20. 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. 

 

https://gobotany.nativeplanttrust.org/species/muhlenbergia/schreberi/
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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. 

      

      ____________________________ 

       Jim McClammer 

 



EXHIBIT 1
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Phytologia (September 1994) 77(3): 141-297.

REVIEW OF THE TAXONOMY OF ASTER SENSU LATO (ASTERACEAE:

ASTEREAE), EMPHASIZING THE NEW WORLD SPECIES

Guy L. Nesom

Depaitment of Botany, University of Texas, Austin, Texas 78713 U.S.A.

ABSTRACT

The genus Aster (as tjrpilied by A. amellus L.) and its closest rel-

atives comprise the subtribe Asterinae a. 3tr. These ca. 306 species in

thirteen genera are primarily restricted to the Old World; Aater is the

largest of these (with ca. 180 species) and is restricted to the Northern

Hemisphere of the Old World, except for the seventeen species of Aater

sect. Calimeridei (the A. harveyanus Kuntze group), which occurs in

southeastern Africa, and A. alpinus L., which occurs in Asia and North

America. The status of problematic, potentially generic-level Asian

groups presently maintained within Aster s. str. is discussed. Boltonia is

the only American genus hypothesized to be in the Asterinae. The New

World species previously classified primarily within Aster are here ap-

portioned among eleven previously described genera and two new ones,

including the following (with number of species indicated): Almutaster

(1), Ampelaster gen. nov. (1), Chloracantha (1), Canadanthus gen.

nov. (1), Doellingeria (11 - three from North America, eight from Asia),

Bucephalus (11), Eurybia (28), lonactis (5), Oclemena (3), Oreostemma

(3), Psilactis (6), Sericocarpus (5), and Symphyotrichunu, including Vir-

gulus (97). The status of Tonestus (eight species) within the Asterinae

is considered, but it probably is best placed within the Solidagininae.

A taxonbmic account is provided for infrageneric categories and all 181

species of these fourteen American genera (including Tonestus), with

new combinations necessary to establish a complete nomenclature; mor-

phological summaries are provided for all. The validity and typilication

of the name Eurybia (Cass.) S.F. Gray is discussed in detail. Asian

Asterinae are generally characterized by obovate, flattened, 2-nerved

achenes commonly with glandular faces and are hypothesized to com-

prise a monophyletic group. American species (the Symphyotrichinae)

are generally characterized by their cylindric to fusiform, terete, multi-

nerved, and eglandular achenes, but transitions to flattened and few-

nerved achenes apparently have occurred in parallel with Asian taxa.

141
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Similarities between the two groups and the apptu'ent basal position of

the American taxa suggest that aU should be included within a single

subtribe, the Asterinae. Phylogenetic hypotheses are presented for re-

lationships among the American genera. A discussion of chromosome

evolution within the tribe Astereae is provided, with reference to the

definition of Asterinaean genera.

KEY WORDS: Aster, Asterinae, Astereae, Asteraceae, Old World,

New World

INTRODUCTION

Most systematists dealing with the genus Aster have recognized it as tax-

onomically difHcult with regard to the delimitation of species as well as the

recognition of natural groupings of species. There have been numerous pub-

lished studies in the last fifteen years at both levels of the taxonomy of Aster.

Two such studies, concentrating on the North American taxa, have provided

independent and divergent overviews of the taxonomic structure of the genus

(Jones 1980a; Semple & Brouillet 1980a). These botanists, and others, have

also provided a great deal of new and critical data on chromosome numbers

(see summary by Semple 1992) and morphology within the Aster alliance, clar-

ifying the boundaries of species and species groups. The present study reviews

recent developments in the taxonomy of Aster s. lat. aad provides a signifi-

cantly different perspective on the taxonomy of the group, based primarily on

a morphological survey. The taxonomic status of New World and Old World

groups is considered; alternative treatments are propose*! for a number of the

New World species and suggestions are made for alternative treatments of Old

World species and species groups.

The comments of Cronquist (1947, p. 147-148) can serve as a starting point

in the present review:

"Until the publication of the first part of the second volume

of the Genera Plantarum [Bentham and Hooker 1873), it was cus-

tomary at least in America to regard the various /later-segregates

as valid genera. Asa Gray rather reluctantly followed Bentham 's

sweeping reduction of most of the segregates, and further pointed

out that if these were to be reduced, Brachyactis would have to

foUow."

"While the extended definition of Aster has certainly not been

uniformly accepted, it has been followed by the majority of Amer-
ican taxonomists since Gray's adoption of it, more especially so

since the swing away from the splitting vogue of the first quarter
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of this century. The Benthamian definition, with Gray's addition of

Brachyactis, was also adopted by Hoffmann [1890] in his treatment

of Compositae for the Naturltchen Pflanzenfamilien.^^

"Although I do not wish to become involved at this time in a

discussion of the propriety of the extended definition of Aster, I

must support it, with some misgivings, at least until a thorough

study of the old-world as well as the American species provides a

reasonable basis on which all species can be referred either to Aster

proper or to a morphologically definable segregate."

The direction of the present review is based on two broad observations,

derived in part from a study of the entire tribe Astereae (Nesom 1994e). First,

typicaJ Aster a.B.d its closest relatives (the subtribe Asterinae 5. str., comprising

fourteen genera) appear to be restricted to the Old World (except for the

New World Boltonia). And second, more than half of the species that have

been included within New World Aster appear to constitute a diverse but

coherent group (the genus Symphyotrichum, as interpreted here), and a smaller

number of North American species groups represent separate phylads. Most

of the latter have previously been segregated as independent genera, their

morphological and phyletic distinctions equivalent to those among other genera

in the rest of the tribe.

In an earlier study (Nesom 1993c) I placed Sericocarpus as a basal member
of the subtribe Solidagininae. In contrast, it is placed here among the North

American groups of asters, with the acknowledgment that Cronquist (1947b)

was correct in adding this group of species to those that constitute Aster in

the broadest sense and that Semple k BrouiUet (1980a) and Jones & Young

(1983) correctly placed it near most of its closest relatives in their classifica-

tion. Sericocarpus is hypothesized here to be most closely related to the North

American genus Eurybia, although its plesiomorphic similarities to the Sol-

idagininae may reflect a closeness of common ancestry. Similarly, lonactis was

recently hypothesized to be the most primitive member of the Chrysopsidinae

(Nesom & Leary 1992), but that subtribe is a well-defined group without lon-

actis, which is hypothesized here to be relatively isolated but perhaps most

closely related to the genus Bucephalus among North American asters.

In the present view, relatively few species of only one other genus, Psilac-

tis, need to be added to the other New World species before the entire assem-

blage could be considered a single, heterogeneous genus. Species of Psxlactis

have been included in Aster, most recently by McVaugh (1984), and Morgan's

molecular data (1990, 1993) suggest that species of Psilactts are closely related

to others treated here within Symphyotrichum.

One species of the genus Tonestus has been included in Aster ( T. kingii

[D.C. Eaton] Nesom, see Nesom 1991b). The genus was included among the

North American asters in my subtribal classification (Nesom 1994e), and it is
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tentatively mjiintained there in the present review. It is anomalous there, how-

ever, in its mix of discoid and yellow- and white-rayed species and the papillate

collecting appendages of the disc flowers. The other species of Tonestus were

mostly treated previously within Haplopappus, which has now been completely

dismantled in North America (Nesom & Morgan 1990) and distributed among

a number of phylogenetically disparate genera. The molecular data of Morgan

(1990) suggest that Tonestxis is closer to the Solidagininae.

In a recent overview and taxonomic summary of the tribe Astereae (Ne-

som 1994e), I suggested that North American Aster should be divided into

a number of genera. That course is discussed in detail below and the neces-

sary taxonomy formalized, with two significant updates. I have since realized

that the earliest, legitimate, available generic name for the species I divided

between Heleastrum and Herrickia is Eurybia (Cass.) S.F. Gray (see detailed

discussion below). And with additional perspective, I find that the distinction

between the subtribes Asterinae and Symphyotrichinae cannot be maintained,

and the latter (newly proposed by me) becomes a synonym of the former.

Maintenance of a "conservative" treatment, or a "traditional" treatment,

of Aster has sometimes been stressed as a valuable objective or at least im-

plied to be such. Use of these terms, however, to describe the most current

classifications of Aster is only partly appropriate, as nomenclature is already

in place for long-recognized segregates. Further, the current view of Aster was

engendered by a fundamental, abrupt (vs. conservative) broadening wrought

primarily by Bentham and Gray and extended nearly io its liniit by Cron-

quist. Some of such North American segregates have been included in Aster

for a shorter time than they were treated as independent genera, and a truly

traditional approach, with no other considerations, would be to treat them
separately. The current, broad concept of Aster may be conservative in the

sense of inclusiveness, but significant elements of what is conserved have been

accreted in recent years. Further, until now the taxonomy of the genus has

not been critically examined within the context of other genera of Astereae

or, for the most part, even among a broad representation of species and gen-

era from outside of North America that might be closely related to Aster s.

lat. The treatment presented here could be considered conservative in that it

maintains, in large part, a large and morphologically diverse group of species

within a single genus {Symphyotrichum).

I. Review of recent Aster classifications

Both of the recent taxonomic overviews of Aster (Jones 1980a; Semple k
Brouillet 1980a) included within the genus all of its previously proposed North
American generic segregates, as well as several Old World ones, both studies

beginning with the assumption that such a broadly conceived Aster is indeed
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a monophyletic group. Both studies sharpened the definitions of subgroups

within North American Aster, but neither provided a circumscription of the

genus that would enable the exclusion of any group. In fact, it is difficult to

find any more specific definition of Aster (as currently treated) than as erect,

leafy-stemmed, mostly rhizomatous herbs with white or blue rays, involucral

bracts herbaceous or with an indurate base and herbaceous tip, style branches

of disc flowers with lanceolate collecting appendages, and a pappus of capillary

bristles. Even among the features in this most general of characterizations,

there are significant exceptions and qualifications to every character except

the basic nature of the pappus.

The taxonomic system by Jones is essentially phenetic, recognizing many
formally designated subgenera (further divided into sections and subsections)

grouped informally by similarity in chromosome number. Semple & Brouillet

weighted the significance of the morphology of the satellite (NOR) chromo-

somes and the morphology of the phyllaries, and they also were guided by their

stated assumption that groups of Astereae with base chromosome numbers of

x=5 are for the most part cladistically far-removed from x=9 and x=S taxa.

The taxonomic categories of Semple & Brouillet were informally designated.

The two classifications are similar in some essential features: the x=9 groups

in both include typical Aster as well as other diverse groups; both recognized

the x=S species as constituting a monophyletic group; both recognized the

"grass-leaved species" (subg. Heleastrum) as a natural subgroup but differed

in regard to its placement within the genus (additional comments below); and

both recognized the "virguloid" x=5 species as monophyletic. In contrast,

Jones included both x=5 and x=9 species in her subg. Oxytripolium, while

Semple k Brouillet suggested that the x=5 members of Oxytnpolium should

be separated from Aster as a distinct genus. Semple & Brouillet (1980a) for-

mally elevated the virguloid species to generic status (as the genus Lasallea E.

Greene, re- formalized as Virgulus Rafin. by Reveal & King 1981), observing

that the species of their new genus "do not show any more relationship to

the species of Aster than to other genera of the tribe" (additional discussion

below).

The phylogcnetic analysis by Jones & Young (1983), which was the first to

provide such a perspective for Aster, hypothesized that groups traditionally

recognized as subgenera and sections are cladistically intermixed, given the ini-

tial assumptions and data of the study. Their analysis alternatively positioned

Heleastrum as a subgroup within Virgulus or as its sister group; Oxytrxpolxum

was positioned either as the sister group to the z=8 species (including Brachy-

actis — subg. Conyzopsis) or close to it, the combined element in both cases

nested within Aster proper. This phylogenetic hypothesis was then used as

part of an argument for retaining a broadly conceived Aster, including the

species of Virgulus, Oxytrxpoltum, and Brachyactis.

The analysis by Jones k Young (1983), however, was inherently unable
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to demonstrate that Aster, as they viewed it, was a natural group. They

chose Erigeron as the single outgroup to establish the evolutionary polarity

of character state changes within Aster. The assumption that Erigeron is the

closest relative of Aster apparently was based in large part on statements by

Cronquist [e.g., 1947), who seems to have developed this view based primarily

on similarities in habit, although he never provided details of justification.

The species of Erigeron sect. Fruticosi G. Don, which were utilized by Jones

k Young (1983) as the sister group of Aster, produce rhizomes and tall, leafy

stems and are superficially similar to some species of Aster, but in details of

vestiture, capitula, flowers, and fruits, they are similar to the rest of Erigeron

but not to any group of Aster s. lat. A species interpreted as an intergeneric

hybrid between Aster and Erigeron (Asterigeron watsonii [A. Gray] Rydb.

= Aster watsonii A. Gray) clearly has its closest relatives within Erigeron

(Nesom 1989a) and is placed there as E. watsonii (A. Gray) Cronq. Some

monocephalous species of Aster (e.g., A. alpinus L.) resemble some species

of Erigeron, and vice versa (e.^., the Asian E. thunbergti A. Gray has been

treated as Aster), but Erigeron and Aster can be separated by reference to

a set of various features (e.g., Cronquist 1947; Tamamschyan 1959; Grierson

1964), the resemblance between the two genera a result of convergent evolution.

The closest relatives of Erigeron are hypothesized to be the primarily South

American Conyza and four other genera entirely restricted to South America,

these six genera constituting the subtribe Conyzinae (Nesom 1994e).

In the review and appraisal of their own analysis, Jones & Young (1983, p.

80) noted that the delimitation of major groups ("principal clusters") could

be made with confidence but that "considerable instabil 'y was evident in the

lower branches, and we have little confidence in the putative relationships

among the clusters, as defined by the lowermost nodes. " In their summary

diagram of the phylogeny of Aster (Figure 5, "Putativt: relationships within

Aster'''), seven major groups arise independently from a hypothetical com-

mon ancestor, these groups corresponding to those delimited in their "branch-

swapping" cladogram (Figure 4), which were derived from the input of a phe-

netic analysis rather than their "Wagner" analysis (Figure 2). Aster s. str.

was placed in the summary diagram in a group with Sertcocarpus and several

groups of American Aster, but Aster s. str. was positioned in their "Wagner"

cladogram as the sister group to a much larger clade including their Symphy-

otrtchum and Tnpolium s.l. They did not indicate why they chose the results

of one analysis rather than the other.

As Jones & Young noted (1983, p. 83), a better answer to the question of

whether or not Aster is monophyletic "probably can be found only in a com-

parison of potentisd segregate genera with other genera in the Astereae." Such

necessity for a broader approach in the assessment of evolutionary affinities has

been emphasized by recent DNA studies including a broad range of genera of

North American Astereae by Suh (1989) and Morgan (1990), who have shown
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that the species of Aster in their samples form a group more closely related to

genera of Astereae other than Engeron (see Nesom et al. 1990 for a summary of

broadly defined phyletic lines in North American Astereae), particularly those

of the subtribes Machaerantherinae (Morgan &; Simpson 1992), Chrysopsidinae

(Nesom 1991b), and Solidagininae (Nesom 1991c, 1991d, 1993c). Ten North

American species sampled by Morgan (1990) form a monophyletic group in

part corresponding to what has traditionally been recognized as Aster: A.

ertcoxdes L. (subg. Virgulus) is closely related to A. drummondii Lindl. and

A. camerosanus S. Wats, (both of subg. Symphyotrichum, as treated here)

and these three in turn are phyletically close to a group that includes the

Oxytripolium group of Aster (sensu Sundberg 1986), Aster pauciflorus Nutt.,

and the species of Psilactis (sensu Morgan 1993). Although these studies are

significant, species of Aster s. lat. occupying critical positions (mostly those

phylogenetically more basal) in hypotheses formulated in the present paper

have not yet been included in molecular analyses, and the taxonomic place-

ment of Morgan's species is equivocal in a larger context.

My ideas regarding the phylogeny of North American asters and corre-

sponding taxonomic arrangement may not be exactly aligned with What Na-

ture Has Wrought but they are based on detailed observation and broadly

based consideration. The species groupings of the present treatment are simi-

lar in many ways to those of earlier studies, but the taxonomic system here is

a notable departure from other relatively recent summaries (i.e., Jones; Jones

& Young; Semple & Brouillet). Molecular studies (chloroplast DNA) now un-

derway in the laboratory of Dr. John Semple will soon provide an independent

evaluation of these morphologically based treatments.

II. Recent additions to New World Aster

In the last twelve years, many nomenclatural changes have been proposed

within Aster, primarily among North American taxa, particularly with re-

gard to delimitation and redefinition of species and varieties. The major-

ity of such studies have been by A.G. Jones, J.C. Semple, K.L. Chambers,

or associated research groups. Many of these are cited in other contexts in

the present paper; other representative studies are cited here (Semple 1984;

Semple k Chmielewski 1987; Lamboy et al. 1991). Several new species have

been described (Sundberg k Jones 1986; Lamboy 1988; Campbell k Medley

1989; Nesom 1989b; Cronquist 1994). Chrysopsts hrewerx A. Gray, a rayless

species from California and adjacent Nevada, was recently transferred by Sem-
ple (1988) into Aster s\ih%. Bucephalus, a group that clearly includes its closest

relatives. Most of the new taxa at or near specific rank have had little direct

bearing on problems regarding generic definitions or subgeneric classification.
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III. Recent segregates from New World Aster

Since the 1980 classificatory papers and the phylogenetic study in 1983,

a number of species or species groups have been transferred, segregated, or

resegregated from Aster to other genera:

(1) Aster lepidopodus B. Rob. & Fern, to Erigeron L. (Nesom 1981);

(2) Aster riparius Kunth to Machaeranthera sect. Arida Hartman (Stucky

1978; Jones 1983a);

(3) two new genera recently segregated from Aster {Almutaster and We-

beraster) and several nomenclatural transfers made from Aster to the

established genus Symphyotrichum Nees (Love & Love 1982); no com-

ments past the nomenclatural necessities were provided in justification

of their proposed taxonomy, but these taxa are discussed in detail in the

present paper;

(4) Aster intricatus (A. Gray) S.F. Blake to Machaeranthera sect. Arida Hart-

man (Nesom 1989d);

(5) Aster blepharophyllus A. Gray to Machaeranthera sect. Arida Hartman

(Nesom, Vorobik, & Hartman 1990);

(6) Aster spinosus Benth. to Chloracantha Nesom et al (Nesom et al 1991a;

Sundberg 1991), completing the dismantlement oi Aster [subg. Oxytrt-

polium] sect. Spinosi (Alex.) A.G. Jones (the only other species included

was Aster intricatxis - see number 4 above);

(7) Aster kingii D.C. Eaton to Tonestus A. Nelson (Nesom 1991b);

(8) the three species of Aster subg. lanthe (Torr. & Gray) A. Gray to the

genus lonactis E. Greene (Nesom k Leary 1992 for a summary and new

species; Nesom 1992b for the incorporation of a fifih species);

(9) the three species of Aster subg. Oreostemma (E. Greene) Peck to the

genus Oreostemma E. Greene (Nesom 1993a; also see Nesom 1992a);

(10) the five species of Aster subg. Sericocarpus (Neei) A.G. Jones to the

genus Sericocarpus Nees (Nesom 1993b);

(11) Aster ptarmicoides (Nees) Torr. & Gray to Solidago L. (Boivin 1972;

Brouillet & Semple 1981) but more recently placed in the genus Oligoneu-

ron Small (Nesom 1993c);

(12) five species of Aster (lom Madagascar segregated as the new genus Mada-

gaster Nesom of subtribe Hinterhuberinae (Nesom 1993d);
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(13) Aster grisebachii Britton from Cuba confirmed as a species of the "pini-

folia group" of Hystertomca (Nesom 1993e), this group subsequently re-

segregated as the genus Neja DC. (Nesom 1994d);

(14) eleven species of Aster [subg. Doellingerta] sect. Triplopappus (Ton. &
Gray) A.G. Jones consolidated from among American and Asian species

and treated as the separate genus Doellingerta Nees (Nesom 1993f);

(15) Aster warmingii Baker and A. tuherosus Less, ex Baker segregated as

the primarily Brazilian genus Apopyros Nesom (Nesom 1994a), which is

a member of the Leptostelma D. Don group of the Conyzinae;

(16) Aster camporum Gardner transferred to the South American genus In-

ulopsis 0. HofFm. (Nesom 1994b);

(17) Aster subg. Conyzopsis (Torr. k Gray) A. Gray resegregated as the

genus Brachyactis Ledeb. (Jones 1984, 1985), but a conflicting view has

been held by Houle & Brouillet (1985) and the group is maintained in the

present treatment as congeneric with a broader group of North American

species treated as Symphyotrichum (detailed comments below).

A number of other genera have been segregated from Aster prior to 1980

and are now generally accepted as distinct; many of these have been as-

signed to scattered phylogenetic positions {e.g., Grau 1977; Zhang k Bremer

1993; Nesom 1994e). Among them are (for example) the New World gen-

era Diplosiephium and Orxtrophixim (Hinterhuberinae), Machaeranthera and

Xylorhtza (Machaerantherinae), and Noticastrum (Chrysopsidinae), as well as

Old World groups such as Felicia (Feliciinae), Olearia (Hinterhuberinae), Het-

eropappus and Kalimeris (Asterinae), and others noted in the following dis-

cussion.

In the following and preceding comments, if a species or other infrageneric

taxon is not provided with an authority, the full, formal name can be found

in the taxonomic summaries (Appendices I and II). Authorities for genera of

Astereae can be found in Nesom (1994e).

ASTER S. STR. AND ITS ASIAN RELATIVES

I. Overview of Aster in Europe and Asia

There are about 180 species of Aster s. str. in the Old World (including

the seventeen of the African A. harveyanxis group, see below). The Northern

Hemisphere species are natively concentrated mostly from the Himalayan re-

gion of Tibet (Sikang Province, China) and Nepal eastward in China through
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Yunnan Province and Sichuan Province to Guangdong and Taiwan; consider-

ably fewer species occur in east-central and northeastern China. Relatively few

species of Aster, including the generitype, are centered in Europe or extend

across northern Asia into western Europe. Most of these that have been iden-

tified as Aster s. lat. are in the groups regarded here as the genera Crinitana

(= Linosyris) and Galatella.

Only a single species of Old World Aster, A. alpinus, reaches the New

World. Symphyotrichum {Aster, Brachyactis) ciliatum (Lindl.) Nesom and

Eurybia {Aster) sihirica (L.) Nesom also have ranges that include both Asia

and North America, but the phyletic origins of these two species lie in the

New World and their extension across the north Pacific into Asia apparently

is relatively recent.

Primary, broad sources of systematic and floristic information on Eurasian

Aster include the following: Japan (Kitamura 1937; Ohwi 1965); Korea (Lee

1979); China (Hu 1965; Ling, Chen, & Shih 1985); Himalayan area (Grierson

1964); USSR (Tamamschyan 1959); Europe (Merxmiiller vt al 1976; Wagenitz

1979). Other references are found throughout the discussions here.

The segregation of Galatella, Crinitaria, Asterothamnus, Krylovia, and

other generic-level taxa previously included within a heterogeneous Old World

i45/er (Table 1) is apparently only recently reaching acceptance. The treatment

of Chinese Astereae by Ling et cU. (1985) appears to apprDach the presentation

of monophyletic taxa, but anomalous elements with Asian Aster remain to be

evaluated more closely. Some of the Aster "series" d^iscribed by Ling (in

Ling et al. 1985) are more distinctive than others and :heir taxonomic rank

needs to be evaluated in a broad context. But after the. exclusion of a few,

small, disparate elements from Aster s. str. (see suggestions below), the genus

appears to be more internally homogeneous. Even then, however, there is no

firm evidence or explicit hypothesis that Old World Asir.r is monophyletic.

Grierson (1964) apportioned the Himalayan species of Aster among three

sections: Aster, Orthomeris, and Alpigeni, the latter with four subsections.

Ling et al. (1985) treated all of the ca. 135 Chinese species in the same three

sections as Grierson, creating a number of infra-sectional categories (as "se-

ries") to accommodate the range of variation in each section. A provisional

summary of the proposed, broad taxonomic structure of Aster s. str. is out-

lined in Appendix L Some of the most conspicuous problematic species and

species groups are discussed in the sections that follow below.

II. Aster sect. Aster and close relatives

The type of Aster is A. amellus L. (as lectotypified by Britton in Britton

& Brown 1913; see Hitchcock & Green 1935), a species of southern Europe

into west-central Asia. There are relatively few species clearly closely similar
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to A. amellus (see sect. Aster, Appendix I), including A. amelloides Bess.,

A. catalaunicus Willk. k Costa, A. ihencus M. Bieb., A. indamellus Grier-

son, A. pedunculans Wall, ex Nees, and a few others, these mostly from Eu-

rope to the Himalayas. Aster amellus and the Himzdayan A. thomsonii C.B.

Clarke are the parents of a well-known horticultural hybrid of Europe (Gri-

erson 1964). Ling et al. (1985) have considerably broadened the concept of

sect. Aster with the addition of other species groups whose relationship to A.

amellus is less clear. Aster amellus and its closest relatives are characterized

especially by the following features: stems leafy, bearing a few heads in a loose

corymb, sometimes reduced to monocephaly; phyllaries broad, graduated in

ca. 3 series, somewhat indurated below, herbaceous above but mostly without

a strongly demarcated, green apical patch; disc corollas tubular, the tube ca.

half the corolla length, abruptly ampliate, with spreading-reflexing lobes; style

appendages short, neariy deltate, closely papillate; achenes obovate, strongly

flattened, with two, thickened, lateral ribs, the faces commonly with sessile

glands near the apex; pappus bristles in 2-3 series, those of the inner series

sometimes apically dilated, the outer series of short setae or bristles reduced

in length.

The achenial morphology of Aster amellus is significant, as this feature

is emphasized in the present investigation of subtribal boundaries and the

definition of monophyletic lineages. As observed by Grierson (1964, p. 77),

the achenial morphology of Aster s. str. is notably conservative: "Apart from

size, the achenes show little variation throughout the genus. They are all of

the bilaterally compressed type with two marginal ribs or with an additional

rib on one or both sides as in A. trinervius D. Don, and sometimes with six

ribs in A. albescens." The taxonomic position of the latter species is discussed

below, where it is suggested that it is phyletically separate from most of Old

World Aster.

Aster amellus was placed by Semple & Brouillet (1980a) in Aster subsect.

Aster with the North American species treated here as Eurybia sect. Callias-

trum, emphasizing their production of a corymboid capitulescence and broad

phyllaries with a basally truncate apical patch. The present treatment, how-

ever, concludes that these similarities are convergent or widely parallel. The

same conclusion holds for the NOR chromosome morphology of these species,

which is implied to be similar according the taxonomy of Semple k Brouillet

(1980a) (but see discussion below of NOR chromosomes for other references

regarding A. amellus). Jones (1980a) also noted that the North American

species most closely resembling A. amellus are among those of sect. Callias-

trum, but this putative proximity was ambiguous in the analysis by Jones &
Young (1983).
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Aster sect. Macrocephali

Aster maackti Kegel has been segregated as Aster sect. Macrocephali (Ap-

pendix I) by Jones (1980a). This species, which occurs in Japan, Korea, and

Manchuria, is distinctive in its relatively tall stature (4-9 dm tall), sessile,

serrate cauline leaves, long rays, and its elliptic-obovate, distally foliaceous

phyllaries with purple scarious margins and a pair of large, lateral gland-like

swellings near the apex. In floral and fruit morphology, however, as well as

aspects of phyllary morphology, A. maackti resembles A. amellus and some

of its close relatives (sect. Aster) as much or more than any other species. It

is here maintained within sect. Aster^ where Ling et al. (1985) have recently

positioned it.

Jones (1980a) and Ling et al. (1985), following Kitamura (1937), placed

Aster tataricus L. /. with A. maackiim sect. Macrocephali. Plants of these two

species, however, have lanceolate, slightly keeled phyllaries without a foliaceous

apex, subterete, 6-7-nerved achenes with a multiseriate pappus of even length

bristles, and they are regarded here as only distantly related to A. maackii

(see discussion below, "The Aster tataricxis group"). Aster sibiricus also has

been placed with these species, but it is here included within Euryhia.

Aster sect. Alpigeni

Aster alpinus L. (the type of sect. Alpigeni^ see Appendix I) is similar to

A. amellus in the morphology and glandular vestiture of its achenes and its

externally differentiated pappus. Putative hybrids have been reported between

these two species (e.^., see Tamamschyan 1959, p. 111-112). Plants of Aster

alpinus are strictly monocephalous, and the phyllaries differ from those of

A. amelliis in being oblong-lanceolate, completely herba.ceous, and arranged

in 2(-3) series of nearly equal length, and the lobes of the disc corollas are

relatively short and erect. The pappus of A. alpinus commonly has a shorter,

outer series, but the degree of differentiation is variable.

Aster alpinus ranges from northern Europe eastward across Asia and ap-

parently is the only species accepted here as Aster s. str. that reaches North

America, where (as A. alpinus var. vierhapperi [Onno) Cronq.) it occurs spo-

radically from Alaska to Colorado (Cronquist 1955; Hulten 1968; Weber &
Wittman 1992). Aster culmtnis A. Nelson (the type from Colorado) is a syn-

onym of A. alptnu^ var. vierhapperi (Weber & Wittman 1992). The wide vari-

ability in A. alpinus and its correspondingly complex taixonomy was discussed

in detail by Onno (1932) and more recently summarized by Tamamschyan

(1959), who recognized some of the more distinct subspecific taxa at specific

rank. Aster pyrenaeus (Desf.) ex DC. of central Europe closely resembles A.

alpinus. Grierson (1964) observed that A. alpinus does not reach the Hi-

malayan region, but sect. Alpigeni is represented there by A. tncephalus C.B.
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Clarke and its allies (nine species in the Himalayas), which Grierson divided

between subsect. Homochaeta and subsect. Heterochaeta. Most of the species

included by Onno (1932) in his delineation of Aster sect. Alptgem were Old

World Aster, but also included were American species of Eurybia, Symphy-

otnchum, Xylorhtza, and Erxgeron. Ling et al (1985) have suggested further

broadening of sect. Alpigeni within Aster s. str.

Subdivisions of sect. Alpigeni based on variation in pappus morphology ap-

parently are largely artificial; the subsections recognized by Grierson have been

combined by Ling et al. (1985) as subsect. Alpigeni and placed in coordinate

position with a group with the suggested name (but unvalidated) "subsect.

Senecioides" (see Appendix I).

Regarding Aster alpinus, Cronquist (1955, p. 76) observed that, "Although

it is necessarily included in Aster, this species approaches Erigeron in habit,

achenes, and eariy flowering." The broadly obovate shape of the achenes and

the presence of achenial glands, as well as the disc corolla shape, however, are

anomalous within Erigeron. The similarity between A. alpinus and Erigeron

has resulted from evolutionary convergence (see detailed comments above).

Aster sect. Ageratoides

The group of Old Worid species previously treated within Aster sect. Or-

thomeris is here regarded as Aster sect. Ageratoides, typified by A. ageratoides

Turcz. (see Appendix I). Sect. Orthomeris s. str. becomes a synonym of the

North American genus Oclemena (see discussion below).

Plants of sect. Ageratoides are characterized by flexuose stems, particu-

larly in the capitulescence, toothed, often 3-veined leaves, the surfaces com-

monly sessile-glandular, heads in a corymboid capitulescence, lanceolate, thin-

indurate (hardly herbaceous) phyllaries often with orange veins, and abruptly

ampliate disc corollas. They are remarkably similar to Oclemena, but the disc

achenes of the Asian species are flat and 2-nerved, although the ray achenes

may be 3-4 nerved. Other differences are found in the morphology of the phyl-

laries, disc corollas, and pappus (see discussion of Oclemena, below). Never-

theless, the resemblance between sect. Ageratoides, Oclemena, and Eucephalus

suggests that Old World Aster should be investigated for the possibility that

it is polyphyletic.

Ling et al. (1985) have added a number of small, peripheral groups to sect.

Ageratoides, but it is considerably more homogeneous with the suggested re-

moval of A. albescens (DC.) Hand.-Mazz. and its close relatives (see below,

"The status of Aster albescens), which have been included by both Grier-

son and Ling within sect. Ageratoides. Aster molliusculus (DC.) C.B. Clarke,

which was treated by Ling et al. as the monotypic ser, MolliiLSCuli within

sect. Ageratoides, resembles the African species placed here in Aster sect. Cal-

imeridei.
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III. Aster in Africa

Many species of southeastern Africa were originally described as Aster^

but most of these have now been transferred to the Astereaean genera Felicia

(Grau 1971, 1973), Polyarrhena (Grau 1970), and a few others. A group

of five Madagascan species described as Aster has been segregated as the

genus Madagaster (Nesom 1993a). Only one group of seventeen native African

species is still currently accepted as Aster, the "A. harveyanus group" (or the

"A. bakeranus Burtt Davy ex C.A. Smith group"), these treated in detail by

Lippert (1971, 1973). One species is recently added (Billiard k Burtt 1985)

and one transferred to the genus Macowania Oliv. of the Inuleae (Burtt &
Grau 1972; Hilliard k Burtt 1976).

In Grau's study of Felicia (1973), his graphic depiction of its close relatives

(p. 251) placed the Aster harveyanus group (as the genus Aster) in a close

relationship with other South African genera. He was unMrilling to formally

segregate this group without a broader survey of Aster, but he noted (1971,

p. 279) that "there is still lacking a valid generic name for the herbaceous

'Diplopappi'." The generic name Diplopappus Cass., which has been applied

to the South African species of Aster sensu Lippert (e.^., de Candolle 1836;

Harvey 1865), must be typified by a North American species (Nesom 1993g).

In any case, however, the species of the A. harveyantis group do not appear

to be closely related to other African genera of Astereae (Nesom 1994e).

De Candolle (1836) treated Diplopappus asper Less. (= Aster bakeranus)

within his Diplopappus sect. Calimeridei] the other spscies of this section

(sensu DC.) are Himalayan taxa accepted by Grierson (1964) as true Aster^

including A. molliusculus and A. trinervius (both placed by Grierson in sect.

Orthomeris) and A. peduncularis (placed by Grierson in sect. Aster). The one

remaining species of de Candolle's sect. Calimeridei is now treated as a species

of the genus Kemulariella {K. caucasica [Willd.j Tamamisch.) (Tamamschyan

1959).

I have not been able to find any morphological character that would un-

equivocally eliminate the Aster harvtyanus group from Aster s. str., particu-

larly in view of its close similarity to the Asian species A. molliusculus, which

appears to be closely related. Aster harveyanus and close relatives produce

flat, 2-nerved, obovate achenes with glands scattered over the surfaces, a bis-

eriate pappus (inner series of persistent, barbellate bristles, the outer series

short and scaly), and thick, mostly herbaceous phyUaries. They constitute

a distinctive phylad characterized by thick, 3-nerved, entire, mostly cauline

leaves with a subclasping base, solitary heads on long peduncles, disc corol-

las with short and sharply reflexing lobes, and thickened, nearly tuberous,

fibrous roots. The group is endemic to grasslands at moderate elevations in

the Afromontane floristic region, an elongate series of isolated highland areas

in southeastern Africa (see summary by Goldblatt 1978; Killick 1978).
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Outside of the Aster harveyanus group, no other species of typical Aster

occurs in Africa as part of its native distribution. In the present interpreta-

tion, from an origin in Himalayan Asia, the "harveyanus" ancestral complex

probably migrated southward along the mountains of the eastern margin of

Africa, where it remains extant only in the southernmost region, reaching as

far as the Drakensberg Mountains. This distinctive group is provided here

with the formal designation of Aster sect. Calimeridei, validated in Appendix

I.

IV. Problematic species in Aster

Some species of Old Worid Aster that have been treated as generic seg-

regates or else suggested to be potentially distinct are tentatively maintained

here within Aster (see Appendix I, Aster Incertae Sedis). These and other

problematic species are discussed in the following subtopics.

The status of Bellidiastrum, Bellisj and Bellium

Aster beUidiastrum (L.) Scop. , a species sometimes segregated from Aster

as the monotypic genus BeUidiastrum (as B. michelii Cass.) is similar to typical

Aster in its achene and pappus morphology and to some species of Aster in its

monocephalous habit, phyllaries of nearly equal length, and short disc corolla

lobes. The distinctiveness of A. beUidiastrum was early perceived, as it received

at least three other names (besides BeUidiastrum) at generic rank. It occurs

in south-central and southeastern Europe, where it is distinguished from other

Old World species particularly by its combination of a scapose, monocephalous

habit, spatulate, eglandular leaves in a basal rosette, conical receptacles, and

achenes fully pappose with barbellatc bristles.

De Jong (1965, p. 487) observed that Aster beUidiastrum (as the genus Bel-

lidiastrum) is most closely related to BeUis L. and BeUium L. "on the basis of

the scapose habit, spathulate toothed or entire radical leaves, herbaceous, bis-

eriate phyllaries, and ribbed achenes which the three genera have in common."

In addition, they also are similar in their phyllaries of completely herbaceous

texture, short and erect disc corolla lobes, short and papillate collecting ap-

pendages atop markedly short style branches, and a biseriate pappus. Plants

of A. beUidiastrum, BeUis, and some species of BeUium are scapose (caulescent

in some species of BeUium), and all species of these three genera are mono-

cephsJous. Aster beUidiastrum, however, produces a well-developed pappus of

barbellate bristles, often with a short, outer series of setae, in contrast to the

scales and bristles in BeUium and relatively reduced pappus in BeUis, and the

treatment of BeUidiastrum and Aster as congeneric apparently has emphasized

their similarity in this plesiomorphic feature. If A. beUidiastrum is accepted
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as a species of typical Aster, it must be with the hypothesis that it is spe-

cialized in its reduced habit and involucre. But its seemingly isolated position

within Aster and its remarkable resemblance to Bellis, including the conical

receptacles, suggests that its relationships and tajconomic position should be

investigated in more detail. It may prove best regarded as a monotypic genus

or even included within Bellis.

Bellis has been treated as the monotypic subtribe Bellidinae (Nesom 1994e),

emphasizing its rosulate leaves, scapose, monocephalous stems, conicad re-

ceptacles, herbaceous, pauciseriate phyllaries, and flat, essentially epappose

achenes. Bentham (1873) noted possible points of phylogenetic connection be-

tween Bellis and other genera such as Grangea, Lageniftra, and Brachycome,

each recently considered (Nesom 1994e) to be a member of a separate subtribe

(i.e., Grangeinae, Lageniferinae, and Brachycominae). The current treatment

of Bellis recognizes its apparently intimate position among these groups and

maintains it at a coordinate rank.

Bellium produces a flat to low-hemispheric receptacle, concave phyllaries

with scarious margins, an outer pappus of scales. It is similar in these respects

to genera of the subtribe Feliciinae, where it has been recently placed (Nesom

1994e), and is apparently only distantly related to Bellis and Aster.

The status of Aster fastigiatus (= Turczaninowia)

Aster fastigiatus Fisch. was segregated as the monotypic genus Turczani-

nowia by de Candolle in 1836. It has generally been treated within Aster, but

Tamamschyan (1959), Ling et al. (1985), and Bremer (1994) have accepted it

as a separate genus. This species, which occurs in eastern Asia (Japan and

Korea to Mongolia, Manchuria, and eastern Siberia), is briefly characterized

as follows: perennial or biennial herbs, the stems few-branched until the capit-

ulescence; leaves linear to narrowly lanceolate, entire, evenly arranged along

the stems; stems and undersurface of leaves densely and minutely strigillose

with thick hairs, the vestiture often completely obscuring the surface, the

leaves also minutely granular-glandular; heads small (5-8 mm wide) in dense

terminal corymboid clusters; phyllaries in 2-3 graduated series, not keeled; ray

flowers fertile, white, usually fewer than 10 in number, barely extending past

the involucre; disc coroUas with a narrow tube abruptly ampliate into the limb,

the lobes long and coiling- reflexing, style branches with short, papillate collect-

ing appendages, the inner flowers sometimes functionally staminate; achenes

1.0-1.2 mm long, obovate-oblong, 2-nerved but plump, the surfaces glandu-

lar and slightly strigose; pappus of (l-)2 series of equal-length bristles, with

attenuate apices; chromosome number, n=9.

Among the most remarkable features of plants of Aster fastigiatus are their

dense vestiture and small heads (with flowers and fruits reduced correspond-
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ingly) in a compact capitulescence, but these are qualitative differences com-

pared to other Asian species of Aster. In most floraJ and fruit characters,

there is nothing to exclude A. fastigiatus from sect. Ageratoides. The ovarian

sterility of the inner disc flowers may be a specialization connected with the

reduction and compression of the flowers within a small head. Similar tenden-

cies for reduction of heads, flowers, and fruits (except for the sterility) occur in

other species of Aster (e.g., A. sampsonii (Hance) Hemsl. of southern China),

and it is difficult to segregate A. fastigiatus on this basis. Following the sug-

gestion of Tamamschyan (1959), however, the possibility of a close relationship

between A. fastigiatus and Galatella needs to be investigated.

The status of Aster bipinnatisectus

Aster bipinnatisectus Ludlow in Grierson is endeniic to rock faces in south-

eastern Tibet at 3200 meters elevation and was placed in the monotypic sect.

Bipinnatisecti by Grierson (1964) in connection with the original description

of the species. Most recently, however, Ling et al. (1985) have reduced sect.

Bipinnatisecti in rank and treated it within sect. Aster as ser. Bipinnatisecti.

The species is briefly characterized as follows: dwarf, caespitose, perennial

herbs from stout taproot and short woody caudex branches, leaves bipinna-

tisect, in a basal rosette, densely white-sericeous, the hairs forming "dense

cottony balls at the top of the rootstock" (the leaf bases), heads solitary, ray

and disc flowers fertile, the rays light purple, and densely sericeous achenes

with an inner pappus of slender setae and outer pappus of stout subpalea-

ceous setae. It resembles Machaeranthera in habit and leaf morphology, as

noted by Grierson, but its pappus and phyllary morphology place it closer to

the Asterinae than any New Worid groups. Aster bipinnatisectus appears to

be morphologically isolated within Aster, but its habit is more common in

other genera of the subtribe, e.g., Krylovia, Psychrogeton. The peculiarities

in vestiture of A. bipinnatisectus, however, suggest that a close relationship

to the Hinterhuberinae should be investigated, although such a relationship

seems unlikely on a geographical basis.

The status of Aster lanuginosus
(
Wardaster) and Aster prainii {Chlamydites)

The monotypic genus Wardaster {Small 1926) was originally collected from

south-central China near the Szechuan-Yunnan border on "high cliffs and boul-

der screes of slate" at 15,000 feet elevation. It is briefly characterized as

follows (as described and illustrated by Small 1926): dwarf, densely lanate,

rhizomatous perennials with spatulate, entire basal leaves and short-scapose

monocephalous stems prominently thickened just below the heads; heads with

phyllaries in 3 series neariy equal in length; receptacles alveolate; ray flowers
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with lilac-violet ligules ca. 15 mm long; style branches of the disc flowers with

papillate, deltate collecting appendages; bases of the anther thecae with short

tails; achenes obovate-oblanceolate, flattened, 2-nerved, and 2.5-3.0 mm long.

Wardaster [Aster lanuginosus [J. Small] Y.L. Chen) is similar to A. alpi-

nus and other species of typical Aster in habit (monocephalous, leaves mostly

basal), but it is anomalous in vestiture. Further, the anther morphology sug-

gests that the possibility of a relationship with the Hinterhuberinae should be

investigated. In Grierson's examination of Wardaster^ however, he observed

(p. 75) that the anther bases "seem to be only slightly longer and more pointed

than those of A. flaccidus subsp. tsarungensis or A. fuscescens which have an-

thers of comparable size."

Another monotypic genus remarkably similar in habit and vestiture to

Wardaster was described earlier by J.R. Drummond (1907) from southeast-

ern Tibet: Chlamydites. These plants were described as having phyllaries

connate toward the base, rays apparently yeUow, anther thecae without tails,

and linear, "subcompressed," particularly large achenes (6-8 mm long). The

"true affinity" of the species was hypothesized in the original description to be

with the Chinese-Nepalese genus Cremanthodium Benth. (Senecioneae - Tus-

silagininae). Recently, however, Chlamydites prainii J.R. Drumm. has been

transferred to Aster and placed with Aster lanuginosus as Aster [sect. Alpi-

geni] ser. Prainiana by Ling et al. (1985), who used the tailed anthers as one

of the characters separating these from other species groups. Further, they

described the ray color of A. prainii (J.R. Drumm.) Y.L. Chen as deep blue

and the achenes to be 3 mm long, in contrast to the original description. The
taxonomic position of both of these species needs further study.

The status of Aster albescens and Aster ser. Albescentes

Aster albescens is a widespread species that occur?? in northwest India,

Kashmir, Nepal, and Tibet, and then to Burma and Assam. It is briefly char-

acterized as follows: commonly woody-stemmed subshrubs or shrubs 0.3-2.0

meters or more in height; leaves narrowly elliptic-lanceolate, sessile to dis-

tinctly short-petiolate, entire to serrate, closely pinnate-veined with relatively

straight laterals, the margins often revolute; stems and lower leaf surfaces of-

ten closely and densely white-tomentose, punctate-glandular beneath the to-

mentum with sessile, resinous glands, (or) tomentum absent and the surfaces

only glandular, (or) the surfaces eglandular; heads relatively small, 5-7(-9)

mm wide and borne in tight corymbs; phyllaries broadly lanceolate, keeled,

strongly graduate in length, stramineous, relatively even-textured, the mar-

gins sometimes purplish; rays white to bluish, not coiling; disc corollas lobes

long and recurving-coiling, sometimes shorter and somewhat erect; disc style

branches with closely papillate collecting appendages; achenes fusiform to nar-

rowly obovoid, terete, (4-)6-nerved, 1.5-2.0 mm long, glabrate to short-strigose,
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sometimes minutely glandular, the glands caducous but visible at least before

fruit maturity; pappus of 1-2 equal length series of apically dilated bristles,

commonly with a few short setae in an additional outer series.

Many varieties have been recognized within Aster albescens (see Grierson

1964, p. 109): "Leaf shape, size and indumentum are variable in this species as

is also the size and shape of the capitulum, phyllaries and ligules. Coloration

of the ligules and phyllaries is likewise often a distinctive but variable feature

of these plants. There is little apparent correlation between these characters

Grierson (1964) described a Tibetan species closely resembling Aster albes-

cens. According to him (1964, p. HI), A. fulgidulus Grierson "is obviously

related to A. albescens from which it differs in its larger ovate leaves with their

glistening areas of epidermis over and between the minor veins on the lower

surface." Aster fulgidulus is more restricted in distribution (known only from

southeast Tibet) and is apparently much more uniform in morphology than

A. albescens. Both A. albescens and A. fulgidulus are illustrated in Grierson's

treatment. More recently. Ling et al. (1985) segregated these two species with

yet four others as Aster [sect. Orthomeris] ser. Albescentes (see Appendix I).

Ser. Albescentes appears to be isolated among Old World Aster. Its keeled

phyllaries, terete and multinerved achenes, and pappus bristles with a tendency

for dilated apices suggest that it is more closely related to the North Amer-

ican groups, where it would be positioned near Doellingeria (Figure 1). As

noted below (see "The Northern Hemisphere Subtribes"), this group of genera

and species may constitute a basal "grade" only slightly removed from an-

cestral stock here hypothesized to resemble Hinterhuberi:nae. Ser. Albescentes

resembles Bucephalus in its closely tomentose vestiture and keeled phyllar-

ies; it resembles Doellingeria in achene morphology, Oclemena in its tendency

for glandular achenes (but this also common in Aster s. r.tr.), and Oclemena

and Sericocarpus in sessile-glandular leaves (this feature itlso in Aster s. str.).

Plants of ser. Albescentes are habitally distinct (as woody-based shrubs) and

have other characters in a combination not found in other North American

taxa.

Clarke (1876) placed Aster albescens within the genus Microglossa (Baiccha.-

ridinae sensu Nesom 1994c), presumably influenced by the resemblance of these

plants in shrubby habit, large, distinctly petiolate, and prominently pinnately

veined leaves, relatively small heads in close corymbs, and relatively small,

cylindrical, multinerved achenes. Previous ambiguity in the generic placement

of A. albescens reinforces the suggestion that it (with ser. Albescentes) is iso-

lated among Asian Astereae. In the tentative view here, the segregation of

ser. Albescentes at generic rank apparently would be justifiable.
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The Aster tatariciLS group

Aster tataricus and A. faureri Levi. &; Van. {sensu Kitamura 1937) are con-

sidered here as the "i4. tataricus group" (see Appendix I). The two are closely

similar and have been considered varieties of a single species (see Kitamura

1936, 12:534.). Aster tataricus occurs in northeast Asia and is widely natural-

ized in the eastern United States, where it has escaped from cultivation. Aster

faureri is endemic to the Manchurian region. These plants are briefly char-

acterized, ais follows: perennials mostly 0.8-2.0 m tall, stems herbaceous, with

numerous, prominent, raised ribs; leaves eglandular, thick, the basal persistent,

elliptic, with a broadly winged petiole, the cauline subpetiolate, not clasping,

the lower coarsely and evenly serrate, becoming entire upward; heads numer-

ous in a loose, broadly paniculate to corymboid capitulescence, the terminal

branchlets with heads in corymboid clusters; receptacles prominently alveolate;

phyllaries lanceolate with acute apices, in 5-6 scries slightly to strongly gradu-

ate in length, herbaceous, 1-nervcd, with a green band along the midvein from

base to tip, often purple-margined, often distinctly low-keeled; rays bluish,

not coiling; disc corollas abruptly ampliate, with long, reflexing-coiling lobes;

disc style branches with papillate, deltate-triangular collecting appendages;

achenes fusiform to broadly ellipsoid or obovoid, 1.5-2.0 mm long, terete, (4-)

5-7 nerved, glabrous to sparsely short-strigose, eglandular, the fruit wall often

becoming purplish; pappus of 2 series of apically attenuate bristles of equal

length; base chromosome number, x=9.

Plants of the Aster tataricus group generally have been placed with A.

maackii within ser. (or sect.) Macrocephali (e.g., Kitamura 1936, 1937; Jones

1980a; Ling et al. 1985), but A. maackii has phyllaries with broad, folia-

ceous apices and flattened, obovate, 2-nerved achenes and is closely similar to

species of sect. Aster (see comments above). The A. tataricus group might

be retained within Aster s. str. as an isolated element, but the keeled phyl-

laries and terete achenes suggest that the closest relatives of the group are

among North American species. The phyllaries and achenes are particularly

suggestive of Doellingeria.

V. Delimitation of the Asterinae s. str.

The species of the Asian genera placed here in the Asterinae (Table 1) have

almost all been formerly treated as congeneric within Aster (as have the Amer-
ican species). The monotypic Arctogeron was originally described by Linnaeus

as Erigeron and much later transferred by Komarov to Aster; Psychrogeton has

been treated within Engeron (see below). Psilactis has been treated within

Machaeranthera. The Asterinae is briefly characterized as follows: perennial

herbs, sometimes with a woody base; capitulescence corymboid, often reduced
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Table 1. Composition of subtribe Asterinae. The date of publication and an

estimate of the number of constituent species are indicated in parenthesis for

each accepted genus. Additional synonyms for accepted genera can be found

in Appendices I and II.

1. Aster group

Aster L. 1753 (ca. 180)

2. Kalimeris group

Kalimeris (Cass.) Cass. 1822 (8)

SYN= Asteromoea (Blume) Makino 1898

Callistephus Cass. 1825 (1)

Heteropappus Less. 1832 (20)

Miyamayomena Kitam. 1982 (6)

SYN= Gymnaster Kitam. 1937, non Schutt 1891

Boltoma L'Herit. 1789 (5)

3. Galatella group

Galatella Cass. 1825 (30)

Cnmiaria Cass. 1825 (13)

SYN= Linosyris Cass. 1825, non Ludw. 1757

SYN= Pseudolinosyris Novopokr. 1918

Trtpolium Nees 1832 (1)

4. Asterothamnus group

Asterothamnus Novopokr. 1950 (7)

Kemulariella Tamamsch. 1959 (6)

Krylovia Schischk. 1949 (4)

Psychrogeton Boiss. 1875 (20)

Arctogeron DC. 1836 (1)
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Table 1 continued.

5. Eurybia group

Eurybta (Cass.) S.F. Gray 1821 (28)

Sericocarpus Nees 1832 (5)

Oreostemma E. Greene 1900 (3)

Ampelaster Nesom 1994 (1)

Psxlactis A. Gray 1849 (6)

Almuiaster Love & Love 1982 (1)

Canadanihus Nesom 1994 (1)

Symphyotrichum Nees 1832 (95)

6. Doellingeria group

Doellingeria Nees 1832 (11)

Oclemena E. Greene 1903 (3)

Bucephalus Nutt. 1841 (11)

7. lonactis group

lonactxs E. Greene 1897 (5)

8. Incertae sedis

Chloracantha Nesom, Suh, Morgan, Sundberg, & Simpson 1991 (1)

Tonestus A. Nelson 1904 (8)
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to monocephaly or sometimes modified as an open panicle; rays white, yellow

in some taxa of Psychrogeton; achenes obovate, flattened, 2-nerved, often with

glandular faces; pappus multiseriate, the outer series commonly shortened;

base chromosome number, x=9, without exception. All groups except two

are primarily restricted to Asia: Boltonia is North American and Aster sect.

Cahmeridei is African. Fourteen genera are formally recognized here, but six

distinctive generic-level groups (see Appendix I), each potentially given generic

status, are recognized and discussed. Two of these, which produce terete ach-

enes, may be more closely related to species placed here in New Worid genera.

A. The status of Boltonia and Kalimeris

Boltonia s. str. is an eastern North American genus of five species (Ander-

son 1987). Bentham (1861, 1873), however, viewed these New Worid species

as so close to those of the Asian genus Kalimeris that he considered them all

congeneric. In contrast, Gray (1884) limited Boltonia to only the American

species, and botanists since then have merged or separated the two genera

in various combinations or else treated Kalimeris within Aster while keeping

Boltonia separate. Recently, for example, Grierson (1964) considered Boltonia

and Kalimeris congeneric, while Grau (1977) regarded them as separate. A
revisional study of Kalimeris (Gu 1987, in press) has defensibly maintained

the two as separate genera, based on the winged achenes and slightly differ-

ent pappus morphology of the New World plants, but they are otherwise so

similar in morphology that a hypothesis of close relatioiLiihip between them is

reasonable.

Boltonia is morphologically isolated in the New World, although it has

been placed by Zhang k Bremer (1993) as closely related to genera treated

by Nesom (1994e) within the subtribe Brachycominae, The closest relatives

of Kalimeris, in contrast, apparently are more easily discerned and include a

group of small Asian genera that have been segregated as satellites of Aster, in-

cluding Heteropappus, Miyamayomena, and Callistephus (Table 1). Chung &
Kim (1991) included Boltonia as part of this group and noted that the recepta-

cles of Boltonia, Kalimeris, and Gymna^ter are conical or steeply hemispheric.

Natural hybrids are known between species of Kalimeris and Heteropappus

(Tara 1973) as well as between Kalimeris and Asian species of Aster (particu-

lariy A. ageratoides, e.g., Inoue 1970; Tara 1972; Gu 1987). The genera of the

Kalimeris group appear to be closely related among themselves and to typical

Aster, both on genetic and morphological grounds. From this perspective, the

cladistic relationship of Boltonia is here hypothesized to be as close or closer

to Aster s. str. than to any of the North American taxa segregated from Aster

in the present study.
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Notwithstanding the hypothesis here of its close relationship to Asterinae,

5o/<onia produces short-tubed disc corollas with orange veins more like South-

ern Hemisphere groups, including Brachycominae, and the relatively small,

scarious-winged achenes also are more consistently placed in the latter sub-

tribe. Boltoma is further anomalous in the Asterinae in its pappus elements,

which are of two lengths but not clearly in more than a single series; the phyl-

lary midrib tends to be orangish, thick, and distinctly raised, and the habit also

is reminiscent of the North American Chloracantha and Eurybta {Aster) chap-

manii (Torr. & Gray) Nesom. A karyotype of Boltonia might produce valuable

evidence of relationship, as the NOR chromosomes would be predicted to be

of the Asterinae type (see discussion below) and distinctly different from those

of American asters.

The Kalimeris group

Callistephus and Miyamayomena tend to produce broadly obovate leaves

with coarsely and widely dentate margins, short-tubed disc corollas with short

lobes and short, papillate collecting appendages of the style branches, and

they have a tendency for reduction of the pappus. Callistephus has caducous

bristles; Miyamayomena is essentially epappose; the capitulescence is reduced

in both. The similarity in habit and general appearance, as well as the similar

tendency for pappus reduction, between these genera and some species of Myr-

iactis (Lageniferinae) is remarkable. In general, plants of these genera produce

a loosely organized capitulescence (like the American Symphyotrichum) rather

than a corymboid cyme.

Heteropappus is more similar to Boltonia and Kalimeris in its habit and

loosely paniculate capitulescence, and the achenes commonly produce a dis-

tinctly biseriate pappus, the outer series of scales. In all species of Heteropap-

pus except H. altaicus (Willd.) Novopokr., the ray achenes are epappose or

have a reduced pappus. Species of Kalimeris form natural intergeneric hy-

brids with Heteropappus (Huziwara 1950; Tara 1973) and Aster (Inoue 1970;

Tara 1972, 1979).

B. The status of Galatella and Cnnitaria

The Eurasian groups Aster sect. Galatella (Cass.) Reichenb. (= Galatella)

and Aster sect. Linosyris (Cass.) 0. Hoffm. (= Crinitaria) have been treated

as within Asterhy Merxmiiller et al. (1976) and Wagenitz (1979) but as sepa-

rate genera in other studies {e.g., Grierson 1975; Grierson & Rechinger 1982;

Tamamschyan 1959; and a recent checklist of Asteraceae of the USSR [Cher-

panov 1981]). Galatella includes, for example (by their names in Aster), A.

albantcus Degen, A. aragonensts Asso, A. sedifolius L., A. punctatv^ Waldst. &t
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Kit., and A. canus Waldst. & Kit.; Crtnitarta includes A. linosyrts (L.) Bernh.

and A. oleifolius (Lam.) Wagenitz. These two generic-level taxa were posi-

tioned by Jones Sz Young (1983) among the initial, primitive branches of Aster

most closely related to sect. lanthe and sect. Bucephalus but within a group

that included Doelhngerta as well. Similarly, Semple & Brouillet (1980a) sug-

gested that Galatella and Cnmtaria should be placed in "subgenus lonactts,^^

which in their view included both lonactis and Bucephalus.

Both Galatella and Crinitarxa have features (or at least tendencies) that

indicate their close relationship to typical Aster, sessile-glandular leaves, disc

style branches with relatively short (triangular-deltate) densely papillate col-

lecting appendages, and flat, obovate, 2-(4-)ribbed acheies with the faces of-

ten glandular at least near the apex. Particularly in their glandular-punctate

leaves and flat-topped capitulescences of relatively small heads, these taxa

have a superficial resemblance to genera of North American Solidagininae, and

I suggested (Nesom 1991d) that Galatella and Crinitaria might belong within

the Solidagininae. With additional perspective, however, it appears that such

similarities have developed in parallel and that Galatella and Crinitaria are

more closely related to typical Aster.

Galatella and Crinitaria are distinct in morphology and set apart from

other groups of Aster. Plants of both genera have a strong tendency to

produce glandular herbage, strongly single-veined leaves, and broad, parallel-

nerved phyllaries. Those of Galatella have sterile ray flowers usually with

white to blue, non-coiling ligules, relatively shallow disc corolla lobes, and an

essentially uniseriate pappus. Those of Crinitaria usually completely lack ray

flowers, produce disc corollas with long, somewhat coilinj-reflexing lobes, and

a multiseriate pappus. As noted by Tamamschyan (1959), there are a num-

ber of relatively discrete morphological groups in both jjenera and the inter-

relationships among them are not clearly understood, suggesting that generic

boundaries may yet be redefined. Pseudolinosyris of central Asia is one of

these subgroups, separated from Crinitaria by narrowly lanceolate stylar col-

lecting appendages and narrower, multinerved achenes: it is here tentatively

included within Crinitaria.

C. The status of Aster tripolium (= Tripolium)

Another species of Eurasian Aster that has with some justification been

treated as a monotypic genus is A. tripolium L. (= Tripolium vulgare Nees

= Tnpoltum pannonicum [Jacq.] Dobrocz.). This species is most commonly

found in saline habitats of sea coasts and coastal marshes and around in-

land salt lakes. It occurs from northern Europe southward to Italy and North

Africa, from there to Turkey, northern Iran, and the Caucasus region, and then

apparently scattered eastward across Asia to the Pacific coast from central
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China, Japan, and Korea northward to Manchuria and Siberia. The range of

this species is sometimes attributed to North America; the only records I know

of from this region apparently were collected as waifs on "ballast" in Philadel-

phia, Pennsylvania (23 Sep 1877, Parker s.n. [US!]; Aug 1878, Martmdale s.n.

[US!]). Trtpoltum is remarkably specialized in its habitat, annual duration,

glabrous, somewhat succulent leaves, and strongly accrescent pappus. It has

a superficial resemblance to some species of the New World Symphyotnchum

sect. Oxytrtpohumin habitat and vegetative morphology (glabrous, taprooted

annual with thick, entire, and narrowly lanceolate leaves), but the strongly

corymboid capitulescence, broad, thin-herbaceous and paraUel-veined phyllar-

ies in few (1-3) series, and the flat, obovate, 2-ribbed achenes, commonly with

a mixture of eglandular and glandular trichomes of Trxpolium indicate that it

is related to the species and species groups of Old World Asterinae. Sundberg

(1986) noted most of the peculiar morphological features of Tripolium and

emphasized its base chromosome number of a:=9 in its elimination from sect.

OxytripoHum, the latter interpreted by him as strictly an z=5 group.

Aster tripolium has mostly been treated within Aster {e.g., Merxmiiller et

ai 1976; Wagenitz 1979; Ohwi 1975), where it has been recognized at vari-

ous ranks, from sect. Tripolium (Nees) Benth. to a possible member of Aster

"subg. lonactis sect. Bucephalus" (Semple k Brouillet 1980a). Tamamschyan

(1959) accepted it as a monotypic genus, as did Zhang k Bremer (1993). Its

distinctly corymboid capitulescence, herbaceous, broadly rounded, multiner-

vate phyllaries, and tendency for raylessness {e.g., Sterk & Wijnands 1970) are

similar to Crinitaria and Galatella and suggest that these taxa may be closely

related. Such a combination of features apparently does not occur elsewhere in

Aster or its close relatives, and in this interpretation, Drxpolium is reasonably

treated as a monotypic genus. Within Aster, it is isolated.

D. The Asterothamnus group

As recognized here, the Asterothamnus group (Table 1) includes a num-

ber of relatively small genera characterized as perennials from a woody base,

commonly caespitose in habit, the stems and leaves often sessile-glandular and

often tomentose, with few or solitary heads and strongly coiling rays. These

are segregates of Aster, similar to the latter in the following set of features:

glandular vestiture {Krylovia, Psychrogeton, Asian '"'' Brachyactis")-, white to

bluish rays in a single series; short and papillate collecting appendages of the

disc style branches; phyllaries variable in morphology but without an api-

cal patch; disc corollas abruptly ampliate, long-lobed in Asterothamnus and

Krylovia; achenes obovate and flattened (sometimes 3-angled), the faces com-

monly glandular at least near the apex; and pappus multiseriate, the outer

series often strongly shortened, the inner bristles sometimes apically dilated
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(in Asterothamnus, Krylovia, and KemulaneUa). The group occurs primar-

ily in central Asia: Asterothamnus and Arctogeron in the steppes of central

Asia (Siberia, Mongolia, and China) in open, stony habitats; Krylovta in rock

crevices and talus of montane central Asia; Kemulartella in montane Cauca-

sus; Psychrogeton and Asian ^^Brachyactis'^ in the Himalayas, central Asia, and

montane Asia Minor.

Grierson (1964, p. 116) observed that Asterothamnus is segregated from

Aster on habital and vegetative characters "but is not distinguished by char-

acters involving the involucre, flowers, achenes or pappus." While all of the

Aster segregates of the Asterothamnus group certainly are in need of more

detailed investigation, the distinctly keeled phyllaries oi Asterothamnus and

Krylovta set them apart from most other Old World Aster. There is reason

to consider the group monophyletic, and the well-defined and well-accepted

genus Psychrogeton appears to be a member of it. Continued recognition of

Psychrogeton suggests that the others should be accorded coordinate taxo-

nomic status.

Asterothamnus is a remarkably distinctive genus. The plants are strongly

branching subshrubs with revolute-margined, linear or narrowly elliptic leaves,

the stems and leaves closely and thinly tomentose and gray-green, and the

heads radiate or eradiate and solitary or few in a loose corymb. Plants of

Krylovta are caespitose perennials from a taproot and thick caudex branches,

producing a persistent basal rosette of broad, toothed, sessile-glandular leaves,

and the heads are few or solitary on scapose stems. Krylovta is similar in habit

and vestiture to many species of Psychrogeton. Asterotiiamnus and Krylovta

apparently are closely related though markedly different in habit. They are

similar in their Eucephalus-like phyllaries, eveidy yellow -green or sometimes

purple-margined, and with a low but distinct central keel, disc corollas with

long, coiling-reflexing lobes, flat, obovate, 2-nerved achenes with glandular

surfaces, and a 1-3-seriate pappus, sometimes with a short outer series, the

bristles apicaUy attenuate or dilated.

Arctogeron has a caespitose habit like Krylovta but is immediately distinct

in its stiffly linear-filiform leaves. The single species, A. gramineum (L.) DC,
was originally described by Linnaeus as Erigeron, but its resemblance to the

latter genus is interpreted here as convergent. Arctogeron differs from Ertgeron

in its 3-veined phyllaries, diff^erently shaped achenes, and there are no promi-

nent resin ducts accompanying the veins of herbage and achenes. There is a

strong habital resemblance between Arctogeron and some species of lonactts,

but Arctogeron differs from these in its scapose stems, relatively short and

papillate collecting appendages, 3-nerved, unkeeled phyllaries in 3-4 series of

nearly equal length, and its consistently flat and 2-nerved achenes.

Kemulartella, as defined and treated by Tamamschyan (1959), is a genus

endemic to the Caucasus region. It wais described as different from Aster

in its double pappus (the outer series distinctly shortened and often scaly),
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but a differentiated, multiseriate pappus is also characteristic of many species

of Aster, including the type (see previous discussion). Kemulanella caucasica

(Willd.) Tamamsch., the generitype, is very different from the other five species

in its tall, herbaceous, solitary stems with large cauline leaves and was placed

by Tamamschyan as a monotypic section. The other species of Kemulariella

resemble Krylovia in their caespitose habit with woody rhizome and caudex

branches and relatively more numerous stems from the base. The definition

of Kemulariella and its internal consistency need to be reexamined.

Psychrogeton

Plants of Psychrogeton are mostly perennial (few annual or biennial), usu-

ally with a thick, woody taproot or at least short, woody caudex branches.

They are similar to Krylovia in their caespitose habit, and the leaves and stems

commonly are sessile-glandular as well as lanate or tomentose; the leaves are

petiolate and obovate to rotund with coarsely toothed margins. The phyl-

laries often are distinctly foliaceous and even in length, similar to those of

Asian ^^Brachyactis" (see below). The ray corollas are strongly reduced in

size, barely exceeding the involucre in most species, and sometimes apically

lobed. The ligules are mostly white, but they are yellow in some species,

clearly a derived condition. Psychrogeton is particularly distinctive in its disc

flowers with short-lobed coroUas and sterile ovaries (functionally staminate).

The genus has been treated as Erigeron subg. Conyzastrum (Boiss.) M. Pop.

(see Botschantsev 1959), but the flowers and fruits are those of Asterinae.

Psychrogeton has received a detailed treatment at generic rank by Grierson

(1967).

Asian ^Brachyactis"

The ca. five endemic Asian species (Appendix I) that have been identified as

Brachyactis Me not congeneric with the typical, primarily American species of

Brachyactis (= Symphyotrichum sect. Conyzopsis), as noted in the discussion

that follows below. Both groups are characterized by multiseriate, nearly

eligulate pistillate flowers and foliaceous phyllaries, these features developed

convergently. Gray (1880) and Grierson (1967, 1982) have noted that the

southwest Asian and Himadayan species of Brachyactis are similar to Conyza,

which is similar in its numerous, highly reduced pistillate flowers. The latter

is broadly interpreted in the Old World, but Asian '"Brachyactis" differs from
Conyza in features of phyllary, achene, and pappus morphology, and I am
unaware of any species of Conyza, from the Old or New World, that could be

considered congeneric with Asian '"Brachyactis"
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In contrast, there is a resemblance suggestive of close relationship between

Asian '' Brachyactis'^ and Psychrogeton m their habit, glandular vestiture, ten-

dency for foliaceous phyllaries, and flattened, obovate, glandular achenes. Ge-

ographically as well, these two groups are similar. Asian "5rac/iyac<t5" differs,

however, in its fertile centred flowers and tendency for heads on axillary pe-

duncles. The species of the latter have not been consistently aligned with

any other genus, and I agree with Grierson (1982), who has noted that two

undescribed genera may be represented among this small number of species.

THE NORTHERN HEMISPHERE SUBTRIBES

In a study and classiflcation of the tribe Astereae (Nesom 1994d), the

five primarily Northern Hemisphere subtribes are hypothesized to be mono-

phyletic and distinct as a group from those of the Southern Hemisphere. The

Asterinae and Solidagininae appear to be the least specialized among the es-

sentially North American subtribes, and some species in each group are very

similar to Hinterhuberinae. The Asterinae are mostly herbaceous (vs. woody),

but a number of genera of Solidagininae are similar to Hinterhuberinae in

their shrubby habit; both subtribes produce mostly eglandular achenes (vs.

commonly glandular in the Hinterhuberinae). Many Solidagininae produce

punctate-resinous leaves, a feature commonly found in the Hinterhuberinae.

Keeled phyllaries are characteristic of some basal Asterinae as well as the

Chrysopsidinae and some Machaerantherinae, but not of the Solidagininae.

Some genera of Hinterhuberinae produce keeled phyllari<;s. Primitive features

in at least the apparently basal genera of Asterinae aii Solidagininae (as-

suming that the primitive states are found in the Hinterhuberinae) include

the following: a corymboid capitulescence; disc corollas with relatively long,

coiling-reflexing lobes; papillate (vs. hairy) collecting appendages of the disc

style branches; terete, multinerved achenes; and multiseriate pappus of equal-

length bristles, these sometimes vrith dilated apices.

The four autochthonous New World subtribes (Asterinae, Solidagininae,

Machaerantherinae, and Chrysopsidinae) are characterized by essentially terete,

cylindric or fusiform, multinerved, mostly eglandular achenes, while plants of

the Old World groups of Asterinae consistently produce flat, obovate, mostly

2-nerved achenes commonly with glandular faces. Outside of the Northern

Hemisphere, species of the Hinterhuberinae are most similar to those of the

northern groups and it is likely that this subtribe is the closest representative

of the ancestral stock from which they arose. Members of the Hinterhuberi-

nae produce mostly terete, multinerved achenes, as do those of the tribes that

have been hypothesized to be ancestral or near-ancestral to the Astereae (i.e.,

Anthemideae, Gnaphalieae, and Senecioneae).

The primitive ray color for the Northern Hemisphere subtribes is not clear,

although there is reason to suspect that the primarily yellow-rayed Chrysop-
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sidinae and Machaerantherinae both may have been derived from white-rayed

ancestors (see below). Genera of the Hinterhuberinae are divided in ray color

(some with white, others with yellow rays). Basal Solidagininae (particularly

SoUdago and Oltgoneuron) differ from the Asterinae primarily in their yellow

rays, although white-rayed species occur in both of these genera as well as

others of the subtribe. Tonestiis, in which ray color varies between white and

yellow, is questionably included in the Asterinae; the genus would be the only

one in the Asterinae with yellow-rayed species.

The Solidagininae is less rigidly fixed in its ray color, as white-flowered

species and genera occur sporadically throughout the tribe (Nesom 1993c).

In some phylogenetically basal Solidagininae [Solidago and Oligoneuron)^ the

white-rayed species also produce pappus bristles with dilated apices. The

correspondence of these features is so striking and so similar to basal elements

of the Asterinae that it seems plausible their appearance results from the

expression (perhaps derepression) of a barely ancestral set of linked genes.

White-rayed taxa (but without apically dilated pappus bristles) also occupy

basal or near-basal positions in the Chrysopsidinae (i.e., Noticastrum; Nesom

1991b) and in the Machaerantherinae (Xylorhiza] Morgan & Simpson 1992).

The Solidagininae appears to be a relatively loose association of several gen-

era and distinct generic groups (Nesom 1993c, 1994e). I previously suggested

that Doellingeria and Sericocarpus are members of the Solidagininae (Nesom

1993c), but they are placed here in the Asterinae; the placement of Tonestus

is still equivocal. The seemingly small differences that suggest placement of

these genera in one group rather than the other emphasize the putatively close

relationship between these subtribes.

The subtribes Machaerantherinae and Chrysopsidinae are similar to basal

Asterinae in their primitively corymboid capitulescence, carinate phyllaries,

terete, multinerved achenes, and multiseriate pappus; they are similar between

themselves in their yellow ray flowers and specialized tendency for the produc-

tion of large, straight-sided crystals in the disc corollas. The Machaerantheri-

nae have a base chromosome number of x=6, taprooted habit, often glandular

vestiture, strongly graduated phyllaries commonly with a distinctly delimited,

green apical patch, and a multiseriate pappus of stiff bristles markedly uneven

in length; the collecting appendages of the disc style branches of primitive

groups are papillate and relatively short. The Chrysopsidinae have a base

chromosome number of z=9, phyllaries more evenly pigmented and strongly

carinate, and a multiseriate pappus with the outer series usually distinctly

shorter than the inner; the disc collecting appendages are long and hairy even

in the primitive groups. These two subtribes apparently are restricted to the

New World (Nesom 1994e), with several possible exceptions (see previous dis-

cussion of Asterinae). Further evidence for their apparent common ancestry

with the Solidagininae and Asterinae is provided by molecular data (Suh 1989;

Morgan 1990; Suh & Simpson 1991; Morgan & Simpson 1993). With their mix
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of primitive and specialized features, however, the segregation of neither the

Machaerantherinae nor the Chrysopsidinae appears to create paraphyly within

any other group of Astereae.

Bucephalus and lonactts^ as discussed below, show morphological similar-

ities to both the Chrysopsidinae and Asterinae, which may provide a focal

point in the investigation of relationships among these subtribes (Figure 2).

Similarly, some species of Symphyotrtchum show apparently parallel morpho-

logical resemblance to some Machaerantherinae, and artificial hybrids have

been constructed between taxa of Symphyotnchum and Machaeranthera (see

Nesom 1994f).

THE AMERICAN GENERA

Recognition that the ca. 181 primarily New Worid species of Asterinae are

distinct as a group from Aster and the thirteen other primarily Old Worid

genera that are its closest relatives also suggests that the New Worid species

should be accorded corresponding nomenclatural status. There appear to be

two broad options for meeting this requirement.

(1) All New Worid species previously treated as Aster could be maintained

within a single genus, for which the oldest available generic name is Eurybia

(Cass.) S.F. Gray (from 1821, see comments below). The next oldest names,

Doellingeria, Sericocarpus, and Symphyotrichum, were all published by Nees

in 1832. The first two of these have a long tradition as separate genera and

have recently been accepted as such (Nesom 1993b, 1993f, and the present

treatment); the third, Symphyotrichum (Aster novi-belgti L., the type), is ap-

plicable in the strict sense to a group of about eleven species placed by Jones

(1980a) within Aster subg. Symphyotrichum sect. Salicifolii, although these

species clearly are congeneric with a broader group that totals ca. 77 species

(see Appendix II, Symphyotrichum subg. Symphyotrichum, as treated here).

As noted in the introduction of the present paper, the congeneric treatment of

the even larger, diverse group of 180 species of American Asterinae apparently

would require the addition of Psilactis, and perhaps Tonestus, to complete an

otherwise paraphyletic group.

(2) The New World species could be partitioned into smaller genera that

appear to correspond with patterns of phylogeny and morphological variation.

Some of these groups of Asterinae have been established as separate genera,

at least in their basic concept, for a long period. And notwithstanding recent

heterogeneous concepts, even a botanist as deeply immersed in the study of

North American Aster dis Lloyd Shinners suggested that A. hnarttfoltv^ L., A.

acuminatum Michx., and A. umbellatus Mill., among West Virginian species

(1945), would be better treated within segregate genera. The segregates lon-

actis, Heleastrum, and Doellingerxa were recognized relatively recently in the

treatment of Texas Asteraceae (Correll & Johnston 1970).
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Figure 1. Phyletic arrangement of the genera of the "Eurybian lineage" in

relation to other genera and generic level groups of Asterinae. See discussion

in text.
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Figure 2. Diagramatic representation of the two subgenera and twelve sections

of the genus Symphyotrichum. The base chromosome number and the number

of species (in square brackets) are shown for each section. Natural hybrids

occur between the sections connected by double-pointed arrows. See discussion

in text.
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I have followed the second option, accommodating the New World species

of Aster^s. lat. within twelve pre-existing genera, adding two newly described,

monotypic ones to account for the pattern of variation. The genera accepted

in the present treatment appear to be monophyletic, with the few caveats

provided in the following discussions of individual groups, and for the most part

each is sharply bounded and easy to recognize. More than half of the American

species are placed in Symphyotnchum; this genus comprises two relatively

distinct subgenera (in the present treatment), incorporating the group recently

segregated as Virgulus.

Phylogenetic hypotheses for the American genera of Asterinae (Figure 1,

although relatively unresolved) and for the subgenera and sections within Sym-

phyotrichum (Figure 2) are provided in the present study, but details of the

cladistic relationships among the taxa are equivocal. Additional comments are

provided below under "The Eurybian lineage." The major features and infras-

tructure of these genera and considerations in their delimitation are discussed

below.

I. Doellingeria

Eleven species have recently been consolidated as the genus Doellingeria

(Nesom 1993f) and placed in two sections, primarily based on differences in

leaf morphology: sect. Doellingeria has lanceolate, epetiolate, and mostly en-

tire leaves, while sect. Cordifolium has cordate, petiolate, and serrate leaves.

The three species of eastern North America are sect. Doellingeria; two of the

eastern Asian species are sect. Doellingeria, the others sect. Cordifolium. The

genus is briefly characterized as follows: perennial herbs, eglandular, glabrous

to sparsely strigose; heads in a corymboid capitulescence; phyllaries in 2-4

graduate series, broad, apically rounded, with a raised midvein (but not keeled)

and often several lateral veins, without a herbaceous apical patch; rays white,

few, not coiling; disc corollas abruptly ampliate, with deeply cut, reflexing-

coiling lobes; achenes eglandular, terete with 5-9 raised, often resinous veins,

elongating to 3-4 mm long at maturity; pappus 2-3 seriate, the bristles with

dilated apices; base chromosome number, x=9.

Doellingeria was earlier placed within the Solidagininae (Nesom 1993f),

emphasizing its similarities to Solidago and Olxgoneuron. Its phyletic position

is somewhat equivocal, but it is here positioned within the Asterinae, em-

phasizing the white rays and distinctly 3-seriate pappus (with a shorter outer

series) that it shares with Oclemena, Bucephalus, and lonactis.
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II. Oclemena

Odemena is a North American group first recognized as a discrete phylad

and segregated at generic rank by Greene (1903), who included 0. {Aster)

acuminata (Michx.) E. Greene and 0. (Aster) nemoralis (Aiton) E. Greene

in the genus. NuttaU (1840) also early recognized the distinctiveness of O.

nemoralis by placing it as the type and only species of his Galateila sect.

Calianthus. One additional species, 0. (Aster) reticulata (Pursh) Nesom, is

added to the group in the present treatment.

Plants of Oclemena are briefly characterized as follows: cauline leaves di-

minished in size toward the stem base, the lowermost reduced to scale-like

bracts; leaf surfaces sessile-glandular, each gland producing a clear, orange-

resinous head; stems densely invested with long, loose hairs with colored cross-

walls; capitulescence corymboid, the heads on long, naked peduncles; phyllar-

ies in 3-4 series graduated in length, narrowly oblong-lanceolate to linear-

lanceolate with acute apices, evenly thin-herbaceous or scarious (without an

indurated basal portion), essentially flat but the midvein often raised and

then the phyllaries slightly but distinctly keeled; disc corollas pink or reddish

at anthesis, with deltate, erect lobes; collecting appendages of the disc style

branches narrowly lanceolate and papillate at least on the distal half; achenes

fusiform to narrowly oblong in outline, plump though often evidently flattened,

with 5-8 evenly spaced, longitudinal nerves, the entire surface moderately to

densely invested with resinous glands, and the achene base markedly stipitate;

and pappus multiseriate, with 2-3 inner series of long, barbellate bristles, with

an outer series of much shorter setae in O. acuminata ar d 0. reticulata. The
chromosome number of all species is n=9 (e.g., Hill & Rogers 1970), and the

morphology of the NOR chromosome is the primitive t} pe (sensu Semple et

al. 1983).

Greene's recognition of Oclemena (1903) was prompted by his field ob-

servation that the heads (in bud) of 0. acuminata are nodding. The same
behavior has been confirmed for 0. nemoralis (L. Brouillet pers. comin.) and

Burgess (1903, p. 1227) also observed it in 0. acuminata: "Remarkable for its

soft-pubescent limp subviscid leaves and its decurved buds becoming erect and

fragrant in flower." Greene (p. 4) also noted that 0. acuminata "propagates

by tubers rather than by stolons. At the end of each long slender subterrane-

ous branch a small organ is formed which, exactly resembles a small potato,

and from each of these springs a plant for the next year." The other taxa also

produce swollen rhizome tips (not so abruptly swollen as a "small potato"),

a feature more easily preserved and observed from herbarium specimens than

the orientation of buds.

The three species of Oclemena can be identified by the following contrasts:

1. Leaves broadly obovate, relatively thin, lower surfaces sessile-glandular or

apparently eglandular, the margins coarsely serrate, not revolute; cool
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forests, Appalachian Mts. from Georgia and North Carolina northward

to the eastern Great Lakes area, Ontario, Quebec, Nova Scotia, and

Newfoundland 0. acumtnata

1. Leaves narrowly to broadly elliptic, coriaceous, lower surfaces prominently

sessile-glandular, the margins entire or slightly serrate distally, distinctly

revolute (2)

2. Peduncles eglandular, hairs with colored crosswalls absent or rare;

achenes glandular, without other hairs; rays 10-17; pappus 2-seriate;

boggy habitats, from New Jersey northward and westward to On-

tario, Quebec, Nova Scotia, and Newfoundland 0. nemoralis

2. Peduncles glandular, heavily invested with hairs with colored cross-

walls; achenes glandular and conspicuously hairy; rays (5-)7-ll (-

14); pappus 3-seriate, the inner of 2 series of bristles of equal length,

the outer shorter; dry, woodland habitats in Florida and South Car-

olina O. reticulata

Oclemena reticulata and 0. nemoralis are similar in overall appearance,

but 0. reticulata and 0. acuminata are similar in their biseriate inner pappus

and dense vestiture of long hairs with colored crosswalls. Oclemena acuminata

and 0. nemoralis have a more northern distribution and occur in montane and

moist habitats (see Brouillet & Simon 1981). Oclemena reticulata is similar

to Doellingeria in its relatively few rays, long disc corolla lobes, 3-seriate pap-

pus, and pappus bristles with clavate apices, but such features apparently are

primitive in the lineage from which Oclemena and Doellingeria have arisen.

The observation that Oclemena x blakei (Porter) Nesom originates as a fer-

tile, recurrent hybrid between O. acuminata and 0. nemoralis has been made
by numerous botanists (see Pike 1970), and this has subsequently been cor-

roborated in detail (Pike 1970; Hill & Rogers 1970, 1973; Hill 1976). Detailed

information regarding the distribution and biology of the parental species is

provided by Brouillet k Simon (1981).

Oclemena reticulata (as Aster) was treated within sect. Triplopappus of

Aster subg. Doellingeria by Jones (1980), Semple k Brouillet (1980), and

Semple et al. (1991) rather than with its closer relatives (ais placed here),

but Semple et al. (1991) recognized that O. reticulata was set apart from the

three species of Doellingeria treated by them. The tradition for the separate

classification of 0. reticulata was established by Torrey & Gray (1841), who
included the species (as one of its synonyms, Dxplopappus obovatus [Nutt.]

Torr. & Gray) in Diplopappus subg. Triplopappus along with other species

now identified within the genus Doelltngerxa (Nesom 1993f). Torrey k Gray

included A. reticulatus Pursh among species of Aster hardly known to them
and even speculated that it might belong to some other genus than Aster. In
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their Aster subg. Orthomens, Torrey & Gray included two species of Oclemena

(as A. acummatus and A. nemoralis Aiton) as well as one species presently

treated in the genus Xylorhiza, two in Bucephalus, and Aster ptarmicotdes

(Nees) Torr. &; Gray (= Oligoneuron album [Nutt.] Nesom). Their discussion

of the relationships of subg. Orthomeris is the most reasonable if subg. Or-

thomens is lectotypified by A. acummatus (see Appendix II), and Aster subg.

Orthomeris sensu stricto becomes equivalent to Oclemena.

Various Old World taxonomists have used "sect. Orthomeris''' in a broad

sense for certain Asian species of Aster. Kitamura (1936) placed A. glehnii

Ft. Schmidt and A. dimorphophyllus Franch. & Sav. within ser. Orthomeris

and formally described several other series within a broader [sect.] Orthome-

ris. Aster glehnii does closely resemble Oclemena (comments below), but A.

dimorphophyllus has most recently been treated as a species of Doellingeria

(Nesom 1993f). Kitamura separated [sect.) Orthomeris from typical Aster

(sect. Aster) in 1936 but the next year (1937, p. 328) noted that "In Eastern

Asia, Euaster and Orthomeris are not so distinct as in North America" and

included [ser.j Orthomeris in a much larger, heterogeneous group.

Aster "sect. Orthomeris'' was also used by Grierson (1964) to circumscribe

a group of Asian species, including A. albescens, A. trinervius, A. ageratoides,

and others. Of these, A. glehnii, A. trinervius, and A. ageratoides, in partic-

ular, resemble Oclemena in their flexuose stems, loosely corymboid capitules-

cence, resinous-glandular leaves with toothed margins, and glandular achenes.

In these species, however, the achenes are non-stipitate, obovate, and dis-

tinctly flat with two lateral nerves (or the ray achenes sometimes with an

extra nerve on one or both faces), the pappus is generally l-seriate, the disc

corollas are abruptly ampliate above the tube, with lanceolate, deeply cut,

reflexing-coiling lobes, the style branches have shorter, closely papillate col-

lecting appendages, and the phyllaries are somewhat variable in morphology

but unkeeled. In a broader view, this latter set of features, especially the

achene and style branch morphology, are characteristic of most of true (typi-

cal) Aster, and sessile-glandular leaves also occur in many species. A sample

of other relatively well-known Asian species that appear to be closely related

to A. glehnii, A. trinervius, and A. ageratoides are A. baccharoxdes Steetz,

A. lasiocladus Hayata, A. philippinensts Moore, and A. vestttus Franch. (and

others, see Appendix I, Aster sect. Ageratoides).

A combination of other features of Oclemena, in contrast, suggest that

it is more closely related to North American taxa, especially to Doelltngena,

than to Old World species of Aster. The most significant of these features

(vs. typical Aster) are its subterete, narrowly oblong-fusiform, multinerved

achenes (vs. flat, obovate achenes with two, distinctly marginal nerves, some-

times 1-2 others on the faces), pappus bristles (in 0. reticulata) with dilated

apices (vs. attenuate bristle apices), and disc corollas often pinkish or pur-

plish at anthesis (vs. remaining yellowish). Phyllaries strongly graduated in
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length and a multiseriate pappus occur both in DoeUingeria and in typical

Aster. The NOR chromosome morphology of Oclemena is similar to that of

DoeUingeria., Bucephalus, and Sericocarpus (Semple et ai 1983), but the Old

World species of Aster (primarily sect. Ageratoides) to which Oclemena is most

similar morphologically have different NOR morphology (see discussion below,

under "Chromosome evolution in the Astereae").

Oclemena differs from DoeUingeria in a number of features, eight of which

were noted and scored by Jones & Young (1982); two of the most significant

features of Oclemena, however, glandular leaves and achenes, were not included

in their scoring. Differences between the two genera are summarized in the

following couplet.

Key to Oclemena and DoeUingeria

A. Buds and young heads nodding; phyllaries linear-lanceolate Mrith acute

apices, 1-nerved, usually with a low keel, the outer not basally indurated;

disc corolla lobes deltate, mostly erect; mature achenes fusiform to nar-

rowly oblong in outline, usually somewhat compressed at maturity, api-

cally attenuate, with 5-8, slightly raised, non-resinous nerves, the achenes

surface with a vestiture of sessile glands; achenes not lengthening to the

full height of the involucre; pappus bristles sometimes slightly dilated in

0. reticulata but apically attenuate in the other tejca Oclemena

A. Buds and heads erect; phyllaries with rounded api:es, usually with dis-

tinct lateral nerves, not keeled, the outer somewhat basally indurated;

disc corolla lobes lanceolate, spreading-reflexing; nature achenes some-

what obovate in outline, mostly terete at maturity, apicaUy shouldered,

with 4-8 longitudinal, strongly raised, orange-resinous nerves, glabrous

to strigose, eglandular; achenes elongating to the full height of the in-

volucre; pappus bristles prominently apically dilated DoeUingeria

In summary, there is evidence to consider Oclemena a monophyletic. North

American endemic more closely related to DoeUingeria and other North Amer-

ican groups as to species of Old World Aster. Of the North American groups

hypothesized to be closely related to elements of Old World Aster (particularly

sect. Ageratoides), however, Oclemena appears to be among the most similar

to them, and the paraUel development of Oclemena (as hypothesized here)

probably is indicative of common ancestry not far removed. The nomencla-

ture within Oclemena is already available for two species, and a third species

is added here, along with the commonly recognized and formally named inter-

specific hybrid O. x blakei.
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III. Bucephalus

Bucephalus has long been recognized as a separate genus and most of

the required nomenclature for its segregation already exists. The species are

distributed primarily in California and nearby areas of northwestern United

States and adjacent Canada. It is a remarkably coherent group in morphol-

ogy, recognized particularly by its scale-like lower cauline leaves, corymboid

capitulescence, broad, strongly keeled phyllaries without a sharply delimited

apical patch, flattened, obovate, eglandular achenes, and multiseriate pappus

of apically dilated bristles.

Bucephalus is briefly characterized as follows: perennials usually from creep-

ing rhizome, sometimes tap-rooted in E. paucicapitatus (B. Rob.) E. Greene;

glabrous or sparsely pilose with thin-based hairs to closely tomentose, granular-

glandular or minutely sessile-glandular in E. gormanii Piper, E. paucicapitatus,

and E. glahratus (E. Greene) E. Greene (under the heads); stems mostly sim-

ple or few-branched until the capitulescence, arising directly from the rhizome

without an evident caudex; leaves all cauline, scale-like on the basal portions of

the stems, large and relatively even-sized and evenly arranged above, sessile,

not clasping (or slightly subclasping), entire, sometimes 3-nerved, the sec-

ondary venation reticulate; heads sometimes reduced to one but mostly 6-20

and corymboid (loosely so or paniculate in E. breweri [A. Gray] Nesom); phyl-

laries in 4-6 series strongly graduated in length, ovate, often convex, distinctly

keeled from base to tip, stramineous-indurate, relatively even textured, the

margins (inner series) thin-hyaline, often purplish distally, without a distinctly

delimited apical patch but the apical area sometimes green; disc corollas yel-

low, usually remaining yellow, tubular, the tube ca. 1/3 the corolla length, the

lobes deltate and erect to triangular and reflexing; disc corolla style branches

with collecting appendages lanceolate to linear, mostly papillate above the

base (hairy in some species); rays white to bluish, slightly coiling; achenes

obovate, not basally stipitate, strongly flattened with a pair of lateral nerves,

2-nerved (e.g., E. ledophyllus [A. Gray] E. Greene and E. engelmannii [D.C.

Eat.)] E. Greene), in other species commonly with 1-2 additional nerves on

each face, eglandular; carpopodium symmetrical, orthogonal; pappus of terete

bristles usually dilated at the apex, in 2-3 series, all of equal length or the

outer sometimes markedly shorter; base chromosome number, x=9, the NOR
chromosome morphology of the primitive type (fide Semple et al. 1983).

The rayless Californian species Bucephalus brewen was transferred from

Heterotheca and correctly placed by Semple (1988) among the species of Bu-

cephalus (as a subgenus of Aster). The discoid condition also occurs in B.

vialts Bradshaw, B. brtckellioides (E. Greene) Nesom, and B. glabratus, al-

though the latter two species may sometimes produce 1-5 ray flowers. The

earlier treatment of B. breweri within both Chrysopsis and Heterotheca and

its long taxonomic persistence there reflects its remarkable resemblance to
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plants of the Chrysopsidinae, much as Nesom k Leary (1992) earlier observed

a strong similarity between lonactis and the Chrysopsidinae.

If the flattening and apparent reduction in venation in Eucephalus achenes

is homologous with that of Asian Asterinae, it suggests that the former may

occupy an ancestral position with respect to the latter. This is especially plau-

sible in view of other similarities between them. The achenes of Canadanthus

[C. modesius [Lindl.] Nesom) are distinctly flattened and oblanceolate, but

they are multinervate and the flattening appears to be a more evident spe-

cialization within its lineage, where its closest relatives have mostly cylindric

achenes. The flattened, few-nerved achenes of Symphyotrichum also are clearly

specialized. lonactis produces somewhat flattened achenes with reduced ve-

nation, but the nature of its relationship to other genera is more obscure.

The species of Eucephalus resemble some species of Old World Aster, par-

ticularly those of sect. Ageratoides, in their relatively tall stature, leafy habit,

and flattened, obovate achenes. Eucephalus differs from Old World Aster,

however, in a combination of features: keeled phyllaries, disc corollas not

abruptly ampliate, greatly elongated collecting appendages of the disc style

branches, eglandular achenes, "triseriate" pappus (with a shorter outer series)

of apically dilated pappus bristles, and chromosome morphology. Instead, Eu-

cephalus appears to be closer to other North American groups in this same set

of characters, although some of them appear to be plesiomorphic similarities.

IV. lonactis

lonactis is primarily a genus of the western United Stales (with four species

in that region), but the most A^despread species (/. linariifolia [L.] E. Greene)

is restricted the eastern North America (Nesom & Leary 1992; Nesom 1992b).

The group has long been recognized as a natural one.

Plants of lonactis are briefly characterized as follows; low perennials from

a taproot or thick, woody caudex branches; stems and leaves glandular in /.

caelestis Leary & Nesom, the other species eglandular; leaves stiff, congested on

the stems (internodes short); heads usually solitary, sometimes 2-3 and loosely

corymboid; phyllaries strongly graduated in length, strongly keeled, relatively

even textured, without an apical patch; disc corollas narrowly tubular; disc

style branches with collecting appendages lanceolate, hairy from base to tip;

rays bluish, coiling; achenes narrowly obovate in outline, those of the disc

2(-4)-nerved, of the ray (2-)3-nerved, flattened, not stipitate, glandular in /.

stenomeres (A. Gray) E. Greene and /. elegans (Soreng & Spellenb.) Nesom,

the disc achenes sterile in /. caelestis; carpopodium oblique; pappus of apically

attenuate bristles in 1-2 series of equal length, with a much shorter outer series

of bristles or scales; base chromosome number, x=9.

The species of lonactis are particularly similar to Eucephalus and they havfe

been hypothesized to be closely related (Semple & Brouillet 1980a; Jones &
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Young 1983). These two genera are similar in their evenly distributed and

even-sized (mostly) cauline leaves, strongly graduate, keeled phyllaries with-

out an apical patch, few-nerved, relatively flattened achenes, and multiseriate

pappus with a short outer series. Bucephalus differs from lonactis in a number

of features: taller stature, rhizomatous base, leaves not congested, stems and

leaves without stiff, thick-based hairs, heads usually more numerous and often

distinctly corymboid, disc style branches commonly with papillate collecting

appendages, achenes more distinctly flattened and more broadly obovate, car-

popodia symmetrical, and pappus bristles apicaUy dilated. In most of these

features, lonactis is the more specialized.

The hypothesized phyletic alliance of lonactis with the Chrysopsidinae

(Nesom & Leary 1992, Nesom 1991b) emphasized their common production of

carinate phyllaries without an apical patch, linear-lanceolate and hairy collect-

ing appendages, oblique carpopodia, strongly shortened outer pappus series,

and (in one species) glandular cauline vestiture. Plants of lonactis, however,

lack the large, straight-sided crystals in the disc corollas that are character-

istic of the Chrysopsidinae, the rays are bluish to white rather than yellow,

and the achenes have fewer nerves than in the goldenasters, except for Het-

erotheca, where the reduction in nervation is interpreted as a specialization

within the subtribe. Similar features of pappus, phyllaries, and vestiture can

also be found among species of Bucephalus, as noted above, but lonactis is

very different from Bucephaltis in its habit and small, rigid, congested leaves

with stiffly ciliate margins. lonactis is regarded here as a relatively isolated

genus, perhaps close to Bucephalus or perhaps more distantly separated from

the Asterinaean lineage.

Plants of lonactis are similar in habit and overall appearance to those of the

Asian genus Arctogeron, but the latter produce papillate collecting appendages

and broadly obovate achenes and can be considered securely placed among
Asian Asterinae.

THE EURYBIAN LINEAGE

The Eurybian lineage includes nine genera (Figure 1), from Sencocarpus

to Symphyotrichum. The major groups of the lineage are generally character-

ized by phyllaries in 3-5 series strongly graduated in length and with a green,

distinctly demarcated apical patch. Mostly herbaceous, equal-length phyllar-

ies are characteristic of Oreostemma, Psxlactts, Almutaster, Canadanthus, and

a similar tendency also occurs in some species within Burybta, subg. Virgu-

lus, and subg. Symphyotrichum, but this is interpreted here as specialization

within the lineage. Species of Aster sect. Aster produce a sharply delimited

apical patch similar to that in Sericocarpus and Eurybta; some taxa of the

Machaerantherinae and Solidagininae also produce an apical patch, and the
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similar morphology in these taxa appears to have developed in parallel to that

of the Eurybian lineage.

Sericocarpus is the most primitive genus of the Eurybian lineage, retain-

ing a set of unspecialized features: sessile-glandular vestiture (vs. stipitate-

glandular), the capituiescence generally a corymboid cyme (the tendency to

produce glomerated heads is specialized), disc corollas distinctly widened in

the throat and limb, with long, reflexing-coiling lobes and remaining white

or creamy at maturity, disc style branches with short, papillate collecting ap-

pendages, ligules essentially non-coiling, and pappus 2-3 seriate, the bristles

with dilated apices.

The remaining, more specialized genera of the Eurybian lineage are char-

acterized as foUows: disc corollas narrowly tubular with short, erect lobes

(abruptly ampliate distally in some of the primitive species of Eurybia and

subg. Symphyotrichum), at least the apex usually becoming distinctly reddish

or purplish at maturity; disc style branches with linear-triangular collecting

appendages spreading-hairy from base to tip (rarely papillate in some species

of Eurybia); and ray flowers with coiling, blue or purple ligules (less commonly
white, not strongly coiling in some Eurybia).

The five most specialized genera, the Symphyotrichum subgroup (Figure

1), have consistently shortened achenes compared to the longer, narrowly

cylindric ones of Eurybia, Oreostemma, and Ampelaster, although the posi-

tion of the latter is somewhat equivocal on the basis of other characters. The

Symphyotrichum subgroup, including Ampelaster, have a 1-seriate pappus of

bristles consistently attenuate at the apex and an open, variably paniculate

capituiescence (compared to the distinctly corymboid cymes of Eurybia and

Sericocarpus and most of the other putatively primitive genera of the sub-

tribe; the homology of the highly reduced capituiescence of Oreostemm.a is not

evident). Further, all of the Asterinaean species vrith chromosome numbers

reduced from x=9 are members of the Symphyotrichum subgroup, and all of

this subgroup except Almutaster have cauline leaves with clasping bases, at

least in the putatively primitive species.

The unity of the Eurybian lineage is further emphasized by morphologi-

cal similarities (homologous and paraUel) among the genera. This is reflected

in Cronquist's observation (1955, p. 71) that the "characters of the various

groups [of North American /laier] interlock most confusingly." Although par-

allelisms suggest that these groups are closely interrelated, natural groups

among the American asters can be seen as much more discrete as a result of

relatively recent studies, including the present one. Distinctive and genetically

isolated groups of the Eurybian lineage have already been treated as separate

genera {Pstlactis, Oreostemma, Almutaster, Virgulus). If the whole Eurybian

lineage were considered a single genus, such a group would be unparalleled

in the tribe (Nesom 1994e) in its composition of highly distinctive, discrete,

and genetically isolated subgroups. Other North American generic segregates
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from Aster recognized in the present treatment (e.g., Doellingeria, Oclemena,

lonactis, Bucephalus) are simple to recognize and correspondingly distinct in

phylogeny (outside of the Eurybian lineage).

V. Sericocarpus

Sericocarpus comprises five species, three in the eastern United States and

two in the western U.S. A taxonomic summary and discussion of its main

features and relationships was recently presented (Nesom 1993b). It is briefly

characterized as follows: perennial herbs from woody roots, sometimes short-

rhizomatous; leaves sessile- or punctate-glandular; heads sessile or subsessile

in glomerate clusters; phyllaries keeled, with a sharply delimited, basally trun-

cate, green apical patch, strongly indurate-thickened and convex below; disc

corollas white, not purplish at maturity, funnelform, hardly abruptly ampli-

ate; style branch appendages papillate; rays white, not coiling; achenes nar-

rowly obconic to nearly cylindric, not basally stipitate, multinerved, strigose-

sericeous; pappus in 2-3 series of equal length, the bristles apically dilated;

base chromosome number, x=9. The morphology of the NOR chromosome is

the primitive type {sensu Scmple et al. 1983).

Sericocarptis has long been recognized as a distinct genus, and it was the

most recent addition to North American i45<cr (Cronquist 1947b). As noted in

the Introduction to this paper, and in contrast to my earlier view (1993b), I ac-

knowledge that Cronquist as well as Semple & Brouillet were correct in placing

Sericocarpus close to other species of North American asters. In the present

treatment, Sericocarpus is regarded as closely related to Eurybia, although the

similarities between them apparently are mostly plesiomorphic. The similar-

ities between Sericocarpus and the Solidagininae, which I emphasized earlier,

are here interpreted as parallel rather than homologous. In this view, however,

this remarkable set of parallelisms indicates a recency of common ancestry, and

the apparent phyletic proximity of the Asterinae and Solidagininae is noted

elsewhere in the present discussion.

The resemblance between the Solidagininae and Sericocarpus and the cor-

responding distinction of the latter from Eurybia support the recognition of

Sericocarpus at generic rank. Details of the morphological distinction between

Sericocarpus and Eurybia are provided under the latter (in the following dis-

cussion).

VI. Eurybia

This genus has been consolidated primarily from a number of groups pre-

viously recognized by a variety of names: Biotia, Heleastrum, Herrickia, We-
beraster, Aster sect. Radulini^ and Aster sects. Calliastrum and Spectabiles.
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The 28 species are divided into nine sections (in two subgenera) and recog-

nized by 'a generic name that has not generally been applied to North American

species.

A. Usage of the name Eurybia

The oldest generic name potentially applicable to any North American seg-

regate from Aster s. lat. is Eurybia (Cass.) S.F. Gray (see below), based on

Aster subg. Eurybia Cass., a combination at generic rank that has previously

been attributed to Cassini. The name Eurybia has been applied in a limited

sense to species of the North American Aster subg. Biotia DC. ex Ton. &
Gray {sensu Jones 1980a; also see Lamboy & Jones 1987b). The name Biotia

DC. (1836) at generic rank for this group is a heterotypic, later homonym of

Biotia Cass. (1825) and use of de Candolle's name is illegitimate in reference

to a genus. Eurybia has generally been regarded as a synonym of Olearia (e.g.,

Bentham 1866), a genus of Australia and New Zealand, but there apparently

has been no pointed discussion regarding the typification and definition of Eu-

rybia. Index Nominum Genericorum (Farr et al. 1979) and Australian Plant

Names Index (Chapman 1991) both noted that a type for it has not been des-

ignated. Two problems are considered in the following discussion. When and

by whom was the legitimate combination at generic rank made for Eurybia?

And how is the name to be typified and interpreted, in view of considerable

ambiguity in its early application?

a. Cassini 's establishment of Eurybia

In the original description of Eurybia (as Aster subg. Eurybia Cass., Bull.

Sci. Soc. Philom. Paris 1818:166. 1818.), Cassini placed three species within

this taxon, without specifying any one of them as the type: A. chrysocomoides

(Desf.) Desf., A. tripolium L., and A. corymbosus Sol. ex Alton. Only the third

of these is a North American species; it is a member of the Biotia group.

Cassini provided no specific comment regarding the derivation of the name
Eurybia^ but the Greek adjective "eurys" connotes "broad, wide, or widespread,"

while "baios" connotes "little, scanty, or few." It seems reasonable to speculate

that Eurybia refers to the species treated here within sect. Eurybia, which pro-

duce relatively few ray flowers with littie-coiling (thus wide-spreading) ligules.

In 1820, Cassini provided a review of the main features of his three "sous-

genres" of Aster {Diet. Sci. Nat. 16:46. 1820.), which had received a more

cursory treatment in 1818, but he did not include any of the three, originally

cited species of subg. Eurybia in the discussion. Instead, he included only

four AustrjJian species now placed within Olearia, although it is not clear

that he intended to limit the genus to those four. Further, Cassini began
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the first sentence of the 1820 discussion with "This new genus of plants," but

following that, he repeatedly referred to the group ais a subgenus. Because of

this ambiguity, it cannot be clearly established that Euryhia was validated at

generic rank in 1820.

In his 1820 discussion, Cassini apparently began setting up new nomen-

clature for Euryhia as a genus, drawing in four, previously named Australian

species (Diet. 16:47-48). For two of these names, he took the original epithet

into Eurybia] for the other two, he substituted a new epithet that may have

seemed more appropriate to him than the original for the plants involved (the

substituted epithets match his chosen colloquial names). But because of the

ambiguity of rank for Eurybia in 1820 and the corresponding interpretation

regarding its validity as a genus, all four of Cassini 's new combinations or new
names in Eurybia must be regarded as invalid under any circumstance. Ei-

ther (1) they were offered only as provisional names, anticipating the formal

change to generic rank for his subg. Eurybia^ (2) they were intended only as

statements of taxonomic position of the species within Aster subg. Euryhia,

or (3) they were proposed as a system of alternative nomenclature equivalent

to the existing names in Aster.

Cassini was more definite regarding the status of Eurybia as a genus in yet

another taxonomic summary of the group a short time later (Diet. Sci. Nat.

37:486-488. 1825.). In that discussion, he included nine species, including

biotian species as well as Olearia, and made a number of new combinations

in Eurybia (including Euryhia corymhosa [Aiton] Cass.). Aster tripolium and

A. chrysocomoides were not among these nine, the latter species treated by

Cassini in 1825 as the monotypic genus NoUeiia Cass, (see below).

The 1820 article by Cassini has been considered the date of valid publi-

cation for Eurybia as a genus, apparently by Cassini himself (Diet. Sci. Nat
37:462. 1825.) and by others, e.g., de Candolle (1836), Hooker & Jackson

(1895), Farr et al. (1979), and Chapman (1991). Notwithstanding Cassini's

unambiguous treatment in 1825, the elevation in rank of Euryhia must be

attributed to the British naturalist S.F. Gray.

b. S.F. Gray's treatment of Euryhia

The name Euryhia was used in 1821 by S.F. Gray (Nat. Arrang. Brit.

Pi 2:464-465. 1821.), apparently to provide a name for a circumscription at

generic rank; the name wais in a coordinate position with others clearly at that

rank. As the heading of his entry 232, Gray cited "EURYBIA. Csissine" and

the identity of the taxon in reference is unequivocal. Although Gray did not

cite a potential basionym or its place of publication by Czissini (or any other

publication by Cassini), his reference to "EURYBIA. Cassine" is no more or

no less indirect than Cassini's own treatment of the name and implied new
combination in 1825.
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Because Gray did not specifically associate his own name with Eurybia at

generic rank, it is not clear that it was his intention to validate the name by

making a new combination. It is clear, however, that Gray intended to use

the name Eurybia at generic rank, whether or not he considered the name

already available (see comments above regarding Cassini's problematic 1820

discussion) and that he intended to provide a name for one of Cassini's original

three species included within Eurybia. Thus, regardless of his intentions, the

name Eurybia at generic rank can be legitimately attributed to S.F. Gray in

1821 as "(Cass.) S.F. Gray."

Gray applied the name Eurybia to only a single sp«icies, Aater tripolium

L. (and cited the name among the synonyms), but he r.oined for it the new

name ^Eurybia maritima" apparently drawing from one of the polynomials

he cited in synonymy: "Aster maritimus cocruleus Tripolium dictus, Raii Syn.

175, 2." Lamarck validly published Aster maritimus Lam. (a synonym of A.

tripolium) in 1789, but Lamarck's name was not cited by Gray. Thus '^Eurybia

maritimaS.F. Gray" apparently should be taken as superfluous (as seems to be

the interpretation in Index Kcwensis)^ not a legitimate combination at specific

rank.

In Gray's comments, it was not "clearly indicated by direct citation in-

cluding the term 'type' or an equivalent" (as required t!ie ICBN, Article 8.3)

that Eurybia maritima (= Aster tripolium) was to be considered the lectotype

of Eurybia, Nor did Gray cite or specifically exclude the other two species

(potential types) originally included by Cassini in Aster subg. Eurybia. Thus,

while Eurybia (Cass.) S.F. Gray can be accepted as a valid name, the basis for

typification of Eurybia was not established by Gray, ai\i the possibility was

left open that other species might also be included within Eurybia as a genus.

c. Nces's treatment of Eurybia

Nees (1832) included in the genus ^Eurybia Cass.^' five taxa of North

American biotians as weU as three Australian taxa (all three of the latter now
regarded as Olearia). In introductory comments to his treatment of Aster (p.

21), he noted that Eurybia in the strict sense should include only the American

species, and in the taxonomic section he separated the biotian species as sub-

group "Genuinae." He did not formally recognize a lectotype for Eurybia, but

he concurrently transferred Aster tripolium into a separate genus (see below)

and was aware that Czissini (1825), who he followed (see below), similarly seg-

regated A. chrysocomoides, leaving only Aster corymbosus within Eurybia (of

its three original species). W.J. Hooker (Fl. Bor.-Amer. 2:14. 1840.) followed

Nees in identifying the biotian species as Eurybia, although Hooker noted that

there appeared to be insufficient basis to warrant their separation from Aster.
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d. Eurybia of de CandoUe and others

De CandoUe [Prodr. 5:264-271. 1836.) distinguished the biotian species

and the associated Australian species as two genera (Biotia DC. and Eurybia,

respectively), without commenting on the difference between his nomenclat-

ural interpretation and that of Nees. He listed '"''Eurybia Cass, genuina" and

^^Eurybtae genuinae Nees" as synonyms of his Biotta, while crediting Cassini

with the authorship of Eurybia {^^Eurybia Cass. bull, philom. 188. p. 166.

diet. 16. p. 486" - the last "486" apparently a misprint for the page "46"

of Cassini's 1820 article). De CandoUe accepted Aster chrysocomoides as the

monotypic genus Nolletia (sensu Cassini & Lessing), and he treated Aster

tripolium as a monotypic section within the genus Tnpolium Nees. Roughly

since the time of de CandoUe's influential treatment, Eurybia has generally

been associated with Australian species, accumulating many species in the

1850's primarily from the work of J.D. Hooker and F. Mueller, although it was

subsequently subsumed as a synonym of Olearia. Burgess (1906, p. 61) noted

specifically that "Cassini's Eurybia was originally meant for the Tasmanian

group of shrubby species which de CandoUe retained in it."

e. Lectotypification of Eurybia

Notwithstanding Cassini's apparent inconsistency in the definition of Eu-

rybia past its original circumscription, some ambiguity regarding the date and

place of publication of Eurybia as a genus, and the current taxonomic equilib-

rium regarding its position as a synonym of Olearia, the correct application

of the name must be directed by a lectotypification drawn from the three

species originaUy included within Aster subg. Eurybia. Cassini's brief descrip-

tion of this taxon (1818, loc. cit, p. 166, quoted here in full) does not allow

an unequivocal selection of a type: "Ce sous-genre de VAster comprend les

especes de ce genre qui ont la couronne feminiflore comme les vrais Aster et le

pericline de squames appUquees comme les Galatea] tels sont les A. chrysoco-

moides, trtpolium, corymbosus, etc. Le sous-genre comprenant les vrais Aster

se distingue des deux autres par la couronne feminiflore, et le pericline de

squames inappUquees, append!ciformes; tels sont les A. novi-belgxi, longifolitis,

amplexicaulis, etc."

There are three choices for the type of Eurybia.

1. Aster {Conyza) chrysocomoides (Desf.) Desf. This species is

the type of Nolletia Cass. {Diet. Sci. Nat. 37:461, 479. 1825.)

and is currently treated as Nolletia chrysocomoides [Desf.] Cass.

(1825, loc. cit). Depending on the interpretation of the legitimacy
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of Cassini's combination, the species also has been treated as Nol-

letia chrysocomoides (Desf.) Cass, ex Less. {Syn. Gen. Comp. 187.

1832.). Desfontaines originally described the species as Conyza {Fl.

Atlant 2:269, t.232. 1799.) but transferred it to Aster (Tabl. ecole

bot. [ed. 2] 121. 1815.) after observing in cultivated plants of the

species that the peripheral, pistillate flowers (normally only tubu-

lar) sometimes produced evident ligules. Cassini did not believe

these to be conspecific, but in any case, he explicitly indicated that

he baised his generic description of Nolletia on the type specimen of

Conyza chrysocomoides Desf., which was confirmed as Nolletia by

Jones & Lamboy (1987). If Eurybia were typified with this species,

Eurybia would replace Nolletia as the eariiest name for this well-

established. Old Worid genus of ca. ten species.

2. Aster tripolium L. This species is now sometimes treated as

the monotypic genus Tripolium Nees {Gen. Sp. Aster. 10, 152.

1832.) and is accepted as such in the present overview of Aster and

related genera. Eurybia would replace Tripolium as the earliest

generic name for this species, were it to be treated as a separate

genus.

3. Aster corymbosus Alton (= Eurybia corymbosa [Alton] Cass. =
Aster divaricatus L.). This species is a member of Aster subg. Bio-

tia sensu Jones (1980a; also see Lamboy et al. 1991), part of a large

North American segregate genus. If lectotypified oy A. corymbo-

sus^ Eurybia becomes the legitimate name at genenc rank for this

group, which is recognized here for the first time as a distinct genus.

Nees's early treatment (1832) was unambiguous regarding the com-

position of typical Eurybia., with the direct implica.tion that Aster

corymbosus should serve as the lectotype, but the formal designa-

tion of that species is made here, apparently for tin first time (see

Appendix II).

Tripolium and Nolletia have long been treated as separate genera; the

names are clearly typified and well-established. Nees interpreted Eurybia as

applicable to the North American biotian species, and early combinations by

Nees and Cassini in Eurybia are available for some of those species. Cassini

himself, however, was inconsistent in his enumeration of the constituent species

of Eurybia, and as a result (at least partly), de Candolle's association of the

name with species of Olearxa has persisted up to the present. Nevertheless, the

long association of Eurybia with Olearxa is unjustified; application of Eurybia

to the North American species appears to be legitimate as well as pragmatically

satisfactory.
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B. Definition of the genus Eurybia

The species of Eurybia are briefly characterized as follows: leaves and stems

mostly glabrate, stipitate-glandular in a few species {E. spectabilis [Alton] Ne-

som, E. pulchra [S.F. Blake] Nesom, E. conspicua [Lindl.] Nesom); leaves linear

to obovate or cordate, venation parallel to pinnate but usually with 3-5 veins

entering in parallel from the petiole base, with margins entire to serrate or spin-

ulose, sessile, not clasping or slightly so in E. compacta Nesom; capitulescence

loosely corymboid, reduced to 1 or a few heads in E. sibirica; receptacles com-

monly distinctly foveolate, sometimes fimbriate as well; phyllaries in 5-7 series

strongly graduated in length, often thickened, usually distinctly low-carinate,

basally indurate with a sharply demarcated green apical patch (or "striate" in

some species, see below), the inner often 3-veined, the margins minutely ciliate-

fringed in most species groups ; disc flowers with style appendages ca. 1/5-1/2

the length of the branches, the appendages linear-triangular and mostly hairy

(vs. papillate) from base to tip, but papillate in E. radulina (A. Gray) Nesom

and with a similar tendency in some other western species; achenes narrowly

oblong in outline, cylindric or subcylindric, (2-)3-5(-7) mm long, with 8-12(-

18) ribs, more or less stipitate basally, eglandular; pappus (l-)2-seriate, of

flattened, often stiff bristles, these usually with dilated apices but slightly or

not at all in a few species; and base chromosome number x=9 (NOR chro-

mosome morphology of euaster type, but primitive type in E. glauca (Nutt.)

Nesom and E. sibirxca, fide Semple et ai 1983). Many of the species have a

tendency to produce thickened leaves, and there is considerable variation in

other foliar features. The disc corollas vary from narrowly tubular to long-

tubed and abruptly ampliate in the distal third. Rays are mostly blue and

coiling, but they are white and often little coiling in sect. Eurybia.

The close connection between subg. Eurybia and subg. Heleastrum has long

been recognized. Torrey & Gray's original i45<ersubg. Calliastrum corresponds

to sect. Calliastrum and subg. Heleastrum together; only later (1880, 1884) did

Gray segregate Heleastrum s. str. into a separate subgenus. Gray (1880) made

the further observation that subg. Heleastrum, sect. Biotia {= sect. Eurybia),

and Sencocarpus (the latter treated as a separate genus by Gray) are closely

related among themselves. Bentham's concepts (1873) were similar: he in-

cluded species of subg. Heleastrum within his sect. Calliastrum and placed the

biotian species as a separate section. Bentham also held Sencocarpus as a

distinct genus.

Jones (1980a) placed sect. Eurybia (as sect. Biotia) with other sections in

her subg. Aster, among the others were sect. Radulini and sect. Aster (includ-

ing subsect. Calliastrum). In the analysis by Jones k Young (1983), sect. Eu-

rybia was most closely related to Sencocarpus and to two other groups within

subg. Aster (sensu Jones 1980a), sect. Calliastrum and sect. Radulini. Lam-

boy et al. (1991) followed Jones & Young in observing that a close relationship
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exists between sect. Eurybta, sect. Calltastrum, and sect. Radulim, but they

added Doellingerxa as a close relative to these instead of Sericocarpus. They

made no distinctions regarding the relative proximity of relationship among

these four groups, nor did they provide specific comments regarding the bases

for their hypotheses of relationship. The treatment by Semple k Brouillet

(1980a) also was similar, as they placed sect. Eurybia closest to sect. Callias-

trum and part of sect. Radulim (these two groups consolidated within subsect.

Aster). Burgess noted (1906, p. 60) that "I have not recognized this Biotian

group [sect. Eurybia] as a genus, for it grades too imperceptibly into Aster

species of the spectabilis group, especially in involucre, the chief character by

which it had been separated." The close relation between sect. Eurybia and

sect. Calliastrum is emphasized by the occurrence of an intersectional hybrid

(see comments below under sect. Eurybia).

As hypothesized here, the closest relative of Eurybia is the genus Serico-

carpus (see additional comments above and in the Introduction). Plants of

these two genera are strikingly similar in phyllary morphology and at least

some species of both retain a number of putatively primitive features (es-

pecially multiseriate pappus of bristles with dilated apices and disc corollas

abruptly ampliate distally). The resemblance in habit and leaf morphology of

E. compacta (sect. Calliastrum) to Sericocarpus is particularly remarkable; it

is interpreted here as parallel but indicative of close common ancestry. Simi-

larly, Semple et al. (1983) correctly noted a resemblance in rhizome morphol-

ogy between Sericocarpus and some species of subg, Heleastrum. Eurybia and

Sericocarpus are distinguished by the following contrast?:

1. Leaves stipitate-glandular in a few species, otherw-se eglandular; heads

distinct, pedicellate, somewhat congested in E. compacta-, disc corollas

yellowish, becoming reddish or purplish at maturity, narrowly tubular, in

some species abruptly expanded into the throat; sty\i branch appendages

mostly spreading hairy from base to tip; rays blue and strongly coiling,

or mostly white and non-coiling in sect. Eurybia] achenes usually with

a short stipe, glabrous to moderately strigose; NOR chromosomes of

euaster type Eurybia

1. Leaves sessile- or punctate-glandular; heads sessile or subsessile, in glom-

erate clusters; disc corollas white, remaining so at maturity, broadly

funnelform; style branch appendages papillate; rays white, not coiling;

achenes not stipitate, sparsely densely strigose-sericeous; NOR chromo-

somes of primitive type Sericocarpus
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Subgenus Heleastrum

Subg. Heleastrum comprises six species in three distinct subgroups endemic
to the southeastern United States. It has been regarded as a separate genus by
Greene (1896), Shinners (1949, 1969), and Correll and Johnston (1970), but
the only recent treatment of all its species has been by Cronquist (1980), who
retained it within a broadly conceived Aster. These are sometimes referred
to as the "grass-leaved asters," characterized by linear to narrowly oblanceo-
late, sessile (not clasping), often crowded, mostly basally disposed, thickened
and stiff, glabrous to glabrate leaves, a corymboid capitulescence (spicate in
Euryhia hemtsphenca (Alexander) Nesom and E. spinulosa (Chapm.) Nesom,
loosely paniculate in E. chapmanii), blue, coiling rays, and narrowly tubular
disc corollas with short, erect lobes.

Jones (1980b) noted similarities between subg. Heleastrum, sect. Oxytri-
polium, and subg. Vtrgulus (the latter two groups of the genus Symphyotrxchum)
in achene morphology, phyUary morphology, and the production of cormoid
rhizomes (particularly in Euryhia hemispherica) , and these similarities have
also been part of the basis for other comments by Jones and by Sundberg
(noted below) regarding hypotheses of close relationship between subg. Heleas-
trum and sect. Oxytripolium. This also apparently reflected Jones' early con-
clusion that the base chromosome number of both groups was z=5. There also
are similar tendencies in subg. Heleastrum and species of sect. Oxytrtpoltum as
well as others of subg. Symphyotrtchum in the production of glabrous, narrowly
lanceolate leaves, the upper grading into the phyUaries. Subg. Heleastrum was
positioned as a speciaHzed group within subg. Vtrgulus in the analysis of Jones
k Young (1983), but morphological similarities between these two groups were
attributed by Semple (1982) to evolutionary paraUelism. Semple & Brouillet
(1980a) placed subg. Heleastrum as an informal section within subg. Aster
(sensu Semple k Brouillet 1980a), which also included other groups of Sym-
phyotrtchum (as "sect. Dumose'), among others. Comments provided by Sem-
ple regarding potential close relatives of subg. Heleastrum are the following
(1982, p. 60): "Many morphological similarities exist between the less spe-
cialized species of [subg.j Heleastrum and many species of sects. Aster and
Sericocarpus of subgenus Aster'' and (p. 67) Heleastrum is a "specialized off-
shoot of the typical asters with A. paludosus Alton being most like species in
other sections."

The similarity perceived by Jones between subg. Vtrgulus and subg. He-
leastrum underiay her hypothesis (1985) that r=9 in the latter is derived by
aneuploid loss of one chromosome from an ancestral, presumably Vtrgulus-like
tetraploid based on x=5 (2x = 10-1 = 9). The chromosome morphology of
subg. Heleastrum does not support this idea, as the chromosomes are similar
to those of the rest of Eurybta as weU as subg. Symphyotrtchum (euaster NOR
type) but not to the highly specialized ones of subg. Virgultis.
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Eurybia chapmanii is exceptional in its base chromosome number of x=7

(Semple 1982). Jones & Young (1983) hypothesized that this species origi-

nated as a hybrid between x=9 species of subg. Heleastrum and x=5 species

of Symphyotnchum sect. Oxytrtpolium. Euryhia chapmanii also differs from

others of subg. Heleastrum in its phyllaries, which are elliptic with a raised

centred nerve from base to tip and lack a distinctly delimited, green apical

patch. It diifers further in several features that are similar to those in plants

of Symphyotrichum: relatively small heads in an open, somewhat paniculate-

corymboid capitulescence and slender, terete pappus bristles without apical

dilation. These features, along with its glabrous surfaces, give E. chapmanii

the appearance of sect. Oxytripolium. The immediate ancestry of E. chap-

manii, however, appears to lie with other species of subj:. Heleastrum on the

basis of their similar habit, and leaf, capitular, and achenial morphology; the

chromosome number of E. chapmanii is interpreted here as a reduction from

x=9, in agreement with Semple (1982). Further, E. chapmanii produces a com-

pacted rhizome and persistent cluster of linear basal leaves similar to those of

E. eryngiifolia (Torr. & Gray) Nesom and E. spinulosa.

Eurybia eryngiifolia and E. spinulosa are distinctive within subg. Heleas-

trum in their spinulose leaves, persistent basal leaves, and their phyllaries

without a strongly indurate basal portion but with anastamosing longitudinal

strands that produce a distinctive, green-striate appearance. The phyllaries

are notably similar to those of E. radula (Aiton) Nesom (sect. Radulini). If

Heleastrum were treated as a separate genus, there would be little to recom-

mend against its further fragmention by the segregation of E, spinulosa and

E. eryngiifolia, as well as E. chapmanii.

C. Subgenus Eurybia

Sections Radulini, Calliastrum, and Integrifoliae

Eurybia radula and E. saxicastellii (Campbell k Medley) Nesom of the

eastern United States are similar to western species, particularly E. radulina

and E. conspicua, in their broadly obovate leaves with toothed margins and

disc corollas with a long, narrow tube abruptly ampliate into a broad limb in

the distal third. In their disc corolla morphology, they are similar to species

of sect. Eurybia. Torrey & Gray (1841) noted that E. radula approaches the

species of sect. Eurybia, and the similarity of E. radula in phyllary morphology
to E. eryngiifolia and E. spinulosa of subg. Heleastrum has been noted above.

Eurybia sibirica is remarkable within sect. Radulini in its low habit, few,

loosely corymboid heads or reduction of the capitulescence to a solitary head,

and herbaceous phyllaries of relatively even length, usually without a strongly

developed, basally indurate portion or green apical patch. The connection of

this species to others of sect. Radulini (particularly E. radulma) is seen in its

I
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closest relatives, E. mertta (A. Nelson) Nesom and E. pygmaea (Lindl.) Nesom,

which also tend to be reduced in habit but which have phyllary morphology

more characteristic of others in subg. Eurybia. As interpreted here, the loose,

foliaceous phyllaries of E. sibirica (and sometimes E. rnerita and E. pygmaea)

are specialized.

Three eurybian species of the eastern United States with entire leaves, a

tendency to maintain the basal leaves, and narrowly tubular disc corollas are

treated here as sect. Calliastrum. Similarities between these species and those

of subg. Heleastrum are conspicuous. Torrey & Gray (1841) included Aster

paludosus (sect. Heleastrum) as a member of their subg. Calliastrum. Cron-

quist (1980, p. 156) noted that Eurybia compacta "approaches A. surculosus

Michx., on one hand, and A. paludosus and A. avitus, on the other." Eurybia

surculosa (Michx.) Nesom is particularly similar in habit and leaf morphology

to plants of sect. Heleastrum,.

Eurybia mtegrifolia (Nutt.) Nesom is seemingly isolated within the genus

and is treated here as a monotypic section. It is distributed in inontane habi-

tats of the northwestern United States and characterized by large, entire, per-

sistent basal leaves, a densely long-stipitate glandular vestiture, and relatively

large heads in an elongate to nearly spicate capitulescence.

Section Herrickia

A distinctive species from northern New Mexico and adjacent southern Col-

orado was originally recognized by Wooton & Standley (1913) as the monotypic

genus Hemckia (H. horrida Wooton & Standi.). Blake (1937) subsequently

transferred the species to Aster,, noting that its closest relative appeared to

be Eurybia [Aster] wasatchensis (M.E. Jones) Nesom. Herrickia horrida was

not included in the taxonomic surveys of Aster by Jones (1980a) or by Semple

k Brouillet (1980a), its position as a monotypic genus perhaps accepted by

these botanists. It was recently included within Aster in a recent treatment

of the New Mexico flora (Martin & Hutchins 1981) but treated as monotypic

Herrickia in recent checklists (Kartesz & Kartesz 1980; Weber & Wittman
1992; Kartesz 1994).

Eurybia horrida (Wooton & Standley) Nesom is immediately recognized

by its subshrubby habit often with numerous stems arising from near the

base, its evenly arranged, epetiolate, subclasping, stiff and regularly crenate-

spinulose leaves, stipitate-glandular vestiture, and loose phyllaries in 3-4 series

of nearly equal length. But the corymboid capitulescence, bluish and coiling

rays, narrowly tubular, reddening disc corollas with linear-lanceolate collect-

ing appendages hairy from base to tip, narrowly cylindric, glabrous achenes,

and the base chromosome number of x=9 of E. horrida are similar to those

commonly produced by other species of Eurybia. Although the phyllaries are
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specialized, they tend to produce a distinct, basally truncate apical patch like

other species of Eurybta; the inner phyllaries are keeled and usually have an

indurate-chartaceous base. Thick, nearly coriaceous leaves, with margins rang-

ing from entire to distinctly spinulose-toothed, also occur in subg. Heleastrum

and a glandular vestiture and subclasping, thick, coarsely serrate leaves are

characteristic of species of sect. Radulini.

Eurybia wasatchensis is treated here in the same section as E. horrida, in

agreement with the early observation by Blake of their similarity, particulariy

in their habit, sessile, subclasping leaves, subequal phyllaries, and tendency to

produce foliaceous bracts immediately subtending the involucre. The former

species differs from E. horrxda primarily in its somewhat thinner, entire leaves

and lightly strigose achenes.

Eurybia glauca {= Aster glaucodes S.F. Blake) of the western United States,

is similar in habit to E. horrida and E. wasatchensis and produces short thick,

entire, subclasping leaves with a similar gray-green color. The phyllaries of

E. gla-tca, however, are strongly graduated in length and foliaceous bracts are

absent. The achenes produce an unusually large number of nerves (14-18), but

in other features this species seems to fit well within Eurybia, notwithstand-

ing its previous association with Eucephalus and Symphyotrichum turbinellum

(Lindl.) Nesom (Jones 1980a; Semple & Brouillet 1980a; Jones k Young 1983).

Eurybia pulchra, previously recognized as a variety of Aster glaucodes, is

treated here at species rank and included within sect. Herrickia; it differs from

E. glauca in its smaller leaves, apically acute phyllaries, and well-developed

glandularity, which is relatively uncommon in the genus but which does occur

in similar form in E. spectabilis and E. horrida. Eurybia pulchra has a restricted

geographic range, and in the specimens I have examined, there appears to

be no intermediacy between it and E. glauca. Cronqiiist (1994) placed E.

pulchra as a synonym of E. wasatchensis; his comment regarding a degree of

intermediacy between the latter and E. glauca almost certainly stems from the

generally unrecognized existence of E. pulchra.

Section Eurybia

Sect. Eurybia comprises seven species endemic primarily to montane and

temperate forest habitats in the eastern United States. These have recently

been studied in detail by Lamboy and colleagues (see Literature Cited). Within

Eurybia, the plants are characterized primarily by the following features: basal

and lower cauline leaves with cordate blades on long, non-clasping petioles,

disc corollas with a long, narrow tube abruptly ampliate in the distal 1/3-1/4

to a much broader limb, the lobes deeply cut and erect to slightly loose or

reflexing, and the ligules white to light lavender and only weakly coiling if

at all. The ovate-cordate, long-petiolate basal leaves are similar to those of

i
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some species of Symphyotrichum sects. Concinm and Cordifolii, Doellingeria,

as well as some Solidago, but this foliar morphology apparently has developed

in parallel in each of these groups. Without basal leaves, however, plants of

sect. Eurybta are strikingly similar in overall aspect to some of Eurybia sect.

Radulini. In sect. Eurybia, the white, little coiling ligules and abruptly am-

pliate disc corollas with long lobes are similar to Doellingena and genera of

Solidagininae hypothesized to be primitive within the subtribe. Similar disc

corollas also occur in sect. Radulini.

Eurybia x herveyi (A. Gray) Nesom is a natural, recurring, intersectionjd

hybrid between E. macrophylla (L.) Cass. (sect. Eurybia) x E. spectabilis (sect.

Calliastrum) that forms clonally persistent colonies of at least partially fertile

plants. The hybrid nature of these hasl)een confirmed by experimental crosses

(Uttal 1962). The Fi's are usually more siniilar to the biotian parent than the

other, but introgressant populations occur. Both parents are reported to have

a hexaploid chromosome number, a fact almost certainly connected with the

observation of a high degree of variability among the Fi progeny of these

species. According to Lamboy et al. (1991), the origin of E. macrophylla itseli

probably is complex; they speculated that its parentage might involve some

species outside the group of its immediate relatives (sect. Eurybia), but no

other species were included in their analyses.

VII. Oreostemma

Oreostemma is a sharply delimited group of three spec-es of western North

America (Cronquist 1948; Nesom 1993a). One of the species, 0. elatum (E.

Greene) E. Greene, was regarded as a synonym of 0. alpigenum (Torr. &
Gray) E. Greene in a recent summary of Californian Ai'ter by AUen (1993).

The plants are herbaceous, taprooted (sometimes thick-rhizomatous) perenni-

als with monocephalous, essentially scapose stems arising from a basal rosette

of linear to narrowly oblanceolate, entire, 3-nerved leaves. One remarkable in-

dividual of 0. alpigenum var. haydenii (T.C. Porter) Nesom from Utah {Recker

^255 [US]) has spinulose leaf margins. Oreostemma peirsonii {C.W . Sharsmith)

Nesom has a glandular vestiture, otherwise the plants are eglandular; the up-

per stems and phyllaries commonly are finely and loosely tomentose. The

phyllaries are in 3-4 series of about equal length, nearly completely foliaceous

(basal margins of at least the inner are indurate in 0. elatum, and some in-

dividuals of 0. alpigenum), sometimes with evident stomates, and often with

a low but evident keel. Disc corollas are tubiilar with short, erect lobes and

remain yellowish at maturity; the style branch appendages are extremely long,

commonly reaching 2 mm. Achenes are narrowly cylindric, 4-5 mm long, with

5-10 raised nerves, glabrous or sparsely short-strigose; the pappus is mostly

1-seriate but sometimes has a few short bristles or setae in a second series.
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The base chromosome number of Oreostemmais x=9. My characterization

(Nesom 1993a) of its NOR chromosome morphology as the primitive type was

was inferred from the placement by Semple & Brouillet (1980a) of Oreostemma

as a subgenus separate from subg. Aster, the latter including all the species

with the euaster type NOR morphology (except Sericocarpus). But apparently

the only published illustration and description of the karyotype of Oreostemma

has been by Huziwara (1958 - 0. alpigenum), who did not observe the NOR
morphology.

I hypothesized earlier that the relationships of Oreostemma might lie with

the South American genus Oritrophium, but the latter is now included as a

member of the subtribe Hinterhuberinae (Nesom 1994e), and Oreostemma is

distantly related to that group.

VIII. Ampelaster

Ampelaster carolinianus (Walt.) Nesom, which has been recognized as the

sole species of Aster sect. Sagittiferi, is endemic to the Atlantic coastal plain

from Florida to North Carolina. It is treated here as a monotypic genus and

is briefly characterized as follows: perennial, eglandular herbs from a woody

base, vines or at least with a distinctly scandent tendency; stems densely hir-

sutulous or pilosulous; leaves oblanceolate to oblong-oblanceolate, 1-nerved,

auriculate-clasping at the base; heads relatively large, blue-rayed, solitary or

2-8 in short-pedicellate, loose, terminal clusters; phyllaries thick, linear-oblong,

subequal in length, low-keeled, with a pronounced, nearly truncate (but some-

times basally attenuate), foliaceous apical patch, usually apically reflexed; disc

style branches with collecting appendages relatively short (ca. 1/3 the branch

length); pappus 1-seriate, the bristles apically attenuate; achenes narrowly

cylindric or slightly fusiform, 2.5-3.0 mm long, glabrous, with 9-12 whitish,

slightly raised ribs, sometimes with purplish pigmentation (at maturity); and

chromosome number of 7;= 9.

Ampelaster carolinianxjis was included within VirgtUus by Semple & Brouil-

let (1980a) and maintained there by Reveal & Keener (1981) as Virgulus sect.

Sagittiferi. The chromosome number of this species, however, has proven to

be x=9 (Jones 1985; S. Sundberg unpublished) rather than x=5 invariably

characteristic of subg. Virgulus, and its morphological features are equivocal

in suggesting a generic placement. It is similar to some species of Symphy-
otrtchum sect. Symphyotrtchum as well as to 5. novae-angliae (L.) Nesom and
others of subg. Virgulus in its sessile- auriculate leaves and narrow, subequal

phyllaries, and 1-seriate pappus, but its chromosome number of x=9, eglandu-

lar vestiture, long, narrowly cylindric achenes, and the tendency for aggrega-

tion of heads suggests that it is not far removed from the primitive species of

Eurybta. The species might be accreted to Symphyotrtchum, especially in view
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of the taxonomic conjunction maintained here between subg. Symphyotrichum

and subg. Vtrgulus, but it appears to occupy an isolated, seemingly interme-

diate phyletic position between Eurybia and Symphyotrichum^ and other taxa

[Psilactts, Canadanthus, Almutaster) appear to be more closely related to Sym-

phyotrichum than is Ampelaster. Ampelaster differs from all other species of

Asterinae in its scandent to subscandent habit and will hardly be mistaken for

any other species.

IX. Almutaster

The monotypic Almutaster {= Aster sect, Pauciflori = Aster pauciflorus)

was recently segregated by Love & Love (1982). The species is distributed

from south-central Canada through the western United States into south-

central Mexico. Plants of Almutaster are characterized as follows: rhizoma-

tous, perennial herbs with stipitate-glandular vestiture and well-developed,

linear-lanceolate, non-clasping, 3-nervate, entire, cauline leaves margined by a

narrow, white, smooth rim (the few persistent basal leaves sometimes oblance-

olate to oblong-spatulate); capitulescence loosely corymboid or sometimes re-

duced to a single head; heads smadl with white rays; phyllaries pauciseriate and

only weakly graduated in length, without a distinctly developed apical patch

and with stomates often evident on the distal portion; disc corollas remaining

yellowish at maturity; narrowly subcylindric achenes 1.7-2.5(-3.5) mm long,

with 8-12 nerves and 1-seriate pappus; base chromosome number, x—9.

A number of botanists have noted the morphologic.il similarity between

Almutaster and the species of Psilactis, particularly in their densely glan-

dular indument with few or no eglandular hairs and their relatively small,

fusiform achenes with numerous, pronounced ribs {e.g., Shinners 1949; Sund-

berg 1986; Hartman 1990; Morgan & Simpson 1992; Mors;an 1993). Semple et

al. (1989) noted the similarity between Almutaster and Symphyotrichum sect.

OxytripoUum (presumably in their hydrophilic tendency, linear-acute leaves,

and small, white-rayed heads in a loose corymboid inflorescence) and suggested

that Almutaster pauciflorus (Nutt.) Love & Love (with ba^e chromosome num-
ber of x=9) may be an allopolyploid combining the x=A genome of a Pstlactis

species and the x=b genome of one of sect. Oxytripolium, apparently relinquish-

ing an earlier hypothesis (Semple et al. 1983) suggesting that A. pauciflorus

is most closely related to Eurybia integnfolia and Aster modestus Lindl. (the

latter treated here as Canadanthus). Jones &; Young (1983) suggested that A.

pauciflorus should be interpreted as a hybrid derivative between Machaeran-

</iera (probably referring to Psilactis) and sect. Oxytnpolium. Sundberg (1986)

considered the possibility that A. pauciflorus may be an alloploid derivative

of a cross between a species of Symphyotrichum subg. Virgulus and Psilactis.

The hypothesis that Almutaster pauciflorus is an adloploid has arisen from

morphological observations, but it has not been supported by other lines of ev-
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idence. Gottlieb (1981) found that A. pauciflorus (as well as PsUactis hrtvilxn-

gulata Sch.-Bip. ex Hemsl. , also with n=9) produced about the same number

of isozyme loci as three other PsUactis species, each with 1=4, rather than

the doubled number expected for a species of allopolyploid origin. Further,

the karyotype of A. pauciflorus is markedly symmetrical (Stucky k. Jackson

1975), showing no chromosomal evidence of disparate parentage. The molecu-

lar (cpDNA and nuclear rDNA) data of Morgan (1993) place the r=9 species

of PsUactis (including A. pauciflorus) in a primitive or at least coordinate

phyletic position relative to the species with lower numbers. Almutaster pau-

ciflorus does not have an amount of nuclear DNA double that of its putatively

close relatives with 7i=4, which might be expected if its origin had been through

alloploidy (Stucky & Jackson 1975), although these data and their interpre-

tation are problematic (see Jackson et al. 1993 for comments and references;

also Michaielson et al. 1991).

There are no documented hybrids between Almutaster pauciflorus and

species of PsUactis. Sundberg (1986) made unsuccessful attempts to produce

these experimentally. In his study, all attempts to produce hybrids among
1=4 species of PsUactis, x=9 A. pauciflorus, x=5 species of sect. Oxytripolium,

and a:=9 Aster tripolium were completely unsuccessful. In contract, Stucky

(1978) reported that he produced artificial hybrids between PsUactis tenuis S.

Wats, and P. asteroides A. Gray (both x=4) as well as intergeneric hybrids

between A. pauciflorus and each of two x=5 species of Machaeranthera [M.

arida [Kunth] A.G. Jones and M. parviflora A. Gray). In summary, evidence

from DNA studies suggests that PsUactis is close to Symphyotrichum although

genomic similarities suggest that the phyletic distance between PsUactis, Al-

mutaster, and even Machaeranthera ailso may be relatively small (see Nesom
1994f for comments on hybridization).

X. PsUactis

PsUactis includes six species (sensu Morgan 1993) distributed from the

southwestern United States into south-central Mexico, with one species essen-

tially continuing into northwest South America. They are similar among them-

selves in their tendency to inhabit moist or wet habitats, stipitate-glandular

vestiture, clasping to subclasping leaves, small heads with white to bluish rays

and other details of floral and fruit morphology, particulairly their epappose

ray achenes. Psxlactis odysseus (Nesom) Morgan is rhizomatous and perennial,

with monocephalous stems; the others are taprooted and annual or short-lived

perennial in duration, with a loosely paniculate capitulescence. The phyllar-

ies are only weakly graduated in length and tend to be mostly herbaceous

although they may be indurated along the basal margins. Achenes are short-

elliptic to broadly obovate, l-3(-4) mm long, somewhat compressed, 5-14(-18)
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nerved and produce a 1-seriate pappus of apically attenuate bristles. The two

most divergent and apparently most specialized species (P. odysseus and P.

brevilingulata) have a base chromosome number of r=9, while the other four

have x=A or x=3. The group has received detailed study (Turner &: Home
1964; Stucky 1974; Nesom 1978; Arnold & Jackson 1979; Hartman & Lane

1987; Morgan 1993).

Psilactis has been regarded as a subgroup within the genus Machaeranthera

in recent treatments (Turner & Home 1964; Stucky 1974; Hartman 1990). Cu-

atrecasas (1969) treated it separately, however, and Morgan (1993) returned

the whole group to generic rank with a revisionary study and several new

combinations. Until relatively recently, all of Machaeranthera commonly was

submerged within Aster (Cronquist & Keck 1957), but the particular basis

for the association of Psilactis with Machaeranthera (as part of sect. Arida

R.L. Hartman) has proven to be a convergent similarity both in vegetative

and achenial features. Psilactis was not included in the analysis by Jones &
Young (1983), but two species of the group were included within Aster by

McVaugh (1984). Shinners (1949, p. 54) noted in his description of a new

species of Psilactis (as a genus) that "It has remarkable superficial resem-

blance to Aster pauciflorus Nutt. and its Mexican allies" (the latter evidently

referring to tajca of sect. Oxytripolium). Turner & Home (1964) referred to

Psilactis s. str. as "i45<er-like" in habit; they commented on the vegetative

similarity between sect. Oxytripolium and Psilactis, although they regarded

it as superficial because of other similarities between Psilactis and Machaer-

anthera that were more significant, in their view. Based on chloroplast DNA
restriction site variation (Morgan 1993), species of Psilactis are cladistically

intermixed with species of Oxytripolium, and Psilactis is oaraphyletic without

sect. Oxytripolium. Morgan's data from nuclear ribosomal DNA, however, sup-

port the treatment of Psilactis as a separate group and place sect. Oxytripolium

closer to subg. Symphyotrichum and subg. Virgulus.

Despite the often invoked association between Psilactis and Almutaster

pauciflorus, the two are different in significant features: in A. pauciflorus the

leaves are stiffly linear and slightly sheathing at base (vs. looser in texture,

broader, and distinctly subclasping, sometimes auriculate), the capitulescence

tends to be corymboid (vs. loosely paniculate), the phyllaries usually not dif-

ferentiated into an indurate base and green apical region (vs. indurate basal

region sometimes evident), and the ray achenes are pappose (vs. epappose).

Morgan's reinstatement of Psilactis as a genus was based on the following

reasoning. Based on DNA data, it is clearly separate from Machaeranthera

and close to North American species generally treated within Aster, although

his molecular data were not conclusive regarding the nature of their interrela-

tionship. Morgan declined to combine Psilactis with Aster, because (p. 296)

"the result would only increase the morphological and cytological diversity

in a genus that is already diverse and poorly understood." Further, he ob-
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served a suggestion of genetic influence from Machaeranthera, as seen in the

apparently "A/ac/iaeran</iera-like" morphological features of Psilactis (i.e., low

chromosome number, tap-rooted habit, leaves with spinulose lobes, lack of ray

pappus).

Psilactis stands as a relatively isolated group, but similar Machaeranthera-

like features (except epappose achenes) also occur in various other species

and groups within New World asters, and Psilactis has particularly notable

siniilarities with other taxa placed here in Almutaster and subg. Virgulus.

XI. Canadanthus

The species identified as Aster modestus Lindl. is here segregated as a

monotypic genus, Canadanthus, and characterized as follows: perennial, thin-

rhizomatous herbs, the stems simple and arising singly from the base, 3-8 dm
tall; vestiture of long-stipitate glands (stems and phyllaries), without other

hairs; leaves all cauline, eglandular, glabrate to thinly short-strigose above,

loosely and thinly pilosulous beneath, epetiolate, subclasping, lanceolate to

elliptic-lanceolate with an acuminate apex, entire to serrate, 5-12 cm long,

15-25(-40) mm wide, the lowermost strongly reduced in size; capitulescence

loosely corymboid, mostly 3-20 flowered, less commonly 1, sometimes many
more, and the capitulescence thyrsoid, heads on leafy peduncles, mostly 2-4(-6)

cm long, usually with 1-3 reduced leaves or bracts; phyllaries linear-lanceolate,

flat, in 2-3 series of nearly equal length, thin-foliaceous, without a green apical

patch or indurated basal region, the inner often with a slightly raised keel

and usually strongly purplish; disc corollas narrowly tubular, 5-7 mm long,

with short, erect lobes; disc style branches 1.0-1.4 mm long, the collecting

appendages triangular, hairy, more than half the length of the branches; ray

corollas 25-40 with purple, coiling ligules; achenes oblanceolate with a narrowly

acute, stipitate base, 2.5-4.0 mm long, strongly flattened, 4-8 nerved, and

eglandular; pappus l(-2)-seriate; and chromosome number of n=9. It occurs

from Alaska southward to Washington and Oregon, and eastward through

Alberta to eastern Ontario and Minnesota.

The singly produced, unbranched stems of plants of Canadanthus modes-

tus produce a habit similar to those of some species of Eurybia (particularly

sect. Eurybia) and Oclemena. In his description of Aster sayianus Nutt. (a

synonym of A. modestus), Nuttall (1841, p. 294) noted that 'This species

has much the habit of a Galatella" probably referring to Oclemena [Aster)

nemoralts, for which he accepted Nees's early referral to Galatella (see Ap-

pendix II). Jones (1980a) and Jones &; Young (1983) placed Aster modestus

with Eurybia radulma. Semple & Brouillet (1980a) informally separated Aster

modestus and Eurybia sibinca and set them together distantly apart from most

other x=9 and x=8 taxa as Aster "subg. Modestif Semple et al. (1983) viewed
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Almutaster (Aster) pauciflorus as closely related to Canadanthus, citing sim-

ilarities in habit, phyllaries, and achenes, but they did not reevaluate their

earlier positioning of A. modestus.

Nuttall also noted that his Aster sayianus is "Nearly allied to A. mod-

estus^ and proximately to A. novae-angliae." The similarity of these latter

two species is immediately evident and often has been referred to directly, ais

in Nuttall 's observation, or indirectly, particularly as the two species tend to

fall out together in identification keys. They are similar in their stipitate-

glandularity, clasping cauline leaves, heads on leafy peduncles, purple rays,

linear, purple phyllaries of nearly even length, and oblanceolate achenes with

a tendency for reduced pappus. The capitulescence of A. modestus tends to

be corymbiform and the heads are borne on leafy peduncles and are loosely

associated, more like capitulescences found in Symphyotrichum, (particularly

S. novae-angliae) than in Eurybia, Oclemena, or other putatively primitive

genera with a corymboid arrangement of heads, usually on peduncles with few

or no bracts.

A combination of morphological and chromosomal features, however, sug-

gests that Canadanthus is phyletically separated from Symphyotrichum subg.

Virgulus: leaves are relatively broad, thin, and with toothed margins (vs. nar-

row, thick, and entire); phyllaries are completely without an apical patch;

stems arise singly from the base; achenes are strongly flattened; and the pap-

pus sometimes is formed of two distinct series of equal-length bristles. Similar

comparisons were made by Jones (1980b). The habit, vestiture, phyllaries,

achenes, and pappus of Canadanthus remove it from su 3g. Symphyotrichum.

Its chromosome number of n=9 (with "primitive" NOR morphology, fide Sem-

ple et al 1983) also places Canadanthus in a more basal position than any

species of Symphyotrichum. In summary, C modestus s here considered to

be closely related to Symphyotrichum, but it appears to occupy an isolated

position at least as distinct from the latter as Almutaster, Psilactis, and Am-
pelaster. Although some practical problems in identificati:n may be associated

with the recognition of this monotypic genus, its amalgamation with Symphy-

otrichum would require for consistency that these other distinct and isolated

taxonomic elements also be added.

XII. Symphyotrichum

The greatest number of species identified here as Symphyotrichum have re-

cently been classified as i4s<cr subg. Symphyotrichum {Jones 1980a). These are

the species with base chromosome numbers of x=S and x=7. To these is added

a closely similar group of species previously recognized as sect. Oxytripolium,

which have base chromosome numbers of x=6 and x=5; the accepted num-

ber of species in this section is considerably enlarged (past that of Sundberg
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1986) in the present discussion. Symphyotrichum is further broadened by the

incorporation of the x=5 species previously segregated as the genus Virgu-

lu3. Symphyotrichum is divided into two subgenera, subg. Symphyotrichum (8

sections, 76 species) and subg, Virgulus (4 sections, 21 species).

Naturally formed, relatively fertile hybrids occur between species of Sym-

phyotrichum of disparate morphology, of different chromosome numbers, and

of different sections and subgenera (Figure 2). Such wide crosses are known to

occur between (2) various combinations of species in different sections of subg.

Symphyotrichum, including sect. Dumosi &nd sect. Oxytripolium, and (2) sect.

Occidentales (subg. Symphyotrichum) and sect. Oblongifolii (subg. Virgulus).

Symphyotrichum snhg. Symphyotrichum ^ppeais to be monophyletic, based

on a remarkable consistency in the achene morphology, lack of glands, produc-

tion of stem hairs in lines, and in phyllary morphology. The group is more

specialized in these respects than is Virgulus, which retains a number of rela-

tively unspecialized features and which could not have been derived from subg.

Symphy ytrichum. Correspondingly, reduction of the base chromosome number

from x=9 to x=S and x=5 in these two groups appears to have occurred inde-

pendently. Despite strong evidence for the discrete nature of these two groups,

hybrid species and introgressants produced across different levels of ploidy (see

discussion below) indicate that the genetic divergence between Virgulus and

species of subg. Symphyotrichum is relatively slight (see Nesom 1994f), in spite

of differences in morphology, chromosome number, and karyotype. These two

groups are treated here as congeneric to avoid intractable problems in practical

taxonomy (i.e., how to deal with the intersubgeneric hybrids and backcrosses).

As noted by Allen (1985, p. 276), the apparent close homology between these

1=5 and x=8 genomes offers "a counter to recent suggestions for removing the

x=5 elements of Aster into a separate genus."

The other generic level groups that are most closely related to Virgulus

and Symphyotrichum (i.e., Psilactis, Almutaster, Canadanthus) might also be

included as subgenera within Symphyotrichum, especially in view of their base

chromosome number of x=9 and the evident paraphyly of Symphyotrichum and

Virgulus without the inclusion of z=9 species, from which the z=8's and x=5's

clearly have been derived. Each of the apparently basal groups, however, is

morphologically and genetically discrete, and the nature of their relationship

to Symphyotrichum s. lat. is not clearly evident.

Typification of Symphyotrichum

The genus Symphyotrichum was established by Nees, the single species, 5.

unctuosum Nees, based on a horticultural specimen transmitted to Germany
from Glasgow. Nees described the pappus of this plant as coherent in a basal

ring (whence the generic name), but this tendency must be rare since it is not
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characteristic of any species of Symphyotrichum; thus, while the application of

Nees's name to this large group of species is legally required, it is peculiar. De

Candolle (1836, or "Lindley ex de CandoUe") and Torrey & Gray (1841) early

recognized and reported the identity of S. unctuosum with Aster tardiflorus

L. Gray (1884) later placed 5. unctuosum as a synonym of Aster novi-belgti

var. litoreus A. Gray, and Jones (1980a) noted simply that 5. unctuosum was

synonymous with A. novi-belgii. As observed by Jones & Hiepko (1981), A.

novi-belgii and A. tardiflorus are very similar and often intergrade, and they

are considered to be conspecific in the present treatment (as Symphyotrichum,

novi-belgii). The larger species group of which S. novi-belgii is a member has

recently been identified as Aster subg. Symphyotrichum (Jones 1980a).

A. Subgenus Symphyotrichum,

Eight sections within subg. Symphyotrichum are recognized here, these

corresponding to previously recognized and closely associated species groups,

except for the addition of sect, Oxytripolium. The species of the subgenus are

characterized by their reduced vestiture except for the tendency to produce

hairs in lines on the stems, lack of glands, unkeeled (or only slightly keeled)

phyllaries usually with a sharply defined, basally attenuate apical patch (often

with stomates visible), achenes somewhat foreshortened to a narrowly obovate

shape, (1.0-)l,5-3,5(-4.0) mm long, distinctly flattened to varjring degrees, and

with (2-)3-5(-6) nerves, and base chromosome number o:f x=8, independently

reduced to x=7 and to x=6 or x=5 in specialized sections. The capitulescence

is generally paniculate, with the heads scattered in a relatively loose orga-

nization. It may sometimes appear broadly pyramida^^ or columnar, or the

peduncles may be very short and arrangement of heads racemoid or nearly

spicate. If the capitulescence appears corymboid, the peduncles usually bear a

number of reduced leaves or bracts, unlike the mostly naked peduncles in the

corymboid cymes of Eurybia. The species vary in habit, duration, leaf mor-

phology (shape, insertion, and distribution), head size, phyllary morphology,

and ray color.

Through reinterpretations of previous chromosome counts and the addition

of many new ones for species of subg. Symphyotrichum, Jones (1977) estab-

lished that the base number for the group is x=S. Remaining meiotic counts

of n=9 pairs within the group have further been suggested to be based on su-

pernumerary chromosomes (Semple et al. 1983). Further, it is clear that some
aneuploidal instability in chromosome number may exist among these species,

particularly in polyploids (e.g., Allen 1985; Legault & Brouillet 1989).

There are many hybrids and intergrading forms among the species of subg.

Symphyotrichum, mostly between those within a section, but the relatively

common occurrence of intersectional hybrids emphasizes the coherence of this
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large group. Polyploidy is common and presumably contributes to the ease

with which fertile hybrids are formed. Jones (1980b, p. 241) has observed that

many of these species "have extensive geographic ranges and are extremely

heteromorphic" and might be viewed bls "ecological species" {sensu Van Valen

1976). They may be "influenced more by populations of other species with

which they are sympatric than by geographically distant populations of the

same species." Scmple & Brammall (1982), in contract, noted that much of

the taxonomically confusing variation among these species may be more at-

tributable to phcnotypic plasticity than to hybridization. Judging, however,

from the formal taiXQnomic complexity admitted for some of the species com-

plexes (e.^., Scmple & Chmiclewski 1987), more than phcnotypic plasticity

must be held responsible for the general form of some of the variation pat-

terns.

Features of foliar morphology in some species of subg. Symphyotrichum are

shared with those of subg. Virgulus and Psilactis, as well as some species of

Eurybia, especially the epetiolate, more or less oblong, clasping to subclasping

cauline leaves. This set of features is interpreted as the unspecialized condition.

In sect. Symphyotrichum and sect. OccidentaUs, where this morphology is

pronounced, there also is a distinct tendency for corymboid or subcorymboid

capitulescence, also an unspecialized condition in the Eurybian lineage. The
sessile, non-clasping cauline leaves and the diffuse capitulescence characteristic

of most species of sect. Dum,osi and sect. OxytripoHum is specialized.

Sects. OxytripoHum and Conyzopsis arc particularly distinct groups, each

with a derived chromosome number and specialized morphology, both regarded

as separate subgenera in earlier treatments (c.^., Jones 1980a) or even as sep-

arate genera (see below). Sect. Conyzopsis (x=7) is similar in significant re-

spects to sect. Occidentales (see below); the distribution of these two groups is

primarily in the western United States, in contrast to many other Eurybia, and

they appear to be genetically isolated as well, judging from the lack of natural

hybrids with the rest of the genus (Figure 2). There are many similarities

between sect. OxytripoHum (x=6,5) and sect. Dumosi(x=S) and natural inter-

ploidal hybrids apparently are formed between the two sections (see below).

The position of Aster camerosanus

Symphyotrichum {Aster) camerosanum (S. Wats.) Nesom was placed (with

a question) by Jones (1980a) among the species of her subsect. Speciabiles,

which have a b2Lse chromosome number of x=9. She later acknowledged its

morphological alliance with subg. Symphyotrichum (Jones 1984), and it is

similarly placed in the present treatment as a member of sect. Dumosi (subsect.

Dtvergentes). Morgan (1993) assigned a chromosome number of n=9 to this
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species, but a documented chromosome count for 5. camerosanum apparently

has not yet been published. Based on the present classification, the species is

predicted to have a number of x=8.

The position of Aster turbinellus

The taxonomic position of Symphyotrichum [Aster] turbinellum has been

the subject of considerably different interpretation. Semple & Brouillet (1980a)

regarded it as belonging among the species of Bucephalus. Jones (1980a)

treated 5. turbinellum within Aster sect. Bucephalus subsect. Turbinelli, which

included only one other species. Aster glaucodes (placed here within subg.

Eurybia sect. Calliastrum), hypothesizing shortly thereafter (Jones & Young

1983) that it might be of hybrid origin. Still later (1989), she has treated it as

a monotypic section of subg. Symphyotrichum. Although S. turbinellum is an

unusual species, a combination of features suggests that it belongs with subg.

Symphyotrichum: stem hairs in lines, an open-paniculate capitulescence, phyl-

laries with a sharply delimited, basally attenuate apical patch, slender pappus

bristles of even length and with acute apices, and a base chromosome number

(apparently) of x=8. The chromosome number of S. turbinellum was first re-

ported as n=50 (Avers 1957; Jones 1980b), but recent reinterpretations and

recounts (Semple &; Brouillet 1980a; Semple et al. 1983) show the number is

apparently 7i=48 (or 2n=96), here interpreted as dodecaploid based on x=8.

Other features suggest that within Symphyotrichum it is closest to the species

of sect. Concinni (this proximity much earlier observed by Asa Gray 1884):

petiolate, often truncate or subcqrdate basal leaves, thick, stiff cauline leaves,

slightly keeled phyllaries, and turbinate heads in a very oj)en panicle, borne on

long, bracteate peduncles, with the uppermost pedunculai bracts grading into

involucral bracts. The achenes of 5. turbinellum are typical of those within

subg. Symphyotrichum; they are 4-5 nerved, obovate-obloig, and slightly com-

pressed; the pappus is 1-seriate.

The position of Aster retroflexus

Symphyotrichum retroflexum (DC.) Nesom (Aster retroflexus Lindl. ex DC.
= A. curtisii Torr. k Gray) was placed in sect. Calliastrum by Torrey k Gray

(1841), although they noted that it might belong instead with sect. Grandiflori

(subg. Virgulus); the species was maintained within the Calliastrum group by

Gray (1884). Jones (1980a) viewed it essentially as did Gray, placing it in sect.

Spectabiles. With a chromosome number of x=S recently confirmed for the

species (Jones 1983b), however, she transferred it to a position among other

r=8 taxa in subg, Symphyotrichum, noting morphological similarities to 5.

laeve (L.) Love & Love and S. oolentangtense (Riddell) Nesom (sect. Concinni
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in the present treatment). Semple et al. (1983) suggested that it belongs with

S. novi-belgti and 5. pumceum (L.) Love & Love of subg. Symphyotnchum

(sect. Symphyotnchum).

Symphyotnchum retroflexum is characterized by nearly glabrous stems,

leaves, and phyllaries (or stem hairs barely evident and in lines), petiolate,

basal leaves with truncate or subcordate blades, sessile and non-clasping cauline

leaves, few and relatively large heads usually racemoid to nearly spicate but

sometimes more loosely arranged, with keeled, squarrose phyllaries with a

sharply demarcated, basally truncate apical patch and convex, white-indurated

base, and glabrous, slightly flattened, oblong-oblanceolate, 4-5 nerved achenes

with a l-seriate pappus of apically attenuate bristles. The disc corollas are

abruptly ampliate into the throat with deeply cut lobes; this primitive mor-

phology occurs in some species of Eurybia as well as Symphyotnchum sect.

Cordifolii. Particularly in its large heads and their arrangement, phyllary

morphology, and corolla morphology, the species does have a remarkable re-

semblance to some in Eurybia sect. Calliastmm, but its combination of cauline

vestiture, leaf shape, achene and pappus morphology, and chromosome number

provide evidence for placing it in subg. Symphyotnchum.

The status of Brachyactis s. str.

There are three species of Brachyactis s. str. (= Symphyotrichum sect.

Conyzopsis, as treated here): two are endemic to North America and the third

(5. ciliatum, the generitype, = Aster brachyactis S.F. Blake) is widespread in

North America and across the North Pacific to northcentral and northeastern

Asia (the type collected in Siberia). The latter species is unusual among
species of Aster s. lat. in its bicontinental, nearly circumpolar, distribution.

A nomenclatural summary for the group is available (Jones 1984), amended
by the observation that Symphyotrichum laurenttanum (Fernald) Nesom is a

distinctive species rather than a part of 5. ciliatum (Gleason k Cronquist 1963,

1991; Houle k Brouillet 1985; Houle k Haber 1990).

The species of sect. Conyzopsis were treated as Aster subg. Conyzopsxs by

Jones (1980), informally as "sect. Brachyactis" of subg. Aster by Semple k
Brouillet (1980a), as Aster sect. Conyzopsis by Houle k Brouillet (1985), and

as Aster "subg. Brachyactis'' by Nesom (1994e). They were first incorporated

into Aster by Torrey k Gray (1841), as a subgroup of subg. Oxytnpolium.

Bentham k Hooker (1873) maintained them as the genus Brachyactis, posi-

tioning it next to Engeron, acknowledging the similarity in floral morphology
of these species to Erigeron subg. Tnmorpha. Explicitly influenced by Ben-

tham's view. Gray (1873) extracted the species from Aster, though with a

caveat regarding the composition of the group (see below). A few years later,

however, Gray (1880, 1884) returned them to Aster as subg. Conyzopsis, noting
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that the reduced ligules, few disc flowers, and accrescent pappus of Symphy-

otrichum {Aster)" subulatum (Michx). Nesom "must be held to invalidate the

genus Brachyactis^^^ and aptly observing (see comments below) that within

Aster it is "the analogue of the section Trimorphaea in ErigerovH'' (1880, p.

99). Prior to 1980, other North American botanists who have dealt with the

nomenclature or taxonomy of sect. Conyzopsis (e.g., Blake, Wooton & Stand-

ley, Ferris, Cronquist) have not provided any comment that would serve as a

rationale for treating the group at one rank or another or for placing it in any

phylogenetic position.

The analysis of Jones & Young (1983) placed sect. Conyzopsis as the sister

taxon of subg. Symphyotrichum (see below). But in spite of Jones's explicitly

inclusive view of the composition of Aster^ she changed her mind about the

rank of sect. Conyzopsis (1984, 1985) and has treated it since then as the

distinct genus Brachyactis (e.g., 1992). In justification of this, she provided

only the suggestion that these species may have a strong Old World connection.

Sect. Conyzopsis (= Brachyactis s. str.) is briefly characterized as follows:

(1) annuals usually from a taproot; (2) leaves non-clasping; (3) capitulescence

narrowly paniculate, sometimes neariy columnar; (4) phyllaries evenly folia-

ceous and of subequal length; (5) disc corollas narrowly tubular and short-

lobed; (6) pistillate flowers in ca. 2-4 series in a broad outer zone, more nu-

merous than the disc flowers; (7) ligules absent or rudimentary to filiform and

short; (8) achenes eglandular, narrowly oblong, flattened, and 2(-4)-nerved;

and (9) pappus bristles in 2 series of equal length, conspicuously lengthening

(accrescent) with achene maturation. All chromosome numbers reported for

these three species have been x=7 (Houle & Brouillet 19S5).

Semple &; Brouillet made two observations regarding their positioning of

"sect. Brachyactis" (1980b, p. 1037): "Karyotypically it cculd easily be derived

from some member of sect. Dumosi'' (= subg. Symphyotrichum in the present

account, all x=8); and (1980a, p. 1019) "The phyllaries of Aster brachyactis

are like those of sect. Dumosi^ subsect. Foliacei^ (= sect. Occidentales in the

present account). Dr. Brouillet has pointed out (pers. comm.) that he regards

similarities in habitat, leaf morphology, and involucraJ morphology between

sect. Conyzopsis and Symphyotrichum spathulatum (Lindl.) Nesom {= A. oc-

cidentalis [Nutt.)] Torr. & Gray) (and other r=8 species closely related to the

latter) to be indicative of their immediate common ancestry, especially in view

of the similar NOR chromosome morphology (euaster type). My observations

are in agreement. Additionally, 5. spathulatum most commonly produces a

short, fibrous-rooted rhizome, but there is a distinct tendency in this species

for condensation of the rhizome and the corresponding production of a tap-

root, bringing this aspect of its habit very close to that of sect. Conyzopsis. In

this interpretation of relationship, which is accepted here, the distinctive mor-

phology of sect. Conyzopsis reflects a suite of specialized features (the highly

reduced floral morphology probably connected with autogamy) derived from
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ancestral states in x=8 ancestors similar to species of sect. Occidentales. The

distinction of sect. Conyzopsis as a highly autapomorphic and strongly geneti-

cally isolated group within subg. Symphyotrichum is unique, and on a phenetic

basis the group might justifiably be treated as a separate genus, but not for

the reason that Jones (1984, 1985) has recently suggested.

In the analysis by Jones Sz Young (1983), the phyletic connection between

sect. Conyzopsis and subg. Symphyotrichum is provided by four characters:

stem pubescence in lines; capitulescence typically ample, much-branched, and

more or less diffuse; phyllary apex with a scarious rim; and base chromosome

number x=8 or x=7. The assumption that the two chromosome numbers are

homologous is supported by the observation that both have NOR chromosomes

of the same morphology. Despite their assertion (p. 82) that subg. Symphy-

otrichum and sect. Conyzopsis are "separated on the cladogram by only one

homoplasious synapomorphy" (leaf nervation, character 8), the latter is the

only taxon in their analysis besides Erigeron (the outgroup) scored as having

ray flowers in several series (character 25). Further, sect. Conyzopsis (and

not subg. Symphyotrichum) is one of the few taxa in their analysis (as scored

by them) to share with the outgroup "phyllaries with a chlorophyllous areole

forming a band of more or less uniform width that extends from base to apex"

(character 14).

In my observations, the 2-seriate pappus of sect. Conyzopsis appears to be

distinct within Symphyotrichum - the pappus of all other species of the genus,

as well as its closest generic relatives {Psilactis^ Almutaster, Canadanthus), is

1-seriate or nearly so. A multiseriate pappus is primitive within the Asterinae,

but in the phyletic interpretation here, the 2-seriate pappus of sect. Conyzopsis

apparently has been re-elaborated from the 1-seriate condition of its closest

relatives.

The suite of floral features that makes sect. Conyzopsis immediately dis-

tinctive is shared with other Asterean genera only distantly related to Symphy-

otrichum or the Asterinae. Trimorphic flowers have been developed in Asian

genus Nannoglottis^ which has been positioned in the Solidagininae (Nesom
1994e; Ling & Chen 1965). Annual duration, numerous pistillate flowers in

a broad outer zone of ca. 2-4 series, ligules reduced or absent, an accrescent

pappus, and flattened, 2-nerved achenes are found in Psychrogeton - Asterinae

(Grierson 1967, 1982), Laennecia - Podocominae (Nesom 1990a), some species

of Conyza (Nesom 1990b) and Erigeron snhg. Trimorpha - Conyzinae (Nesom
1989c, 1994e). All of these have been treated in the past as close associates,

relatives, or subgroups of Erxgeron, but the similarities in floral and capitular

morphology among these genera, as they are placed in different subtribes, are

evolutionarily convergent.

The species of the Himalayas and central Asia that have been identifled as

Brachyactis remain taxonomically problematic. Asa Gray (1873) noted that

Brachyactts as a genus {sensu Bentham 1873) probably is biphyletic. The
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Asian plants produce "broader and flat achenia with prominent marginal ribs,

and a pappus of two distinct sorts of bristles, those of the outer set not longer

than the width of the achenium" (Gray 1873, p. 648). Further, achenes of the

Asian species commonly are glandular on the faces near the apex, their herbage

is sessile-glandular, and their base chromosome number is x=9 (Podlech k
Dieterle 1969; Mehra k Remanandan 1969, 1974). In this set of features, as

well as their geographical distribution, they fit comfortably among the Old

Worid genera of subtribe Asterinae, and it is clear that they are phyletically

distant from Symphyotrichum sect. Conyzopsis (see preceding comments on

Asian ^^Brachyactis" in the present treatment).

Section Oxytripolium

Sect. Oxytripolium h&s been known as i45<ersubg. Oxytripolium (DC.) Torr.

& Gray, but Nuttall's name at the subgeneric rank (subg. Astropolium) pre-

ceded that of Torrey & Gray (see Appendix II). Sect. Oxytripolium has been

recently reviewed by Sundberg (1986), who restricted it to three American

species: Aster subulatu^ Michx. (with five varieties, each of these treated here

at species rank), A. potosinu^ A. Gray, and A. tenuifolius L. (with two vari-

eties). These have a base chromosome number of x=5 and commonly grow

in damp or marshy habitats. Reports of a chromosome number of n=9 for

A. subulatus from eastern Asia (Lee 1970; Huziwara 1958; Peng k Hsu 1977,

1978) need to be reviewed.

The Oxytripolium species were taxonomically formalized as a group first

by de Candolle (1836), who divided the genus Tripolium into two groups, a

monotypic sect. TVipolium
(
T. pannonicum = Aster tripclium, see comments

above) and sect. Oxytripolium, [T. subulatum (L.) Neej, the type). In the

cladistic analysis of Aster by Jones k Young (1983), Aster tripolium (x=9) and

sect. Oxytripolium were placed within a monophyletic gro jp that also included

the distantly related Aster spinosus (= Chloracantha sptnosa (Benth.) Nesom,

x=9). As discussed above, however, the monotypic. Old World genus Trtpolium

is more closely related to typical Aster and some of its Old World relatives and

is without an intimate relationship to any North American species. Almutaster

(Aster) pauciflorus was treated by Jones (1980a) within subg. Oxytripolium^

but it was excluded from the subsequent phyletic analysis by Jones k Young

because they hypothesized it to be an allopolyploid.

Sundberg (1986) excluded South American species from his concept of

Aster subg. Oxytripolium,, but Jones k Lowry (1986) examined the type of

Aster regnellti Baker in Mart, and noted that it is related to .4. subulatum. I

agree that A. regnellii belongs with sect. Oxytripolium and further note that

this group comprises at least eleven species, most of these endemic to east-

ern and southeastern South America in habitats of relatively low to moderate
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elevations. In fact, many of the autochthonous South American species that

have persisted within the genus Aster in recent taxonomic treatments belong

to sect. Oxytnpolium\ the nomenclature remains unsettled and a few species of

this group perhaps are yet undescribed. Some of the better known indigenous

species of South American sect. Oxytripoltum (treated here within Symphy-

otrichum) are 5. patagonicum (Cabrera) Nesom, 5. peteroanum (Phil.) Nesom,

and S. vahlii (Gaud.) Nesom. The species of sect. Oxytripoltum from Central

America and southern North America represent the northernmost elements

of this group. Symphyotrichum subulatum (or segregates) and 5. squamatum

(Spreng.) Nesom are cosmopolitan weeds.

As in the North American species of sect. Oxyiripolium^ the South Ameri-

can ones include taprooted annuals as well as rhizomatous perennials; all are

glabrous or with greatly reduced vestiture, the leaves are more or less thick-

ened, linear to oblanceolate, parallel- veined, and commonly with scabrous mar-

gins, the phyllaries usually with a distinctly delimited, basally attenuate apical

patch, the disc corollas are narrowly tubular with deltate, erect lobes, and the

ligules are sometimes reduced in length but usually strongly coiling. The ach-

enes are 3-5(-6)-nerved and commonly are flattened; the pappus is l-seriate

and in some species (Symphyotrichum vahlii, S. regnellii (Baker) Nesom, 5.

squamatum) tends to be noticeably accrescent. Similar features also occur in

Symphyotrichum sect. Dumosi, where there is a strong tendency for glabrous

leaves and stems, non-clasping, narrowly lanceolate leaves, the upper cauline

becoming merely bracteate and grading into phyllaries, a loosely paniculate

capitulescence, phyllaries with a basally attenuate apical patch, and achenes

of similarly reduced size and nervation. In the view here, sect. Oxytnpolium

is included with Symphyotrichum as a specialized member, perhaps derived

from ancestors that would be placed in sect. Dumosx. Morphological similar-

ities that have been observed between sect. Oxytripolium and Eurybia sect.

Heleastrum are considered to be evolutionarily parallel.

Cuatrecas^s (1969) transferred the South American Aster vahlii (Gaud.)

Hook. & Am. to the genus Oritrophium, although he acknowledged that the

record of this species in Colombia was based on scanty material needing fur-

ther investigation. This species figured in the delimitation of the geographic

range of Ontrophium (Nesom 1992a), but in my recent examination of A.

vahlii from over its range, it is clear that it belongs within Symphyotrichum

sect. Oxytnpolium rather than Ontrophium. Most conspicuously, the plants

are essentially glabrous and the disc flowers produce fertile ovaries, both fea-

tures anomalous in Ontrophium. Further, the only report of a chromosome
number for any of the indigenous South American Symphyotnchum species

other than 5. squamatum has been for 5. vahlii as n=12 (Moore 1981). This

number almost certainly is based on r=6 and is more likely to be homologous
with the x=5 previously reported for sect. Oxytripolium, than the r=9 known
for Ontrophium (Nesom 1992a). With the exclusion of 5. vahlii, Ontrophium
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becomes better defined in geographic range and ecology as essentially a north-

ern Andean phylad of high-elevation habitats. Cuatrecasas (pers. comm. 1993)

has acknowledged that what he identified as S. vahlii in Colombia is instead a

long-stemmed form of O. Itmnophilum (Sch.-Bip.) Cuatr.

a. Relationships of sect. Oxytrtpolium

Sundberg (1986) noted that South American plants identified as Aater reg-

nellii and A. squamatus (Spreng.) Hieron. in Sod. var. graminifolius (Spreng.)

Hieron. m Sod. appear to be intermediate between [Symphyotrichum] sect.

Oxytripolium a.nd [Eurybia] sect. Heleastrum. Jones (1982} and Jones k Young

(1983a) suggested that Eurybia chapmanii (x=7, subg. Heleastrum) may have

originated in a cross involving an x=9 plant of subg. Heleastrum and an x=5

one of sect. Oxytripolium. An hypothesis of immediate common ancestry for

subg. Heleastrum and [Symphyotrichum] subg. Virgulus was based on obser-

vations of apparently specialized similarities between these two taxa (Jones &
Young 1983) and Jones's early conclusion that the base chromosome number

of both groups was x=5.

Another indication of the evolutionary affinities of sect. Oxytripolium was

discovered by Sundberg (1986) in a population of asters from northern Oaxaca,

Mexico. These plants are closest in morphology to Symphyotrichum potosinum

(A. Gray) Nesom (r=5, sect. Oxytripolium), but they have a chromosome

number of ti=13 and morphological features that suggest they originated in

a hybrid cross between 5. potosinum and 5. bullatum (Klatt) Nesom (x=8,

subg. Symphyotrichum sect. Dumosi), which occurs in the same region, al-

though the two putative parental taxa are now completely allopatric. In an

experimental cross between these n=13 plants and 5. potosinum hom Arizona,

Sundberg produced fertile progeny nearly identical to the rj=13 plants but with

a chromosome number of n=18. The alloploid origin of these x=13 plants is

biologically and taxonomically analogous to that of 5. ascendens (Lindl.) Ne-

som (discussed above) and provides evidence of a close relationship between

sect. Oxytrtpolium and other groups of Symphyotrichum.

Symphyotrichum bullatum is one of the two southernmost species of subg.

Symphyotrichum, in geographic distribution (the other is 5. schaffneri [S.D.

Sundb. &; A.G. Jones] Nesom) and thus relatively close to the geographic cen-

ter of diversity for sect. Oxytripolium. Symphyotrichum bullatum is similar to

plants of sect. Oxytripolium in overall appearance, especially in its narrowly

lanceolate, nearly glabrous leaves, but its stem hairs in lines, chromosome

number of n=8 (Anderson et al. 1974; Strother 1983), and other features in-

dicate that its placement in sect. Dumosx is reasonable (Jones 1980; Jones

k Young 1983). Sundberg (1986) also noted the possible occurrence of hy-

bridization between 5. bullatum and S. schaffnert, which is also a member of
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sect. Dumosi. On the stems of 5. potostnum itself, the hairs are produced in

vertical lines, especially just above the nodes, a feature probably indicative of

common ancestry of 5. poiosinum and sect. Dumosi. Both 5. potostnum and

5. bullatum produce a loosely corymboid capitulescence. It is remarkable that

Cronquist (1980) hypothesized that 5. stmmondsn (Small) Nesom may be a

hybrid between 5. 6racei (Britton ex Small) Nesom (sect. Oxytripolium) and 5.

dum,osum (L.) Nesom (sect. Dum,03i)^ a situation analogous to the relationship

postulated by Sundberg between 5. potostnum and 5. bullatum.. Whatever the

evolutionary situation may be, it is clear that the morphological difference

between sect. Oxytripolium, and sect. Dumosi is slight.

Semple & Brouillet (1980a) postulated that a close relationship exists be-

tween Symphyotrichum. sects. Oxytripolium (the x=5 members) and subg, Vir-

gulus, a view apparently dominated by consideration of their similarity in chro-

mosome number (the NOR chromosome morphology is different). They ob-

served the logical necessity (in their system) of recognizing sect. Oxytripolium

at generic rank, coordinate with Virgulus (a separate genus, in their interpre-

tation), but they have deferred from excluding these species from Aster s. lat.

"for nomenclatural reasons" (Semple et al. 1989). Such reluctance, however,

almost certainly reflects a perception of the biological complexity of the situ-

ation as well as possible problems associated with the nomenclature. In fact,

species of sect. Oxytripolium have edready been treated at generic rank, first

by Rafinesque (1837, as Mesoligus) and much later by Tamamschyan (1959,

as Conyzanthus).

h. The status of Aster subulatus s. lat.

Sundberg (1986, yet formally unpublished) treated Symphyotrichum sub-

ulatum as a polymorphic species of Aster with five varieties (their names as

accepted here in parenthesis): var. subulatus (= 5. subulatum), var. elonga-

tus Bosserd. (= 5. bahamense [Britton] Nesom), var. Iigulatu3 Shinners (= 5.

divaricatum [Nutt.] Nesom), var. parviflorus Nees (= S. expansum [Poepp. ex

Sprcng.) Nesom), and var. sandwicensis (A. Gray) A.G. Jones (= S. squa-

matum). Sundberg's taxonomy emphasized the obvious close similarity and

relationship among these taxa (as compared to the other two species of sect.

Oxytripolium that he recognized), a hypothesis of hybrid origin for two of them,

and the occurrence of intermediates in three instances (see below) among the

taxa involved. In contrast, each of these five is treated here as a species, a

morphologically distinct and reproductively isolated entity with a distinct geo-

graphic range. The present discussion relies in significant part on information

from Sundberg's dissertation.

In their native (New World) ranges, the geographic distribution of each of

these five taxa is discrete, each almost completely allopatric with the others
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(Sundberg 1986). In those with partially contiguous ranges, their close ap-

proach to each other with relatively few intermediates in relatively small areas

is as notable as the observation that intermediates do occur. While acknowl-

edging that the morphological differences among them are relatively small, the

taxa are discrete and readily distinguishable. Further, Symphyotrichum subu-

latum and 5. expansum are self-compatible (and presumably autogamous) with

correspondingly reduced floral morphology; the other taxa are outcrossers.

Symphyotrichum squamatum and 5. bahamense are tetraploids (n=10), while

the other taxa are diploids.

Naturally occurring intermediates have been noted by Sundberg to occur

between (1) Symphyotrichum bahamense and 5. subulatum, (2) 5. bahamense

and 5. expansum, and (3) 5. divaricatum and 5. expansum. The hybrids re-

sulting from crosses between tetraploid 5. bahamense and the two diploids 5.

subulatum and 5. expansum are triploid and almost completely sterile. Sund-

berg also has noted (p. 63) that "Artificial hybrids produced in the greenhouse

among these [five] varieties [in all combinations] are highly sterile."

The geographic ranges of Symphyotrichum divaricatum and 5. expansum

are intermittently contiguous roughly along the Texas-Mexico border and into

New Mexico. Although Sundberg noted that plants intermediate in ligule

length occur in trans-Pecos Texas, New Mexico, and northeastern Chihuahua,

these apparently are uncommon, and the two recently have been collected at

the same locality in southwest Texas without evidence of intermediacy (Pre-

sidio Co., Worthington 22636 a.nd 22637 [TEX,VTE?]). These two taxa diflter

in capitular and floral morphology and are distinctly different in habit as

well. The ranges of 5. divaricatum and 5. subulatum approach each other in

Louisiana, but the latter species is restricted to coastal marshes, and there is

no indication that it occurs together or intergrades at all with 5. divaricatum.

On the northern margin of its range, 5. bahamense appears to form interme-

diates with 5. subulatum, and it forms intermediates with 5. expansum on its

southern margin. Such intermediates do not appear to be common, and the

Fi's are triploid.

A similar view with respect to the taxonomy of Symphyotrichum tenuifolium

(L.) Nesom and 5. bracei is followed here. These taxa were maintained as vari-

eties of a single species by Sundberg but have been kept as separate species by

others {e.g., Cronquist 1980; Wunderlin 1982), with the acknowledgment that

some apparent intermediates occur even though the two tajca are otherwise

generally distinct over most of their ranges. Whether a broader or narrower

species concept is adopted, a new generic nomenclature must be applied to

these Oxytripolioid taxa. The narrower interpretation followed here is the

most reasonable, I believe, but which will ultimately prove more reflective of

the biological situation remains to be decided by further study.
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B. Subgenus Virgulus

Subg. Virgulus comprises a variable but evidently monophyletic group of

species, as recognized by both Jones (1980a) and Semple &; Brouillet (1980a),

although there have been varying interpretations regarding patterns of simi-

larity (and implied relationships) among its constituent species (Jones 1980a;

Semple Sz Brouillet 1980a; Nesom 1989b). It is variable in vegetative and capit-

ular morphology but the species have a specialized base chromosome number

of 1=5 and a distinctive NOR chromosome morphology. The group is briefly

characterized as follows: leaves mostly oblong, epetiolate, and clasping or sub-

clasping, and except for one group of four species (sect. Concolores), the stems,

leaves, and phyllaries are stipitate-glandular; capitulesccnce open-paniculate

to terminal and corymbiform (mostly in Symphyotrichum novae-angliae); phyl-

laries usually with a distinctly delimited, green apical patch, varying from

basally truncate to attenuate; disc corollas narrowly tubular; achenes sub-

terete, short-cylindric to obovate, (1.2-)2.5-3.5(-4.0) mm long, with (5-)6-10(-

11) longitudinal nerves, producing a 1-seriate pappus. The achenes usually are

densely strigose to sericeous but some species (e.g., 5. concolor [L.] Nesom)

produce glabrous achenes. Subg. Virgtdus differs from subg. Symphyotrichum

in a combination of characters: glandular vestiture, non-glandular stem hairs

generally distributed (not in lines), subterete, multinerved achenes, phyllar-

ies with a tendency for basally truncate apical patches, and its chromosome

number and karyotype.

The rationale for the treatment of Virgulus at generic rank was primarily

based on its distinction as a natural group (including :he distinctive mor-

phology of the NOR chromosomes), the lack of an unequivocal hypothesis of

relationship between it and any other species within the rest of Aster, and

the assumption by Semple k Brouillet (1980b) that within the Astereae the

x=5 groups are distantly related to the x=9/8 groups. For example (p. 1011):

"Our primary reasons [for segregating subg. Virgulus as a genus] were based

on morphology, but our interpretation of phylogeny in the Tribe Astereae was

also critical." And "On the basis of the cytological evidence alone (Semple &
Brouillet, 1980b), we would be reluctant to assign the r=5 species of [subg.

Virgulus] to the x=9 genus Aster.'' The claim by Semple k Brouillet (1980a)

that subg. Virgulus is more closely related to Astereae outside of Aster was

accompanied only by the following statement (p. 1010): "Its affinities are with

such x=5 genera as Machaeranthera, Psilactis, Astranthium and more distantly

with Chrysopsis sensu Semple, Xanthisma, Bradburia and the x=Q genera Xy-

lorhiza, Prionopsis, Grindelia and Pyrrocoma.'' There has been no morpho-

logical evidence adduced that might ally subg. Virgulus with any other genus

outside of the traditional Aster alliance. In contrast, preliminary molecular

studies by Suh (1989), Morgan (1990), and Morgan & Simpson (1992), as well

as other morphological and genetic evidence (see below), suggest that subg.
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Virgulus is closely related to New World groups generally treated as Aster and

that subg. Virgulus is not closely related to any of the genera in the Machaer-

anthera lineage (x=6/5) or any of the others listed by Semple &: Brouillet.

This is confirmed in a morphologically based survey and classification of the

entire tribe (Nesom 1994e).

Almost all of the taxa placed in subg. Virgulus by Semple & Brouillet have

a chromosome number based on x=5 (or reduced to x=4; but two "virguloid"

species have been reported as x=9. Aster carolintanus Walt, does not be-

long with subg. Virgulus (see comments above under Ampelaster), although

its status has not been reevaluated by Semple. Nor has the chromosome num-

ber and mode of origin of A. gypsophilus B.L. Turner (Turner 1974) been

accounted for. Symphyotrichum (Aster) gypsophilum (B.L. Turner) Nesom is

similar in habit, vegetative morphology, and floral and fruit morphology to

a group of primarily Mexican species with a known chromosome number of

x=5, including S. moranense (Kunth) Nesom and S. trilineatum (Sch.-Bip. ex

Klatt) Nesom. Symphyotrichum ohlongifolium (Nutt.) Nesom (x=5) appears

to be closely related to these (Nesom 1989b and included references) and its

NOR chromosome morphology has been determined to be virguloid. The pre-

dicted base chromosome number of 5. gypsophilum would be z=5 (with n=10

as tetraploid) rather than x=9; an intensive effort in 1993 to relocate plants

of this rare species for a chromosomal study was unsuccessful.

A hypothesis for the complete separation of Virgulus from x=9/S phylads

is contradicted by its morphological similarity to plants of Symphyotrichum s.

str. and by the existence of natural hybrids between plants of Symphyotrichum,

subg. Symphyotrichum. (x=8) and subg. Virgulus (x=5). Symphyotrichum as-

cendens, a distinctive and common species of the western United States, has

diploid, tetraploid, and octoploid populations based on x=13, an amphiploid

condition resulting from a hybrid cross between 5. spathulatum (x=8, subg.

Symphyotrichum) and 5. falcatum (Lindl.) Nesom (x=5, subg. Virgulus) (Jones

1977; Allen et.al. 1983; Dean & Chambers 1983; Allen 1985). Symphyotrichum

ascendens backcrosses with 5. spathulatum and forms natural, highly fertile hy-

brids with at least three other x=8 species of the 5. spathulatum complex (Allen

1985), Symphyotrichum defoliatum (Parish) Nesom (= Aster hemardinus Hall;

n=18), another species closely similar to 5. spathulatum^ is a stabilized am-

phiploid formed as a backcross between 5. ascendens and 5. falcatum (Allen

1986). The two hybrid species are more or less intermediate in habit and ca-

pitulescence between the diploid parental species; they are more similar to the

virguloid line in their vestiture of generally distributed trichomes and multi-

nerved, subterete achenes, but they do not produce the glandular trichomes

characteristic of the virguloid parents.

In an alternative resolution to the taxonomic problem associated with Sym-
phyotrichum ascendens., S. defoliatum, and their backcrosses to other species,

Semple (1985) placed these two species into the separate genus Virgulaster,
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in parallel with the maintenance of Virgulus as a genus separate from Aster.

He simultaneously proposed a new category for them within Aster ("subg.

Ascendentes^^). In the present system, these two species are treated within

Symphyotnchum sect. Ascendentes (see Appendix II), near other species with

which they have usually been placed on the basis of morphology, and with the

recognition that their genomes include divergent elements. The introgressants

are variously identified, according to their morphologically closest parent.

XIII. Incertae sedis - Chloracantha

The variable and widespread North American species Aster spinosus re-

ceived a name as Erigeron [E. ortegae S.F. Blake) but it was recently seg-

regated as the monotypic genus Chloracantha (Nesom et al 1991; Sundberg

1991). The plants are remarkably similar in habit to Boltonia (Asterinae), but

their relatively small (1.5-3.5 mm long), terete achenes with 5(-6) nerves are

more like those of specialized taxa of Symphyotrichum and some Solidagininae

than any species closely related to Aster s. str. Several features of Chlo-

racantha^ however, appear to eliminate it from inclusion among the groups

of the Eurybian lineage (phyllaries 3-5 nerved with rounded apices, unkeeled,

and herbaceous without an apical patch, deltate and papillate style branch

appendages, disc corollas with orange resin ducts accompanying the veins,

remaining yellow at maturity, and pappus of 1-2 series of equal length bris-

tles, sometimes with a few short, outer setae). Other distinctive features of

Chloracantha are summarized as follows: rhizomatous, completely glabrous

perennials, usually restricted to wet habitats, the stems spiny and chlorophyl-

lous but becoming internally woody and producing true axillary resting buds

with bud scales, the leaves early deciduous, leaving only tlie stems at flowering,

and heads small, terminal and solitary, scattered in a diffuse panicle.

The remarkable morphological speciadizations of Chloracantha do not pro-

vide evidence of a close relationship with any other speces. In a preliminary

interpretation of data from chloroplast DNA studies, however, Nesom et al.

(1991) ventured that Chloracantha (as well as Boltonia) are closely related

to each other and that their phylogenetic position lies near the base of the

Chrysopsidinae. This is a problematic interpretation, however, because the

samples for molecular study by Morgan & Suh did not include species appar-

ently among the primitive stock of the group recognized here as the Asterinae,

and the possibility seems strong that Chloracantha early diverged from stock

close to the base of all of the Northern Hemisphere subtribes (see further

comments above).
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XIV. Incertae sedis - Tonestus

Tonestus is briefly characterized as follows: perennial herbs arising from

thick, woody caudex branches {T. kingii apparently taprooted; T. lyallii (A.

Gray) A. Nelson with a system of slender rhizomes); basal leaves commonly

persistent, but the stems leafy, the cauline leaves grading into phyllaries; leaves

3-veined from the base, obovate, subclasping but not auriculate, the margins

often toothed-spinulose; stems, leaves, and phyllaries distinctly and densely

pilose-glandular with long, vitreous, biseriate, gland-tipped hairs (Type C tri-

chomes); heads sometimes few and loosely corymboid but most commonly
reduced to one; phyllaries in 3-4 series mostly of equal length, at least the

outer foliaceous; rays yellow, white, or absent; disc corollas narrowly tubular,

the tube ca. 30% of the corolla length, opening into a slightly broader limb;

achenes narrowly oblong in outline, terete to somewhat compressed, 5-nerved,

5-8 nerved, or 8-12 nerved (see below), glabrous to strigose; pappus mostly 2-

seriate
(
T. kingii 1-seriate; T. pygmaeus (Ton. & Gray) A. Nelson often with

a short outer series), the bristles apically attenuate; base chromosome number,

x=9.

Tonestus as constituted here is variable in most of the features that might

be used in its definition: habit, vestiture, leaf margins, degree of cauline leaf

development, the nature of the capitulescence, phyllary morphology, style ap-

pendage morphology, ray color, and achene and pappus morphology. Like

Eurybia (below), however, the relatively few species of Tonestus appear to be

"interlocking" in their overlapping pattern of variability, and it is difficult to

pry the group apart, although the possibility remains that the genus, as con-

sidered here, is polyphyletic. Tonestus kingii, T. aberrans (A. Nelson) Nesom
&; Morgan, and T. graniticus (Tiehm & Schulz) Nesom & Morgan appear to

form a distinctive subgroup on the basis of the following features: (1) keeled

phyllaries that tend to be graduated in length (especially in T. graniticus)-, (2)

hairy disc style appendages (in T. kingii and T. aberrans, as well as T. exxm-

ius (H.M. Hall) A. Nelson k Macbr., but not T. graniticus) vs. appendages

closely papillate in the other species; and (3) 5-nerved achenes (5-8-nerved in

T. graniticus) vs. 8-12-nerved in the other species. Tonestus ktngii produces

white rays, while T. aberraris and T. graniticus are rayless; the other species

are yellow-rayed (or rayless in T. alpmus [Anderson k Goodrich] Nesom k
Morgan). Tonestus lyallii (the generitype), with entire leaves and a system

of relatively slender rhizomes, stands alone in habit among the other species,

but its dense vestiture of long-stipitate glands is modal in the genus. Tonestus

pygmaeus also produces entire leaves but is distinctive in its lack of glands.

Haplopappus microcephalus Cronq, was treated within Tonestus by Nesom
k Morgan (1990) but is better placed in the vicinity of the genus Petradorxa

of the Solidagininae. The species will be formally treated by Gary Baird,
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who includes it along with Petradoria within Chrysothamnus in a forthcoming

review of the latter genus.

Tonestua has been placed close to Solidago and its relatives in analyses

based on DNA data (Morgan k Simpson 1993; T. pygmaexis the sampled

species), and I have treated Tonestus within the Solidagininae (Nesom 1993c),

noting that it occupies an isolated position there but that it has similari-

ties (particularly in vestiture and foliaceous phyllaries) to Oreochrysum and

Nannoglottis, the latter two genera hypothesized to be closely related between

themselves and placed near the phylogenetic base of the Solidagininae. DNA
sampling of Astereae, however, has been highly incomplete with respect to pu-

tatively basal taxa of the Solidagininae and Asterinae, ai d in a broader mor-

phological context, Tonestus also appears to be similar to genera placed here

in the Asterinae adthough it would be the only genus there with yellow-rayed

species. It clearly lies outside the Machaerantherinae and Chrysopsidinae.

Most features of Tonestus are ambiguous in regard to its possible placement

in the Asterinae or Solidagininae (e.g., ray color, style brsuich morphology,

achene and pappus morphology), but the glandular vestiture, subclasping,

spinulose leaves, and foliaceous, equal-length phyllaries are more common in

the Asterinae, particularly among the taxa of Eurybia subg. Oreostemma, as

treated here. The position of Tonestus is uncertain, but it may have origi-

nated from stock very similar to the ancestors of both the Solidagininae and

Asterinae.

BIOGEOGRAPHY OF ASTER SENSU LATO

Genera, species groups, and species disjunct between eastern North Amer-
ica and southeastern Asia have long been well-known (e.^'., Gray 1859; Li 1952;

Graham 1972; Zhengyi 1983; Tiffncy 1985b). Other taxa are disjunct between

Asia and western North America, yet others have a tricentric pattern with

populations in Asia and both areas of North America, and there are various

other permutations of these patterns (Ying 1983). A few of these taxa, espe-

cially those vrith representation in eastern North America, have an additional

scries of disjunct populations in Mexico or Central America. Asteraceae have

seldom been mentioned or included in such accounts, and Zhengyi's inclusion

of Brachyactis in a summary of this nature (1983) is problematic from several

standpoints (see discussion above of Symphyotnchum sect. Conyzopsis). In

contrast, Tiffney (1985a) noted that nineteen genera of Asteraceae are rep-

resented both in Asia and eastern North America, although only a few of

these have disjunct species, species pairs, or species groups. Doellingena (Ne-

som 1993f), Solidago (Nesom 1993c), Eupatortum (King & Robinson 1970),

Cacalia, and Prenanthes are examples that belong with the latter group.
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The evolutionary radiation and geographic dispersion of Doellingeria and

Solidago probably were roughly contemporaneous, as the phyletic position of

both genera is hypothesized to lie near the divergence of the Solidagininae

(aensu Nesom 1993c) and Asterinae. The more primitive species of Solidago

(sect. Solidago) occur primarily in eastern North America and southeastern

Asia, with the advanced groups (sect. Unilaterales D. Don) restricted to the

New World. The species of Doellingeria sect. Doellingeria are divided between

eastern North America and southeastern Asia. If the relationship between the

American Boltonia (Asterinae) and the genera of the Asian Kalimeris group is

as close as postulated in the present study, this provides an analogous example

of such a relictual pattern of disjunction within the Astereae. Further, as noted

above, the pattern of relationship of Bucephalus and Oclemena to Old World

Aster is not clear, and these may yet prove to be closely but independently

related. Finally, several Old World groups presently maintained within Aster

(see discussion of "Problematic species") may prove to be more closely related

to genera of American Asterinae than to Asian ones.

An early Cenozoic "boreotropical flora" included many temperate decid-

uous forest species with patterns of distribution similar to Doellingeria^ Sol-

idago, and the Kalimeris group (including Boltonia), and these Asteraceae

can reasonably be regarded as members of the same flora, which apparently

extended from southeast Asia westward along the Tethys Seaway into Eu-

rope, Greenland, and eastern North America (Taylor 1990). The Asian-eastern

American connection apparently was made across a North Atlantic route that,

while often loosely connected, was available for overland dispersal in the early

Cenozoic (Paleocene into the Eocene and perhaps up to early Miocene: e.g.,

Hamilton 1983; McKenna 1983; Tiffney 1985b; Taylor 1990). The boreotrop-

ical flora reached its maximum extent by early Eocene (TifFney 1985b), and

Hsu (1983, p. 606) observed that paleobotanical evidence shows that "after the

Eocene Chinese vegetation was rapidly modernized by the loss of the Ameri-

can elements." A north-Paciflc (Beringian) land bridge also was open during

the Eocene (particularly middle and late Eocene) and apparently facilitated

the migration of deciduous forest species between western North America and

Asia (Wolfe 1985; TifFney 1985b). According to Wolfe (1987, p. 789) "The

microthermal vegetation and flora [of the Rocky Mountains] of the Late Cre-

taceous and the Paleocene have few similarities to Eocene and later vegetation

and flora," but (p. 792) "the great majority of extant genera of woody mi-

crothermal angiosperms had evolved by the end of the Eocene." The broader

nature of the connection of the western North American boreotropical flora to

the Eurasian elements, whether solely across the north Pacific or also across

the north Atlantic (and thus subsequently across mid-continental North Amer-

ica) is not clear. In summary, although palynological evidence has placed the

primary diversification of the Compositae in the Miocene (MuUer 1981) and

Raven & Axelrod (1974) have allowed an origin for the family no earlier than
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Oligocene, biogeographic evidence suggests that taxa of at least two or three

Astereaean groups (basal Solidagininae and Asterinae and the Kalimeris group

of Asterinae) were already differentiated by the Eocene and dispersed in the

Northern Hemisphere of the Old and New Worlds.

Among other taxa of strictly New World Asterinae, Oclemena is restricted

to eastern North America. Sericocarpus is divided between eastern and west-

ern North America. The closely related Eurybia is relatively widespread; the

putatively basal taxa are primarily eastern North American, but other species

and species groups are primarily western North American. The species of

Symphyotrichum subg. Symphyotrichum appear to follow a similar pattern of

distribution. Tonestus and Bucephalus^ in contrast, are restricted to western

North America. lonactis is a western genus except for /. linariifolia (L.) E.

Greene, which occurs only in eastern North America.

A few North American asters (e.g., Eurybia sibirica and Symphyotrichum

[Brachyactis] ciliatum) have distributions from the Rocky Mountains into Alaska

and across a Beringian route into Asia. Aster alpinus, which has its closest

relatives in Asia, crosses into North America by the same route. It is likely

that the dispersion of such species between these two continents was relatively

recent, as noted by Mizushima (1972) and Kruckeberg (1983) for other taxa.

According to Jones (1977, p. 342), "There is general agreement that the

center of origin of Aster proper lies in North America (Huziwara 1958; Raven

et ai 1960). The largest number of species and also the hi'^hest degree of diver-

sity are found in this continent The Old World species belong partly in

sections unique to that vast area; in a large part, however, they are derivatives

of New Worid asters." Semple & Brouillet (1980a, p. 1016) were of essentially

the same view: "The genus presumably originated in North America and there-

fore all the non-North American groups are derived directly or indirectly from

North American groups." Grierson (1964) deferred from speculating on the

area of origin of the Old World species. In the phylogeuetic hypothesis pre-

sented in the present study, phyletically basal elements of the Asterinae are

divided between Eurasia and North America, but a greater concentration of

primitive species and species groups remain in North America.

Some genera and generic groups from the Asterinae and other subtribes

with their center of diversity and apparent center of origin in North America

have disjunct but relatively closely related representatives in South America.

The southward extensions of Symphyotrichum sect. Oxytrxpolium and Psxlactts

into South America, Gutierrezia (Solidagininae) and Grindelia (Machaeran-

therinae) into the southern Andes, and Solidago (Solidagininae) into south-

eastern South America probably are relatively recent in origin compared to

the Asian-American disjunctions of Astereae. The South American Haplopap-

pus (Machaerantherinae), an Andean endemic, is closely related to and per-

haps conspecific with Hazardia, which is primarily centered in Baja Califor-

nia. Noticastrum (Chrysopsidinae), however, is an endemic genus primarily
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of southeast-central South America with its closest relatives all North Amer-

ican genera. The mode and geological time of dispersal of this array of taxa

probably is diverse.

CHROMOSOME EVOLUTION IN THE ASTEREAE

The systematic treatment of American Asterinae focuses attention on two

long-standing cytological problems in the Astereae: the base chromosome num-

ber of the tribe, and the apparent close relationships of species with a chro-

mosome number of x=9 to those with a number of x=5 or ar=4. Resolution of

these problems may prove to be part of a more general insight that accounts

for the difference between genera of Astereae with a highly conservative base

chromosome number of x=9 (e.g., Erigeron, Olearia, Townsendia^ Solidago^

Heterotheca, Ericamerxa^ Baccharis and all other Baccharidinae, with x=9)

and other clearly or hypothetically monophyletic groups where an array of

chromosome numbers occurs, particulariy those with x=9/8 lowered to x=5 or

near it.

The hypothesis that x=9 is the primitive state for the Astereae is supported

by a significant number of monophyletic groups known with both r=9 and an

array of decreasing numbers, together with the preponderance of strictly r=9
groups found in genera of all subtribes of Astereae except the Machaerantheri-

nae. Phylogenies produced from molecular evidence, at all taxonomic levels

within the tribe, also consistently place i=9 taxa in phylogenetically basal

positions. The hypothesis of primitive x=9 in the Astereae has been advanced

at least since 1959 (see Jones 1985 for a review). Finally, outside of the New
Worid, across all subtribes of Astereae, genera with base chromosome numbers

other than z=9 are rare. In those Old Worid groups where lower numbers do

occur, in almost every case they are cleariy derived from an ancestral x=9 (see

examples below).

Evidence cited against the primitive status of r=9 in the Astereae has been

based primarily on a lack of expected intermediate steps in the derivation of

x=5 from r=9 (mostly x=l level, but x=6 and x=8 also are relatively uncom-

mon) (Brown 1972; Turner ei ai 1961). This argument is countered, however,

by an analogous observation: if x=9 is derived as an amphiploid between i=5
and x=4 plants, or between x=5 and x=5 with a subsequent aneuploid decrease

of one pair, then such an occurrence has been extremely frequent, and base

numbers of z=10 and x=S (as amphiploids of two x=5's or two x=4's) should

also be expected and at a much higher frequency than is found. In fact, there

are no genera or generic groups of Astereae with a base number of x=10 (with

the possible exception of Centipeda) and few with r=8 (see examples below).

This also suggests that if x=9 in the Astereae has been derived by a reduction

in number from an ancestral r=10 genome, such an event must have occurred
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prior to the inception and evolutionary radiation of the tribe. Further, a large

number of the x=9 species of Aster and Solidago have chromosomes that are

even-sized and mostly submetacentric, a condition that ha^ been interpreted

as primitive in many groups of vascular plants (e.^., Stebbins 1971).

Evidence for a base chromosome of x=9 (or r=8), with subsequent ane-

uploid decrease, can be seen in the following Astereaean genera and generic

groups with wide variability in ba^e number:

Calotis (x=8, to 7,5,4, with evidence for descending aneuploidy: Stace 1978);

Brachycome (one section conservative with only x=9; the other section with

x=9, to 8,7,6,5,4,3,2, as well as n=10,ll,12,13,14,15,16, the latter num-

bers variously constituted primarily by amphiploidal crosses between

lower numbers: Smith-White et al 1970; Carter 1978; Watanabe & Short

1992);

Felicia (x=9, to 8,6,5: sec Grau 1973);

Amellus (x=9, to 8,6: see Rommel 1977; Podlech k Dieterie 1969);

Sympkyotrichum subg. Symphyotrichum (8,7,6: the present summary);

Symphyotrichum subg. Virgulus (5,4: the present summary);

PsHactis (r=9, to 4,3, although it is not clearly established that the lower

numbers are primitive);

among the genera of the Tovmsendia group (x=9, to 5,4,3: Nesom in prep.),

including Tovmsendia^ Geissolepis, Astranthium, Lhchaetophora^ and A-

phanostephus;

among the genera of the Gutierrezia lineage (x=9, to 5,4, perhaps including

x=8: see Nesom 1991c, 1993c);

among the genera of the Chrysopsidinae (r=9, to 7,6,5,4: see Nesom 1991b).

among genera of the Grangeinae; the genus Centipeda has a chromosome

number of n=10; the other genera of the subtribe (see Nesom 1994e)

are reported sis x=9, there are no other species or genera of Astereae

known with a base number of x=10, and it seems most likely that these

Centipeda species are tetraploid based on x=5, although an aneuploid

increase to x=10 is possible;

disparate counts based on x=b and x=9 are reported within the South Amer-

ican genus Hystertonica, but these need to be reinvestigated (see Nesom
1994d for a summary).
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There is at least strong circumstantial evidence in the examples above

(except the last two) for descending aneuploidy as the primary process of

evolutionary change in chromosome number. This reduction in chromosome

number appears primarily to involve the redistribution of chromatic material

onto fewer chromosomes, with a corresponding loss of centromeres but without

a genetic loss (Gottlieb 1981; this process referred to as "meroaneuploidy" by

Jackson 1971; Stucky &; Jackson 1975). Astereaean genomes of x=5, in partic-

ular, have chromosomes with a great amount of resultant structural reorgani-

zation, compared to those of a?=9. Ascending aneuploidy apparently is rare in

the Astereae, but it has been documented within a single species (Watanabe

k Smith-White 1987; Jackson 1992; Jackson et ai 1993) and suggested to oc-

cur within the genus Astranthium (De Jong 1965). In these cases, the ascent

has been from a number less than n=9. Evidence indicates that aneuploid

increase also has occurred in polyploid hybrids involving the Old Worid Aster

ageratoides (Tara 1973) and the American Symphyotrichum [Aster) foliaceum

(DC.) Nesom (Allen 1984, 1985).

The concentration in North America of genera with low base chromosome
numbers might be taken as an indication these numbers reflect a pattern of

common ancestry, but this is contradicted both by morphological and molec-

ular evidence (Nesom 1994e). In almost every case, American genera with

base chromosome numbers lower than i=9 are known to be closely related to

others with x=9. The greatest number of these low-numbered taxa are among
the fifteen genera of the Machaerantherinae (x=6 for the subtribe, reduced to

x=5,4,3,2; Morgan & Simpson 1992) and within American Asterinae, where

reductions directly from x=9 apparently have occurred independently at least

four times: (1) the origin of Symphyotrichum subg. Virgulus (x=5); (2) the

origin of Symphyotrichum subg. Symphyotrichum (^=8); (3) the derivation of

Eurybia chapmanii (x=7); and (4) the derivation of x=4 species within Psilac-

tis.

The only other genera of Astereae with a lowered base chromosome num-
ber are the four of the Gutierrezxa group of the Solidagininae (probably x=8,

reduced to x=5,4; Nesom 1991d, 1993); three within North American Brachy-

cominae (x=5, reduced to x=4,3; Nesom in prep.); two of the Monoptilon

group within subtribe Feliciinae, i.e., Monoptilon and Chaetopappa (i=8; Ne-

som 1992b); and three of the Chrysopsidinae (x=7 and x=5, with reductions

to 1=6,5,4; Nesom 1991b).

The derivation of x=5 and x=i genomes from x=9 ones might occur by the

dissociation of ancestral components of x=5 and x=4, as in polyhaploidy (c/.

deWet 1971), but there is little evidence to suggest that x=9 in the Astereae

is of amphiploid origin. Semple k Chinnappa (1980a, 1980b) showed that

x=9 in Chrysopsis is constituted by alloploidy from an immediate ancestry

of x=4 and x=5 parents, which could be interpreted as the reassociation of

such putative components. Although the ancestor of Chrysopsis clearly had
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a base chromosome number of r=5, the genus is a member of the subtribe

Chrysopsidinae, a phylad hypothesized to have a base of x=9 (Nesom 1991b).

The species of Psilactis (see Morgan 1993) constitute the only other group

within the Astereae with an array of base chromosome numbers based on 9

and lower numbers completely "disjunct" at x=4 or x=3. Further, the loss of

entire sets of chromosomes does not appear possible through "meroaneuploidy"

(Jackson 1975), although this process theoretically might be responsible for

the rapid occurrence of such a large gap (i.e., the 9/5 gap) in a succession

of contiguous steps. Jackson (1973) has documented a chromosome number

reduction by two in the Astereae, and a wide discontinuity (i=10 and x=4) has

been reported between two closely related, Central American species within the

genus Fleischmannia Sch.-Bip. (Eupatorieae), where z=10 is the base number

(see King k Robinson 1987 for comments and references). In view of the

probable x=9 ancestry for the Astereae (see above), it seems likely that the

correct explanation for the paucity of x=7 (and 8 and 6) has not yet been

clearly discerned. It may prove to be related to a relative adaptive advantage

accompanying the lower numbers (for comments and references, see Jackson

1971, Stucky & Jackson 1975) or to some other phenomenon, but it seems

clear that this "gap" is not merely an artifact of interpretation.

NOR chromosome morphology

Studies by Semple and colleagues (Semple & Brouillet 1980b; Semple et

a/. 1983) have provided valuable information regarding the morphology of

"satellite" or NOR chromosomes (chromosomes bearing the nucleolar orga-

nizer region). They have classified the NOR chromosomes of primarily North

American species of Aster s. lat. into several different types, depending on the

relative lengths of the satellite and proximal portion of the short arm: "prim-

itive" type, with the satellite and proximal portion of about the same length;

"euaster" type, with the satellite markedly longer than i,he remainder of the

arm; and "virguloid" type, with a minute satellite and correspondingly long

arm. The primitive type is characteristic of Doellingeria (including both Amer-

ican and Asian species), Oclemena, Eucephalus, lonactis, and Sericocarptis. A
karyotjrpic description apparently has not been published for the species of

Chloracantha and Tonestus. The euaster NOR type might be better termed

the "eurybia" type or the "symphyotrichum" type, as it is characteristic of

most of the species of those two groups (see caveats below), but Semple ei ai

(1983) also reported that the generitype of Aster, A. amellus, has primitive

type NOR chromosomes. In view of the variability of the chromosomes of the

latter species and conflicting reports regarding its karyotype, a more detailed

study is in order.

The NOR chromosomes of Symphyotrichum sect. Oxytripolium have acro-

centric NOR chromosomes, both the satellite and arm highly reduced in length;
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these also are unique within the Asterinae and are here termed the "oxytripo-

lioid" type. In published photographs of somatic chromosomes of PsUactis

(Stucky 1978; Hartman k Lane 1987), the identity and morphology of the

NOR chromosome is not immediately apparent, although one of the longest

chromosomes of P. asteroides seems to have a small satellite at the end of

a much longer arm, approaching the virguloid type (see Stucky 1978, Fig-

ures 5 and 7). The NOR morphology of the n=9 species of PsUactis has

not been observed. Almutaster pauctflorus, Eurybia sibirica, Eurybta glauca^

and Canadanthus modestus have been reported to have primitive type NOR
chromosomes (Semple k Brouillet 1980b; Semple et ai 1983), those of Symphy-

otrichum turbinellum to be of "varying morphology." In view of the phylogeny

hypothesized here (Figure 2), it appears that the euaster ("eurybia") type has

been independently evolved at least two times within the genus. Alternatively,

it would be necessary to postulate "reversions" to the primitive type in the

taxa noted above.

The NOR chromosomes of Symphyotrichum subg. Virgulus appear to be

markedly different in morphology from all others within the Asterinae, and it

is clear that the virguloid NOR morphology is specialized. As noted by Semple

k Brouillet (1980b, p. 1035), however, "satellite or NOR chromosomes with

morphology like those of [subg. Virgulus] may have evolved independently sev-

eral times in the tribe," and the same possibility must also be admitted for the

other NOR types. Karyotypic repatterning is known to occur within numerous

monophyletic groups of Astereae, e.g., the genus Astranthium (De Jong 1965)

and even within single species, e.g., Aster amellus (Chatterji 1962), Machaer-

anthera riparia (Kunth) A.G. Jones (Stucky 1978), and Aster ageratoides (Ir-

ifune 1990). Differences in NOR chromosome morphology clearly are useful

in indicating the limits of monophyletic groups, but without an unambiguous

interpretation of homologies, karyotypic differences by themselves provide no

justification for the determination of taxonomic rank or phylogenetic position

of the groups concerned.

Huziwara (1967) observed that the chromosomes of Asian and European

species of Aster differ from those of American species, the latter generally

smaller in size as well as distinct in morphology, but the Asian species have

not been included in the recent classification of NOR types. Remarkably, the

Old World species consistently produce an NOR morphology (here termed the

"Asterinae" type) that differs from all of the New World species: the satellite

is much shorter than the remainder of the arm but not reduced to the minute

size of the of the virguloid satellite. The Asterinae type has been documented

for a range of Old World species among various taxa (see primarily numerous

references by Huziwara; also Chatterji 1962), including the following: A. amel-

lus, A. amelloxdes, A. xberxcus, and A. maackxi (sect. Aster), A. alpxnus (sect.

Alpigenx), A. ageratoxdes (sect. Ageratoxdes)] A. tataricus and A. fastigiatus

(both placed tentatively within Aster and in an uncertain position, see discus-
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sion). The Asterinae NOR type also is found in species that are treated here

within genera outside of Asters, str.: Heteropappus, Kalimens, and TnpoUum.

ACKNOWLEDGMENTS

i
I thank Billie Turner for his review of the manuscript and long-standing

encouragement in this project, Luc Brouillet for his reading and general com-

ments on the penultimate version of the manuscript, Verne Grant and Ray
Jackson for comments on the discussion of chromosome evolution, John Strother

for detailed comments on the nomenclatural status of Euryhia^ John Kartesz

for a review of the species nomenclature, Mark Mayiield for comments on vari-

ous parts of the manuscript, Harold Robinson for many helpful comments and

his remarkable insight into the family as a whole, and the staffs of MO and

US for their assistance during visits there. Bibliographic help from Barney

Lipscomb (BRIT), Denis Kearns (MO), and John Pruski (US) is gratefully ac-

knowledged. Matt Turner translated Latin passages from the 1832 monograph

by Nees, and Zai-ming Zhao translated various passages of Chinese literature.

LITERATURE CITED

Allen, G.A. 1984. Morphological and cytological variation in the western

North American Asitr occidentalis complex (Asteraceae). Syst. Bot.

9:175-191.

1985. The hybrid origin of Aster ascendens (Asteraceae). Amer.

J. Bot. 72:268-277.

1986. Amphidiploid origin of two endemic races of Aster (Aster-

aceae) in southern California. Amer. J. Bot. 73:330-335. ^
1993. Aster. Pp. 205-209 in Jepson's Manual of the Flora of Call-

*

fomia. J. Hickman (ed.). Univ. California Press, Berkeley, California.

Allen, G.A., M.L. Dean, k K.L. Chambers. 1983. Hybridization studies in

the Aster occidentalis (Asteraceae) polyploid complex of western North

America. Brittonia 35:353-361.

Anderson, L.C. 1987. Boltonia apalachicolensis (Asteraceae): a new species

from Florida. Syst. Bot. 12:133-218.

Anderson, L.C, D.W. Kyhos, T. Mosquin, A.M. Powell, k P.H. Raven. 1974.

Chromosome numbers in Compositae. IX. Haplopappus and other Aster-

eae. Amer. J. Bot. 61:665-671.



Nesom: Review of Aster taxonomy 227

Anderson, L.C. & J.B. Creech. 1975. Comparative leaf anatomy of Solidago

and related Asteraceae. Amer. J. Bot. 61:665-671.

Arnold, M.L. k R.C. Jackson. 1979. Genie differentiation in Machaeranthera

section Psilactis (Compositae). Southw. Naturalist 24:645-654.

Baker, J.G. 1882. Compositae III. Asteroideae. In C.F.P. Martins, Flora

Brasiliensis 6(3):1-100.

Bentham, G. 1861. Flora Hongkongensis. L. Reeve & Co., London, Great

Britain.

1866. Olearia. Flora Australiensis 3:463-488. Lovell Reeve and

Co., London, Great Britain.

1873. Compositae. In Bentham, G. & J. D. Hooker, Genera

Plantarum 2:163-533.

Blake, S.F. 1937. Eleven new Asteraceae from North and South America. J.

Washington Acad. Sci. 27:374-391.

Boivin, B. 1972. Solidago. In "Flora of the prairie provinces. Part III,"

Phytologia 23:14-22.

Bremer, K. 1994. Asteraceae: Cladistics and Classification. Timber Press,

Portland, Oregon.

Britton, N.L. k A. Brown. 1913. An Illustrated Flora of the Northern United

States, Canada and the British Possessions (ed. 2). Vol. 3. Lancaster

Press, Lancaster, Pennsylvania.

Brizicky, G.K. 1969. Subgeneric and sectional names: their starting points

and early sources. Taxon 18:643-660.

Brouillet, L. & J.C. Semple. 1981. A propos du status taxonomique de

Solidago ptarmicoides. Canad. J. Bot. 59:17-21.

Brouillet, L. & J. -P. Simon. 1981. An ecogeographical analysis of the dis-

tribution of Aster acuminatus Michaux and A. nemoralis Aiton (Aster-

aceae: Astereae). Rhodora 83:521-550.

Brown, W.V. 1972. Textbook of Cytogenetics. C.V. Mosby Co., St. Louis,

Missouri.

Burgess, E.S. 1903. Aster. Pp. 1206-1228 tn J.K. Small, Flora of the South-

eastern United States. Publ. by J.K. Small, New York, New York.



228 PHYTOLOGIA volume 77(3):141-297 September 1994

.. 1906. Species and variations of Biotian asters with discussion of

variability in Aster. Mem. Torrey Bot. Club 13:1-419.

Burtt, B.L. & J. Grau. 1972. An extension of the genus Macowania (Com-

positae). Notes Royal Bot. Card. Edinb. 31:373-376.

Campbell, J.J.N. & M.E. Medley. 1989. Aster saxicastellii (Asteraceae), a

new species from the Rockcastle River bars in southeastern Kentucky.

Sida 13:277-284.

Carter, C.R. 1978. The cytology ol Brachycome. II. The subgenus Metabrachy-

come: A general survey. Aust. J^ Bot. 26:699-706.

Chapman, A.D. 1991. Australian Plant Names Index D-J. Australian Flora

and Fauna Series, No. 13. Austr. Govt. Publ. Service, Canberra, Aus-

tralia.

Chatterji, A.K. 1962. Structure and behavior of chromosomes in different

varieties of Aster amellus L, and their mode of origin. Caryologia 15:515-

524.

Cherpanov, S.K. 1981. Plantae Vasculares URSS [checklist]. Nauka, Lenin-

grad, U.S.S.R.

Chung, G.Y. & Y.S. Kim. 1991. A taxonomic study of the receptacle mor-

phology on the genus Asi

Plant Tax. 21(4):229-238.

phology on the genus Aster L. and its allied groups in Korea. Kor. J. J

Correll, D.S. & M.C. Johnston. 1970. Manual of tha Vascular Plants of

Texas. Texas Research Foundation, Renner, Texas.

Cronquist, A. 1947a. Revision of the North American species of Engeron,

north of Mexico. Brittonia 6:121-302.

1947b. Notes on the Compositae of the northeastern United States

- V. Astereac. Bull. Torrey Bot. Club 74:142-150.

1948. A revision of the Oreostrum group of Aster. Leafl. W. Bot.

5:73-82.

1955. Compositae. Vase. Pi Pacific Northw. 5:1-343.

1980. Flora of the Southeastern United States. Vol. 1. Asteraceae.

Univ. North Carolina Press, Chapel Hill, North Carolina.

1994. Intermountain Flora. Vol. 5, Asterales. New York Botanical

Garden, Bronx, New York.



Nesom: Review of Aster taxonomy 229

Cronquist, A. k D.D. Keck. 1957. A reconstitution of the genus Machaer-

anthera. Brfttonia 9:121-302.

Cuatrecasas, J. 1969. Prima flora Colombiana. 3. Compositae - Astereae.

Webbia 24:1-335.

Dean, M.L. k K.L. Chambers. 1983. Chromosome numbers and evolution-

ary patterns in the Aster occidentalis (Asteraceae) polyploid complex of

western North America. Brittonia 35:189-196.

De CandoUe, A.P. 1836. Aster. Prodr. 5:241-253. Treuttel k Wurtz, Paris,

France.

1836. Dtplopappus. Prodr. 5:275-278. Treuttel k Wurtz, Paris,

France.

De Jong, D.C.D. 1965. A systematic study of the genus Astranthium (Com-

positae, Astereae). Publ. Mus., Michigan State Univ., Biol. Ser. 2(9):429-

528.

De Wet, J.M.J. 1971. Reversible tetraploidy as an evolutionary mechanism.

Evolution 25:545-548.

Drummond, J.R. 1907. Chlamydites: a new genus of Compositae. Kew Bull.

Misc. Inform. 90-92.

Fan, E.R., J.A. Leussink, k F.A. Stafleu. 1979. Index Nominum Genenco-

rum (Plantarum). Bohn, Scheltema k Holkema, Utrecht, Holland.

Gleason, H.A. k A. Cronquist. 1963. Manual of Vascular Plants of North-

eastern United States and Adjacent Canada. Van Nostrand Co., Prince-

ton, New Jersey, [ed. 2, 1991, New York Botanical Garden, Bronx, New

York).

Gottlieb, L.D. 1981. Gene number in species of Astereae that have different

chromosome numbers. Proc. Natl. Acad. Sci. 78:3726-3729.

Graham, A. 1972. Outline of the origin and historical recognition of floris-

tic affinities between Asia and eastern North America. Pp. 7-16 in A.

Graham (ed.), Floristics and Paleofioristics of Asia and Eastern North

America. Elsevier Publ. Co., Amsterdam, Holland.

Grau, J. 1970. Die Gattung Polyarrhena Cass. (Asteraceae - Asterinae).

Mitt. Bot. Staats. Miinchen 7:347-368.

1971. On the generic delimitation of some South African Astereae.

Mitt. Bot. Staats. Miinchen 10:275-279.



230 PHYTOLOGIA volume 77(3):141-297 September 1994

1973. Revision der Gattung Felicia (Asteraceae). Mitt. Bot. Staats.

xMiinchen 9:195-705.

1977. Astereae - systematic review. In Heywood, V.H., J.B. Har-

borne, & B.L. Turner (eds.). The Biology and Chemiatry of the Com-

positae 1:539-565. Academic Press, London, Great Britain.

Gray, A. 1859. Diagnostic characters of phanogamous plants, collected in

Japan by Charles Wright, . . . with observations upon the relations of

the Japanese flora to that of North America, and of other parts of the

northern temperate zone. Mem. Amer. Acad. Arts, ser. 2, 6:377-453.

1873. Notes on Compositae and characters of certain genera and

species, etc. Proc. Amer. Acad. Arts 8:631-661.

1880. Notes on some Compositae. Proc. Amer. Acad. Arts 16:78-

102.

1882. Studies of Aster and Solidago in the older herbaria. Proc.

Amer. Acad. Arts 17:163-199.

1884. Synoptical Flora of North America. Ivison, Blakeman, Taylor

& Co., New York, New York.

Greene, E.L. 1896. Studies in the Compositae. - III. Pittonia 3:43-63.

1903. Further segregates from Aster. Leafl. Bot. Observ. Crit.

1:4-7.

Grierson, A.J.C. 1964. A revision of the asters of the Himalayan area. Notes

Royal Bot. Card. Edinb. 26:67-163, f. 1-11, t. 8-16.

1967. The genus Psychrogeton (Compositae). Notes Roy. Bot,

Card. Edinburgh 27:101-147.

1975. Compositae- Astereae. Flora of Turkey 5:U6-ISQ.

1982. Aster. Flora Iranica 154:4-6.

Grierson, A.J.C. & K.H. Rechinger. 1982. Compositae-Astereae. Flora Iran-

ica 154:1-70, pis. 1-76. [Brachyactis: Grierson]

Gu, H.-y. 1987. A biosystematic study of the genus Kalimeris. Ph.D. disser-

tation, Washington Univ., St. Louis, Missouri.

In press. Systematics of Kalimens (Astereae, Asteraceae). Ann.'

Missouri Bot. Gard. [vol.]



Nesom: Review of Aster taxonomy 231

Hall, H.M. 1928. The genus Haplopappus - A phylogenetic study in the

Compositae. Carnegie Inst. Washington, Publ. No. 389.

Hamilton, W. 1983. Cretaceous and Cenozoic history of the northern conti-

nents. Ann. Missouri Bot. Card. 70:440-458.

Hartman, R.L. 1990. A conspectus of Machaeranthera (Asteraceae: Aster-

eae). Phytologia 68:439-465.

Hartman, R.L. h M.A. Lane. 1987. A new species of Machaeranthera section

Psilactis (Asteraceae: Astereae) from coastal Texas. Brittonia 39:252-

257.

Hill, L.M. 1976. Morphological and cytological evidence for introgression

in Aster acuminatus Michx. in the Southern Appalachians. Castanea

41:148-155.

Hill, L.M. k O.M. Rogers. 1970. Chromosome numbers of Aster blaket and

A. nemoralis. Rhodora 72:437-438.

1973. Chemical, cytological and genetic evidence for

the hybrid origin of Aster blaket (Porter) House. Rhodora 75:1-25.

Hilliard, O.M. k B.L. Burtt. 1976. Notes on some plants of southern Africa

chiefly from Natal: 5. Notes Roy. Bot. Gard. Edinb. 34:253-286. [Ma-

cowania: 260-276]

1985. Notes on some plants of sou'ctiern Africa chiefly

from Natal: XL Notes Roy. Bot. Gard. Edinb. 42:227-260.

Hitchcock, A.S. & M.L. Green. 1935. Species lectotypicae propositae. 1.

Species lectotypicae generum Linnaei. Pp. 139-143 In: International

Rules of Botanical Nomenclature [1930 revision]. Gustav Fischer, Jena,

Germany.

Hoffmann, 0. 1890. Astereae. In Die Naturlxchen Pflanzenfamilien (A.

Engler k K. Prantl, eds.) 4:142-172. Wilhelm Engelmann, Leipzig,

Germany.

Holmgren, N.H. 1979. Subgeneric and sectional names for Intermountain

Penstemon (Scrophulariaceae). Brittonia 31:358-364.

Hooker, J.D. k B.D. Jackson. 1895. Index Kewensis Plantarum Phaneroga-

marum. Clarendon Press, Oxford, Great Britain.

Houle, F. k L. Brouillet. 1985. Chromosome number determinations in Aster

section Conyzopsxs (Asteraceae). Brittonia 37:369-372.



232 PHYTOLOGIA volume 77{3):141-297 September 1994

Houle. F. k E. Haber. 1990. Status of the Gulf of St. Lawrence Aster, Aster
laurenttanus (Asteraceae), in Canada. Canad. Field-Nat. 104:455-459.

Hsu. J. 1983. Late Cretaceous and Cenozoic vegetation in China, empha-
sizing their connections with North America. Ann. Missouri Bot. Card.
70:490-508.

Hu, S.Y. 1965. Compositae of China. Quart. J. Taiwan Mus. 18:1-87

(introduction and literature); vols. 19-22, 1966-1969 (taxonomy).

Hulten, E. 1968. Flora of Alaska and Neighboring TemtoT-ies. Stanford

University Press, Stanford, California.

Huziwara, Y. 1950. Heierokalimens marayamae Kitamura. k new inter-

generic hybrid of Kalimens and Heteropapptis. Jap. J. Genet. 25:25-26.

1957a. Karyotype analysis in some genera of Compositae. II. The
karyotype of Japanese Aster species. Cytologia 22:96-112.

1957b. Karyotype analysis in some genera of Compositae. III. The
karyotype of the Aster ageratoides group. Amer. J. Bot. 44:783-790.

1958a. Karyotype analysis in some genera of Compositae. IV. The

karyotypes within the genera Gymnaster, Kalimens, and Heteropappus.

Jap. J. Genet. 33:129-137.

1958b. Karyotype analysis in some genera of Compositae. \'. The

chromosomes of Americjui Aster species. Jap. J. Genet. 33:129-137.

1959. Chromosomal evolution in the subtribe Asterinae. Evolution

13:188-193.

1962a. Karyotype analysis in some genera of Compositae. VIII.

Further studies on the chromosomes of Aster. Amer. J. Bot. 49:116-119.

1962b. Karyotype analysis in some genera of Compositae. IX.

Chromosomes of European species of Aster. Bot. Mag. Tokyo 75:143-

149.

1965. Chromosomal analysis in the subtribe .Asterinae. Jap. J.

Genet. 40:63-71.

1967. Chromosomal evolution in Aster and related genera. Taxon

16:303-304.



Nesom: Review of Aster taxonomy 233

Inoue, S. 1970, Cytological studies on the intergeneric natural hybrid be-

tween Aster and Kalimens from Kyushu. (1). Chromosome numbers

and geographicai distribution. Mem. Fac. General Ed., Kumamotu Univ.

(Ser. Nat. Sci.) 5:47-52.

Irifune, K. 1990. Karyomorphological study on speciation of the Aster agera-

toides subsp. amplexifolius complex in Jap. J. Sci. Hiroshima Univ., Ser.

B. Div. 2, 23:163-238.

Jackson, R.C. 1971. The karyotype in systematics. Acn. Rev. Ecol. Syst.

2:327-368.

1973. Chromosomal evolution in Haplopappus gracilis: A centric

transposition race. Evolution 27:243-256.

1992. Evolution of and in Haplopappxis gracilis: a synopsis. PI.

Genetics Newsl. 9:2-4.

Jackson, R.C, C.F. Crane, J.S. Johnston, J.R. Ellison, k H.J. Price. 1993.

Aneuploidy, structural chromosome changes, and DNA amounts in the

annual taxa of the Haplopappus spinulosus complex. Chrom. Research

1:53-61.

Jones, A.G. 1977. New data on chromosome numbers ii. Aster section Het-

erophylli (Asteraceae) and their phylogenetic impli:ations. Syst. Bot.

2:334-347.

1980a. A classification of the New Worid species of Aster (Aster-

aceae). Brittonia 32:230-239.

1980b. Data on chromosome numbers in Aster (Asteraceae), with

comments on the status and relationships of certain North American

species. Brittonia 32:240-261.

1982. Virgulus Raf. vis-a-vis Aster L. (Asteraceae). Taxon 31:714-

715.

1983a. Nomenclatural transfer from Aster to Machaeranthera

(Asteraceae). Syst. Bot. 8:85.

1983b. Nomenclatural changes in Aster (Asteraceae). Bull. Torrey

Bot. Club 110:39-42.

1983c. Aster section Ericoxdex correct for the species group that

includes the type of Aster erxcoxdes L. Taxon 32:462.



234 PHYTOLOGIA volume 77(3):141-297 September 1994

1984. Nomenclatural notes on Aster (Asteraceae)-II. New combi-

natit)ns and some transfers. Phytologia 55:373-388.

1985. Chromosomal features as generic criteria in the Astereae.

Taxon 34:44-54.

1989. Aster and Brachyactis in Illinois. Illinois Nat. Hist. Survey

BuU. 39(2):1-194.

1992. Aster And Brachyactis {AsteTs.ce&e) in Oklahoma. Sida, Bot.

Misc. 8:1-46.

k P. Hiepko. 1981. The genus Aster s.l. (Asteraceae) in the Willde-

now Herbarium at Berlin. Willdenowia 11:343-360.

k D. Young. 1983. Generic concepts of Aster (Asteraceae): A
comparison of cladistic, phenetic, and cytological approaches. Syst. Bot.

8:71-84.

k P.P. Lowry. 1986. Types and selected historic specimens of Aster

s.l. (Asteraceae) in the Herbarium, Laboratoire de Phanerogamie, Mu-
seum national d'Histoire naturelle, Paris (P). Bull. Mus. Natn. Hist.

Nat., Paris, sect. B, Adansonia 4:393-412.

Jones, R.L. 1983. A sytematic study of Aster section Patentes (Asteraceae).

Sida 10:41-81.

1992. Additional studies of Aster georgianus^ A. patens^ and A.

phlogtfalius (Asteraceae). Sida 15:305-315.

Kartesz, J. 1994. A Synonymized Checklist of the Vascular Flora of the

United States, Canada, and Greenland (ed. 2). Timber Press, Portland,

Oregon.

Kartesz, J. k R. Kartesz. 1980. A Synonymized Checklist of the Vascular

Flora of the United States, Canada, and Greenland. Univ. North Car-

olina Press, Chapel Hill, North Carolina.

Killick, D.J.B. 1978. The Afro-alpine region. In M.J. A. Werger (ed.), Bto-

geography and Ecology in Southern Africa. Vol. 1, pp. 515-560.

King, R.M. k H. Robinson. 1970. Eupatortum, a Composite genus of Arcto-

Tertiary distribution. Taxon 19:769-774.

1987. The genera of the Eupatorieae (Asteraceae). Mis-

souri Bot. Card., Monogr. Syst. Bot., Vol. 22. St. Louis, Missouri.



Nesom: Review of Aster taxonomy 235

Kitamura, S. 1936. Les Aster du Japon; Leur classification et leur distribu-

tion (I). J. Jap. Bot. 12:529-536; (II), 12:640-652; (III), 12:721-729.

1937. Compositae Japonicae [Astereae). Mem. Coll. Sci. Kyoto

Univ., ser. B, 8:299-399.

Kruckeberg, A.R. 1983. Temperate floras: the North Pacific connection.

Ann. Missouri Bot. Gard. 70:591-596.

Lamboy, W.F. 1986. A note concerning the combination Aster subgenus

Ascendentes (Rydb.) Semple. Phytologia 59:454.

1987. Aster section Biotia (Asteraceac) in New England USA and

the status of Aster glomeratus. Rhodora 89:299-318.

1988. The status of Aster commixtus and a new species of Aster

from the southeastern United States. Syst. Bot. 13:187-195.

Lamboy, W.F. & A.G. Jones. 1987a. Lectotypifications and neotypifications

in Aster section Biotia (Asteraceae), including a complete annotated

synonymy. Brittonia 39:286-297.

1987b. Corrected author citation for the combination

Aster section Biotia (Asteraceae). Brittonia 39:284-285.

1988. Retrogressive allopolyploidy in Aster sect. Biotia:

a heretofore unrecognized mode of hybrid speciation. Amer. J. Bot.

75(6, pt. 2):187-188 [abstract].

Lamboy, W.F., D.L. Nickrent, & A.G. Jones. 1991. Isozyme evidence and

phenetic relationships among species in Aster section Biotia (Aster-

aceae). Rhodora 93:205-225.

Lee, Y.N. 1970. Chromosome numbers of flowering plants in Korea (3). J.

Korean Res. Better Living 5:127-129.

Lee, T.B. 1979. Illustrated Flora of Korea. Hyangmunse, Seoul, Korea.

Legault, A. & L. Brouillet. 1989. Cytogeographie de VAster cordifolius

(Asteraceae: Astereae) au Quebec. Canad. J. Bot. 67:2114-2119.

Li, H.L. 1952. Floristic relationships between eastern Asia and eastern North

America. Trans. Amer. Philos. Soc. 42:371-429. Reprinted with a new

foreword in 1971, Morris Arboretum Monograph, Philadelphia, Pennsyl-

vania.



236 PHYTOLOGIA volume 77(3):141-297 September 1994

Ling, Y. &: Y.-l. Chen. 1965. Genera nova vel minus cognita familiae Com-

positarum, 11. Cavea W.W. Smith et Small et Nannoglottis Maxim. Acta

Phytotax. Sin. 10:91-102.

Ling, v., Y. I. Chen, k Z. Shi. 1985. Flora Reipublicae Popularis Sinicae,

Compositae (1), [Astereae]. Tomus 74:73-353.

Lippert, W. 1971. Der Aster bakeranus komplex in Sudafrika. Mitt. Bot.

Staats. Miinchen 9:109-134.

1973. Revision der Gattung Aster in Afrika. Mitt. Bot. Staats.

Miinchen 11:153-258.

Love, A. & D. Love. 1982. Pp. 344-360 in lOPB chromosome number reports

LXXV. Taxon 31:342-368.

Martin, W.C. k C.R. Hutchins. 1981. A Flora of New Mexico, Vol. 2. J.

Cramer, Vaduz, Lichtenstein.

McKenna, M.C. 1983. Holarctic landmass rearrangements, cosmic events,

and Cenozoic terrestrial organisms. Ann. Missouri Bot. Gard. 70:459-

489.

McVaugh, R. 1984. Aster. Fl. Novo-Galiciana 12 (Compositae) :80-90. Univ.

of Michigan Press, Ann Arbor, Michigan.

Mehra, P.N. & P. Remanandan. 1974. Cytological investigations on the

Indian Compositae. II. Astereae, Heliantheae, Helenieae, and Anthemi-

dieae. Caryologia 27:255-284.

Merrill, E.D. 1949. Index Rafinesquianus: the plant names published by C.S.

Rafinesque with reductions, and a consideration of his methods. Arnold

Arb. Harvard Univ., Jamaica Plain, Massachusetts.

MerxmuUer, H., A. Schreiber, k P.F. Yeo. 1976. Aster. Fl. Europaea 4:112-

116.

Michaelson, M.J., H.J. Price, J.S. Johnston, k J.R. Ellison. 1991. Variation

of nuclear DNA content in Helianthus annuus (Heliantheae). Amer. J.

Bot. 78:1238-1243.
^

Mizushima, M. 1972. Taxonomic comparison of vascular plants found in

western North America and Japan. Pp. 83-91 m A. Graham (ed.), Florxs-

tics and Paleoflonstxcs of Asia and Eastern North Am,erxca. Elsevier

Publ. Co., Amsterdam, Holland.



Nesom: Review of Aster taxonomy 237

Moore, D.M. 1981. Chromosome numbers of Fuegian angiosperms. Bull.

Soc. Brot., ser. 2, 53:995-1012.

Morgan, D.R. 1990. A systematic study of Machaeranthera (Asteraceae) and

related groups using restriction analysis of chloroplast DNA and a taxo-

nomic revision of Machaeranthera section Psilactis. Ph.D. dissertation,

Univ. Texas, Austin, Texas.

1993. A molecular systematic study and taxonomic revision of

Psilactis (Asteraceae: Astereae). Syst. Bot. 18:290-308.

Morgan, D.R. & B.B. Simpson. 1992. A systematic study of Machaeran-

thera (Asteraceae) and related groups using restriction site analysis of

chloroplast DNA. Syst. Bot. 17:511-531.

Muller, J. 1981. Fossil pollen records of extant angiosperms. Bot. Rev.

(Lancaster) 47:1-142.

Nees von Esenbeck, C.G. 1832 [1833]. Genera et species Asterearum. Leonard

Schrag., Nuremberg, Germany.

Nesom, G.L. 1976. A new species of Erigeron (Asteraceae) and its relatives

in southwestern Utah. Brittonia 28:263-272.

1978. Machaeranthera odyssei (Compositae): a unique new species

from Mexico. Syst. Bot. 3:218-225.

1981. A new species and new combination in Mexican Erigeron

(Compositae). Sida 9:29-33.

1989a. Infrageneric taxonomy of New World Enfferon (Compositae:

Astereae). Phytologia 67:67-93.

1989b. A new species of i4j<er (Asteraceae: Astereae) from Mexico.

Phytologia 67:342-345.

1989c. The separation of Trimorpha (Compositae: Astereae) from

Erigeron. Phytologia 67:61-66.

1989d. Aster intricatus (Asteraceae: Astereae) transferred to

Machaeranthera. Phytologia 67:438-440.

1990a. TeLxonomy of the genus Laennecia (Asteraceae: Astereae).

Phytologia 68:205-228.

1990b. Further definition of Conyza (Asteraceae: Astereae). Phy-

tologia 68:229-233.



238 PHYTOLOGIA volume 77(3):141-297 September 1994

1991a. Transfer of Aster kingit (Asteraceae: Astereae) to Tonestus.

Phytologia 71:122-127.

1991b. A phylogenetic hypothesis for the goldenasters (Asteraceae:

Astereae). Phytologia 71:136-151.

1991c. Redefinition of /fespero(ioria( Asteraceae: Astereae) and the

segregation of Columbiadoria, a new monotypic genus from the western

United States. Phytologia 71:244-251.

1991d. Morphological definition of the Gutierrezia group (Aster-

aceae: Astereae). Phytologia 71:252-262.

1992a. Oritrophium orizabense (Asteraceae: Astereae), a new

species and the first report of the genus from North and Central America.

Phytologia 73:338-344.

1992b. Transfer of Chaetopappa elegans to lonactis (Asteraceae:

Astereae). Phytologia 73:416-424.

1993a. The genus Oreostemma (Asteraceae: Astereae). Phytologia

74:305-316.

1993b. Taxonomy of Sericocarpus (Asteraceae: Astereae). Phy-

tologia 75:45-54.

1993c. Taxonomic infraistructure of Solidago and Oligoneuron

(Asteraceae: Astereae) and observations on their phylogenetic position.

Phytologia 75:1-44.

1993d. Ma</a^as<er (Asteraceae: Astereae), a new genus of subtribe

Hinterhuberinae. Phytologia 75:94-99.

1993e. A Cuban endemic: Hysterionica marginata (Asteraceae:

Astereae), rather than Aster grisebachii. Phytologia 75:163-165.

1993f. Taxonomy of Doellingeria (Asteraceae: Astereae). Phytolo-

gia 75:452-462.

1993g. Comments on the definition of the genus Diplopappus Cass.

(Asteraceae: Astereae). Phytologia 75:113-116.

1994a. Apopyros (Asteraceae: Astereae), a new, monotypic genus

from south-central Brazil. Phytologia 76:176-184.

1994b. Inulopsis synopsis (Asteraceae: Astereae). Phytologia

76:115-124.



Nesom: Review of Aster ta.xononiy 239

1994c. Repartition of Mairia (Asteraceae: Astereae). Phytologia

76:85-95.

1994d. Separation of Neja (Asteraceae: Astereae) from Hysierion-

ica. Phytologia 76:168-175.

1994e. Subtribal classification of the Astereae (Asteraceae). Phy-

tologia 76:193-274.

1994f. Hybridization in the tribe Astereae (Asteraceae). Phytologia

77:298-307.

Nesom, G.L., L.A. Vorobik, & R.L. Hartman. 1990. The identity of Aster

blepharophyllus A. Gray (Astereae: Asteraceae). Syst. Bot. 15:638-642.

Nesom, G.L. k D.R. Morgan. 1990. Reinstatement of Tonestus (Asteraceae:

Astereae). Phytologia 68:174-180.

Nesom, G.L., Y. Suh, D.R. Morgan, & B.B. Simpson. 1990. Xylothamia

(Asteraceae: Astereae), a new genus related to Euthamia. Sida 14:101-

116.

Nesom, G.L., Y. Suh, D.R. Morgan, S.D. Sundberg, & B.B. Simpson. 1991.

Chloracantha, a new genus of North American Astereae (Asteraceae).

Phytologia 70:371-380.

Nesom, G.L. & T.J. Leary. 1992. A new species of lonactis (Asteraceae:

Astereae) and an overview of the genus. Brittonia 44:247-252.

Ohwi, J. 1965. Flora of Japan (J.G. Meyer & E.H. Wa?>er, eds.). Smithso-

nian Institution, Washington, D.C.

Onno, M. 1932. Geographisch-Morphologische Studien uber Aster alpinus

L. und verwandte Arten. Bibliot. Bot. 106:1-83, tables, maps.

Peng, C.-I. & C.-C. Hsu. 1977. In lOPB Chromosome number reports LVIII.

Taxon 26:557-565.

1978. Chromosome numbers in Taiwan Compositae.

Bot. Bull. Acad. Sin. 19:53-66.

Pike, R.B. 1970. Evidence for the hybrid status of Aster blakei (Porter)

House. Rhodora 72:401-436.

Podlech, D. & A. Dieterle. 1969. Chromosomenstudien an afghanischen

Pflanzen. Candollea 24:185-243.



240 PHYTOLOGIA volume 77(3):141-297 September 1994

Rafinesque, C.S. 1836 [1837]. Flora Telluriana. Printed for the author by H.

Probasco, Philadelphia, Pennsylvania.

Raven, P.H., O.T. Solbrig, D.W. Kyhos, k R. Snow. 1960. Chromosome

numbers in Compositae. I. Astereae. Amer. J. Bot. 47:124-132.

Raven, P.H. k D.I. Axelrod. 1974. Angiosperm biogeography and past con-

tinental movement. Ann. Missouri Bot. Card. 61:539-673.

Reveal, J.L. k C.S. Keener. 1981. Virgulus Raf. (1837), an earlier name for

Lasallea Greene (1903) (Asteraceae). Taxon 30:648-651.

Rommel, A. 1977. Die Gattung Amellus L. (Asteraceae- Astereae) - System-

atischer Teil. Mitt. Bot. Staats. Miinchen 13:579-728.

Semple, J.C. 1982. Observations on morphology and cytology of Aster hemis-

phaericua, A. paludosus^ and A. chapmanti (Asteraceae) with comments

on chromosomal base number and phylogeny of Aster subg. Aster sect.

Heleastrum. Syst. Bot. 7:60-70.

1984. Cytogeographic studies on North American asters. I. Range

surveys of Virgulus adnatus, V. concolor, V. georgianus, V. grandiflorus,

V. novae-angliae, V. oblongifalius, V. patens, and V. walteri. Amer. J.

Bot. 71:522-531.

1985. New names and combinations in Compositae, tribe Astereae.

Phytologia 58:429-431.

1988. Aster breweri: A new combination for a rayless Aster based

on Chrysopsis breweri (Compositae: Astereae). Syst. Bot. 13:538-546.

1992. A geographic summary of chromosome number reports for

North American asters and goldenrods (Asteraceae: Astereae). Ann.

Missouri Bot. Gard. 79:95-109.

Semple, J.C. k L. Brouillet. 1980a. A synopsis of North American Asters:

the subgenera, sections and subsections of Aster and Lasallea. Amer. J.

Bot. 67:1010-1026.

1980b. Chromosome numbers and satellite chromosome

morphology in Aster And Lasallea. Amer. J. Bot. 67:1027-1039.

Semple, J.C. k R.A. Brammall. 1982. Wild Aster lanceolatus x lateriflorus

hybrids in Ontario and comments on the origin of A. ontartonis (Com-

positae - Astereae). Canad. J. Bot. 60:1895-1906.



Nesom: Review of Aster taxonomy 241

Semple, J.C. &: C.C. Chinnappa. 1980a. Karyotype evolution and chromo-

some numbers in Chrysopsis (Nutt.) Ell, sensu Semple (Compositae -

Astereae). Canad. J. Bot. 58:163-171.

1980b. Phylogenetic implications of meiosis in wild and

cultivated interspecific hybrids in Chrysopsis (Compositae - Astereae):

C. godfreyi (n=5) x gossyptna ssp. cruiseana {n=9) and C. godfreyi

(n=5) X lineartfolia (n=5). Canad. J. Bot. 58:172-181.

Semple, J.C, J.G. Chmielewski, & C.C. Chinnappa. 1983. Chromosome

number determinations in Aster L. (Compositae) with comments on cy-

togeography, phylogeny and chromosome morphology. Amer. J. Bot.

70:1432-1443.

Semple, J.C. k J.G. Chmielewski. 1987. Revision of the Aster lanceolatus

complex, including A. simp/ciand A. hesperius (Compositae: Astereae):

a multivariate morphometric study. Canad. J. Bot. 65:1047-1062.

Semple, J.C, J.G. Chmielewski, & C Leeder. 1991. A multivariate morpho-

metric study and revision of Aster subg. Doellingeria sect. Triplopappus

(Compositae: Astereae): the Aster umhellatus complex. Canad. J. Bot.

69:256-276.

Shinners, L.H. 1945. The genus Aster m West Virginia. Castanea 10:61-74.

1949. Notes on Texas Compositae-II. Field & Lab. 17:53-64.

Simon, V.C 1978. Bellium corsicum n. sp. sowie Notizea uber die Gattung

Bellium (Asteraceae). Bauhinia 6:279-284.

Small, J. 1926. Wardaster. a new genus of the Compositae from the marshes

of Yunnan-Szechuan. Trans. Bot. Soc. Edinb. 29(3):230-234.

Smith-White, S.C, CR. Carter, k H.M. Stace. 1970. The cytology of

Brachycome I. The subgenus Eubrachycome: a general survey. Austr.

J. Bot. 18:99-125.

Stace, H.M. 1978. Cytoevolution in the genus Calotxs R. Br. (Compositae:

Astereae). Austr. J. Bot. 26:287-307.

Stebbins, G.L. 1971. Chromosomal Evolution tn Higher Plants. Addison-

Wesley Publ. Co., Menlo Park, California.

Sterk, A.A. k D.O. Wijnands. 1970. On the variation in the flower heads of

Aster tripolium L. in the Netherlands. Acta Bot. Need. 19:436-444.



242 PHYTOLOGIA volume 77(3):141-297 September 1994

Strother, J.L. 1983. More chromosome studies in Compositae. Amer. J. Bot.

70:1217-1224.

Stucky, J. 1974. A biosystematic study of Machaeranthera sect. Psilaciis

and selected species of Aster. Ph.D. diss., Texas Tech Univ., Lubbock,

Texas.

1978. Hybridization between Aster and Machaeranthera and its

taxonomic significance. Amer. J. Bot. 65:125-133.

Stucky, J. k. R.C. Jackson. 1975. DNA content of seven species of Astereae

and its significance to theories of chromosome evolution in the tribe.

Amer. J. Bot. 62:509-518.

Suh, Y. 1989. Phylogenetic studies of North American Astereae (Asteraceae)

based on chloroplast DNA. Ph.D. dissertation, Univ. Texas, Austin,

Texas.

Suh, Y. & B.B. Simpson. 1991. Phylogenetic analysis of chloroplast DNA in

North American Gutierrezia and related genera (Asteraceae: Astereae).

Syst. Bot. 15:660-670.

Sundberg, S.D. 1986. The systematics of Aster subg. Oxytripolium (Com-

positae) and historically allied species. Ph.D. dissertation, University of

Texas, Austin, Texas.

1991. Infrageneric taxonomy of Chloracantha spinosa (Asteraceae:

Astereae). Phytologia 70:382-391.

Tamamschyan, S.G. 1959. Asteraceae: Astereae. Fl URSS (ed. V.L. Ko-

marov) 25:24-290. [English translation, 1990: Bishen Singh Mahendra
Pal Singh and Koelz Scientific Books].

Tara, M. 1972. Cytogenetic studies on natural intergeneric hybridization in

Aster alliances I. Aster ageratoides subsp. ovatus (2n=36) x Kalimens

tncisa (2n=72). Bot. Mag. Tokyo 85:219-240.

1973. Cytogenetic studies on natural intergeneric hybridization

in Aster alliances II. Heteropappus hxspidus (2n=36) x Kalimens mcisa

(2n=72). J. Sci. Hiroshima Univ., Ser. B, Div. 2, Bot. 14:107-140.

1979. Cytogenetic studies on natural intergeneric hybridization in

Aster jdliances VII. A new backcross hybrid between Aster ageratoides

subsp. ovatus and Kaltmens tncisa. Bot. Mag. Tokyo 92:151-156.



Nesom: Review of Aster tsixonomy 243

TifFney, B.H. 1985a. Perspectives on the origin of the floristic similarity

between eastern Asia and eastern North America. J. Arnold Arb. 66:73-

94.

1985b. The Eocene North Atlantic land bridge: its importance in

Tertiary and modern phytogeography of the Northern Hemisphere. J.

Arnold Arb. 66:243-273.

Torrey, J.R. k A. Gray. 1841. A Flora of North America, Vol. 2, pt. 1.

Wiley and Putnam, New York, New York.

Turner, B.L. 1974. Aster gypsophilits (Compositae), a new endemic gyp-

sophile from north-central Mexico. Southw. Naturalist 19:123-126.

, W.L. Ellison, & R.M. King. 1961. Chromosome numbers in the

Compositae. IV. North American species with phylogenetic interpreta-

tions. Amer. J. Bot. 48:216-233.

& D. Home. 1964. Taxonomy of Machaeranthera sect. Psilactis

(Compositae - Astereae). Brittonia 16:316-331.

, J. Bacon, & T. Wendt. 1975. Chromosome and phyletic posi-

tion of Aster sonorae Gray (Asteraceae - sect. OxytiHpolium). Southw.

Naturalist 19:361-364.

Uttal, L.J. 1962. Synthesis of Aster herveyi. Rhodora 64:113-117.

Van Valen, L. 1976. Ecological species, multispecies, and oaks. Taxon

25:233-239.

Wagenitz, G. 1979. Aster. In G. Hegi (ed.), Illstr. Fl Mittel-europa, Band

6(4), Compositae 1:35-71.

Watanabe, K. & S. Smith-White. 1987. Phyletic and evolutionary relation-

ships of Brachyscome lineariloba (Compositae). PL Syst. Evol. 157:121-

141.

Watanabe, K. &; P.S. Short. 1992. Chromosome number determinations in

Brachyscome Cass. (Asteraceae: Astereae) with comments on species

delimitation, relationships and cytogeography. Muelleria 7:457-471.

Watson, T.J., Jr. 1973. Chromosome numbers in Compositae from the

southwestern United States. Southw. Naturalist 18:117-124.

Weber, W.A. k R.C. Wittman. 1992. Catalog of the Colorado Flora: A
Biodiversity Baseline. Univ. Press of Colorado, Niwot, Colorado.



244 PHYTOLOGIA volume 77(3):141-297 September 1994

Wolfe, J. A. 1985. Distribution of major vegetational types during the Ter-

tiary. Geophysical Monogr. 32:357-375.

1987. An overview of the origins of the modern vegetation and flora

of the northern Rocky Mountains. Ann. Missouri Bot. Gard. 74:785-803.

Wooton, E.G. & P.C. Standley. 1913. Descriptions of new plants preliminary

to a report upon the flora of New Mexico. Contr. U.S. Natl. Herb.

16:109-196.

Wunderlin, R.P. 1982. Guide to the Vascular Plants of Central Florida.

Univ. Presses of Florida, Tampa, Florida.

Ying, T.-s. 1983. The floristic relationships of the temperate forest regions

of China and the United States. Ann. Missouri Bot. Gard. 70:597-604.

Zhang, X. & K. Bremer. 1993. A cladistic analysis of the tribe Astereae

(Asteraceae) with notes on their evolution and subtribal classiflcation.

PI. Syst. Evol. 184:259-283.

Zhengyi, W. 1983. On the significance of Pacific intercontinental discontinu-

ity. Ann. Missouri Bot. Gard. 70:577-590.

APPENDIX I.

Abbreviated taxonomy of the main groups within Aster s. str. The list

of species included in each group is not complete, but it provides at least a

general, illustrative sketch of the composition of the group and the existing

nomenclature.

ASTER L., Sp. Pi 2:872. 1753.

Lectotype (Britton & Brown 1913; Hitchcock & Green

1935): Aster amellus L.

A. i4j<crsect. Aster

Aster sect. Amellt Nees, Gen. Sp. Aster. 39. 1832. Aster [sect. Aster]

ser. Amellt (Nees) Kitamura, J. Jap. Bot. 12:535. 1936.

Type: Aster amellus L.

Kaltmeres Rafin., Fl. Tellur. 2:46. 1836 [1837).

Type: Aster amellus L.

I
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Aster [sect. Aster] ser. A/acrocep/ia/t Kitam., J. Jap. Bot. 12:533. 1936.

Aster sect. Macrocephali (Kitamura) A.G. Jones, Brittonia 32:237.

1980.

Type: Aster maackti Regel.

INCL: Aster attchisomt Boiss., A. amellus L., A. amelloides Bess., A.

catalaumcus Willk. & Costa, A. ihencus M. Bieb., A. indamellus Grierson, A.

laka C.B. Clarke, A. maackit Regel, A. poltothamnus Diels, A. thomsomi C.B.

Clarke.

B. ^5<er sect. Alptgem Nees, Gen. Sp. Aster. 24. 1832.

Lectotype (Jones 1980a): Aster alpinus L.

Diplactis Rafin., F/. Tellur. 2:45. 1836 [1837].

Lectotype (designated here): Aster alpinus L.

Aster sect. >l/ptna5<er Tamamsch. [nom. illeg.], Fl. URSS 25:104. 1959.

[superfluous; no Latin diagnosis]

Lectotype: Aster alpinus L.

a. Aster subsect. Homochaeta Onno, Bibliot. Bot. 106:7. 1932.

Lectotype (designated here): A. alpinus L. To stabilize

the usage of this name, the choice of a lectotype follows the

precedent by Grierson (1964), who included within subsect.

Homochaeta a group of Himalayan species closely related to

A. alpinus.

Aster [sect. Alpigeni subsect. Homochaeta] subser. Alpini (Rydb.) Onno,

Bibliot. Bot. 106:7. 1932. Aster sp.-group Alptnt Rydb., Fl. Rocky

Mts. 880. 1922.

Type: Aster alpinus L.

Aster sect. Alpigeni ser. Salwinenses Ling [nom. illeg.], Fl. Reip. Pop.

Sin. 217. 1985. [no Latin diagnosis).

Type: Aster salwinensis Onno.

INCL: Aster alpinus L., A. barbellatus Grierson, A. bietit Franch,, A.

heliopsis Grierson, A. himalaicv^ C.B. Clarke, A. ionoglossus Ling, A. kor-

shmskyi Tamamsch., A. neo-elegans Grierson, A. oreophtlus Franch., A. pyre-

naeus Desf. ex DC, A. retusus Ludlow, A. salwinensis Onno, A. serpenti-

montanus Tamamsch., A. spathulifolius Maxim., A. stracheyi J.D. Hook., A.

tolmatschevii Tamamsch., A. tncephalus C.B. Clarke.
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Aster [sect. Alpigeni subsect. Homochaeta] ser. Macrochaeti Onno, Bibliot.

Bot. 106:7. 1932.

Lectotype (designated here), Aster glahriusculus (Nutt.)

Onno = Xylorhiza glahrxuscula Nutt. (the group becoming a

synonym of the North American genus Xylorhiza).

b. Aster subsect. Heterochaeta (DC.) Benth. in Benth. & Hook., Gen. Pi

2:272. 1873. Heterochaeta DC, Prodr. 5:282. 1836.

Lectotype (designated here): Aster asteroides (DC.) 0.

Ktze.

i4s<er sect. Alpigeni ser. Latihracteati lAng [nom. illeg.]^ Fl. Reip. Pop.

Sin. 224. 1985. [no Latin diagnosis].

i45<ersect. i4/pt^em subsect. Brachychaeti (Onno) Grierson [nom. illeg.]^

Notes Roy. Bot. Card. Edinb. 26:83. 1964 [basionym not cited by

Grierson]. Aster [sect. Alpigeni] ser. Brachychaeti Onno, Bibl. Bot.

106:7. 1932.

Lectotype (designated here): Aster tongolensis Franch.

Aster sect. Alpigeni ser. Tongolenses Ling [nom. illeg.]^ Fl. Reip. Pop.

Sin. 213. 1985. [no Latin diagnosis].

Type: Aster tongolensis Franch.

Aster sect. Alpigeni ser. Asteroides Ling [nom. illeg.]^ Fl. Reip. Pop.

Sin. 234. 1985. [no Latin diagnosis].

Type: Aster asteroides (DC.) 0. Ktze.

INCL: Aster asteroides {Y)C) 0. Ktze., A. 6revisHand.-Mazz., A. diploste-

phioides (DC.) C.B. Clarke, A. falconeri (C.B. Clarke) Hutch., A. farrerx

W.W. Smith, A. flaccidus Bunge, A. giraldii Diels, A. hololachnus Ling, A.

Jeffreyanus Diels, A. latibracteatus Franch., A. likiangensis Franch., A. lipskyi

Komar., A. megalanthus Ling, A. setchuenensis Franch., A. souliei Franch.,

A. tongolensis Franch., A. yunnanensis Franch.

c. i45ier subsect. Senecioides Ling [nom. nud. illeg.], Fl. Reip. Pop. Sm. 201.

1985. [no type or Latin diagnosis].

Aster sect. Alpigeni ser. Senecioides Ling, [nom. illeg.], Fl. Reip. Pop.

Sin. 249. 1985. [no type or Latin diagnosis].

Aster sect. Alpigeni ser. Batangenses Ling, [nom. illeg.], Fl. Reip. Pop.

Sin. 252. 1985. [no type or Latin diagnosis].
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INCL: Aster batangensis Bur. k Franch., A. rockianus Hand.-Mazz., A.

senecioides Franch., A. staticifoUus Franch.

C. Aster sect. Ageratoides (Kitam.) Nesom, comb, et stat. nov. BA-

SIONYM: Aster sect. Orthomens ser. Ageratoides Kitamura, J. Jap.

Bot. 12:535. 1936.

Type: Aster ageratoides Turcz.

Aster seci. A (jreraion Tamamsch. (nom. illeg.), Fl URSS 25:101. 1959.

[no type or Latin diagnosis].

Aster [sect. Aster] ser. Turczaninowta (DC.) Kitam., J. Jap. Bot. 12:535.

1936. Turczaninowta DC, Prodr. 5:238. 1836.

Type: Aster fastigiatus F'lsch. (= Turczaninowta fasti-

gtata [Fisch.] DC).

INCL (e.g.): Aster alatipes Hemsl., A. ageratoides Turcz., A. baccharoides

Steetz, A. falcifolius Hand.-Mazz., A. fastigiatus Fisch., A. formosanus Hay-

ata, A. glehnii Fr. Schmidt, A. helenae Merr., A. homochlamydeus Hand.-

Mazz., A. hunanensis Hand.-Mazz., A. lastocladus Hayata, A. luxurtfolius

Tamamsch., A. momsonensis Hayata, A. nigromontanus Dunn, A. ovali-

folius Kitamura, A. phUipptnensis Moore, A. pycnophyllus W.W. Smith, A.

sampsonii (Hance) Hemsl., A. sikkimensis Hook., A. taiwanensis Kitam., A.

trtnervtus D. Don, A. turbinatus S. Moore, A. vestitus Franch.

D. Aster sect. Calimeridei (DC) Nesom, comb. nov. BASIONYM: Diplo-

pappus sect. Calimertdet DC, Prodr. 5:276. 1836 (excluding all species

but the type, see comments in discussion).

Lectotype (designated here): Diplopappus asper Less. (
=

Calendula hispida Thunb. = Aster bakeranus Burtt Davy ex

CA. Smith.

Diplopappus Cass. sect. Herbaceae Harvey in Harvey & Sond., Fl. Cap.

3:84. 1865.

Lectotype (designated here): Diplopappus asper Less.

INCL: Seventeen species of southeast Africa (see Lippert 1973 and discus-

sion above); the Asian Aster molhusculus (DC) CB. Clarke and A. brachytrt-

chus Franch. may also belong here (see comments in text).
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Aster Incertae Sedis

1. Aster sect. Bellidiastrum (Micheli ex Scopoli) Hayek, Fl. Steierm. 2:493.

1913. Bellidiastrum Micheli ex Scopoli, Fl. Cam. 376. 1760 (not Cass.

1816; not Less. 1832).

Type: Aster bellidiastrum (L.) Scop. (= Bellidiastrum

michelii Cass. {Diet. Sci. Nat 4, Suppl. 7. 1817.).

Bellidiaster Dumort., Fl. Belg. 66. 1827.

MargaHta Gaud., Fl. Helv. 5:335. 1829.

Brachyaster Ambrosi, Fl. Tirol. Austr. 2:379. 1857.

INCL: Aster bellidiastrum. (L.) Scop.

2. Aster [sect. Alpigeni] ser. Prainiani Ling, Fl Reip. Pop. Sin. 360. 1985.

Type: Aster prainii (J.R. Drumm.) Y.L. Chen.

WardasterJ. Small, Trans. Bot. See. Edinb. 29:230. 1926.

Type: Wardaster lanuginosus J. Small.

Chlamydites J.R. Drumm., Kew Bull. Misc. Infor.!!. 90. 1907.

Type: Chlamydites prainii J.R. Drumm.

INCL: Aster lanuginosus (J. Small) Y.L. Chen, A. prainii (J.R. Drumm.)
Y.L. Chen.

3. Aster sect. Biptnnatisecti Grierson, Notes Royal Bot. Card. Edinb. 26:83.

1964. Aster sect. Aster ser. Bipinnatisecti (Grierson) Ling, Fl. Reip.

Pop. Sin. 249. 1985.

Type: Aster hipinnatisectus Ludlow in Grierson.

INCL: Aster bipinnatisectus Ludlow in Grierson.

4. Aster [sect. Orthomeris] ser. Albescentes Ling, Fl. Reip. Pop. Sm. 357.

1985.

Type: Aster albescens (DC.) Hand.-Mazz.

INCL: Aster albescens (DC.) Hand.-Maizz., A. argyropholis Hand.-Mazz.,

A. fulgidulus Grierson, A. hypoleucus Hand.-Mazz., A. lavandulifoltus Hand.-

Mazz., A. polius Schneid.
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5. The Aster tataricus group (see discussion in text).

INCL: Aster fauren Levi. k. Van., A. tatancus L./.

6. The Asian species of '"''Brachyactis''' (see discussion in text).

INCL: Brachyactis chtnensis Bur. & Franch., B. menthodora Benth., B.

obovata Benth., B. pubescens (DC.) Aitch. & Clarke, B. roylei (DC.) Wendelbo.

APPENDIX II.

Taxonomy of American Asterinae (s. lat.)

The genera are treated below in alphabetical sequence. Details of addi-

tional synonyms, subcategories, and typification are found primarily in the

following: Jones 1980a; Jones & Hiepko 1981; Jones & Lowry 1986; Lamboy

h Jones 1987a; and Sundberg 1986.

Asa Gray was equivocal in the designation of rank for infrageneric cat-

egories; for consistency in the interpretation of such categories established

by Asa Gray for Aster (1842, 1880, 1884) as well as for Solidago (see Ne-

som 1993c), I have followed the interpretation and precedent set by Brizicky

(1969), Holmgren (1979), and Jones (1980a). Following original indications

by Gray, these later authors have regarded as SUBGENERA the substantive

infrageneric names in larger print (and all capitals) and marked with the sym-

bol "§" (e.g., ASTER, BIOTIA, lANTHE, ORITROPHIUM, ORTHOMERIS;
Gray's use of .these taxa was consistent in all three publications, and in the

latter two (1880, 1884) he clearly referred to them as subgenera of Aster. Ad-

jectival subcategories of the subgenera in smaller print (upper and lower case

in 1842, all upper in 1880) are treated as sections. A set of subsectional cat-

egories for Aster was added by Gray in 1884, these in small print (upper and

lower case) and italics.

Species were listed by Jackson (in Index Kewensis) for genera created by

Rafinesque. Rafinesque, however, merely listed such species without making

valid combinations for them, and Merrill (1949) has attributed the combina-

tions to Jackson (as Rafin. ex B.D. Jackson in Index Kewensis 1895).

I. ALMUTASTER A. Love k D. Love, Taxon 31:356. 1982.

Type: Almutaster [Aster) pauciflorus (Nutt.) Love & Love.
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Aster sp.-group Pauciflori Rydh., Fl. Rocky Mis. 789. 1917. Aster seci.

Pauciflon (Rydb.) A.G. Jones [nom. superfl.], Brittonia 32:233.

1980. (not Aster sect. Pauciflon Loudon 1830.).

Type: Aster pauciflorus Nutt.

1. Almutaster pauciflorus (Nutt.) Love & Love, Taxon 31:356. 1982. BA-

SIONYM: Aster paucxflorus^nii., Gen. N. Amer. PI. 2:154. 1818.

II. AMPELASTER Nesom, gen. nov.

Type: Ampelaster (Aster) carolinianus (Walt.) Nesom.

Herbae perennes eglandulosae scandentes ad basim lignosae;

caules dense hirsutulosi vel pilosi; folia oblanceolata vel oblongi-

oblanceolata, ad basim auriculati-amplectentia; capitula solitaria

vel 2-8 brevipedicellata in fasciculos laxis terniinalibus; phyllaria

crassa lineari-oblonga in longitudine subaequalia parum carinata,

area apicali viridi ad basim truncata, plerumque reflexa ad apices;

coroilae disci anguste tubulosae; achenia glabra anguste cylindrica

vel parum fusiformia, 2.5-3.0 mm longa, nervis 9-12 parum elevatis;

pappus l-seriatus, setis ad apices attenuatis; chromosomatum nu-

merus n=9.

Aster sect. Sagittiferi A. Gray, Synopt. Fl. 1(2): 179. 1884. Virgulus

sect. Sagittiferi (A. Gray) Reveal &; Keener, Taxon 30:650. 1981.

Type: Aster carolinianus Walt.

Aster sp.-group Caroliniana Small, Man. Southeast. Fl. 1367 1933.

Lasallea [sect. Grandiflorae] subsect. Carolinianae (Small) Semple

& Brouillct, Amer. J. Bot. 67:1023. 1980.

Type: Aster carolinianus Walt.

1. Ampelaster carolinianus (Walt.) Nesom, comb. nov. BASIONYM:
Aster carolinianus Walt., Fl. Carol. 208. 1788. Lasallea caroliniana

(Walt.) Semple & Brouillet, Amer. J. Bot. 67:1023. 1980. Virgulus

carolinianus (Walt.) Reveal k Keener, Taxon 30:650. 1981.

III. CANADANTHUS Nesom, gen. nov.

Type: Canadanthus [Aster] modestus (Lindl.) Nesom.

I
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Herbae perennes tenui-rhizomatosae, caulibus 3-8 dm elatis sim-

plicibus ex basi singulatim exorientibus, vestimento (caulorum ac

phyllariorum) glanduloso longi-stipitato; folia caulina eglandulosa

epetiolata subamplectentia 5-12 cm longa lanceolata vel elliptici-

lanceolata apice acuminate marginibus integris vel serratis; capit-

ulescentia laxe corymboidea, capitulis in pedunculis foliaceis; phyl-

laria lineari-lanceolata tenui-foliacea complanata in seriebus 2-3

in longitudine parum aequalibus, aream viridem apicalem caren-

tia, haec seriei interioris saepe carinata plerumque purpurascentia;

coroUae disci anguste tubulosae; corollae radii 25-40 ligulis purpu-

ratis circinatis; achenia eglandulosa oblanceolata vel anguste obo-

vata 2.5-4.0 mm longa, 4-8 nervata, valde complanata, ad basim

stipitata anguste acuta; pappus l(-2)-seriatus, setis ad apices at-

tenuatis; chromosomatum numerus n=9.

1. Canadanthus modestus (Lindl.) Nesom, comb. nov. BASIONYM:
Aster modestus Lindl. in Hook., Fl Bor.-Amer. 2:8. 1834. Weberaster

modestus (Lindl.) Love & Love, Taxon 31:359. 1982.

Aster unalaschkensis Less. var. major Hook., Fl. Bor.-Amer. 2:7. 1834.

Aster major (Hook.) Porter, Mem. Torrey Bot. Club 5:325. 1894.

Aster modestus Lindl. in Hook. \'ar. major (Hook.) Muenscher, Fl.

Whatcom Co., Wash. (Vase. PI.) 128. 1941.

Aster sayianits Nutt., Trans. Amer. Philos. Soc, ser. 2, 7:294. 1840.

IV. CHLORACANTHA Nesom, Suh, Morgan, k Simpson, Phytologia 70:378.

1991.

Type: Chloracantha spinosa (Benth.) Nesom.

1. Chloracantha spinosa (Benth.) Nesom, Phytologia 70:378. 1991. BA-

SIONYM: Aster spinosus Benth., Pi Hartweg. 20. 1839.

a. Chloracantha spinosa (Benth.) Nesom var. jaliscensts (McVaugh)

S.D.Sundb., Phytologia 70:388. 1991. BASIOI^YM: Aster spinosus

Benth. var. jaliscensis McVaugh, Contr. Univ. Mich. Herb. 9:363.

1972.

Erigeron ortegae S.F. Blake, Proc. Biol. Soc. Washington 37:55.

1924.

b. Chloracantha spinosa (Benth.) Nesom var. spinosa
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c. Chloracantha aptnosa (Benth.) Nesom var. aptnoaissima (Brandeg.)

S.D.Sundb.,Phytoiogia 70:386. 1991. BASIONYM: Aster spinosus

Benth. var. spinosissimus Brandeg., Univ. Calif. Publ. Bot. 6:375.

1917.

d. Chloracantha spinosa (Benth.) Nesom var. strictospinosa S.D. Sundb.,

Phytologia 70:389. 1991.

IV. DOELLINGERIA Nees, Gen. Sp. Aster. 177. 1832 [1833).

Type: Doellingeria umbellata (Mill.) Nees.

A. Doellingeria sect. Doellingeria

Aster subg. Doellingeria (Nees) A. Gray, Synopt. Fl 1(2):196. 1884.

Aster sect. Doellingeria (Nees) Kitam., J. Jap. Bot. 12:721. 1936.

Diplopappus sect. Triplopappus Toit. & Gray, Fl. N. Amer. 2:182. 1841.

Aster subg. Doellingeria sect. Triplopappus (Ton. & Gray) A.G.

Jones, Brittonia 32:237. 1980.

Type: Aster umbellatxis Mill.

Aster ser. Sohayakienses Kitamura, J. Jap. Bot. 12:722. 1936.

Type: Aster sohayakiensis Koidzumi.

a. Doellingeria ser. Doellingeria

1. Doellingeria infirma (Michx.) E. Greene, Pittonin 3:52. 1896. BA-
SIONYM: Aster infirmus Michx., Fl. Bor.-Amer. 2:109. 1803.

2. Doellingeria sericocarpoides Small, Bull. Torrey Bot. Club 25:620. 1898.

Aster sericocarpoides (Small) K. Schum., Just. Bot. Jahresb. 26(1):375.

1900.

3. Doellingeria umbellata (Miller) Nees, Gen. Sp. Aster. 178. 1832. BA-
SIONYM: Aster umbellatus Miller, Gard. Diet, ed. 8, no. 22. 1768.

a. Doellingeria umbellata (Miller) Nees var. umbellata

b. Doellingeria umbellata (Miller) Nees var. pubens (A. Gray) Britton,

Bntton & Br. Illus. Fl. 3:392. 1898. BASIONYM: Aster umbella-

tus Miller var. pubens A. Gray, Synopt. Fl. 1(2):197. 1884.

4. Doellingeria sohayakiensis (Koidzumi) Nesom, Phytologia 75:456. 1993.

BASIONYM: Aster sohayakiensis Koidzumi, Tokyo Bot. Mag. 37:56.

1923.
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5. Doellingeria rugulosa (Maxim.) Nesom, Phytologia 75:456. 1993. BA-

SIONYM: Aster rugulosus Maxim., Mel. Biol 7:333. 1870.

B. Doellingeria sect. Cortft/o/tum (Kitamura) Nesom, Phytologia 75:456. 1993.

BASIONYM: Kalimerxs sect. Cortfi/o/tum Kitam., Mem. Coll. Sci. Kyoto

Univ., ser. B. 8:312. 1937.

Lectotype: Biotia japonica Miq.

Aster sect. Teretiachaenium Kitamura, Mem. Coll. Sci. Kyoto Univ.,

ser. B. 8:357. 1937.

Lectotype: Aster scaber Thunb.

b. Doellingeria ser. Cordi/o/tum (Kitamura) Nesom, Phytologia 75:456. 1993.

BASIONYM: Kaltmeris sect. CordifoliumKiUm., Mem. Coll. Sci. Kyoto

Univ., ser. B. 8:312. 1937.

Lectotype: Doellingeria japonica (Miq.) Nesom.

6. Doellingeria japonica (Miq.) Nesom, Phytologia 75:456. 1993. BA-

SIONYM: Biotia japonica Miq., Ann. Mus. Bot. Lugduno-Batavum

2:170. 1866. Aster japonicus (Miq.) Franch. k Sav., Enum. PI. Japon.

2:398. 1876. (not A 5<er japomctw Less, ex Nees 1832.). Aster miqueliantis

Hara [nom. not;.], J. Jap. Bot. 12:338. 1936.

7. Doellingeria marchandii (Levi.) Ling, Icon. Cormorph. Sin. 4:423. 1975.

BASIONYM: Aster marchandtt Levi., Fedde Repert. Sp. Nov. 11:306.

1912.

8. Doellingeria longipetiolata (Chang) Nesom, Phytologia 75:457. 1993. BA-

SIONYM: Aster longipetiolatus Chang, Sunyatsenia 6:22. 1941.

c. Doellingeria ser. Papposae Nesom, Phytologia 75:457. 1993.

Type: Doellingeria scabra (Thunb.) Nees.

9. Doellingeria scabra (Thunb.) Nees, Gen. Sp. Aster. 183. 1832. BA-

SIONYM: Aster scaber Thunh., Fl. Jap. 316. 1784.

10. Doellingeria komonoensis (Makino) Nesom, Phytologia 75:457. 1993.

BASIONYM: slater itomonocn5t5 Makino, Tokyo Bot. Mag. 12:65. 1898.

11. Doellingeria dimorphophylla (FTdmch. k Sav.) Nesom, Phytologia 75:457.

1993. BASIONYM: Aster dimorphophyllus Franch. k Sav., Enum. PI.

Japon. 1:224. 1875.
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Excluded taxa:

Doellingerta obovata (Nutt.) Nees = Oclemena reticulata (Pursh) Ne-

som.

Doelhngeria reticulata (Pursh) E. Greene = Oclemena reticxilata (Pursh)

Nesom.

V. BUCEPHALUS Nutt., Trans. Amer. Philos. Soc, ser. 2, 8:298. 1841.

A3ter [sect. Orthomeris] suhsect.^Bucephalus (Nutt.) Benth. in Benth. k
Hook., Gen. Pi 2:273. 1873. Aster sect. Bucephalus (Nutt.) Munz &
Keck ex A.G. Jones, Brittonia 32:236. 1980.

Lectotype (Jones 1980a): Bucephalus elegans Nutt.

1. Eucephalus breweri (A. Gray) Nesom, comb. nov. BASIONYM: Chry-

sopsis breweri A. Gray, Proc. Amer. Acad. Arts 6:542. 1866. Heterotheca

breweri (A. Gray) Shinners, Field k Lab. 29:71. 1951. Aster breweri

(A. Gray) Semple, Syst. Bot. 13:545. 1988.

Chrysopsis wrightii A. Gray, Synopt. Fl. 1(2):445. 1884.

2. Eucephalus brickellioides (E. Greene) Nesom, comb. nov. BASIONYM:
Aster brickellioides E. Greene, Pittonia 2:16. 1889.

3. Bucephalus elegans Nutt., Trans. Amer. Phil. Soc. 2, 7:298. 1840. Aster el-

egans (^utt.) Ton. &: Gray [comb, illeg.], Fl. N. Amer. 2:159. 1841. (not

Aster elegans Willd. 1803.). Aster perelegans Nelson & Macbr. [nom.

nov.], Bot. Gaz. (Crawfordsville) 56:477. 1913. Bucephalus perelegans

(Nelson k Macbr.) Weber, Phytologia 51:374. 1982.

Bucephalus frigidus Gandoger, Bull. Soc. Bot. France 65:40. 1918.

Bucephalus scaher Gandoger, Bull. Soc. Bot. France 65:40. 1918.

4. Bucephalus engelmannii (D.C. Eat.) E. Greene, Pittonia 3:54. 1896. BA-

SIONYM: Aster elegans (Nutt.) Ton. k Gray var. engelmannii D.C.

Eat., Bot. King Bxpl. 144. 1871. Aster engelmannii (D.C. Eat.) A.

Gray, Synopt. Fl. 1(2):199. 1884.

5. Bucephalus glabratus (E. Greene) E. Greene, Pittonia 3:56. 1896. Aster

glabratus (E. Greene) S.F. Blake ex Peck, Man. Higher Pi Oregon 726.

1941. BASIONYM: Aster brtckellioides E. Greene var. glabratus E.

Greene, Pittonia 2:17. 1889.

I



Nesom: Review of Aster taxonomy 255

Aster siskiyouensts Nelson &; Macbr., Bot. Gaz. (Crawfordsville) 56:477.

1913.

Bucephalus glandulosus Eastw., Proc. Calif. Acad. Sci., ser. 4, 20:157.

1931.

6. Bucephalus glaucescens (A. Gray) E. Greene, Pittonia 3:56. 1896. BA-

SIONYM: Aster engelmannii (D.C. Eat.) A. Gray var. glaucescens A.

Gray, Synopt. Fl 1(2):200. 1884. Aster glaucescens (A. Gray) S.F.

Blake, Rhodora 30:278. 1928.

Bucephalus glaucophyllus Piper, Contr. U.S. Natl. Herb. 11:570. 1906.

Aster glaucophyllus (Piper) Frye & Rigg, Northw. Fl. 385. 1912.

Bucephalus serrulatus E. Greene, Pittonia 3:55. 1896. Aster serrulatus

(E. Greene) Frye & Rigg, Northw. Fl. 385. 1912.

? Bucephalus macounii E. Greene, Pittonia 4:70. 1899.

7. Bucephalus gormanii Piper, Proc. Biol. Soc. Washington 29:101. 1916.

Aster gormanii (Piper) S.F. Blake, Rhodora 30:278. 1928.

8. Bucephalus ledophyllus (A. Gray) E. Greene, Pittonia 3:55. 1896. BA-

SIONYM: Aster engelmannii (D.C. Eat.) A. Gray var. ledophyllus A.

Gray, Proc. Amer. Acad. Arts 8:388. 1872. Aster ledophyllus (A. Gray)

A. Gray, Proc. Amer. Acad. Arts 16:98. 1880.

a. Bucephalus ledophyllus (A. Gray) E. Greene var. ledophyllus

b. Eucephalus ledophyllus (A. Gray) E. Greene var. covillei (E.

Greene) Nesom, comh. nov. BASIONYM: Bucephalus covillei E.

Greene, Pittonia 3:162. 1897. Aster covillei (E. Greene) S.F. Blake

ex Peck, Man. Higher PI. Oregon 725. 1941. Aster ledophyllus (A.

Gray) A. Gray var. covillei (E. Greene) Cronq., Vase. PI. Pacif.

Northw. 5:89. 1955.

9. Bucephalus paucicapitatus (B. Rob.) E. Greene, Pittonia 3:56. 1896. BA-

SIONYM: Aster engelmannii (D.C. Eat.) A. Gray var. paucicapitatus B.

Rob., Proc. Amer. Acad. Arts 26:176. 1891. Aster paucicapitatus (B.

Rob.) B. Rob., Proc. Amer. Acad. Arts 29:329. 1894.

10. Bucephalus tomentellus (E. Greene) E. Greene, Pittonia 3:55. 1896.

BASIONYM: Sencocarpus tomentellus E. Greene, Pittonia 1:283. 1889.

Aster tomentellus (E. Greene) Frye k Rigg, Northw. Fl. 385. 1912. (not

Aster tomentellus Hook. & Am. 1833.).

Bucephalus 6tco/or Eastw., Proc. Calif. Acad. Sci., Ser. 4, 20:157. 1931.
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11. Bucephalus vialis Bradshaw, Torreya 20:122. 1921. Aster vialis (Brad-

shaw) S.F. Blake, Rhodora 30:228. 1928.

Sencocarpus sipei Henderson, Madrono 2:105. 1933.

Excluded taxa:

Bucephalus ericoides (L.) Nutt. = Symphyotrichum ericoides (L.) Ne-

som.

Bucephalus nemora/ts (Alton) E. Greene = Oclemena nemoralis (Alton)

E. Greene.

Bucephalus wasatchensis (M.E. Jones) Rydb. = Burybia wasatchensis

(M.E. Jones) Nesom.

Bucephalus glaucus Nutt. = Burybia glauca (Nutt.) Nesom.

Bucephalus formosus E. Greene = Burybia glauca (Nutt.) Nesom.

VI. BURYBIA (Cass.) S.F. Gray, Nat Arrang. Brit. PL 2:464. 1821. BA-
SIONYM: Aster subg. Burybia Cass., Bull. Sci. Soc. Philom. Paris

1818:166. 1818.

Lectotype (designated here, see discussion in text): Aster

corymbosus Alton (= Aster divaricatus L. = Burybia divaricata

[L.) Nesom).

1. Burybia subg. Burybia

A. Burybia sect. Burybia

Aster subg. Biotta DC. ex Ton. & Gray, Fl. N. Amer. 2:104. 1841.

Aster sect. Biotia DC. ex Hoffmann in Englsr & Prantl, Naturl.

Pflanzenf. 4(5):162. 1890. Aster [subg. Aster sect. Aster] subsect.

Biotia (DC. ex Torr. & Gray) Semple, Phytologia 58:429. 1984.

Cited as Aster "sect. Biotia" by Jones 1980a, although she indicated

in the same paper that this taxon (as published by Torrey & Gray)

should be treated at the rank of subgenus (see comments at the

beginning of Appendix II).

Biotta DC. [nom. tlleg.], Prodr. 5:264. 1836. (not Btotia Cass. 1825;

see Lamboy fz Jones 1987b.).

Lectotype (Jones 1980a): Aster schreberi Nees.

INCL: Burybia chlorolepis (Burgess) Nesom, B. divartcata, E. furcata

(Burgess) Nesom, B. jonestae (Lamboy) Nesom, B. macrophylla (L.) Cass.,

B. mirabtlts (Torr. k Gray) Nesom, B. schreberi (Nees) Nees.

i
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B. Eurybia sect. Radulini (Rydb.) Nesom, comb. nov. BASIONYM: Aster

sp.-group Radultni Rydh., Fl. Rocky Mts. 879. 1917. Aster sect. Radulim

(Rydb.) A.G. Jones, Brittonia 32:237. 1980.

Type: Aster radulinus A. Gray.

a. Eurybia subsect. Radulini (Rydb.) Nesom, comh. nov. BASIONYM:
Aster sp.-group Radulini Rydb., Fl Rocky Mts. 879. 1917.

Type: Aster radulinus A. Gray.

Weberaster Love k Love, Taxon 31:359. 1982.

Type: Weberaster (Aster) radulinus (A. Gray) Love &
Love.

INCL: Eurybia conspicua (Lindl.) Nesom, E. radula (Alton) Nesom, E.

radulina (A. Gray) Nesom, E. saxicastellii (Campbell k Medley) Nesom.

b. Eurybia subsect. Sibiricae Nesom, subsect. nov.

Type: Eurybia sibirica (L.) Nesom.

Phyllariis herbaceis, capitulis in numero deminutis distinctae.

INCL: Eurybia merita (A. Nelson) Nesom, E. pygmaea (Lindl.) Nesom, E.

sibirica.

C. Eurybia sect. Integrifoliae Nesom, sect. nov.

Type: Eurybia integrifolia (Nutt.) Nesom.

Foliis basalibus persistentibus oblanceolatis integribusque, ca-

pitulis in capitulescentia spicata plerumque dispositis distinctae.

INCL: Eurybia integrifolia.

D. Eurybia sect. Calliastrum (Ton. k Gray) Nesom, comb. nov. BA-

SIONYM: Aster subg. Calliastrum Ton. k Gray, Fl. N. Amer. 2:106.

1841. Aster sect. Calliastrum (Ton. k Gray) Benth. m Benth. k Hook.,

Gen. PI. 2:271. 1873.

Lectotype designated here: Aster spectabilis Aiton.

Aster sect. Spectabiles A. Gray, Synopt. Fl. 1(2):175. 1884.

Type: Aster spectabilis Aiton.
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The group described by Gray in 1884 as sect. Spectabiles was essentially the

same as he described as subg. Calliastrum in 1841, as noted by Gray himself.

From sect. Spectabiles, he transferred Aster paludosus to subg. Heleastrum; to

it, he added A. radulinus and A. herveyi A. Gray. To reflect the essential

identity of these two groups, I have lectotypified sect. Calliastrum with the

same species that stands as the type of sect. Spectabiles.

INCL: Eurybia compacta Nesom, E. spectabilis (Aiton) Nesom, E. surcu-

losa (Michx.) Nesom.

E. Eurybia sect. Herrickia (Torr. & Gray) Nesom, comb, et stat. nov. BA-

SIONYM: ^errtcifeta Wooton k Standi., Contr. U.S. Natl. Herb. 16:186.

1913.

Type: Herrickia horrida Wooton & Standi. (= Eurybia

horrida [Wooton & Standi.] Nesom).

INCL: Eurybia glauca (Nutt.) Nesom, E. horrida, E. pulchra (S.F. Blake)

Nesom, E. wasatchensis (M.E. Jones) Nesom.

2. Eurybia subg. Heleastrum (DC.) Nesom, comb. nov. BASIONYM:
Heleastrum DC, Prodr. 5:263. 1836. Aster subg. Heleastrum (DC.) A.

Gray, Proc. Amer. Acad. Arts 16:97. 1880. [Synopt Fl. 1(2):173. 1884.].

Aster [sect. Calliastrum] subsect. Heleastrum (DC.) Benth in Benth. &
Hook., Gen. PL 2:271. 1873.

Lectotype (Jones 1980a): Aster paludosus Aiton.

F. Eurybia sect. Heleastrum (DC.) Nesom, comb, et stat. nov. BASIONYM:
Heleastrum DC, Prodr. 5:263. 1836.

Lectotype (Jones 1980a): Aster paludosus Aiton.

Leiachenis Rafin., Fl. Tellur. 2:45. 1836 [1837].

Lectotype (designated here): Aster paludosus Aiton.

INCL: Eurybia avita (Alexander) Nesom, E. hemispherica (Alexander)

Nesom, E. paludosa (Aiton) Nesom.

G. Eurybia sect. Eryngiifolii (Alexander) Nesom, comb. nov. BASIONYM:
Aster sp.-group Eryngiifolii Alexander in Small, Man. Southeast. Fl.

1365. 1933. Aster [sect, Heleastrum] subsect. Eryngiifolii (Alexander)

Semple, Phytologia 58:429. 1985.

Type: Aster eryngiifolius Torr. & Gray.
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INCL: Euryhia eryngttfolia (Torr. & Gray) Nesom, E. sptnulosa (Chapm.)

Nesom.

H. Eurybia subg, Heleastrum sect. Chapmaniani (Semple) Nesom, comb,

nov. BASIONYM: Aster [sect. Heleastrum] subsect. Chapmamant Sem-

ple, Phytologia 58:429. 1985.

Type: Aster chapmamt Torr. & Gray.

INCL: Euryhia chapmanii (Torr. k Gray) Nesom.

Species of Eurybia:

1. Eurybia avita (Alexander) Nesom, comb. nov. BASIONYM: Aster

avitus Alexander, Castanea 4:60: 1939.

2. Eurybia chapmanii (Torr. & Gray) Nesom, nom. nov. BASIONYM:
Aster chapmanii Torr. & Gray, Fl. N. Amer. 2:161. 1841. Heleastrum

chapmanii (Torr. k Gray) Shinners [nom. illeg.], Sida 3:348. 1969 (not

Heleastrum chapmanii [Ton. & Gray) E. Greene 1896.).

3. Eurybia chlorolepis (Burgess) Nesom, comb. nov. BASIONYM: Aster

chlorolepis Burgess m Small, Fl. Southeast. U.S. 1211, 1339. 1903.

4. Eurybia compacta Nesom, nom. nov. Based on: Aster gracilis Nutt.,

Gen. N. Amer. PI. 2:158. 1818 (not Eurybia gracilis Benth. 1837.).

5. Eurybia conspicua (Lindl.) Nesom, comb. nov. BASIONYM: Aster

conspicuus Lindl. m Hook., Fl. Bor. Amer. 2:7. 1834.

6. Eurybia divaricata (L.) Nesom, comb. nov. BASIONYM: Aster divari-

catus L., Sp. PI. 873. 1753.

Aster corymbostLS Sol. ex Aiton, Hort. Kew. 3:207. 1789. Eurybia

corymbosa (Aiton) Cass., Diet. Sci. Nat. 37:487. 1825.

7. Eurybia eryngiifolia (Torr. k Gray) Nesom, comb. nov. BASIONYM:
Aster eryngiifolius Ton. k Gray, Fl N. Amer. 2:502. 1843.

Prionopsis chapmanii Ton. k Gray, Fl. N. Amer. 2:245. 1842. Heleas-

trum chapmanii (Ton. k Gray) E. Greene, Pittonia 3:49. 1896.

8. Eurybia furcata (Burgess) Nesom, comb. nov. BASIONYM: Aster

furcatus Burgess m Britton k Brown, Illus. Fl. 3:358. 1898.
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9. Eurybia glauca (Nutt.) Nesom, comb. nov. BASIONYM: Bucephalus

glaucus Nutt., Trans. Amer. Philos. Soc, ser. 2, 7:299. 1841. Aster

glaucus (Nutt.) Torr. & Gray [nom. illeg.], Fl N. Amer. 2:159. 1841.

(not Nees 1818.). Aster glaucodes S.F. Blsike [nom. nov.], Proc. Biol.

Soc. Washington 35:174. 1922.

Bucephalus formosus E. Greene, Pittonia 4:156. 1900. Aster glaucodes

S.F. Blake var. formosus (E. Greene) Kittell m Tidestrom & Kittell,

Fl. Ariz. & New Mexico 404. 1941.

10. Eurybia hemispherica (Alexander) Nesom, comb. nov. BASIONYM:
Aster hemisphericus Alexander-m Small, Man. Southeast. Fl. 1391,

1509. 1933. Heleastrum hemisphericum (Alexander) Shinners, Field k
Lab. 17:170. 1949. Aster paludosus Sol. ex Alton subsp. hemisphericus

(Alexander) Cronq., Bull. Torrey Bot. Club 74:145. 1947. Aster palu-

dosus Sol. ex Alton var. hemisphericus (Alexander) Waterf., Rbodora

62:320. 1960.

Aster pedionomus Alexander in Small, Man. Southeast. Fl. 1391, 1509.

1933.

Aster gatiingeri Alexander in Small, Man. Southeast. Fl. 1391, 1509.

1933.

Aster verutifolius Alexander in Small, Man. Southeast. Fl. 1392, 1509.

1933.

11. Eurybia horrida (Wooton & Standi.) Nesom, comb nov. BASIONYM:
Herrickia horrida Wooton & Standi., Contr. U.S. Natl. Herb. 16:186.

1913. Aster horridus (Wooton k Standi.) S.F. Blake, J. Washington

Acad. Sci. 27:379. 1937.

12. Eurybia integrifolia (Nutt.) Nesom, comb. nov. BASIONYM: Aster

xntegrifolius Nutt., Proc. Amer. Philos. Soc, ser. 2, 7:291. 1840.

13. Eurybia jonesiae (Lamboy) Nesom, comb. nov. BASIONYM: Aster

jonesiae Lamboy, Syst. Bot. 13:192. 1988.

14. Burybia macrophylla (L.) Cass., Diet. Sci. Nat. 37:487. 1825. BA-

SIONYM: Aster macrophyllus L., Sp. Pi, (ed. 2) 2:1232. 1763.

Eurybia jussiei Cass., Diet. Sci. Nat. 37:487. 1825. (see Lamboy k
Jones 1987a.).

15. Eurybia merita (A. Nelson) Nesom, comb. nov. BASIONYM: Aster

merttus A. Nelson, Bot. Gaz. (Crawfordsville) 37:268. 1904. Astef

nchardsonti Spreng. var. mentus (A. Nelson) Raup, Contr. Arnold Arb.
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6:204. 1934. Aster sibiricus L. var. merttus (A. Nelson) Raup, Sargentia

6:240. 1947.

16. Eurybia mirabilis (Ton. k Gray) Nesom, comb. nov. BASIONYM:
Aster mirabilts Ton. k Gray, Fl N. Amer. 2:165. 1841.

17. Eurybia paludosa (Alton) Nesom, comb. nov. BASIONYM: Aster

paludosus Sol. ex Alton, Hart. Kew. 3:201. 1789. Heleastrum paludosum

(Alton) DC, Prodr. 5:264. 1836.

18. Eurybia pulchra (S.F. Blake) Nesom, comb, et stai. nov. BASIONYM:
Aster glaucodes S.F. Blake subsp. pulcher S.F. Blake, Proc. Biol. Soc.

Washington 35:174. 1922.

19. Eurybia pygmaea (Lindl.) Nesom, comb. nov. BASIONYM: Aster

pygmaeus Lindl. in Hook., Fl. Bor.-Amer. 2:6. 1834. Aster sibincus

L. var. pygmaeus (Lindl.) Cody, Canad. Field-Nat. 68:117. 1954. Aster

sibiricus L. subsp. pygmaeus (Lindl.) Love & Love, Bot. Notlser 128:521.

1975.

20. Eurybia radula (Alton) Nesom, comb. nov. BASIONYM: Aster radula

Sol. ex Alton, Hort. Kew. 3:210. 1789.

21. Eurybia radulina (A. Gray) Nesom, comb. nov. BASIONYM: Aster

radulinus A. Gray, Proc. Amer. Acad. Arts 8:388. 1872. Weberaster

raduhnus (A. Gray) Love & Love, Taxon 31:359. 1982.

22. Eurybia saxicastellii (Campbell k Medley) Nesom, comb. nov. BA-

SIONYM: Aster saxicastellii Campbell k Medley, Slda 13:277. 1989.

23. Eurybia schreberi (Nees) Nees, Gen. Sp. Aster. 137. 1832. BASIONYM:
Aster schreberi Nees, Synops. Ast. Herb. 16. 1818.

Aster glomeratus Bernh. in Nees [pro syn.], Gen. Sp. Aster. 139. 1832.

Eurybia glomerata (Bernh.) Nees, Gen. Sp. Aster. 139. 1832.

24. Eurybia sibirica (L.) Nesom, comb. nov. BASIONYM: Aster sibiricus

L., Sp. PL, (ed. 2) 872. 1753.

a. Eurybia sibirica (L.) Nesom var. sibirica

b. Eurybia sibirica (L.) Nesom var. gigantea (Spreng.) Nesom, comb.

nov. BASIONYM: Aster richardsonii Spreng. var. giganteus Hook.,

Fl. Bor.-Amer. 2:7. 1834. Aster sibincus L. var. giganteus (Hook.)

A. Gray, Synopt. Fl. 1(2):177. 1884.
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Aster richardsonii Spreng., Syst. Veg. 3:258. 1826. Aster sihiri-

cus L. subsp. richardsonii (Spreng.) Love &c Love, Bot. Notiser

128:521. 1975.

Aster hehringensis Gandoger, Bull. Soc. Bot. France 65:38. 1918.

c. Eurybia sibirica (L.) Nesom var. subintegerrima (Trautv.) Ne-

som, comh. nov. BASIONYM: Aster subintegerrimus Trautv. in

Middendorf, Reise 1:161. 1847. Aster sibiricxis L. subsp. subinte-

gerrimus (Trautv.) Love k Love, Bot. Notiser 128:521. 1975.

25. Eurybia spectabilis (Alton) Nesom, comb. nov. BASIONYM: Aster

spectabilis Sol. ex Alton, Hort. Kew. 3:209. 1789.

Eurybia commixta Nees, Gen. Sp. Aster. 142. 1832 [1833]. Aster

commixtus (Nees) 0. Kuntze, Rev. Gen. PL 2:315. 1891.

26. Eurybia spinulosa (Chapm.) Nesom, comb. nov. BASIONYM: Aster

spinulosxis Chapm., Fl. Southern U.S. 199. 1860. Heleastrum spinulosum

(Chapm.) E. Greene, Plttonia 3:50. 1896.

27. Eurybia surculosa (Michx.) Nesom, comb. nov. BASIONYM: Aster

surculosus Michx., Fl. Bor.-Amer. 2:112. 1803.

28. Eurybia wasatchensis (M.E. Jones) Nesom, comb. nov. BASIONYM:
Aster glaucus (Nutt.) Ton. & Gray var. wasatchensis M.E. Jones, Proc.

Calif. Acad. Sci., ser. 2, 5:694. 1895. Bucephalus wasatchensis (M.E.

Jones) Rydb., Fl. Rocky MU. 878, 1067. 1917. Aster wasatchensis

(M.E. Jones) S.F. Blake, Contr. U.S. Natl. Herb. 25:557. 1925.

Hybrid:

Eurybia x herveyi (A. Gray) Nesom, comb. nov. BASIONYM: Aster

herveyi A. Gray [pro sp.], Manual, (ed. 5) 229. 1867. [E. macro-

phylla X E. spectabilis-, Uttal 1962.].

Excluded taxa:

Biotia spp. from Asia (= Aster s. str. and Doellingeria).

Heleastrum album (Nutt.) DC. = Oligoneuron album (Nutt.) Nesom.

VII. lONACTIS E. Greene, Pittonia 3:245. 1897.

Type: lonactis linariifolia (L.) E. Greene.

i
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Diplopappus Cass. subg. lanthe Torr. k Gray, Fl. N. Amer. 2:181. 1841.

Aster subg. lanihe (Ton. & Gray) A. Gray, Synopt. Fl 1(2):197.

1884.

Type: lonactis linariifolia (L.) E. Greene.

1. lonactis alpina (Nutt.) E. Greene, Pittonia 3:245. 1897. BASIONYM:
Chrysopsis alpina Nutt., J. Acad. Philad. 7:34. 1834. Aster scopulorum

A. Gray [nom. nov.j, Proc. Amer. Acad. Arts 16:98. 1880. (not Aster

alptnus L. 1753.).

2. lonactis elegans (Soreng k Spellenb.) Nesom, Phytologia 73:420. 1992.

BASIONYM: Chaetopappa elegans Soreng & Spellenb., Syst. Bot. 9:1.

1984.

3. lonactis caelestis Leary & Nesom, Brittonia 44:247. 1992.

4. lonactis linariifolia (L.) E. Greene, Pittonia 3:245. 1897. BASIONYM:
Aster linariifolius L., Sp. Pi, (ed. 2) 874. 1753.

Aster linariifolius L. var. victorinii Fernald, RJbodora 16:194. 1914.

5. lonactis stenomeres (A. Gray) E. Greene, Pittonia 3:246. 1897. BA-

SIONYM: Aster stenomeres A. Gray, Proc. Amer. Acad. Arts 17:209.

1882.

VIII. OCLEMENA E. Greene, Leafl. Bot. Observ. Grit. 1:4. 1903.

Type: Aster acuminatus Michx.

Aster subg. Orthomeris Torr. & Gray, Fl. N. Amer. 2:156. 1841. (pro

parte). Aster sect. Orthomeris (Torr. & Gray) Benth. in Benth. &
Hook., Gen. PL 2:273. 1873. Aster ser. OHhomeris (Torr. k Gray)

Kitam., J. Jap. Bot. 12:533. 1936.

Lcctotype (designated here): Aster acuminatus Michx.

(see explanatory comments in text).

Galatella sect. Calianthus Nutt., Trans. Amer. Philos. Soc, ser. 2, 7:303.

1840.

Type: Aster nemoralis Aiton.

Aster [subg. Orthomeris] sect. Nemorali House, New York State Mus.

Bull. 254:710. 1924.

Type: Aster nem,oralis Aiton.
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^5<er[subg. Doellingerta] sect, ^cummah (Alexander) A.G. Jones, Brit-

' tonia 32:237. 1980. Aster sp.-gionp Acumtnati A\exa.ndei in Smah,

Man. Southeast. Fi 1365. 1933.

Type: Aster acuminatus Michx.

1. Oclemena acuminata (Michx.) E. Greene, Leafl. Bot. Observ. Grit. 1:4.

1903. BASIONYM: Aster acuminatus Michx., Fi Bor.-Amer. 2:109.

1803.

Aster acuminatum Michx. var. magdalenensis Fernald, Rhodora 51:101.

1949.

2. Oclemena nemoralis (Aiton) E. Greene, Leafl. Bot. Observ. Grit. 1:5.

1903. BASIONYM: Aster nemoralis Sol. ex Aiton, Hort. Kew. 3:198.

1789. Galatella nemoralis (Aiton) Nees, Gen. Sp. Ast. 173. 1832. Bu-

cephalus nemoralis (Aiton) E. Greene, Pittonia 3:57. 1896.

Aster nemoralis Sol. ex Aiton forma albiflora Fernald, Rhodora 51:99.

1949.

3. Oclemena reticulata (Pursh) Nesom, comb. nov. BASIONYM: Aster

reticulatus Pursh, FI. Amer. Sept. 2:458. 1814. Doellingeria reticulata

(Pursh) E. Greene, Pittonia 3:50. 1896.

Inula obovata Nutt., Gen. N. Amer. 2:152. 1818. Doellingeria obovata

(Nutt.) Nees, Gen. Sp. Aster. 182. 1832. Diplopappus obovatus

(Nutt.) Torr. k Gray, Fi N. Amer. 2:184. 1841.

Aster dichotomus Ell., Sketch 2:366. 1824.

Hybrid:

Oclemena x blakei (Porter) Nesom, comb. nov. BASIONYM: Aster

nemoralis Sol. ex Aiton var. blakei Porter, Bull. Torrey Bot. Club

21:311. 1894. Aster blakei (Porter) House [pro sp.], N.Y. State Mu-
seum Bull. 219-220:244. 1920. [Oclemena nemoralis x 0. acumi-

nata] .

Aster nemoralis Sol. ex Aiton var. major Peck, N.Y. State Museum
Rep. 47:115. 1894.

IX. OREOSTEMMA E. Greene [nom. nov.], Pittonia 4:224. 1900. Based

on Oreastrum E. Greene, Pittonia 3:146. 1896 (not Ortastrum Poep-

pig 1843). Aster subg. Oreostemma (E. Greene) Peck, Man. Higher Pi

Oregon 719. 1941.



Nesom: Review of Aater ta-xonomy 265

Type: Oreostemma alpigenum (Torr. & Gray) E. Greene.

1. Oreostemma alpigenum (Torr. & Gray) E. Greene, Pittonia 4:224. 1900.

BASIONYM: Haplopappus alpigenus Torr. k Gray, Fl. N. Amer, 2:241.

1842. Aster alpigenus (Torr. k Gray) A. Gray, Proc. Amer. Acad. Arts

8:389. 1872. Oreastrum alpigenum (Torr. k Gray) E. Greene, Pittonia

3:147. 1896.

a. Oreostemma alpigenum (Torr, k Gray) E. Greene var. alpigenum

b. Oreostemma alpigenum (Torr. k Gray) E. Greene var. andersonii

(A. Gray) Nesom, Phytologia 74:312. 1993. BASIONYM: Erxgeron

andersonii A. Gray, Proc. Amer. Acad. Arts 6:540. 1865. Aster

andersonii (A. Gray) A. Gray, Proc. Amer. Acad. Arts 7:352. 1868.

Oreastrum andersonii (A. Gray) E. Greene, Pittonia 3:147. 1896.

Oreostemma andersonii (A. Gray) E. Greene, Pittonia 4:224. 1900.

Aster alpigenus (Torr. k Gray) A. Gray subsp. andersonii (A. Gray)

Onno, Bibl. Bot. 26 (Heft 106):15. 1932. Aster alpigenus (Torr.

k Gray) A. Gray var. andersonii (A. Gray) Peck, Man. Higher Pi

Oregon 721. 1941.

c. Oreostemma alpigenum (Torr. k Gray) E. Greene var. haydenii (T.C.

Porter) Nesom, Phytologia 74:313. 1993. BASIONYM: Aster hay-

denii T.C. Porter, Cat. PI. 485 in Hayden, Prelim. Rep. U.S. Geol.

Surv. Montana. 1872. Oreastrum haydenii (T.C. Porter) Rydb.,

Mem. New York Bot. Card. 1:398. 1900. Oreostemma haydenii

(T.C. Porter) E. Greene, Pittonia 4:224. 1900. Aster alpigenus

(Torr. k Gray) A. Gray subsp. haydenii {T.C. Porter) Cronq., Leafl.

West Bot. 5:77. 1948. Aster alpigenus (Ton. k Gray) A. Gray

var. haydenii (T.C. Porter) Cronq., Vase. PI. Pacific Northw. 5:76.

1955.

2. Oreostemma elatum (E. Greene) E. Greene, Pittonia 4:224. 1900. BA-

SIONYM: Oreastrum elatum E. Greene, Pittonia 3:147. 1896. Aster

elatus (E. Greene) Cronq., Leafl. West. Bot. 5:80. 1948.

3. Oreostemma peirsonii(C.W. Sharsmith) Nesom, Phytologia 74:314. 1993.

BASIONYM: Aster peirsonii C.W. Sharsmith, Leafl. West. Bot. 5:50.

1947.

P5/LylCr/5A.Gray,Mem. Amer. Acad. Arts, ser. 2,4:71. 1849. Machaer-

anthera sect. Psilactis (A. Gray) Turner k Home, Brittonia 16:321. 1964.

Type: Psilactis asteroides A. Gray.
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1. Pstlactis asterotdes A, Gray, Mem. Amer. Acad. Arts, ser. 2, 4:72. 1849.

(not Aster asteroides [DC] Kuntze 1891.; not Aster asterotdes [Colla]

Rusby 1893.). Aster boltomae E. Greene, Pittonia 3:248. 1897. Machaer-

anthera boltomae (E. Greene) Turner k Home, Brittonia 16:330. 1964.

(not Machaeranthera asteroides [Ton.] E. Greene 1892.).

2. Psilactis brevilingulata Sch.-Bip. ex Hemsley, Diagn. Pi Nov. Mexic. 2:34.

1879. Machaeranthera brevilingulata (Sch.-Bip. ex Hemsley) Turner &
Home, Brittonia 16:324. 1964. Aster brevilingulatus (Sch.-Bip. ex Hem-

sley) McVaugh, Contr. Univ. Michigan Herb. 9:362. 1972.

3. Psilactis gentryi (Standley) Morgan, Syst. Bot. 18:302. 1993. BA-

SIONYM: Aster gentryi Standley, Field Mus. Natl. Hist., Bot. Ser.

22:60. 1940. Machaeranthera gentryi (Standley) R.C. Jackson ex B.L.

Turner, Phytologia 25:57. 1972.

Machaeranthera mexicana Turner & Home, Brittonia 16:329. 1964.

4. Psilactis /leierocarpa (Hartman k Lane) Morgan, Syst. Bot. 18:301. 1993.

BASIONYM: Machaeranthera heterocarpa Hartman k Lane, Brittonia

39:253. 1987.

5. Psilactis odysseus (Nesom) Morgan, Syst. Bot. 18:298. 1993. BA-

SIONYM: Machaeranthera odysseus Nesom, Syst. Bot. 218. 1978.

6. Psilactis tenuis S. Wats., Proc. Amer. Acad. Arts 26:139. 1891. Machaer-

anthera tenuis (S. Wats.) Turner k Home, Brittonia 16:330. 1964.

XL SERICOCARPUS f^ees, Gen. Sp. Aster. 148. 1832 [1833]. Aster snhg.

Sericocarpus (Nees) A.G. Jones, Brittonia 32:238. 1980. Aster sect.

Sericocarpus (Nees) Semple, Phytologia 58:429. 1985.

Type: Sericocarpus solidagineus (Michx.) Nees = Serico-

carpus linifolius (L.) B.S.P.

1. Sericocarpus asteroides (L.) B.S.P., Prelim. Cat. N.Y. PI. 26. 1888. BA-

SIONYM: Conyza asterotdes L., Sp. Pi 2:861. 1753. Aster patemus

Cronq. [nom. nov.], Bull. Torrey Bot. Club 74:149. 1947. Aster aster-

otdes MacMillan [nom. nov. illeg.] 1892. (not Aster asteroides [DC.]

Kuntze 1891.; not Aster asteroides [Colla] Rusby 1893.). Cronquist's

new name {Aster patemus) is the correct one if this species is treated

within Aster, in contrast to an earlier suggestion of mine (Nesom 1993b.).
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2. Sertcocarpus Itmfoltus (L.) B.S.P., Prelim. Cat. N.Y. PI. 26. 1888. BA-

SIONYM: Conyza Itntfolia L., Sp. Pi 2:861. 1753. Aster soltdagineus

Michx. [nam. nov.\, Fl Bor.-Amer. 2:108. 1803. (not Aster linifolius L.

1753.). Sertcocarpus solidagmeus (Michx.) Nees, Gen. Sp. Aster. 149.

1832.

3. Sertcocarpus oregonensis Nutt., Trans. Amer. Philos. Soc, ser. 2, 7:302.

1841. Aster oregonensis (Nutt.) Cronq., Vase. PL Pacif. Northw. 5:80.

1955.

a. Sertcocarpus oregonensis Nutt. var. oregonensis

b. Sericocarpus oregonensis Nu1;t. var. califomicus (Durand) Nesom,

Phytologia 75:51. 1993. BASIONYM: Sertcocarpus califomicus

Durand, J. Acad. Nat. Sci. Philad., ser. 2, 3:90. 1855. Sericocarpus

oregonensis Nutt. var. califomicus (Durand) Ferris, Contr. Dudley

Herb. 5:100. 1958.

4. Sericocarpus rigidus Lindl. in Hook., Fl. Bor.-Amer. 2:14. 1834. Aster

curtus Cronq. [nom. nov.]j Vase. PL Pacif. Northw. 5:80. 1955. (not

Aster rigidus L. 1753.).

5. Sericocarpus tortifolius (Michx.) Nees, Gen. Sp. Aster. 151. 1832. BA-
SIONYM: Aster tortifolius Michx., Fl. Bor.-Amer. 2:109. 1803.

Excluded taxa:

Sericocarpus sipei Henderson = Bucephalus vialis Bradshaw.

Sericocarpus tomentellus E. Greene = Bucephalus tcmentellus (E. Greene)

E. Greene.

Sericocarpus woodhousei Buckley = Isocoma plurifiora (Terr. & Gray)

E. Greene.

XII. SYMPHYOTRICHUM Nees, Gen. Sp. Aster. 135. 1832 [1833]. Aster

subg. Symphyotrichum (Nees) A.G. Jones, Brittonia 32:234. 1980.

Type: Symphyotrichum unctuosum Nees (= Aster novi-

belgii L.).

1. Symphyotrichum subg. Symphyotrichum

A. Symphyotrichum sect. Symphyotrichum
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Aster sect. Salictfoltt Torr. k Gray, Fl. N. Amer. 2:134. 1841.

Type: Aster salicifolius Lam. (= Aster puniceus L.).

Aster [sect. Homophyllt] subsect. Vulgares A. Gray, Synopt. Fl 1(2):187.

1884.

Lectotype (designated here): Aster novi-belgii L.

INCL: Symphyotrichum anticostense (Fernald) Nesom, 5. crenifolium (Fer-

nald) Nesom, 5. elliottii (Ton. k, Gray) Nesom, 5. firmum (Nees) Nesom, 5.

longifolium (Lam.) Nesom, 5. novi-belgii (L.) Nesom, 5. prenanthoides (Muhl.

ex Willd.) Nesom, 5. puniceum (L.) Love & Love, 5. 5u6^emina<um (Fernald)

Nesom.

B. Symphyotrichum sect. Cordifolii (G. Don) Nesom, comb. nov. BA-

SIONYM: Aster sect. Cordifolii G. Don in Loudon, Hort. Bnt. 347.

1830.

Type: Aster cordifolius L. (= Aster heterophyllus Willd.).

Aster [sect. Genuini Nees] B Heterophylli Nees, Gen. 5p. i45<er. 52.

1832. Astersect. Heterophylli (^ees) A. Gia-y, Synopt. Fl. 1(2):181.

1884. Aster [subg. Aster sect. Dxtmosi] subsect. Heterophylli (Nees)

Semple, Phytologia 58:429. 1985.

Type: Aster cordifoliusL. (= Aster heterophyllus Willd.).

INCL: Symphyotrichum anomalum (Engelm.) Nesom, S. ciliolatum (Lindl.)

Love & Love, 5. cordifolium (L.) Nesom, 5. drummondii (Lindl.) Nesom, 5.

lowrteanum (Porter) Nesom, 5. sagittifolium (Wedem. ex Willd.) Nesom, 5.

shortii (Lindl.) Nesom, 5. undulatum (L.) Nesom, 5. urophyllum (DC.) Ne-

som.

C. Symphyotrichum sect. Concinni (Nees) Nesom, comb. nov. BASIO-
NYM: Aster [sect. Genuini B Homophylli] sp.-group Concinni Nees,

Gen. Sp. Aster. 118. 1832. Aster sect. Concinni (Nees) Torr. k Gray,

Fl. N. Amer. 2:115. 1841.

Type: Aster concinnus Willd. (= Aster laevis L.).

a. Symphyotrichum subsect. Laeves (A. Gray) Nesom, comb. nov. BA-
SIONYM: Aster [sect. Homophylli] subsect. Laeves A. Gray, Synopt. Fl.

1(2):183. 1884.

Type: Aster laevis L.
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Aster [sect. Genuint B Homophylli] sp.-group Concinni Nees, Gen. Sp.

Aster. 118. 1832.

Type: Aster concinnus Willd. (= Aster laevts L.).

INCL: Symphyotrtchum laeve (L.) Love k Love, 5. oolentangiense (Rid-

dell) Nesom, 5. retroflexum (DC.) Nesom.

b. Symphyotrichum subsect. Turbinelli (Rydb.) Nesom, comb. nov. BA-

SIONYM: Aster sp.-group TurbineUt Rydb., Fi Prairies & Plains 803.

1932. Aster [sect. E'ucep/ia/iw] subsect. Turbinelli (Rydb.) A.G. Jones,

Brittonia 32:237. 1980. Aster subg. Symphyotrichum sect. Turbinelli

(Rydb.) A.G. Jones, Illinois Nat. Hist. Survey Bull. 34:144. 1989.

Type: Aster turbinellus Lindl.

INCL: Symphyotrichum turbinellum (Lindl.) Nesom.

D. Symphyotrichum sect. Dumosi (Torr. & Gray) Nesom, comb. nov. BA-

SIONYM: Aster sect. Dumosi Torr. & Gray, Fl. N. Amer. 2:127. 1841.

Type: Aster dumosus L.

a. Symphyotrichum subsect. Dumosi (Torr. & Gray) Nesom, comb. nov.

BASIONYM: Aster sect. Dumosi Torr. k Gray, Fl N. Amer. 2:127.

1841.

Type: Aster dumosus L.

INCL: Symphyotrichum dumosum (L.) Nesom, 5. simmondsii (Small) Ne-

b. Symphyotrichum subsect. Divergentes (A. Gray) Nesom, comb. nov.

BASIONYM: Aster [sect. Homophylli] subsect. Divergentes A. Gray,

Synopt. Fl. 1(2):185. 1884.

Type: Aster lateriflorus (L.) Britton (= Aster divergens

Aiton).

Aster [sect. Genuin^ B Homophylli Nees, Gen. Sp. Aster. 52. 1832.

Aster sect. Homophylli (Nees) A. Gray, Synopt. Fl. 1(2):183. 1884.

Lectotype (designated here): Aster diffusus Aiton (
=

Aster divergens Aiton = Aster lateriflorus [L.] Britton).

Nees's "Homophylli" group comprised 64 species that

are dispersed through a number of sections in the current

treatment. The selection of a lectotype is arbitrary, in-

tended to be taxonomically non-intrusive.
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Aster subsect. Leucanthi (Nees) A.G. Jones, Brittonia 32:235. 1980.

Lectotype (Jones 1980a.): Aster simplex Willd. (=
Aster lanceolatus Willd.).

INCL: Symphyotrichum boreale (Torr. & Gray) Love & Love, 5. bulla-

tum (Klatt) Nesom, 5. 6ur^e55it(Britton) Nesom, 5. camerasanum (S. Wats.)

Nesom, 5. eulae (Shinners) Nesom, 5. fontinale (Alexander) Nesom, 5. lance-

olatum (Willd.) Nesom, S. laterxflorum (L.) Love k Love, 5. leone (Britton)

Nesom, 5. ontarione (Wieg.) Nesom, 5. praealtum (Poir.) Nesom, 5. race-

mosum (Elliott) Nesom, 5. schaffneri (S.D. Sundb. & A.G Jones) Nesom, 5.

tradescantii (L.) Nesom.

c. Symphyotrichum subsect. Porteriani (Rydb.) Nesom, comh. nov. BA-

SIONYM: Aster sp.-group Portenani Rydb., Fl Colorado 352. 1906.

Aster sect. Porteriani (Rydb.) A.G. Jones, Brittonia 32:235. 1980. Aster

[subg. Aster sect. Dumosi] subsect. Porteriani (Kydh.) Semple, Phytolo-

gia 58:429. 1985.

Type: Aster porteri A. Gray.

INCL: Symphyotrichum depauperatum (Feinald) Nesom, S. parviceps [Bxit-

gess) Nesom, 5. pilosum (Willd.) Nesom, S. porteri (A. Gray) Nesom, 5.

priceae (Britton) Nesom.

E. Symphyotrichum sect. Oxytripolium (DC.) Nesom, comb. nov. BA-
SIONYM: Tripolium sect. Oxytripolium DC, Prodr. 5:253. 1836 {pro

parte). Aster subg. Oxytripolium (DC.) Torr. k Gray, Fl. N. Amer.

2:161. 1841.

Lectotype (Jones 1980a): Aster tenuifolius L.

Gray (1880, 1884) referred the perennial species of sect. Oxytripolium

{Aster tenuifolius L., specifically) to subg. Orthomeris\ in the same treatment,

however, he formally maintained subg. Oxytripolium to include the annual

species (i.e., A. suhulatus).

Tripolium subg. Astropolium Nutt., Trans. Amer. Philos. Soc, ser. 2,

7:295. 1840.

Lectotype (following Sundberg 1986): Aster tenuifolius

L.

Aster sect. Heterastrum Benth. m Benth. k Hook., Gen. PI. 2:273.

1873.

Lectotype (designated here): Aster vahlii Gaud.
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Ftmbnsttma Rafin., Fi Tellur. 2:46. 1836. (1837.).

Lectotype (designated here): Fimbrtstima squamata (Spr-

eng.) Rafin. (= Aster squamatus [Spreng.] Hieron.).

MesoUgus Rafin., Fi Tellur. 2:44. 1836. [1837.].

Type: Mesoligus subulatus (Michx.) Rafin. (= Aster

subulatus Michx.).

Conyzanthus Tamamsch., Fi U.R.S.S. 24:583. 1959.

Type: Conyzanthus squamatus (Spreng.) Tamamsch.

(= Aster squamatus [Spreng.] Hieron.).

INCL: Symphyotrichum bahamense (Britton) Nesom, S. bracei (Britton ex

Small) Nesom, 5. divaricatum {Nnit.) Nesom, 5. expansum (Poepp. ex Spreng.)

Nesom, 5. glabrifolium, (DC.) Nesom, 5. gramxnifolium, (Spreng.) Nesom, 5.

martix (Cabrera) Nesom, 5. patagonicum (Cabrera) Nesom, 5. peteroanum

(Phil.) Nesom, 5. potosinum (A. Gray) Nesom, 5. regnellii (Baker) Nesom,

5. squamatum (Spreng.) Nesom, 5. subulatum (Michx.) Nesom, 5. tenuifolium

(L.) Nesom, 5. vahlii (Gaud.) Nesom.

F. Symphyotrichum sect. Conyzopsis (Torr. & Gray) Nesom, comb. nov.

BASIONYM: Aster [subg. Oxytripolium] sect. Conyzopsis Ton. & Gray,

Fi N. Amer. 2:162. 1841. Aster subg. Conyzopsis (Torr. & Gray) A.

Gray, Proc. Amer. Acad. Arts 16:99. 1880.

Lectotype species (Jones 1980a): Aster Irachyactis S.F.

Blake (= Symphyotrichum ciliatum [Ledeb.j Nesom).

Brachyactis Ledeb., Fi Ross. 2:495. 1845.

Type: Brachyactis ciliata (Ledeb.) Ledeb.

INCL: Symphyotrichum ciliatum (Ledeb.) Nesom, S. frondosum (Nutt.)

Nesom, S. laurentianum (Fernald) Nesom.

G. Symphyotrichum sect. Occidentales (Rydb.) Nesom, comb. nov. BA-

SIONYM: /l5<er sp.-group Occidentales Rydb., Fi Colorado ^52. 1906.

Aster sect. Occidentales (Rydb.) A.G. Jones, Brittonia 32:235. 1980.

As^er subsect. Occidentales (Rydb.) A.G. Jones, Phytologia 55:381. 1984.

Type: Aster occidentalis (Nutt.) Torr. & Gray (= A. spathu-

latus Lindl.).
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Aster sp.-gTonp Foliacei Rydh., Fl. Colorado 352. 1906. i4s<er subsect.

Fohacei (Rydb.) A.G. Jones, Brittonia 32:235. 1980.

Type: Aster foliaceus Lindl. ez DC.

Aster sp.-group Foliosi Rydb., Fi Rocky Mts. 882. 1922. Aster

[sect. Alpigeni subsect. Homochaeta ser. Macrochaeti] subser. Fo-

liosi (Rydb.) Onno, Bibiiot. Bot. 106:7. 1932.

Type: Aster foliaceus Lindl. ex DC.

INCL: Symphyotrichum bracteolatum (Nutt.) Nesom, 5. chilense (Nees)

Nesom, 5. cusickii (A. Gray) Nesom, 5. foliaceum (DC.) Nesom, 5. greatae

(Parish) Nesom, 5. hallii (A. Gray) Nesom, 5. hendersonii (Fernald) Nesom,

5. jessicae (Piper) Nesom, S. lentum (E. Greene) Nesom, 5. molle (Rydb.) Ne-

som, 5. spathulatum (Lindl.) Nesom, 5. subspicatum (Nees) Nesom, 5. webhii

(Cronq.) Nesom.

H. Symphyotrichum sect. Ascendentes (Rydb.) Nesom, comb, ei stat.

nov. BASIONYM: Aster sp.-group Ascendentes Rydb., Fl. Colorado

352, 354. 1906. Aster subg. Ascendentes (Rydb.) Semple [nom. illeg.,

see Lamboy 1986], Phytologia 58:430. 1985.

Type: Aster ascendens Lindl.

Virgulaster Semple [nom. illeg. ^ see Lamboy 1986], Phytologia 58:430.

1985.

Type: Aster ascendens Lindl.

INCL: Symphyotrichum ascendens (Lindl). Nesom, 5. defoliatum (Parish)

Nesom (= Aster bemardinus Hall).

2. Symphyotrichum subg. Virgulus (Rafin.) Nesom, comb. nov. BA-

SIONYM: Virgulus Rafin., Fl. Tellur. 2:46. 1836 [1837]. Aster subg.

Virgulus (Rafin.) A.G. Jones, Brittonia 32:233. 1980.

Type: Virgultis concolor [L.) Rafin. (= Aster concolorL.).

Virgaria Rafin. ex DC. [pro syn.], Prodr. 5:243. 1836.

Type: Virgarta concolor (L.) Rafin. ex DC. (= Aster

concolor L.).

Lasallea E. Greene [nom. superfl. illeg.]., Leafl. Bot. Observ, Crit. 1:5.

1903. (not Lasallxa Merat 1821.).

Type: Lasallea sertcca (Vent.) E. Greene (= Aster seri-

ceus Vent.)
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A. Symphyotrichum sect, Grandiflori (Ton. k Gray) Nesom, comb. nov.

BASIONYM: Aster sect. Grandiflori Ton . & Gray, Fl. N. Amer. 2:142.

1841. Lasallea sect. Grandiflorae (Torr. & Gray) Semple k Brouillet,

Amer. J. Bot. 67:1022. 1980. Virgulus sect. Grandiflorae (Torr. k
Gray) Reveal k Keener, Taxon 30:649. 1981.

Type: Aster grandiflorus L.

Aster seci. Glandulosi A. Gray, Synopt. Fl. 1(2):177. 1884.

Lectotype (designated here): Aster grandiflorus L.

Gray broadened his sect. Grandiflori of 1841 and gave it a different name

(sect. Glandulosi), but six of the eight species included in the latter are virgu-

loid species.

a. Symphyotrichum subsect. Grandiflori (Torr. k Gray) Nesom, comb.

et Stat. nov. BASIONYM: Aster sect. Grandiflori Torr. k Gray, FL N.

Amer. 2:142. 1841.

Type: Aster grandiflorus L.

INCL: Symphyotrichum grandiflorum (L.) Nesom.

b. Symphyotrichum subsect. Polyligulae (Semple k Brouillet) Nesom,

comb. nov. BASIONYM: Lasallea [sect. Grandiflorae] subsect. Polyligu-

lae Semple k Brouillet, Amer. J. Bot. 67:1023. 1980.

Type: Aster novae-angliae L.

.45<er sp.-group Oblongifolii Rydh., Fl. Colorado Z61. 1906. Aster sect.

Oblongifolii (Rydb.) A.G. Jones, Brittonia 32:233. 1980. Virgulus

sect. Oblongifoli (Rydb.) Reveal k Keener, Taxon 30:649. 1981.

Type: Aster oblongifolius Nutt.

INCL: Symphyotrichum campestre (Nutt.) Nesom, 5. fendleri (A. Gray)

Nesom, 5. novae-angliae (L.) Nesom, 5. oblongifolium (Nutt.) Nesom, 5 yuko-

nense (Cronq). Nesom.

c. Symphyotrichum subsect. Mexicanae Nesom, subsect. nov.

Type: Symphyotrichum moranense (Kunth) Nesom.

Foliis parvis sessilibus trinervatis, capitulis solitariis, flos-

culis radii plerumque albis, et distributione in Mexici distinc-

tus.
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INCL: Symphyotrichum gypsophilum (B.L. Turner) Nesom, S. hintonii

(Nesom) Nesom, S. moranense, S. trilineatum (Sch.-Bip. ex Klatt) Nesom.

d. Symphyotrichum subsect. Brachyphylli (Ton. k Gray) Nesom, comb,

nov. BASIONYM: Aster sect. Brachyphylli Torr. k Gray, Fl. N. Amer.

2:114. 1841. Lasallea [sect. Grandiflorae] subsect. Brachyphyllae (Ton.

k Gray) Semple k Brouillet, Amer. J. Bot. 67:1023. 1980.

Type: Aster walteri Alexander.

INCL: Symphyotrichum adnatum (Nutt.) Nesom, 5. walteri (Alexander)

Nesom.

B. Symphyotrichum sect. Ericoidei (Ton. k Gray) Nesom, comb. nov.

BASIONYM: Aster sect. Ericoidei Ton. k Gray, Fl. N. Amer. 2:123.

1841. Aster [sect. Homophylli] subsect. Ericoidei A. Gray, Synopt. Fl.

1(2):184. 1884. Virgulus sect. Ericoidei (Ton. k Gray) Reveal k Keener,

Taxon 30:649. 1981. [See comments in Jones 1982, 1983d.].

Type: Aster ericoides L.

Aster [sect. Homophylli] subsect. Multiflori A. Gray, Synopt. Fl. 1(2):185.

1884. Aster sect. Multiflon(k. Gray) R.A. Nelson, Rhodora 35:323.

1933. Lasallea sect. Multiflori {A. Gray) Semple k Brouillet, Amer.

J. Bot. 67:1022. 1980.

Type: Aster ericoides L.

Aglotoma Rafin., Fl. Tellur. 2:44. 1836. [1837.].

Type: Aster ericoides L.

Rafinesque cited as the type ^^Aster multiflorus M. alia sp." What he meant

by the authority citation is not clear, but the A. multiflorus in general use at

the time seems to have been that with the name proposed by Solander, which

is a synonym of Aster ericoides.

INCL: Symphyotrichum ericoides (L.) Nesom, 5. falcatum (Lindl.) Nesom.

C. Symphyotrichum sect. Patentes (Ton. k Gray) Nesom, comb. nov.

BASIONYM: Aster sect. Patentes Ton. k Gray, Fl. N. Amer. 2:114.

1841. Virgulus sect. Patentes (Ton. k Gray) Reveal k Keener, Taxon

30:650. 1981.

Type: Aster patens Aiton.

INCL: Symphyotrichum georgianum (Alexander) Nesom, 5. patens (Aiton)

Nesom, 5. phlogifolium (Muhl. ex Willd.) Nesom (see R. Jones 1983, 1992).
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D. Symphyotrichum sect. Concolores (Torr. h Gray) Nesom, comb. nov.

BASIONYM: Aster sect. Concolores Tott, k Gray, Fl N. Amer. 2:113.

1841. Lasallea [sect. Lasallea] subsect. Concolores (Torr. & Gray) Semple

k Brouillet, Amer. J. Bot. 67:1022. 1980.

Type: Aster concolor L.

Vtrgulus [sect. Virgulus] subsect. Lasallea (E. Greene) Semple [comb,

tlleg.], Phytologia 58:431. 1985. Lasallea E. Greene [nom. superfl.

tlleg.], Leafl. Bot. Observ. Grit. 1:5. 1903. (not Lasallia Merat

1821.).

Type: Lasallea sericea (Vent.) E. Greene (= Aster seri-

ceus Vent.).

Aster sect. Sericeo- concolores A. Gray, Synopt. Fl. 1(2):179. 1884.

Lectotype (designated here): Aster concolor L.

INCL: Symphyotrichum concolor (L.) Nesom, S. lucayanum (Britton) Ne-

som, 5. pratense (Rafin.) Nesom, 5. sericeum (Vent.) Nesom.

Species of Symphyotrichum:

1. Symphyotrichum adnatum (Nutt.) Nesom, comb. nov. BASIONYM:
Aster adnatus Nutt., J. Acad. Nat. Sci. Philad. 7:82 1834. Lasallea ad-

nata (Nutt.) Semple k Brouillet, Amer. J. Bot. 67:1023. 1980. Virgulus

adnatus (Nutt.) Reveal k Keener, Taxon 30:650. 1931.

2. Symphyotrichum anomalum (Engelm.) Nesom, c:>mb. nov. BASIO-
NYM: Aster anomalus Engelm. m Torr. k Gray, Fl. N. Amer. 2:503.

1843.

3. Symphyotrichum anticostense (Fernald) Nesom, comb. nov. BA-

SIONYM: Aster anticostensxs Fernald, Rhodora 17:16. 1915.

Aster gaspensis Victorin, Contr. Lab. Bot. Univ. Montreal 20:3. 1932.

Aster longifolius Lam. var. vtllicaulis A. Gray, Synopt. Fl. 1(2): 189.

1884. Aster novi-belgii L. var. vtllicaulis (A. Gray) Boivin, Natu-

raliste Canad. 94:645. 1967.

Aster johannensis Fernald, Rhodora 17:12. 1915. Aster novt-belgii L.

subsp. johannensis (Fernald) A.G. Jones, Phytologia 55:384. 1984.

Aster novi-belgii L. var. johannensis (Fernald) A.G. Jones, Phytolo-

gia 63:132. 1987.
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4. Symphyotrichum ascendens (Lindl.) Nesom, comb. nov. BASIONYM:
Aster ascendens Lindl. in Hook., Fl. Bor.-Amer. 2:8. 1834. Virgulaster

ascendens (Lindl.) Semple [nom. illeg.], Phytologia 58:431. 1985.

5. Symphyotrichum bahamense (Britton) Nesom, comb. nov. BASIO-
NYM: Aster bahamensxs Britton, Bull. Torrey Bot. Club 41:14. 1914.

Aster subulatus Michx. var. elongatus Bosserd., Taxon 19:250. 1970.

6. Symphyotrichum boreale (Ton. & Gray) Love & Love, Taxon 31:358. 1982

BASIONYM: Aster laxiflorus Lindl. var. borealis Torr. k Gray, Fl N.

Amer. 2:138. 1841. Aster borealis (Totr . k Gray) Provanch., Fl Canad,

1:308. 1862.

Aster junciformis Rydb., Bull. Torrey Bot. Club 37:142. 1910.

7. Symphyotrichum bracei (Britton ex Small) Nesom, comb. nov. BA-
SIONYM: Aster bracet Britton ex Small, Fl Miami 190, 200. 1913.

Aster tenuifolius L. var. aphyllus R. Long, Rhodora 72:40. 1970.

8. Symphyotrichum bracteolatum (Nutt.) Nesom, comb. nov. BA-
SIONYM: Aster bracteolatus Nutt., Trans. Amer. Philos. Soc, ser. 2,

7:293. 1841.

Aster eatonii (A. Gray) T.J. Howell, Fl N. W. Amer. 310. 1900. BA-
SIONYM: Aster foliaceus Lindl. ex DC. var. eatonii A. Gray, Syn-

opt. Fl 2(1):194. 1884.

9. Symphyotrichum bullatum (Klatt) Nesom, comb. nov. BASIONYM:
Aster bullatus Klatt, Ann. Naturhist. Mus. Vienna 9:359. 1894.

Aster jalapensis Fernald, Proc. Amer. Acad. Arts 35:572. 1900.

10. Symphyotrichum burgessii (Britton) Nesom, comb. nov. BASIONYM:
Aster burgessii Britton, Bull. Torrey Bot. Club 41:14. 1914.

11. Symphyotrichum campestre (Nutt.) Nesom, com6. nov. BASIONYM:
Aster campestrxs Nutt., Trans. Amer. Philos. Soc, ser. 2, 7:293. 1841.

Virgulus campestrxs (Nutt.) Reveal k Keener, Taxon 30:649. 1981.

a. Symphyotrichum campestre (Nutt.) Nesom var. bloomeri (A.

Gray) Nesom, comb. nov. BASIONYM: Aster bloomerx A. Gray,

Proc. Amer. Acad. Arts 6:539. 1865. Aster campestrxs Nutt. var.

bloomerx (A. Gray) A. Gray, Synopt Fl 1(2):178. 1884. Vxrgulus

campe5<rt5( Nutt.) Reveal k Keener var. bloomerx (A. Gray) Reveal

k Keener, Taxon 30:649. 1981.
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b. Symphyotnchum campestre (Nutt.) Nesom var. campestre

12. Symphyotrichum carnerosanum (S. Wats.) Nesom, comb. nov. BA-

SIONYM: Aster camerosanus S. Wats., Proc. Amer. Acad. Arts 26:139.

1891.

13. Symphyotrichum chilense (Nees) Nesom, comb. nov. BASIONYM:
Aster chilensis Nees, Gen. Sp. Aster. 123. 1832.

a. Symphyotrichum chilense (Nees) Nesom var. chilense

b. Symphyotrichum chilense (Nees) Nesom var. invenustum (E.

Greene) Nesom, comb. nov. BASIONYM: Aster tnventistus E.

Greene, Man. Bay Reg. 179. 1894. Aster chilensis Nees var. m-

venustus (E. Greene) Jepson, Man. Fl. PI. Calif. 1047. 1925.

c. Symphyotrichum chilense (Nees) Nesom var. medium (Jepson)

Nesom, comb. nov. BASIONYM: Aster chilensis Nees var. medius

Jepson, Man. Fl. Pi Calif. 1047. 1925.

14. Symphyotrichum ciliatum (Ledeb.) Nesom, comb. nov. BASIONYM:
Erigeron ciliatus Ledeb., Ic. PI. 24. 1829. Brachyactis cihata (Ledeb.)

Ledeb., Fl. Ross. 2:495. 1846. Aster brachyactis S.F. Blake [nom. nov.\,

Contr. U.S. Natl. Herb. 25:564. 1925. (not Aster ciliatus Walter 1788.;

not Eurybia ciliata Benth. 1837.).

Tripolium angiLstatum Lindl. in Hook., Fl. Bor.-Amer. 2:15. 1834.

Aster angustatus (Lindl.) Torr. k Gray, Fl. N. Amer. 2:162. 1841.

Brachyactis ciliata (Ledeb.) Ledeb. subsp. angustata (Lindl.) A.G.

Jones, Phytologia 55:376. 1984.

15. Symphyotrichum ciliolatum (Lindl.) Love & Love, Taxon 31:359. 1982.

BASIONYM: Aster ciliolatus Lindl. mHook., Fl. Bor.-Amer. 2:9. 1834.

a. Symphyotrichum ciliolatum (Lindl.) Love & Love var. ciliolatum

b. Symphyotrichum ciliolatum (Lindl.) Love & Love var. coma-

tum (Fernald) Nesom, comb. nov. BASIONYM: Aster Imdleyanus

Torr. k Gray var. comatus Fernald, Rhodora 6:142. 1904. Aster

ciliolatus Lindl. m Hook. var. comatxis (Fernald) A.G. Jones, Phy-

tologia 55:379. 1984.

c. Symphyotrichum ciliolatum (Lindl.) Love k Love var. mac-

callae (Rydb.) Nesom, comb. nov. BASIONYM: Aster maccallae

Rydb., Bull. Torrey Bot. Club 37:138. 1910. Aster ciliolatus Lindl.

m Hook. var. maccallae (Rydb.) A.G. Jones, Phytologia 55:380.

1984.
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d. Symphyotrichum ciliolatum (Lindl.) Love &; Love var. wilsonii
' (Rydb.) Nesom, comb. nov. BASIONYM: Aster wilsonii Rydb.,

Bull Torrey Hot. Club 37:138. 1910. Aster ciliolatus Lindl. m
Hook. var. wtlsomi (Rydb.) A.G. Jones, Phytologia 55:379. 1984.

16. Symphyotrichum concolor (L.) Nesom, comb. nov. BASIONYM:
Aster concolor L., Sp. P/., (ed. 2) 2:874. 1763. Lasallea concolor (L.)

Semple & Brouillet, Amer. J. Bot. 67:1022. 1980. Vtrgulus concolor (L.)

Reveal & Keener, Taxon 30:649. 1981.

17. Symphyotrichum cordifolium (L.) Nesom, comb. nov. BASIONYM:
Aster cordtfolius L., Sp. PL 2:875. 1753.

a. Symphyotrichum cordifolium (L.) Nesom var. cordifolium,

b. Symphyotrichum cordifolium (L.) Nesom var. furbishiae (Fer-

nald) Nesom, comb. nov. BASIONYM: Aster cordifolius L. var.

furbishiae Fernald, Proc. Portland Soc. Nat. Hist. 2:129. 1897.

c. Symphyotrichum cordifolium (L.) Nesom var. lanceolatum

(Porter) Nesom, comb. nov. BASIONYM: Aster cordifolium L.

var. lanceolatus Porter, Bull. Torrey Bot. Club 16:68. 1889. Aster

lowrieanus Porter var. lanceolatus (Porter) Porter, Bull. Torrey Bot.

Club 21:121. 1894.

Aster cordifolius L. var. incisus Britton, BuU. Torrey Bot. Club

19:224. 1892. Aster lowrieanus Porter /ar. incisvis (Britton)

Porter, Bull. Torrey Bot. Club 21:121. 1894.

d. Symphyotrichum cordifolium (L.) Nesom var. moratum (Skin-

ners) Nesom, comb. nov. BASIONYM: Aiter finkii Rydb. var.

moraius Shinners, Amer. Midi. Nat. 26:407. 1941. Aster cordi-

folius L. var. moratus (Shinners) Shinners, C{...$tanea 10:65. 1945.

e. Symphyotrichum cordifolium (L.) Nesom var. polycephalum
(Porter) Nesom, comb. nov. BASIONYM: Aster cordifolius L. var.

polycephalus Porter, Bull. Torrey Bot. Club 21:120. 1894.

f. Symphyotrichum cordifolium (L.) Nesom var. racemiflorum

(Fernald) Nesom, comb. nov. BASIONYM: Aster cordifolius L.

var. raccmi/ioruj Fernald, Rhodora 19:155. 1917.

18. Symphyotrichum crenifolium (Fernald) Nesom, comb. nov. BA-
SIONYM: Aster cremfoltus (Fernald) Cronq., Bull. Torrey Bot. Club

74:143. 1947. Aster foliaceus Lindl. ex DC. var. crenxfolius Fernald,

Rhodora 17:15. 1915.

19. Symphyotrichum cusickii (A. Gray) Nesom, comb. nov. BASIONYM:
Aster custckit A. Gray, Proc. Amer. Acad. Arts 16:99. 1880. Aster' '
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foliaceus var. custckii (A. Gray) Cronq., Amer. Midi. Natur. 29:443.

1943.

20. Symphyotrichum defoliatum (Parish) Nesom, comb. nov. BASIO-

NYM: Aster defohatus Parish, Bot. Gaz. (Crawfordsville) 38:461. 1904.

Aster bemardmus Hall, Univ. Calif. Pub. Bot. 3:79. 1907. Vtrgulaster

bemardmus (Hall) Semple [nam. i//ey.], Phytologia 58:431. 1985.

21. Symphyotrichum depauperatum (Fernald) Nesom, comb. nov. BA-

SIONYM: Aster <fepaupera<ua Fernald [nom. nov.], Rhodora 10:94. 1908.

(not Aster pusillus Hornem.). Aster ericoidesL. var. depauperatiLS ForteT

[nom. illeg., a substitution for Gray's var. pusillus, see Jones 1984), Mem.
Torrey Bot. Club 5:323. 1894.

Aster ericoides L. var. pusillus A. Gray, Synopt. Fl 1(2):184. 1882.

Aster pilosus Willd. var. pusillus\k. Gray) A.G. Jones, Phytologia

55:382. 1984.

22. Symphyotrichum divaricatum (Nutt.) Nesom, comb. nov. BASIO-
NYM: Tripolium divaricatum Nutt., Trans. Amer. Philos. Soc. 7:296.

1841. Aster divaricatus (Nutt.) Torr. &; Gray [nom. illeg.], Fl. N. Amer.

2:163. 1841. (not Aster divaricatus L. 1753.).

Aster neomexicanus Wooton & Standi., Contr. U.S. Natl. Herb. 16:187.

1913.

Aster subulatus Michx. var. ligulatus Shinners, Field & Lab. 21:159.

1953.

23. Symphyotrichum drummondii (Lindl.) Nesom, comb. nov. BA-
SIONYM: Aster drummondii Lindl. in Hook., Comp. Bot. Mag. 1:97.

1835.

a. Symphyotrichum drummondii (Lindl.) Nesom var. drummondii

b. Symphyotrichum drummondii (Lindl.) Nesom var. parviceps

(Shinners) Nesom, comb. nov. BASIONYM: Aster texanus Burgess

var. parviceps Shinners, Field & Lab. 21:156. 1953. Aster drum-

mondii Lindl. in Hook, subsp. parviceps (Shinners) A.G. Jones, Phy-

tologia 55:381. 1984. Aster drumm,ondii Lindl. m Hook. var. par-

viceps (Shinners) A.G. Jones, Phytologia 63:131. 1987.

c. Symphyotrichum drummondii (Lindl.) Nesom var. texanum
(Burgess) Nesom, comb. nov. BASIONYM: Aster texanus Burgess

in Small, Fl. Southeast. U.S. 1214, 1339. 1903. Aster drummondii

Lindl. m Hook, subsp. texanus (Burgess) A.G. Jones, Phytologia
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55:380. 1984. Aster drummondit Lindl. in Hook. var. texanxis

(Burgess) A.G. Jones, Phytologia 63:131. 1987.

24. Symphyotrichum dumosum (L.) Nesom, comb. nov. BASIONYM:
Aster dumosus L., Sp. PL 2:873. 1753.

a. Symphyotrichum dumosum (L.) Nesom var. dodgei (Fernald)

Nesom, comb. nov. BASIONYM: Aster dumosus L. var. dodgei

Fernald, Rhodora 11:31. 1909.

b. Symphyotrichum dumosum (L.) Nesom var. dumosum

Aster coridifolius Michx., Fl. Bor.-Amer. 2:112. 1803. Aster du-

mosus L. var. coridifolius (Michx.) Torr. k Gray, Fl. N. Amer.

2:128. 1841.

c. Symphyotrichum dumosum (L.) Nesom var. gracilipes (Wieg.)

Nesom, comb. nov. BASIONYM: Aster dumosus L. var. gracilipes

Wieg., Rhodora 30:166. 1928.

d. Symphyotrichum dumosum (L.) Nesom var. pergracile (Wieg.)

Nesom, comb. nov. BASIONYM: Aster dumosus L. var. pergracilis

Wieg., Rhodora 30:166. 1928.

e. Symphyotrichum dumosum (L.) Nesom var. strictior (Torr. h
Gray) Nesom, comb. nov. BASIONYM: Asier dumosus L. var.

strictior Ton. & Gray, Fl. N. Amer. 2:128. 1841.

f. Symphyotrichum dumosum (L.) Nesom var. subulifolium (Torr.

k Gray) Nesom, comb. nov. BASIONYM: Anter dumosus L. var.

subulifolius Torr. & Gray, Fl. N. Amer. 2:128. 1841.

25. Symphyotrichum elliottii (Torr. k Gray) Nesom, comb. nov. BA-
SIONYM: Aster elliottii Torr. k Gray, Fl. N. Amer. 2:140. 1841. Aster

puniceus L. subsp. elliottii (Torr. k Gray) A.G. Jones, Phytologia 55:384.

1984. Aster puniceus L. var. elliottii (Torr. k Gray) A.G. Jones, Phy-

tologia 63:132. 1987.

26. Symphyotrichum ericoides (L.) Nesom, comb. nov. BASIONYM:
Aster ericoides L., Sp. PL 2:875. 1753. Lasallea encoides (L.) Semple k
Brouillet, Amer. J. Bot. 67:1023. 1980. Vtrgulus ericoides (L.) Reveal

k Keener, Taxon 30:649. 1981.

a. Symphyotrichum encoides (L.) Nesom var. encoides

Aster multiflorus Sol. ex Aiton, Hort Kew. 3:203. 1789.

b. Symphyotrichum ericoides (L.) Nesom var. pansum (S.F. Blake)

Nesom, comb. nov. BASIONYM: Aster multiflorus Sol. ex Aiton

var. pansus S.F. Blake, Rhodora 30:227. 1928. Aster pansus (S.F.
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Blake) Cronq., Leafl. W. Bot. 6:45. 1950. Aster ericoides L. var.

pansus (S.F. Blake) Boivin, Naturaliste Canad. 89:70. 1962. Virgu-

lus ericoides (L.) Reveal k Keener var. pansus (S.F. Blake) Reveal

k Keener, Taxon 30:649. 1981.

c. Symphyotrichum ericoides (L.) Nesom var. prostratum (Kuntze)

Nesom, comh. nov. BASIONYM: Aster multiflorus Sol. ex Alton

var. prostratus Kuntze, Rev. Gen. 1:313. 1891. Aster erxcoxdes L.

var. prostratus (Kunize) S.F. Blake, Rhodora 32:138. 1930.

d. Symphyotrichum ericoides (L.) Nesom var. stricticauie (Ton. k
Gray) Nesom, comh. nov. BASIONYM: Aster multiflorus Sol. ex

Alton var. stricticaulis Torr. k Gray, Fl. N. Amer. 2:125. 1841.

Aster ericoides L. var. stricticaulis (Ton. k Gray) F.C. Gates,

Trans. Kansas Acad. Sci. 42:138. 1940.

27. Symphyotrichum eulae (Shinners) Nesom, comb. nov. BASIONYM:
Aster eulae Shinners, Field k Lab. 18:35. 1950.

28. Symphyotrichum expansum (Poepp. ex Spreng.) Nesom, comb. nov.

BASIONYM: Erigeron expansus Poepp. ex Spreng., Syst. Veg. 3:518.

1826.

Aster inconspicuus Less, in Schlecht. k Cham., Linnaea 5:143. 1830.

Aster madrensis M.E. Jones, Contr. West. Bot. 12:43. 1908.

Tripolium subulatum (L.) Nees var. parviflorum Nees, Gen. Sp. Aster.

157. 1832.

Tripolium subulatum (L.) Nees var. cubensis DC., Prodr. 5:254. 1836.

Aster subulatus Michx. var. cubensis (DC.) Shinners, Field k Lab.

21:161. 1953.

29. Symphyotrichum falcatum (Lindl.) Nesom, comb. nov. BASIONYM:
Aster falcatus Lindl. in Hook., Fl. Bor.-Amer. 2:12. 1834. Lasallea fal-

cata (Lindl.) Semple k Brouillet, Amer. J. Bot. 67:1023. 1980. Virgulus

falcatus (Lindl.) Reveal k Keener, Taxon 30:649. 1981.

a. Symphyotrichum falcatum (Lindl.) Nesom var. falcatum

b. Symphyotrichum falcatum (Lindl.) Nesom var. commutatum
(Ton. k Gray) Nesom, comb. nov. BASIONYM: Aster multiflorus

Sol. ex Alton var. commutatus Ton. k Gray, Fl. N. Amer. 2:125.

1841. Aster falcatum Lindl. var. commutatus (Ton. k Gray) A.G.

Jones, Phytologia 63:131. 1987.

Aster nahanniensis W.J. Cody, Naturaliste Canad. 101:888. 1974.
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c. Symphyotrichum falcatum (Lindl.) Nesom var. crassulum (Rydb.)

Nesom, comb. nov. BASIONYM: Aster crassulus Rydb., Bull. Tor-

rey Hot. Club 28:504. 1901. Aster falcatus Lindl. var. crassulus

(Rydb.) Cronq., BuU. Torrey Bot. Club 74:144. 1947.

30. Symphyotrichum fendleri (A. Gray) Nesom, comb. nov. BASIONYM:
Aster fendleri A. Gray, Mem. Amer. Acad. Arts II, 4:66. 1849. Virgulus

fendlert (A. Gray) Reveal k Keener, Taxon 30:649. 1981.

31. Symphyotrichum firmum (Nees) Nesom, comb. nov. BASIONYM:
Aster firmus Nees, Synops. Ast Herb. 25. 1818. Aster puniceus L.

subsp. firmus (Nees) A.G. Jones., Phytologia 55:384. 1984.

Aster lucidulus (A. Gray) Wieg., Rhodora 26:4. 1924.

32. Symphyotrichum foliaceum (DC.) Nesom, comb. nov. BASIONYM:
Aster foliaceus Lindl. ex DC, Prodr. 5:228. 1836.

a. Symphyotrichum foliaceum (DC.) Nesom var. apricum (A.

Gray) Nesom, comb. nov. BASIONYM: Aster foliaceus Lindl. ex

DC. var. apricus A. Gray, Synopt. Fl 1(2):193. 1884.

b. Symphyotrichum foliaceum (DC.) Nesom var. canbyi (A. Gray)

Nesom, comb. nov. BASIONYM: Aster foliaceus Lindi. ei DC. var.

canbyi A. Gray, Synopt. Fl. 1(2):193. 1884.

c. Symphyotrichum foliaceum (DC.) Nesom var. foliaceum

d. Symphyotrichum foliaceum (DC.) Nesom var. parryi (D.C.

Eat.) Nesom, comb. nov. BASIONYM: Astei- ascendens Lindl. in

Hook. var. parryi D.C. Eat., Bot. King Exp. 139. 1871. Aster fo-

liaceus Lindl. ex DC. var. parryi (D.C. Eat.) A. Gray, Synopt. FL

1(2):193. 1884.

33. Symphyotrichum fontinale (Alexander) Nesora, comb. nov. BA-
SIONYM: Aster fontinalis Alexander in Small, Man. Southeast. Fl

1382, 1509. 1933.

34. Symphyotrichum frondosum (Nutt.) Nesom, comb. nov. BASIONYM
Tripolium frondosum Nutt., Trans. Amer. Philos. Soc, ser. 2, 7:296.

1840. Aster frondosus (Nutt.) Ton. k Gray, Fl. N. Amer. 2:165. 1841.

Brachyactis frondosa (Nutt.) A. Gray, Proc. Amer. Acad. Arts 8:647.

1873.

35. Symphyotrichum georgianum (Alexander) Nesom, comb. nov. BA-
SIONYM: Aster georgianus Alexander in Small, Man. Southeast. Fl.

1381, 1509. 1933. Virgulus patens (Aiton) Reveal & Keener var. geor-

gianus (Alexander m Small) Reveal & Keener, Taxon 30:649. 1981.

J
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36. Symphyotrichum glabrifolium (DC.) Nesom, comb. nov. BASIONYM:
Ertgeron gtabrtfolius DC, Prodr. 5:287. 1836. Aster glabrtfolius (DC.)

Reiche, Anales Univ. Chile 109:337. 1901.

37. Symphyotrichum graminifolium (Spreng.) Nesom, comb. nov. BA-
SIONYM: Conyza grammifolia Spieng., Syst. Veg., (ed. 16) 3:515. 1826.

Aster squamatus (Spreng.) Hieron. in Sod. var. gramimfolius (Spreng.)

Hieron. in Sod., Hot. Jahrb. Syst. 29:19. 1900. Conyzanthus gramxni-

folius (Spreng.) Tamamsch., Fl. U.R.S.S. 25:186. 1959.

38. Symphyotrichum grandiflorum (L.) Nesom, comb. nov. BASIONYM:
Aster grandiflorus L., Sp. Pi 2:887. 1753. Lasallea grandiflora (L.)

Semple & Brouillet, Amer. J. Bot. 67:1022. 1980. Virgulus grandiflorus

(L.) Reveal k Keener, Taxon 30:649. 1981.

39. Symphyotrichum greatae (Parish) Nesom, comb. nov. BASIONYM:
Aster greatae Parish, Bull. S. Calif. Acad. 1:15. 1902.

40. Symphyotrichum gypsophilum (B.L. Turner) Nesom, comb. nov. BA-
SIONYM: Aster gypsophilus B.L. Turner, Southw. Nat. 19:123. 1974.

41. Symphyotrichum hallii (A. Gray) Nesom, comb. nov. BASIONYM:
Aster hallii A. Gray, Synopt Fl. 1(2):191. 1884. Aster chilensis Nees

subsp. hallii (A. Gray) Cronq., Amer. Midi. Natural. 29:462. 1948.

42. Symphyotrichum hendersonii (Fernald) Nesom, comb. nov. BA-
SIONYM: Aster hendersonii Fernald, Bull. Torrey Bot. Club 22:273.

1895.

Aster cusickii A. Gray var. lyallii A. Gray, Synopt. Fl. 1(2):195. 1884.

Aster foliaceus Lindl. ex DC. var. lyallii (A. Gray) Cronq., Amer. Midi.

Nat. 29:443. 1943.

43. Symphyotrichum hintonii (Nesom) Nesom, comb. nov. BASIONYM:
Aster hintonii Nesom, Phytologia 67:342. 1989.

44. Symphyotrichum jessicae (Piper) Nesom, comb. nov. BASIONYM:
Aster jessicae Piper, Erythea 6:30. 1878.

45. Symphyotrichum laeve (L.) Love k Love, Taxon 31:359. 1982. BA-
SIONYM: Aster laevis L., Sp. PI. 2:876. 1753.

a. Symphyotrichum laeve (L.) Love k Love var. concinnum (Willd.)

Nesom, comb. nov. BASIONYM: Aster concmnus Willd., Enum.
Hort. Berol. 2:884. 1809. Aster laevis L. var. concmnus (Willd.)

House, Bull. N.Y. State Mus. 243-244:15. 1923.
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b. Symphyotrichum laeve (L.) Love & Love var. geyeri (A. Gray)

Nesom, comb. nov. BASIONYM: Aster laevis L, var. geyeri A.

Gray, Synopt. Fl 1(2):183. 1884. Aster geyerx (A. Gray) Howell,

Fl N.W. Amer. 1:308. 1900.

Aster laevis L. var. guadalupensis A.G. Jones, Sida 9:173. 1981.

c. Symphyotrichum laeve (L.) Love & Love var. laeve

d. Symphyotrichum laeve (L.) Love & Love var. purpuratum
(Nees) Nesom, comb. nov. BASIONYM: Aster purpuratus Nees,

Gen. Sp. Aster. 118. 1832. Aster laevis L. var. purpuratus (Nees)

A.G. Jones, Phytologia 55:3J7. 1984.

46. Symphyotrichum lanceolatum (Willd.) Nesom, comb. nov. BA-
SIONYM: Aster lanceolatus Willd., Sp. PI. 3:2050. 1803.

A. Symphyotrichum lanceolatum (Willd.) Nesom subsp. hesperium
(A. Gray) Nesom, comb. nov. BASIONYM: Aster lanceolatus W\M.
subsp. hesperius (A. Gray) Semple & Chmielewski, Canad. J. Bot.

65:1060. 1987.

a. Symphyotrichum lanceolatum (Willd.) Nesom var. hesperium
(A. Gray) Nesom, comb. nov. BASIONYM: Aster hesperius A.

Gray, Synopt. Fl. 1(2):192. 1884. Aster foliaceus Lindl. ex DC.

var. hesperius (A. Gray) Jepson, Man. Fl. Pi Calif. 1047. 1925.

Symphyotrichum hesperium (A. Gray) Love & Love, Taxon 31:359.

1982.

Aster hesperius A. Gray var. wootonii E. Greene, Bull. Torrey

Bot. Club 25:119. 1898. Aster wootomi (E. Greene) E. Greene,

Leafl. Bot. Observ. Crit. 1:146. 1905.

B. Symphyotrichum lanceolatum (Willd.) Nesom subsp. lanceolatum

Aster lanceolatus Willd. subsp. simplex (WiUd.) A.G. Jones, Phy-

tologia 55:383. 1984. Aster simplex WiM., Enum. Hort. BeroL

2:887. 1809. Symphyotrichum simplex (Willd.) Love & Love,

Taxon 31:359. 1982. Aster lanceolatus Willd. var. simplex

(WiUd.) A.G. Jones, Phytologia 63:132. 1987.

b. Symphyotrichum lanceolatum (Willd.) Nesom var. hirsuticaule

(Semple & Chmielewski) Nesom, comb. nov. BASIONYM: Aster

lanceolatus Willd. var. hirsuticaulis Semple & Chmielewski, Canad.

J. Bot. 65:1058. 1987.

c. Symphyotrichum lanceolatum (Willd.) Nesom var. interior

(Wieg.) Nesom, comb. nov. BASIONYM: Aster interior Wieg.,

Rhodora 33:35. 1933. Aster lanceolatus WiM.vni. interior {Wieg.)
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Semple & Chmielewski, Canad. J. Bot. 65:1058. 1987.; A.G. Jones,

Phytologia 63:132. 1987. Aster lanceolatus Wiild. subsp. interior

(Wieg.) A.G. Jones, Phytologia 55:383. 1984.

d. Symphyotrtchum lanceolatum (Willd.) Nesom var. lanceolatum

e. Symphyotrichum lanceolatum (Willd.) Nesom var. latifolium

(Semple & Chmielewski) Nesom, comb. nov. BASIONYM: Aster

lanceolatxis Willd. var. latifolius Semple k Chmielewski, Canad. J.

Bot. 65:1060. 1987.

47. Symphyotrichum lateriflomm (L.) Love & Love, Taxon 31:359. 1982.

BASIONYM: Solidago latenflorus L., 5p. Pi 2:879. 1753. Aster latert-

florus (L.) Britton, Trans. New York Acad. Sci. 9:11. 1884.

a. Symphyotrichum lateriflorum (L.) Love &; Love var. angusti-

folium (Wieg.) Nesom, comb. nov. BASIONYM: Aster lateriflorus

(L.) Britton var. angustifolius Wieg., Rhodora 30:174. 1928.

b. Symphyotrichum lateriflorum (L.) Love & Love var. flagellare

(Shinners) Nesom, comb. nov. BASIONYM: Aster lateriflorus (L.)

Britton var. flagellaris Shinners, Field k Lab. 21:157. 1953.

Aster lateriflorus (L.) Britton var. indutus Shinners, Field & Lab.

21:158. 1953.

c. Symphyotrichum lateriflorum (L.) Love k Love var. hirsuti-

caule (DC.) Nesom, comb. nov. BASIONYM: Aster hirsuticaulis

Lindl. ex DC, Prodr. 5:242. 1836. Aster lateriflorus (L.) Britton

var. hirsuticaulis (DC.) Porter, Mem. Torrcy Bot. Club 5:324. 1894.

d. Symphyotrichum lateriflorum (L.) Love k Love var. horizon-

tale (Desf.) Nesom, comb. nov. BASIONYM: Aster horxzontalis

Desf., Cat. PI. Hort. Reg. Paris, (ed. 3) 402. 1829. Aster lateri-

florus (L.) Britton var. horxzontalis (Desf.) Farw., Asa Gray Bull.

3:21. 1895.

e. Symphyotrichum lateriflorum (L.) Love k Love var. lateriflorum,

Aster vimineu^ Lam., Encycl. 1:306. 1783.

f. Symphyotrichum lateriflorum (L.) Love k Love var. spatelli-

forme (Burgess) Nesom, comb. nov. BASIONYM: Aster spatel-

liformis Burgess m Small, Fl. Southeast. U.S. 1225, 1340. 1903.

Aster latenflorus (L.) Britton var. spatelliformis (Burgess) A.G.

Jones, Phytologia 55:379. 1984.

g. Symphyotrichum lateriflorum (L.) Love k Love var, tenuipes
(Wieg.) Nesom, comb. nov. BASIONYM: Aster latenflorus (L.)

Britton var. tenutpes Wieg., Rhodora 30:174. 1928.
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Aster acadiensis Shinners, Rhodora 46:31. 1944.

48. Symphyotrichum laurentianum (Fernald) Nesom, comb. nov. BA-

SIONYM: Aster laurentianus Fernald, Rhodora 16:59. 1914. Brachyac-

tis laurentianxis (Fernald) Botsch., Not, Syst. Herb. Inst. Bot. Acad. Sci.

URSS 16:384. 1954.

Aster laurentianxis Fernald var. magdalenensis Fernald, Rhodora 16:59.

1914.

49. Symphyotrichum lentum (E. Greene) Nesom, comb. nov. BASIONYM:
Aster lentus E. Greene, Man. Bay Reg. 180. 1894. Aster chilensis Nees

var. lentus (E. Greene) Jepson, Man. Fl. PI. Calif. 1047. 1925.

Aster sonomensis E. Greene, Man. Bay Reg. 179. 1894. Aster chilensis

Nees var. sonomensis (E. Greene) Jepson, Man. Fl. PI. Calif. 1047.

1925.

50. Symphyotrichum leone (Britton) Nesom, comb. nov. BASIONYM:
Aster leonis Britton, Mem. Torrey Bot. Club 16:114. 1920.

51. Symphyotrichum longifolium (Lam.) Nesom, comb. nov. BASIONYM:
Aster longifolius Lam., Encycl 1:306. 1783.

52. Symphyotrichum lowrieanum (Porter) Nesom, comb. nov. BA-
SIONYM: Aster lowrieanus Porter, Bull. Torrey Bot. Club 21:121. 1894.

Aster cordifolius L. var. laevigatus Porter, Bull. Torrey Bot. Club 16:67.

1889.

53. Symphyotrichum lucayanum (Britton) Nesom, comb. nov. BA-
SIONYM: Aster lucayanus Britton, Bull. N.Y. Bot. Gard. 4:143 1906.

Virgulus lucayanus (Britton) Reveal & Keener, Taxon 30:649. 1981.

54. Symphyotrichum martii (Cabrera) Nesom, comb. nov. BASIONYM:
Aster maHii Baker in Mart., Fl. Bras. 6(3):23. 1882.

55. Symphyotrichum molle (Rydb.) Nesom, comb. nov. BASIONYM:
Aster mollis Rydb., Bull. Torrey Bot. Club 28:22. 1901.

56. Symphyotrichum moranense (Kunth) Nesom, comb. nov. BASIO-
NYM: Aster moranensts Kunth, Nov. Gen. & Sp. 4 [folio] :73. 1818.

Vtrgulus moranensts (Kunth) Reveal k Keener, Taxon 30:650. 1981.

a. Symphyotrichum moranense (Kunth) Nesom var. moranense

Aster lima Lindl. ex DC, Prodr. 5:230. 1836. Virgulus Itma (DC.)

Reveal k Keener, Taxon 30:650. 1981.
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b. Symphyotrichum moranense (Kunth) Nesom var. turner! (S.D.

Sundb. k A.G. Jones) Nesom, comb. nov. BASIONYM: Aster

moranensis Kunth var. tumert S.D. Sundb. & A.G. Jones, Bull.

Torrey Hot. Club 113:176. 1986.

57. Symphyotrichum novae-angliae (L.) Nesom, comb. nov. BASIONYM:
Aster novae-angliae L., Sp. Pi 2:875. 1753. Lasallea novae-angliae (L.)

Semple & Brouillet, Amer. J. Bot. 67:1022. 1980. Virgulus novae-angliae

(L.) Reveal k Keener, Taxon 30:649. 1981.

58. Symphyotrichum novi-belgii (L.) Nesom, comb. nov. BASIONYM:
Aster novt-belgti L., Sp. PI. 2:877. 1753.

a. Symphyotrichum novi-belgii (L.) Nesom var. elodes (Ton. &
Gray) Nesom, comb. nov. BASIONYM: Aster elodes Torr. & Gray,

Fl. N. Amer. 2:136. 1841. Aster novi-belgii L. var. elodes (Torr. &
Gray) A. Gray, Synopt. Fl. 1(2):190. 1884.

b. Symphyotrichum novi-belgii (L.) Nesom var. litoreum (A.

Gray) Nesom, comb. nov. BASIONYM: Aster novi-belgii L. var.

litoreus A. Gray, Synopt FL 1(2):189. 1884.

c. Symphyotrichum novi-belgii (L.) Nesom var. novi-belgii

d. Symphyotrichum novi-belgii (L.) Nesom var. tardiflorum (L.)

Nesom, comb. nov. BASIONYM: Aster tardiflorus L., Sp. Pi, (ed.

2). 2:1231. 1763. Aster novi-belgit L. subsp. tardiflorus (L.) A.G.

Jones, Phytologia 55:385. 1984. Aster novi-belgii L. var. tardiflorus

(L.) A.G. Jones, Phytologia 63:132. 1987.

59. Symphyotrichum oblongifolium (Nutt.) Nesom, comb. nov. BA-
SIONYM: Aster oblongifolius Nutt., Gen. N. Amer. Pi 2:156. 1818.

Lasallea oblongifolia (Nutt.) Semple & Brouillet, Amer. J. Bot. 67:1022.

1980. Virgulus oblongifolius (Nutt.) Reveal & Keener, Taxon 30:650.

1981.

Aster oblongifolius Nutt. var. angxistatus Shinners, Amer. Midi. Nat.

26:418. 1941. Virgulus oblongifolius (Nutt.) Reveal k Keener var.

angu^tatus (Shinners) Reveal k Keener, Taxon 30:650. 1981.

Aster oblongifolius Nutt. var. rigidulum A. Gray, Synopt. Fi 1(2):179.

1884.

60. Symphyotrichum ontarione (Wieg.) Nesom, comb. nov. BASIONYM:
Aster ontanonis Wieg., Rhodora 30:179. 1928. (See Semple k Brammall

1982.).
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61. Symphyotrichum oolentangiense (Riddell) Nesom, comb. nov. BA-
SIONYM: Aster oolentangiensis Riddell, Synopsis Fl. W. States, West.

J. Med. k Phys. Sci. 8:495. 1835.

a. Symphyotrichum oolentangiense (Riddell) Nesom var. oolentangiense

Aster oolentangiensis Riddell var. laevicaulis (Fernald) A.G. Jones,

Bull. Torrey Bot. Club 110:41. 1983.

Aster azureus Lindl. in Hook., Comp. Bot. Mag. 1:98. 1835.

b. Symphyotrichum oolentangiense (Riddell) Nesom var. poaceum
(Burgess) Nesom, comb. nov. BASIONYM: Aster poaceus Burgess

in Small, Fl Southeast. U.~S. 1215, 1339. 1903. Aster oolentang-

iensis Riddell var. poaceus (Burgess) A.G. Jones, Bull. Torrey Bot.

Club 110:41. 1983.

Aster vemalis Engelm. ex Burgess in Small, Fl. Southeast. U.S.

1215, 1339. 1903.

62. Symphyotrichum parviceps (Burgess) Nesom, comb. nov. BASIO-
NYM: Aster ericoides L. var. parviceps Burgess m Britton & Brown,

nius. Fl. 3:379. 1898. Aster parviceps [Buigess) Mack, k Bush, Man. Fl.

Jackson Co. Missouri 196. 1902. Aster pUosus Willd. subsp. parviceps

(Burgess) A.G. Jones, Phytologia 55:381. 1984.

63. Symphyotrichum patens (Alton) Nesom, comb. nov. BASIONYM:
Aster patens Sol. ex Alton, Hori. Kew. 2:201. 1789. Lasallea patens

(Alton) Semple k Brouillet, Amer. J. Bot. 67:1023. 1980. Virgulus

patens (Alton) Reveal k Keener, Taxon 30:650. 1981.

a. Symphyotrichum patens (Alton) Nesom 'ar. gracile (Hook.)

Nesom, comb. nov. BASIONYM: Aster patens Sol. ex Alton var.

gracilis Hook., Comp. Bot. Mag. 1:97. 1835. Virgulus patens

(Alton) Reveal k Keener var. gracilis (Hook.) Reveal k Keener,

Taxon 30:650. 1981.

b. Symphyotrichum patens (Alton) Nesom var. patens

c. Symphyotrichum patens (Aiton) Nesom var. patentissimum

(DC.) Nesom, comb. nov. BASIONYM: Aster patentisstmus Lindl.

ex DC, Prodr. 5:232. 1836. Aster patens Sol. ex Aiton var. paten-

tisstmus (DC.) Torr. k Gray, N. Amer. Fl. 2:115. 1841. Virgulus

patens (Aiton) Reveal k Keener var. patentissimus (DC.) Reveal k
Keener, Taxon 30:650. 1981.

64. Symphyotrichum patagonicum (Cabrera) Nesom, comb. nov. BA-

SIONYM: Aster patagonicus Cahvexfi, Fl. Patag. 7:74. 1971.
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65. Symphyotrichum peteroanum (Phil.) Nesom, comb. nov. BASIO-

NYM: Aster peteroanus Phil., Anales Univ. Chile 87:406. 1894.

66. Symphyotrichum phlogifolium (Muhl. ex Willd.) Nesom, comb. nov.

BASIONYM: Aster phlogifolius Muhl. ex Willd., Sp. PL 3:2034. 1803.

Virgulus patens (Alton) Reveal k Keener var. phlogifolius (Muhl. ex

WiUd.) Reveal & Keener, Taxon 30:650. 1981.

67. Symphyotrichum pilosum (Willd.) Nesom, comb. nov. BASIONYM:
Aster pilosus WiUd., Sp. Pi 3:2025. 1803.

a. Symphyotrichum pilosum (WiUd.) Nesom var. pilosum,

b. Symphyotrichum pilosum (Willd.) Nesom var. pringlei (A.

Gray) Nesom, comb. nov. BASIONYM: Aster ericoides L. var.

prtnglei A. Gray, Synopt. Fl. 1(2):184. 1384. Aster pringlei (A.

Gray) Britton m Britton k Brown, Illus. Fi 3:379. 1898. Aster

pilosus Willd. var. pringlei (A. Gray) S.F. Blake, Rhodora 32:140.

1930.

Aster pilosus Willd. var. demotus S.F. Blake, Rhodora 32:139.

1930.

68. Symphyotrichum porteri (A. Gray) Nesom, comb. nov. BASIONYM:
Aster porteri A. Gray, Proc. Amer. Acad. Arts 16:99. 1881.

Aster ericoides L. var. strictus Porter in Porter & Coulter, U.S. Dept.

Interior Misc. Pub. 4:56. 1874.

69. Symphyotrichum potosinum (A. Gray) Nesom, comb. nov. BA-

SIONYM: Aster potosinus A. Gray, Proc. Amer. Acad. Arts 15:32. 1880.

70. Symphyotrichum praealtum (Poir.) Nesom, comb. nov. BASIONYM:
Aster praealtus Poir., Encycl, Suppi 1(2):493. 1811.

a. Symphyotrichum praealtum (Poir.) Nesom var, angustior (Wieg.)

Nesom, comb. nov. BASIONYM: Aster praealtus Poir. var. angus-

tior Wieg., Rhodora 35:24. 1933.

b. Symphyotrichum praealtum (Poir.) Nesom var. praealtum

Aster coerulescens DC, Prodr. 5:235. 1836. Aster praealtus Poir.

var. coerulescens (DC.) A.G. Jones, Phytologia 55:383. 1984.

Aster praealtus Poir. var. imbricatior Wieg., Rhodora 35:26. 1933.

Aster nebraskensis Britton m Britton k Brown, Illus. Fl. 3:375.

1898. Aster praealtus Poir. var. nebraskensis (Britton) Wieg.,

Rhodora 35:25. 1933.
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c. Symphyotrichum praealtum (Poir.) Nesom var. subasperum
(Lindl.) Nesom, comb. nov. BASIONYM: Aster subasper Lindl. in

Hook., Comp. Bot. Mag. 1:97. 1835. Aster praealtus Poir. var.

subasper (Lindl.) Wieg., Rhodora 35:24. 1933.

d. Symphyotrichum praealtum (Poir.) Nesom var. texicola (Wieg.)

Nesom, comb. nov. BASIONYM: Aster praealtus Poir. var. texicola

Wieg., Rhodora 35:25. 1933.

71. Symphyotrichum pratense (Rafin.) Nesom, comb. nov. BASIONYM:
Aster pratensis Rafin., Fl. Ludov. 67. 1817. Lasaliea sericea (Vent.) E.

Greene var. pratensis (Rafin.) Semple &; Brouillet, Ainer. J. Bot. 67:1022.

1980. Virgulus pratensis (Rafin.) Reveal k Keener, Taxon 30:649. 1981.

Aster phyllolepis Torr. & Gray, Fl. N. Amer. 2:113. 1841.

Aster sericexis Vent. var. microphyllus DC, Prodr. 5:233. 1836.

72. Symphyotrichum prenanthoides (Muhl. ex Willd.) Nesom, comb,

nov. BASIONYM: Aster prenanthoides Muhl. ex Willd., Sp. PI. 3:2046.

1803.

73. Symphyotrichum priceae (Britton) Nesom, comb. nov. BASIONYM:
Aster priceae Britton, Man. 960. 1901. Aster pilosus Willd. var. priceae

(Britton) Cronq., Rhodora 50:28. 1948.

74. Symphyotrichum puniceum (L.) Love & Love, Taxon 31:359. 1983. BA-
SIONYM: Aster puniceus L., Sp. PI 2:875. 1753.

a. Symphyotrichum puniceum (L.) Love & Love var. calderi (Boivin)

Nesom, comb. nov. BASIONYM: Aster calderi Boivin, Canad.

Field-Nat. 65:14. 1951. Aster puniceus L. var. calderi (Boivin)

Lepage, Naturaliste Canad. 79:181. 1952.

b. Symphyotrichum puniceum (L.) Love & Love var. puniceum

Aster salicifolius Lam., Encycl. 306. 1783.

c. Symphyotrichum puniceum (L.) Love k Lcve var. scabricaule

(Shinners) Nesom, comb. nov. BASIONYM: Aster scabricaulis

Shinners, Field & Lab. 21:156. 1953. Aster puniceus L. var. scabri-

caulis (Shinners) A.G. Jones, Phytologia 55:384. 1984.

75. Symphyotrichum racemosum (Elliott) Nesom, comb. nov. BASIO-
NYM: Aster racemosus Elliott, Sketch 2:348. 1823.

Aster fragilis Willd., Sp. PI. 3:2051. 1803. (misapplied, see Gleason k
Cronquist 1991.).

I
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a. SymphyotrichuTn racemosum (Elliott) Nesom var. racemosum

Aster brachypholts Small, Man. Southeast. Fl. 1389, 1509. 1933.

Aster fragilis Willd. var. brachypholts (Small) A.G. Jones, Phy-

tologia 55:377. 1984.

b. Symphyotrichum racemosum (Elliott) Nesom var. subdumo-
sum (Wieg.) Nesom, comb. nov. BASIONYM: Aster vtmineus

Lam. var. subdumosus Wieg., Rhodora 30:171. 1928. Aster frag-

ilis Willd. var. subdumosus (Wieg.) A.G. Jones, Phytologia 55:378.

1984.

76. Symphyotrichum regnellii (Baker) Nesom, comb. nov. BASIONYM:
Aster regnellii Baker in Mart., Fl. Brasxl 6(3):21. 1882. (not Erigeron

regnellii Sch.-Bip., Linnaea 22:571. 1849. [nom,. nud.]).

11. Symphyotrichum retroflexum (DC.) Nesom, comb. nov. BASIONYM:
Aster retroflexus Lindl. ex DC, Prodr. 5:244. 1836.

Aster curtisii Torr. & Gray, Fl. N. Amer. 2:110. 1841.

78. Symphyotrichum sagittifolium (Wedem. ex Willd.) Nesom, comb,

nov. BASIONYM: Aster sagittifolius Wedem. ex Willd., Sp. Pi 3:2035.

1803. Aster cordifolius L. subsp. sagittifolius (Wedem. ex Willd.) A.G.

Jones, Brittonia 32:249. 1980. Aster cordifolius L. var. sagittifolius (We-

dem. ex Willd.) A.G. Jones, Phytologia 63:131. 1987.

79. Symphyotrichum schaffneri (S.D. Sundb. & A.G. Jones) Nesom,

comb. nov. BASIONYM: Aster schaffneri Sch.-Bip. ex S.D. Sundb. &
A.G. Jones, Bull. Torrcy Bot. Club 113:173. 1986.

80. Symphyotrichum sericeum (Vent.) Nesom, comb. nov. BASIONYM:
Aster sericeus Vent., Hort. Cels. t. 33. 1800. Lasallea sericea (Vent.) E.

Greene, Leafl. Bot. Observ. Crit. 1:5. 1903. Virgulus sertceus (Vent.)

Reveal & Keener, Taxon 30:649. 1981.

81. Symphyotrichum shortii (Lindl.) Nesom, comb. nov. BASIONYM:
Aster 5/iort« Lindl. in Hook., Fl. Bor.-Amer. 2:9. 1834.

82. Symphyotrichum simmondsii (Small) Nesom, comb. nov. BASIO-
NYM: Aster simmondsii Small, Fl. Miami 190, 200. 1913.

83. Symphyotrichum spathulatum (Lindl.) Nesom, comb. nov. BA-
SIONYM: Aster spathulatus Lindl. m Hook., Fl. Bor-Amer. 2:8. 1834.

Aster subspathulatus Rydb. [nom. nov.], Mem. New York Bot. Gard.

1:395. 1900. See comments by Cronquist 1994.
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a. Symphyotrichum spathulatum (Lindl.) Nesom var. fremontii

(Ton. & Gray) Nesom, comb. nov. BASIONYM: Aster ascendens

Lindl. in Hook. var. fremontii Torr. &; Gray, Fi N. Amer. 2:503.

1841. Aster fremontii {Ton. & Gray) A. Gray, Synopt. Fl. 1(2):191.

1884. Aster occidentalis (Nutt.) Torr. k Gray var. fremontii (Torr.

k Gray) A.G. Jones, Phytologia 63:132. 1987.

b. Symphyotrichum spathulatum (Lindl.) Nesom var. intermedi-

um (A. Gray) Nesom, comb. nov. BASIONYM: Aster occiden-

talis (Nutt.) Torr. & Gray var. intermedins A. Gray, Synopt. Fl.

1(2):192. 1884. Aster spathulatus Lindl. in Hook. var. intermedins

(A. Gray) Cronq., Intermountain Fl. 5:294. 1994.

c. Symphyotrichum spathnlatnm (Lindl.) Nesom var. spathnlatnm

Aster delectabilis Hall, Univ. Calif. Pub. Bot. 3:82. 1907. Aster

occidentalis (Nutt.) Torr. & Gray var. delectabilis (Hall) Ferris,

Madrono 15:128. 1959.

Aster fremontii (Torr. & Gray) A. Gray var. parishii A. Gray,

Synopt. FL 1(2):192. 1884. Aster occidentalis (Nutt.) Torr. &
Gray var. parishii (A. Gray) Ferris, Madrono 15:128. 1959.

Tripolinm occidentcde Nutt., Trans. Amer. Philos. Soc, ser. 2,

7:296. 1840. Aster occidentalis (Nutt.) Torr. & Gray, Fl. N.

Amer. 2:164. 1841.

d. Symphyotrichum spathulatum (Lindl.) Nesom var. yosemi-

tanum (A. Gray) Nesom, comb. nov. BASIONYM: Aster ascen-

dens Lindl. in Hook. var. yosemitanns A. Gray, Synopt. Fl. 1(2):191.

1884. Aster occidentalis (Nutt.) Torr. & Gray var. yosemitanns (A.

Gray) Cronq., Amer. Midi. Nat. 29:467. 1943

Aster palndicola?'\peT, Contr. U.S. Natl. Heib. 16:210. 1913.

84. Symphyotrichum squamatum (Spreng.) Nesom, comb. nov. BA-

SIONYM: Conyza sqnamata Spreng., Syst Veg., (ed. 16) 3:515. 1826.

Aster sqnamatns (Spreng.) Hieron. in Sod., Bot. Jahrb. Syst. 29:19.

1900. Conyzanthus sqnamatns (Spreng.) Tamamsch., Fl. U.R.S.S. 25:186.

1959.

Aster snbtropicos Morong, Ann. N.Y. Acad. Sci. 7:139. 1893.

Aster snbnlatns Michx. var. sandwicensis (A. Gray) A.G. Jones, Brit-

tonia 36:465. 1984. Aster divancatus var. sandwicensis A. Gray,

Proc. Amer. Acad. Arts 7:173. 1867.

Tnpolium conspicuum Lindley ex DC, Prodr. 5:254. 1836.

Baccharis asteroides CoUa, Mem. Reale Accad. Sci. Torino 38:14. 1835.

Aster asteroides (Colla) Rusby, Mem. Torrey Bot. Club 4:213. 1893.
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85. Symphyotrichum subgeminatum (Fernald) Nesom, comb. nov. BA-

SIONYM: ^ Aster fohaceus Lindl. ex DC. var. subgemmatus Fernald,

Rhodora 17:16. 1915. Aster subgemmatus (Fernald) Boivin, Natural-

iste Canad. 75:211. 1948. [E. ctholata x E. tardtflora?].

86. Symphyotrichum subspicatum (Nees) Nesom, comb. nov. BASIO-
NYM: Aster subspicatus Nees, Gen. Sp. Aster. 74. 1832.

Aster douglasii Lindl. in Hook., Fl. Bor.-Amer. 2:11. 1834.

a. Symphyotrichum subspicatum (Nees) Nesom var. subspicatum

b. Symphyotrichum subspicatum (Nees) Nesom var. grayi (Suksd.)

Nesom, comb. nov. BASIONYM: Aster grayi Suksd., Werwenda

1:41. 1927. Aster subspicatus Nees yh.1. grayi {Suksd.) Cionq. J Vase.

PL Pac. Northw. 5:97. 1955.

87. Symphyotrichum subulatum (Michx.) Nesom, comb. nov. BASIO-

NYM: Aster subulatus Michx., Fl Bor.-Amer. 2:111. 1803. Mesohgus

subulatus (Michx.) Rafin., Fl. Tellur. 2:44. 1836 [1837).

88. Symphyotrichum tenuifolium (L.) Nesom, comb. nov. BASIONYM:
Aster tenuifolius L., Sp. PI. 2:873. 1753.

89. Symphyotrichum tradescantii (L.) Nesom, comb. nov. BASIONYM:
Aster tradescantii L., Sp. PL 2:876. 1753.

Aster vimineus Lam. var. saxatilis Fernald, Rhodora 1:188. 1899. Aster

saxatilis (Fernald) Blanch, [comb, xlleg.], Amer. J. Bot. 7:27. 1904.

(not Aster saxatilis [Remy] 0. Kuntze 1891.).

90. Symphyotrichum trilineatum (Sch.-Bip. ex Klatt) Nesom, comb. nov.

Aster trilineatus Sch.-Bip. ex Klatt, Leopoldina 20:91. 1844.

Aster bimater Standi, k Steyerm., Field Mus. Publ., Bot. 23:141. 1944.

Virgulus bimater (Standi. & Steyerm.) Reveal & Keener, Taxon

30:650. 1981.

91. Symphyotrichum turbinellum (Lindl.) Nesom, comb. nov. BA-

SIONYM: Aster turbinellus Lindl m Hook., Comp. Bot. Mag. 1:98.

1835.

92. Symphyotrichum undulatum (L.) Nesom, comb. nov. BASIONYM:
Aster undulatus L., Sp. PI. 2:875. 1753.

Aster undulatus L. var. asperulus Wood, Amer. Bot. Fl. 162. 1870.

Aster undulatus L. var. loriformts Burgess in Britton & Brown, ///as.

Fl. 3:365. 1898.
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93. Symphyotrichum urophyllum (DC.) Nesom, comb. nov. BASIONYM:
Aster urophyllus Lindl. ex DC, Prodr. 5:233. 1836. Aster sagxttxfolxus

Wedem. ex Willd. var. urophyllus (DC.) Burgess in Britton k, Brown,

Illus. Fl. 3:365. 1898.

94. Symphyotrichum vahlii (Gaud.) Nesom, comb. nov. BASIONYM:
Erxgeron vahlii Gaud., Ann. Sci. Nat. (Paris) 5:104. 1825. Aster vahlii

(Gaud.) Hook. & Am., Companion Bot. Mag. 2:49. 1836.

a. Symphyotrichum, vahlii (Gaud.) Nesom var. vahlii

b. Symphyotrichum vahlii (Gaud.) Nesom var. tenuifolium (Phil.)

Nesom, comb. nov. BASIONYM: Tripolium tenuifolium Phil., Ana-

les Univ. Chile 87:404. 1894. Aster vahlii (Gaud.) Hook. & Arn.

var. tenuifolius (Phil.) Cabrera, Revista Chil. Hist. Nat. 40:227.

1936.

95. Symphyotrichum walteri (Alexander) Nesom, comb. nov. BASIONYM:
Aster walterx Alexander in Small, Man. Southeast. Fl. 1382, 1509. 1933.

Lasallea walteri (Alexander) Semple & Brouillet, Amer. J. Bot. 67:1023.

1980. Virgulus walteri (Alexander) Reveal k Keener, Taxon 30:650.

1981.

96. Symphyotrichum welshii (Cronq.) Nesom, comb. nov. BASIONYM:
Aster welshii Cronq., Intermountain Fl. 5:291. 1994.

97. Symphyotrichum yukonense (Cronq.) Nesom, comb. nov. BASIO-
NYM: Aster yukonensis Cronq., Madrono 8:98. 1945. Virgulus yuko-

nensis (Cronq.) Reveal & Keener, Taxon 30:650. 1981.

Hybrids in Symphyotrichum:

1. Symphyotrichum x amethystinum (Nutt.) Nesom, comb. nov. BA-
SIONYM: Aster amethystinus Nutt. [pro sp.], Trans. Amer. Philos. Soc,

ser. 2, 7:294. 1841. Lasallea x amethystana (Nutt.) Semple k Brouillet,

Amer. J. Bot. 67:1022. 1980. Virgulus x amethystanus (Nutt.) Reveal

& Keener, Taxon 30:649. 1981. [5. erxcoides x 5. novae- angliae].

2. Symphyotrichum x batesii (Rydb.) Nesom, comb. nov. BASIONYM: i

Aster batesii Rydb. [pro sp.], Brittonia 1:102. 1931. [S. erxcoides x 5. |

oblongifolium]. *

3. Symphyotrichum x columbianum (Piper) Nesom, comb. nov. BA-
SIONYM: Aster columbxanus Piper [pro sp.], Contr. U.S. Natl. Herb.
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16:210. 1913. Aster multiflorus Sol. ex Aiton var. columbianxis (Piper)

S.F. Blake, Rhodora 30:227. 1928. Virgulus x columbianiLs (Piper) Re-

veal & Keener, Taxon 30:649. 1981. [5. campestre x 5. ericoxdes var,

pan3urn\ .

4. Symphyotrichum x finkii (Rydb.) Nesom, comb. nov. BASIONYM:
Aster finkii Rydb. [pro sp.j, Brittonia 1:102. 1931. [5. cordifolium x 5.

5/ioWii]

.

5. Symphyotrichum x gravesii (Burgess) Nesom, comb. nov. BASIONYM:
>l5<er ^ravesit Burgess in Britton [pro 5p.], Man. 961. 1901. [S. dumosum
X 5. laeve].

6. Symphyotrichum x longulum (Sheldon) Nesom, comb. nov. BA-

SIONYM: Aster longulus Sheldon [pro sp.], Minnesota Bot. Stud. 1:18.

1894. [5. boreale x S. puniceum].

7. Symphyotrichum x salignum (Willd.) Nesom, comb. nov. BASIONYM:
Aster salignus Willd. [pro sp.], Sp. Pi 3:2040. 1803. [5. lanceolatum x

5. noin-6c/^n].

8. Symphyotrichum x schistosum (Steele) Nesom, comb. nov. BA-

SIONYM: Aster schistosus Steele [pro sp.], Conti. U.S. Natl. Herb.

13:373. 1911. [5. cordifolium x 5. /ocve].

9. Symphyotrichum x versicolor (Willd.) Nesom, comb. nov. BASIONYM:
Aster versicolor Willd. [pro sp.], Sp. PI. 3:2045. 1803. [5. laeve x 5.

novi-belgii].

10. Symphyotrichum x woldenii (Rydb.) Nesom, coml\ nov. BASIONYM:
Aster woldenii Rydb. [pro sp.], Brittonia 1:103. 1931. [5. praealtum x

5. laeve].

Unknown and excluded taxa:

Aster exilis Elliott, Sketch Bot. S. Carolina 344. 1823.

This taxon h&s been associated with Symphyotrichum (As-

ter) subulatum, but as noted by Shinners (1953) and Sundberg

(1986), the type specimen apparently is not extant. Further,

it was collected in western Georgia, outside of the range of

A. subulatus, and it is likely that it represents some species

outside of sect. Oxytripolium.
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Aster sp.-group Exiles Rydb., Fl. Praines & Plains 803. 1932. Aster sect.

Exiles (Rydb.) A.G. Jones, Brittonia 32:233. 1980.

Type: Aster exilis Elliott.

Venatns Rafin., Fl. Tellur. 2:47. 1836. [1837].

Lectotype (designated here): Venatris falcata Rafin., Fl.

Tellur. 2:47. 1836. [1837).

Rafinesque cited various species as "types" of this Aster segregate, but

Venatris falcata was noted by him as the "best type of the G." The latter

is based on a collection with the following citation: "East Kentucky, falls of

Cumberland, pedal." The plant was described as glabrous, with erect, sessile,

falcate, linear-lanceolate, 1-nerved, and subentire leaves, bearing 3-5 heads

with purple rays, and it appears likely to be a species of Symphyotrichum.

Venatris falcatais regarded here as a new species first described by Rafinesque,

as there is no indication that the name was based on Aster falcatxu Lindl., nor

does this species occur in eastern Kentucky. The identity of Venatris falcata

has not been established.

XIII. TONESTUS A. Nelson, Bot. Gaz. (CrawfordsviUe) 37:262. 1904.

Type: Tontstus lyallii (A. Gray) A. Nelson.

1. Tonestus aberrans (A. Nelson) Nesom & Morgan, Phytologia 68:178.

1990. BASIONYM: Macronema aberrans A. Nelson, Bot. Gaz. (Craw-

fordsviUe) 53:226. 1912. Haplopappus aberrans (A. Nelson) H.M. Hall,

Carnegie Inst. Washington Publ. 389:185. 1928.

2. Tonestus alpinus (Anderson & Goodrich) Nesom & Morgan, Phytologia

68:178. 1990. BASIONYM: Haplopappus alpinus Andevson & Goodrich,

Great Basin Nat. 40:73. 1980.

3. Tonestus eximius (H.M. Hall) Nelson k Macbr., Bot. Gaz. (CrawfordsviUe)

65:70. 1918. BASIONYM: Haplopappus extmtus H.M. Hall, Univ. Calif.

Pub. Bot. 6:170. 1915.

4. Tonestus graniticus (Tiehm & Schulz) Nesom k Morgan, Phytologia

68:178. 1990. BASIONYM: Haplopappus graniticus Tiehm & Schulz,

Brittonia 37:165. 1985.

5. Tonestus kmgii (D.C. Eaton) Nesom, Phytologia 71:125. 1991. BA-
SIONYM: Aster kmgit D.C. Eaton, Bot. Fortieth Parallel 5:141. 1871.

Machaeranthera kmgii (D.C. Eaton) Cronq. & Keck, Brittonia 9:239.

1957.
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a. Tonestus kingii (D.C. Eaton) Nesom var. bamebyana (Welsh k
Goodrich) Nesom, Phytologia 71:125. 1991. BASIONYM: Machaer-

anthera ktngti (D.C. Eaton) Cronq. & Keck var. bamebyana Welsh

k Goodrich, Brittonia 33:299. 1981. Aster ktngtt D.C. Eaton var.

bamebyana (Welsh k Goodrich) Welsh, Great Basin Nat. 43:221.

1983.

b. Tonestus kingii (D.C. Eaton) Nesom var. kingii

6. Tonestus lyallii (A. Gray) A. Nelson, Bot. Gaz. (Crawfordsville) 37:262.

1904. BASIONYM: Haplopappus lyallii A. Gray, Proc. Acad. Nat. Sci.

Philad. 1863:64. 1864. Stenotus lyalhi (A. Gray) J.T. Howell, Fl N.W.

Amer. 300. 1900.

7. Tonestus peirsonii (Keck) Nesom k Morgan, Phytologia 68:178. 1990.

BASIONYM: Haplopappus eximius H.M. Hall subsp. peirsonii Keck,

Madrono 5:169. 1940.

8. Tonestus pygmaeus (Torr. k Gray) A. Nelson, Bot. Gaz. (Crawfordsville)

37:262. 1904. BASIONYM: Stenotus pygmaeus Torr. k Gray, Fi N.

Amer. 2:237. 1842. Haplopappus pygmaeus (Torr. k Gray) A. Gray,

Amer. J. Sci., ser. 2, 33:238. 1862.
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ABSTRACT

Interspecific hybrids occur naturally in the Astereae within a num-

ber of genera, but hybrids also occur between species of distinct and

generally accepted but closely related genera. Intergeneric hybrids also

have been artificially synthesized between species of more distantly re-

lated genera (of different but closely related subtribes).

KEY WORDS: hybrids, Astereae, Asteraceae

In the course of a survey and classification of the tribe Astereae (Nesom
1994b), I have assembled observations regarding hybridization that have a

general bearing on the interpretation of taxonomic patterns within the tribe.

This paper summarizes the findings.

INTERSPECIFIC HYBRIDS WITHIN A GENUS

Spontaneous, infrageneric hybrids are reported to occur between species

within numerous genera of Astereae; they appear to be commonly formed

in several large, homobasic genera where species have overlapping geographic

ranges, suggesting that isolating mechanisms may be external (primarily geo-

graphic) rather than internal. This is emphasized by studies of genera where

natural hybrids are relatively rare or unknown but where artificial interspecific

hybrids are readily synthesized (e.g., Tetramolopium, Lowrey 1986). The effect

of internal isolating mechanisms is more evident in genera where chromosome
numbers are reduced (less than x=8) and different among the species (e.g., in

Machaeranthera sensu lato - Jackson 1993; Jackson et ai 1993; Aatranthium
- DeJong 1965), this attributable at least in part to structural incompatibility

of the chromosomes. Fertile hybrids between widely heterobasic species within

the North American Symphyotrichum (a segregate from Aater, Nesom 1994c),

however, make such a generalization difficult (see below).

298
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Natural hybrids are particularly well-known in Townsendia (Beaman 1957)

and in Sohdago and Symphyotrichum {e.g., see comments on both genera in

Gleason k Cronquist ed. 1, 1963 and ed. 2, 1991; representation of inter-

sectional and intersubgeneric hybridization in Nesom 1994c; Symphyotrichum

formeriy considered a large group of North American Aster). Semple & Bram-

mall (1982), however, noted that the extent of interspecific hybridization in

Symphyotrichum is perhaps not as wide as generally supposed, much of the

confusing variation within species instead attributable tc phenotypic plastic-

ity. Intersectional hybrids occur in Solidago (see Nesom 1993) as well as in

Symphyotrichum (see below). Hybrids in various combinutions of species also

are known within Oligoneuron.^ which has sometimes beer treated within Sol-

idago, but the only putative hybrid between Solidago and Oligoneuron is the

taxon xSolidaster (see Nesom 1993 and comments below), formed and evi-

dently perpetuated from the results of a single, spontaneous crossing event.

Fertile, naturally occurring hybrids occur within Symphyotrichum between

homobasic parents (diploid and polyploid) as well as between species of dif-

ferent base chromosome number and highly modified karyotypes. Sundberg

(1986) discovered a population system of fertile plants from Oaxaca, Mexico

with a chromosome number of n=13, apparently the result of a cross between

an x=5 parent (sect. Oxytripolium) and an x=8 parent (sect. Dumosi). In a

series of papers, Jones (1977), Dean k Chambers (1983), Allen et al. (1983),

and Allen (1984, 1985, 1986) have documented the hybrid origin of a fertile,

well-known species 5. (Aster) ascendens (Lindl.) Nesom, n=13 and polyploid

levels) between heterobasic parents of different subgenera (r=8 - subg. Sym-

phyotrichum and x=5 - subg. Virgulus and the reticulate nature of phyletic

relationships in this species complex. Another accepted species (5. defoliatum

(Parish) Nesom = Aster bemardinus Hall; n=18) origirated as a backcross

between S. ascendens (n=13) and 5. [Aster] falcatum (Lindl.) Nesom (n=5),

one of the parents of S. ascendens. Both of these alloploid species backcross in

various combinations to both parents as well as other tax* (extra-parental, in

both subgenera) of this species complex. Semple (1985) has divided the plants

of this complex among three genera: the virguloid and symphyotrichoid par-

ents each representing a different genus and those with a genetic amalgam (Fi 's

and backcrosscs) representing a third. Such a taxonomic approach is unique

in the Astereae and, in my opinion, overemphasizes the degree of evolutionary

divergence of the parents.

One artificially produced hybrid within Symphyotrichum (reported as Aster,

Avers 1957) that was originally regarded as "wide" has been reinterpreted as

a cross between two related species with the same base chromosome number

(x=8): 5. cordifolium (L.) Nesom (n=8) and 5. turbtnellum (Lindl.) Nesom

(n=48). Within both Symphyotrichum subg. Symphyotrichum (sect. Dumosi)

and the genus Euryhia {= Aster subg. Biotia), some species apparently are of

hybrid origin (Semple k Brammall 1982; Lamboy et al. 1991) and the inter-
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pretation of species relationships is correspondingly complex. The occurrence

of an intersectional hybrid between sect. Eurybia and sect Calliastrum (Uttal

1962; Nesom 1994b), the parental species strongly divergent in morphology, is

perhaps facilitated by the high ploidy level of both parents.

Another remarkable and well-documented area of natural hybridization in

the Astereae is in the genus Chrysopsis (Semple & Chinnappa 1980a, 1980b;

Semple 1981), which has a base chromosome number of x=5. One of the

species, C. gossypina Ell., is an alloploid (n=9) originating as a hybrid between

parents with n=5 and n=4. Naturally occurring n=7 hybrids exist between C.

gossypina and two of the n=5 species (one of the hybrids a backcross), and an

artificial 2n=13 hybrid has been constructed between C. gossypina and one of

the x=4 species. The x=9 alloploids also have been artificially synthesized.

In the large genus Erigeron, there are relatively few putative natural hy-

brids, perhaps because of the restricted (non-overlapping) geographic distribu-

tions of many of the species, and there are no known hybrids between species

of different sections. Within Erigeron sect. Olygotrichium^ however, agamic

polyploid complexes involving hybrids between E. divergens Torr. & Gray and

its close relatives are common. Widespread interspecific hybridization in Bac-

charis (Hellwig 1990), apparently strictly infra-sectional, is responsible for at

least a part of the taxonomically confusing variation found in that genus. A
sample of other Astereaean genera where interspecific hybrids are reported

between relatively closely related species are Celmisia (Allan 1961), Felicia

(Grau 1973), Oclemena (Pike 1970; see summary in Nesom 1994c), Bolionia

(Anderson 1987), Xylorhiza (T. Watson pars, comm.), and Machaeranthera.

A naturally formed hybrid has been reported between homobasic species

(x=:9) of the Australian genera Pleurophyllum and Damnamenia, but the

species involved are closely related and probably are best considered congeneric

(Drury 1968; Given 1973). Natural hybrids occur between Galatella angustis-

stma (Tausch.) Novopokr. and Crinitaria villosa (L.) Grossh. (Tamamschyan

1959), but the inter-relationships of the subgroups within these two closely

related genera are poorly understood, as noted by Tamamschyan. Similarly,

an artificial "intergcneric" hybrid between Haplopappus and Machaeranthera

(Jackson 1993) is reinterpreted as a cross between two species of Machaer-

anthera. Natural hybrids reported between taxa of Chrysothamnus and Eri-

cameria have been reinterpreted as crosses within the latter genus (Nesom

& Baird 1993). A recurrent hybrid combination between two species of Eri-

cameria strongly divergent in habit and capitiilescence has been documented

by Urbatsch &; Wussow (1979), who placed them in the same section of the

genus.

INTERGENERIC HYBRIDS

Among genera of Astereae reasonably accepted as distinct (Nesom 1994b),
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there are reports (documented in varying degrees) of naturally occurring hy-

brids between the following:

Aster ageratoides Turcz. (2n=36) x Kalimeris incisa (Fisch.) DC. (2n=72);

homobasic, z=9, the hybrids fertile (Inoue 1970; Tara 1972, 1979; Gu
1987 and in press);

Heteropappus hispidus (Thunb.) Less. (2n=36) x Kalimeris incisa (2n=72);

homobasic, z=9, the hybrids fertile (Huziwara 1950; Inoue 1955; Tara

1973);

Polyarrhena reflexa (L.) Cass, x Zyrphelis taxifolia (L.) Cass.; homobasic,

x=9, the hybrids of unknown fertility (see Nesom 1994a) and needing

confirmation of their status;

Isocoma veneta (Kunth) E. Greene x Xanthocephalum humile Benth.; ho-

mobasic, 1=6, the hybrids vegetatively robust but largely sterile (Lane

k Hartman 1991);

Erigeron [subg. Trimorpha] acris L. x Conyza canadensis (L.) Cronq.; ho-

mobasic, x=9, the hybrids recurring but rare and apparently weak and

sterile (Stace 1975).

Four instances of putative natural hybridization have been reported be-

tween species of Olearia and Celmisia (summarized by Clarkson 1988). Among
these, at least three of the Olearia parents have been plants of the shrubby

species 0. arborescens (Forst. f.) Ckn. & Laing; the Celmisia parents are

species representing at least three subgenera {sensu Gi^en 1969) and range

from woody subshrubs to herbs. The hybrids studied in detail by Clarkson

(0. arborescens x C. gracilenta J.D. Hook.) are relatively rare and almost

completely sterile.

I recently suggested that the parents of the spontaneously formed and fer-

tile (but apparently only once-formed) intergeneric hybrid x Solidasier might

be Oligoneuron album (Nutt.) Nesom and a species of Euthamia (Nesom 1993).

The hybrid is maintained in the florist trade (generally by cuttings and divi-

sions), and after being able to observe living material, where the shape of

the capitulescence in at least some plants may be more asymmetrical than in

the herbarium material I have studied, it appears that Solidago canadensis

L. (rather than Euthamia) may be a reasonable parental candidate, as sug-

gested previously by other botanists (see summary in Nesom 1993). In either

case, each parent of Solidaster has a base chromosome number of x=9, and

they are relatively closely related within the Solidagininae. At least the orig-

inal plant of Solidasier produced fertile achenes; the "F2" progeny also were

fertile, although whether they were backcrosses or true F2's is not clear.
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Intergeneric hybrids have been artificially synthesized between the follow-

ing species of different but closely related Astereaean genera (within a sub-

tribe):

Grindelia papposa Nesom & Suh (= Prionopsis ciliata [Nutt.] Nutt.) x Hap-

lopappus annuu3 Rydb.; homobasic, x=6 (Jackson 1966) (Machaeran-

therinae); H. annuus is a member of the "phyllocephalus group," ac-

cepted as a generic-level group of the Machaerantherinae (Nesom 1994b);

both Grindelia and the "phyllocephalus group" are members of the

^^Xanthocephalum WiUd. group."

Isocoma veneta (Kunth) E. Greene x Haplopappus aureus A. Gray; homoba-

sic, x=6 (Jackson 1966) (Machaerantherinae); H. aureus is a member
of the "phyllocephalus group"; Isocoma and the "phyllocephalus group"

are members of the ^^Xanthocephalum group."

Tracyina rostrata S.F. Blake x Rigiopappus leptocladus A. Gray; homobasic,

x=9 (Ornduff k Bohm 1975) (Feliciinae).

Intergeneric hybrids have been artificially synthesized between species of

North American Astereae apparently more widely separated in relationship:

Almutaster (Aster) pauciflorus (x=9) x Machaeranthera arida (Kunth) A.G.

Jones (x=5) (Stucky 1978) (Asterinae x Machaerantherinae);

Almutaster (Aster) pauciflorus (x=9) x Machaeranthera parviflora A. Gray

(r=5) (Stucky 1978) (Asterinae x Machaerantherinae);

Symphyotrichum(Aster) tenuifolium (z=5) x Machaeranthera riparia (Knnth)

A.G. Jones (r=5) (Jackson 1992a) (Asterinae x Machaerantherinae);

Haplopappus ("phyllocephalus group") aureus A. Gray (x=6) x Machaeran-

thera arenorta (Benth.) Shinners (x=4) (Jackson 1985) (Machaerantheri-

nae);

/fap/opappt«( "phyllocephalus group") annuus (x=6) x Machaeranthera havar-

dii (Waterf.) Shinners (x=A) (Jackson 1966) (Machaerantherinae).

The eight crosses above, with the resultant hybrids weak and infertile, ap-

pear to be the widest such documented in the tribe. They represent, however,

only a fraction of the wide, artificial crosses that might prove successful but

which have not been attempted. The hybrids appear to confirm initial hy-

potheses (which led to the experiments) that evolutionary divergence among
the species involved has not completely effaced their genomic similarities.

In contrast to these artificial crosses, natural intergeneric hybrids in the

Astereae have been reported only between species of genera that are clearly
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closely related. In Powell's view (1985, p. 56), "any natural 'intergeneric'

hybridization, where at least partial fertility of the hybrids can be estab-

lished, should be strongly considered as evidence that the taxa involved are

congeneric." Some natural hybrids in the Astereae are sterile (following the

general pattern described by Powell), but those produced in crosses involv-

ing Aster^ Kalimeris, and Heteropappus show varying degrees of fertility, and

at least the immediate descendants of the original Solidaster produced fertile

achenes. In the instances of natural intergeneric hybridization summarized

here, the parental species may have been considered congeneric in earlier tax-

onomic concepts, but there is a consensus in more modern treatments for their

recognition as members of distinct genera. There is no strong indication that

Astereaean intergeneric hybrids, with caveats above regarding Pleurophyllum

X Damnamenia and Galatella x Crinitaria, should be interpreted as evidence

for a broadening (or re-broadening) of generic concepts to include both parents.
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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: 

• 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. 

• 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, 

https://natureserve.org/conservation-tools/element-occurrence-data-standard
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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 ¼ 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: 

• 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. 

• 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. 

• 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. 

3. 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. In dynamic 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. In certain 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. 

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 

• 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). 

• 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. 

• For two EO Features separated by 1 km or more, but by less than 3 km (and not in 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 

• 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). 

• 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. 

• 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 

• Flowing water is a uniquely strong, directionally focused dispersal agent, generally taking 
quantities 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. 

• 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). 

• 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). 

• 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. 

• Tier 1: Continue to use a previously adopted, single, consistent separation distance LESS THAN 1 
km (such as ¼ mile [~0.4 km] for California), so that EOs can be aggregated automatically via 
software to generate Tier-2 implementation when necessary. 

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

• 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." 
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Plant EO Specifications Decision Tree 
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Notes and Definitions for Habitat-based Plant EO Delimitation Guidance 
EO Features – This Habitat-based Plant Element Occurrence (EO) 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. 
 

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

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

Electronic Supplementary Material Supplementary material is
available in the online version of this article at http://dx.doi.
org/10.1007/s00442-003-1474-2

J. A. Myers (*) . M. Vellend . S. Gardescu . P. L. Marks
Department of Ecology and Evolutionary Biology, Cornell
University,
Ithaca, NY 14853-2701, USA
e-mail: jamyers@ufl.edu

Present address:
J. A. Myers
Department of Botany, University of Florida,
Gainesville, FL 32611, USA

http://dx.doi.org/10.1007/s00442-003-1474-2
http://dx.doi.org/10.1007/s00442-003-1474-2


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°27′2″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.
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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 (mean±standard 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 <1
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

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
from two sites in Ithaca, New
York: McGowan’s Woods (97
pellet groups; October 2000–
September 2001), and Six-mile
Creek Woods (37 pellet groups;
May–September 2001)

McGowan’s
(full year)

Six-mile Creek
(May–September)

Percentage of pellet groups with germinable seeds 67 68
Number of germinated seeds 3,431 217
Seed density (germinations per pellet group)
Median 3 1
Maximum 1,985 52

Overall mean germinations per pellet group
(average of monthly means)

38 5.3

Species richness per pellet group
Median 1 1
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 †).

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. ×bella; 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 (Triticum 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. 1a, 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.

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
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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

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 (†). 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 1 1% 3 1 8%
Epilobium coloratum 8 5 4%
Galium mollugo * 3 2 5%
Gnaphalium uliginosum 1 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.] † 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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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

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 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.] † 0 (18) (4%)
Juniperus virginiana 1 1 1%
Liriodendron tulipifera *
Lonicera aff. × 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%

Table 2 (continued)
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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
km2 (P. Curtis, Cornell University; personal communica-
tion), we estimate that a mean of 10 viable seeds per m2

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

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 (T. 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

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
(n=72)

Contribution to
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
northeastern USA

46 64 95%

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 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%
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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; Müller-Schneider 1986; Malo and
Suárez 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 Fritzbøger 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-
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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 Fritzbøger 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

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 species1 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 record2 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 In 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.3 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 types4, 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 cadastral5 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.6 

 
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 (e.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 area7, 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 (e.g., a clone-forming 
perennial plant occurring at a given site as a single gender or life history stage could be described 
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-EOs (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”8), 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 (e.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 (e.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.g., 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-EOs 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

OR

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. 



EO DATA STANDARD 
2/6/02 

 

 

19

 
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, northern great plains little bluestem prairie 
separate sub-EOs created for patches that occur on different landform features within 
an EO:  a sub-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). 
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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, 
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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 3½ 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”.9 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. 



EO DATA STANDARD 
2/6/02 

 

 

25 

 

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).10 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.11 
 
                                                 
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) ≥ 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 km12 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 ≥ 1 km N/A 

apparently suitable habitat 
not known to be occupied  

 
≥ 1 km 

 
N/A 

cultural vegetation N/A ≥ 0.5 km 

different natural or 
semi-natural communities N/A ≥ 1 km 

 
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 ¼ mile 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 (e.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 (IE) 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; 

l) 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 IE features, in kilometers) 
 
 IE NOTES  (notes relating to the specified IE 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 
5.9 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 subnational13 Element ranks (GRANKs, NRANKs, 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.14 
 
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 

                                                 
13In 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-EOs). 
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 rank15 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) 
BC good or fair (B or C) 1 - point 
CD fair or poor (C or D) 
AC excellent to fair (A, B, or C) 2 - point 
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 
occurring16 (see Section 2.8, Reintroduction/ Restoration and Section 2.9, Introduction/Exotics). 
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).17 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 
(optional) 

Origin Status 
Subrank 

Origin Status 
Qualifier 
(optional) 

A 
B 
C 
D 

? 

E 
AB 
AC 
BC 
BD 
CD 
H 
F 
X 

 
r 
i ? 

 
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  ⇒  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 √ √ 
population abundance √  

population density √  Size 
population fluctuation  
       (average population and minimum population in worst  
       foreseeable year) 

√ 
 

reproduction and health  
       (evidence of regular, successful reproduction; age  
       distribution for long-lived species; persistence of  
       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 
       exotics) 

√ √ 

ecological processes  
       (degree of disturbance by logging, grazing; changes in 
       hydrology or natural fire regime) 

√ √ 

Condition 

abiotic physical/chemical factors  
       (stability of substrate, physical structure, water  
       quality)    [excluding processes] 

√ √ 

landscape structure and extent 
       (pattern, connectivity, e.g ., measure of fragmentation/ 
       patchiness, measure of genetic connectivity) 

√ √ 
Landscape 
Context condition of the surrounding landscape  

       (i.e., development/maturity, species composition and 
       biological structure, ecological processes, abiotic 
       physical/chemical factors) 

√ √ 

 

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 structure19; 

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 EO’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)20, 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 Scorecard21 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”. 

 
c) 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 
2 Ar 
3 AB AB 
4 ABr 

A 

AC 5 
B 

ACr 
B and AC 

6 
Br 

7 BC BC 
8 BCr 

B 

BD 9 
C 

BDr 
C and BD 

10 
Cr 

11 CD CD 
12 CDr 

C 

13 E E 
14 Er 

E 

A 15 Ai 
AB 16 ABi 

Ai 

ACi B and AC 17 
Bi 

BC 18 BCi 
Bi 

BDi C and BD 19 
Ci 

CD 20 CDi 
Ci 

E 21 Ei Ei 
22 D 
23 Dr 

D D 
24 Di Di 
25 H 
26 Hr H 
27 Hi 

H 

28 F 
29 Fr F 
30 Fi 

F 

31 X 
32 Xr X 
33 Xi 

X 

 

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 

minimum C rank criteria
(C rank threshold)

minimum EO criteria

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

minimum A rank criteria
(A rank threshold)

criteria for best conceivably
achievable EOs in future*A

B

C

D

 
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 EOs). 
 
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, 
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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.23 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.25 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.26 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 Probability of Persistence  
(for 20 years or 5 x age of reproductive maturity) 

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)27, 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 probability28 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 size29 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 
Type 

Primary 
Rank Factor 

Secondary 
Rank Factor 

Tertiary 
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. 
 

c) 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: 

A rating = 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 * z)] = 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 

rank 
factor 
ratings 

calculated 
EO rank 

value 

suggested 
EO rank 

rank 
factor 
ratings 

calculated 
EO rank 

value 

suggested 
EO rank 

rank 
factor 
ratings 

calculated 
EO rank 

value 

suggested 
EO rank 

rank 
factor 
ratings 

calculated 
EO rank 

value 

suggested 
EO rank 

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 2.21 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 2.11 C DBD 1.66 D 
ACA 3.34 A BCA 2.89 B CCA 2.44 C DCA 1.99 C 
ACB 3.13 B BCB 2.67 B CCB 2.22 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 2.11 C DDA 1.66 D 
ADB 2.79 B BDB 2.34 C CDB 1.89 C DDB 1.44 D 
ADC 2.57 B BDC 2.12 C CDC 1.67 D DDC 1.22 D 
ADD 2.35 C BDD 1.90 C CDD 1.45 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 

l) 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 importance, 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 
 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) 
  
 Size 
 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.31 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 G1, 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. 

 



EO DATA STANDARD 
2/6/02 

 

 

77

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 (S2), 
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 

 

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. 
 

                                                 
35 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.37 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.39 

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 

(b) coincide(a) overlap

 
 

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 c) 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 

(d) noncontiguous areas(c) contain "voids" (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 
≥12.5 m in 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 

 

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) an estimate of uncertainty distance(s). 
 

                                                 
40 In 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). 
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Figure 7.8 - Derivation of Source Features with Linear Uncertainty 

Linear
Uncertainty

point

SOURCE
FEATURE

line

lineline

CONCEPTUAL
FEATURE

 
 

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.41 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). 
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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 qualify 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.g., 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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* Locational 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 
Feature 

small area 
(x and y both = mmu) 

linear area 
(x or y > mmu) 

large area 
(x and y both > mmu) 

Conceptual 
Feature point line polygon 

areal areal areal Type of 
Locational 
Uncertainty 

negligible linear 
delimited estimated 

negligible linear 
delimited estimated 

negligible 
delimited estimated 

Locational 
Uncertainty 
Incorporated 

Y Y Y N Y Y Y N Y Y N 

Source 
Feature 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 or y > mmu) 

large area 
(x and y both > mmu) 

Conceptual 
Feature point line polygon 

areal areal areal Type of 
Locational 
Uncertainty 

negligible linear 
delimited estimated 

negligible linear 
delimited estimated 

negligible 
delimited estimated 

Locational 
Uncertainty 
Incorporated 

Y Y Y N Y Y Y N Y Y N 

Source 
Feature point line polygon point line line polygon line polygon polygon polygon 

Estimated 
Uncertainty 
Distance 
Added 

N N N Y N N N Y N N Y 

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 to 
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 = 6.25 m on 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). 
 

                                                 
44If 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 or y > mmu) 

large area 
(x and y both > mmu) 

Conceptual 
Feature point line polygon 

areal areal areal Type of 
Locational 
Uncertainty 

negligible linear 
delimited estimated 

negligible linear 
delimited estimated 

negligible 
delimited estimated 

Locational 
Uncertainty 
Incorporated 

Y Y Y N Y Y Y N Y Y N 

Source 
Feature point line polygon point line line polygon line polygon polygon polygon 

Estimated 
Uncertainty 
Distance 
Added 

N N N Y N N N Y N N Y 

Basic 
Feature point line polygon polygon line line polygon polygon polygon polygon polygon 

Procedural 
Buffer 
(mmu/2) 
Added 

Y Y N N Y Y N N N N N 

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)45; 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 (AP)] 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 
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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. 
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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 
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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.46 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-EO, 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-EOs 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 IE 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 IE 
feature from a source feature. 
 

Figure 7.19 – Generating an IE Feature 

point source feature EO representation developed with
either estimated uncertainty distance or

procedural buffer

separate IE feature generated
(optional)

IE distance

 
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.47 
 
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). 
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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 
 
--to 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 
 
A1 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.48 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. 



EO DATA STANDARD 
2/6/02 

 

 

129 

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]). 
 

A1  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 

(none) 
den 

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 

(none) 

calving ground 

wintering area 

migratory corridor 

occupied habitat* 

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

• Emydoidea blandingi , Blanding's turtle 

Location Use Class Potential Feature Labels 

(none) 
nesting area 

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 

(none) 
spawning area 

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.g., 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.49 
 
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: 

• Haliaeetus leucocephalus, bald eagle 

Location Use Class Potential Feature Labels 

breeding 

nest site 

breeding territory 

occupied habitat * 

nonbreeding 

roosting area 

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 

hibernaculum 

cave 

mine 

occupied habitat* 

migratory stopover 

cave 

mine 

bridge 

maternity colony 

cave 

mine 

bridge 

occupied habitat* 

bachelor colony 

cave 

mine 

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 

nonbreeding 
juvenile feeding area 

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 

(none) 
breeding area 

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.50  
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 

freshwater 

spawning area 

migratory corridor 

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"51 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 

(none) 

roosting area 

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 

(none) 

Cave 

mine 

bridge 

building 

occupied habitat* 

* The “occupied habitat” feature label is typically not used. 
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APPENDIX B: Persistence and Practical Conservation Value 
 
B1 Persistence 
B2 Ephemeral Presence 
B3 Recurrence 
B4 Recurrence Without Survival 
B5 Presence Without Reproduction 
B6 Persistence in a Landscape Context 
 

B1  Persistence52 
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.g., 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, 
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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.  
 

C1  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 Cliff 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] 

• Atriplex 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 

 



 EO DATA STANDARD 
2/6/02 

 

 

146

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 
1 km 
 
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 

c) >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  

c) 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 

c) 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  



 EO DATA STANDARD 
2/6/02 

 

 

151

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 
5 km 
 
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 
3.5 km 
 
SEPARATION DISTANCE – SUITABLE HABITAT 
3.5 km 
 
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 (Stith et 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. Stith et 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 



 EO DATA STANDARD 
2/6/02 

 

 

155

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) it is 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 

c) 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 
It is 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 
1 km 
 
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 10th 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 



 EO DATA STANDARD 
2/6/02 

 

 

160

 
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 

c) 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 

c) 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 

c) 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.g., 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  
2 km 
 
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; 

c) 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; 

e) 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; 

c) 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; 

c) 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; 

c) 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  
4 km 
 
SEPARATION DISTANCE – CULTURAL VEGETATION 
0.5 km 
 
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); 

c) 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) a proportion 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); 

c) 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); 

e) 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; 

c) at most, 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; 

c) also includes 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.g., 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 occurring 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  
2 km 
 
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 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; 

c) 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; 



 EO DATA STANDARD 
2/6/02 

 

 

175

b) if thinning of small diameter trees has occurred, there is little evidence of disruption of understory 
vegetation; 

c) 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; 

c) 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; 

c) 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 
2 km 
 
SEPARATION DISTANCE – CULTURAL VEGETATION 
0.5 km 
 
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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c) 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;  

c) 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; 

c) 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;  

c) 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  
1 km 
 
SEPARATION DISTANCE – CULTURAL VEGETATION 
0.5 km 
 
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); 

c) 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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e) 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) a stand 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.); 

c) a stand 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; 

c) 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  
1 km 
 
SEPARATION DISTANCE – CULTURAL VEGETATION 
0.5 km 
 
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; 

c) 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); 

c) 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 
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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 Ranking53 
 
E1 Element Definition  
E2 Element Lists 
E3 Element Ranking 
 

E1  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).54 
 
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 listed55; 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.56   
 
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. 
 

                                                 
56 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 Plants57 
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 rank58). 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). 
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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 (GRANKs, NRANKs, 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 

 
G1 

Critically Imperiled Globally 
 typically 5 or fewer occurrences, or 1000 or fewer individuals 

 
G2 

Imperiled Globally 
 typically 6-20 occurrences, or 1000 to 3000 individuals 

 
G3 

Vulnerable 
 rare; typically 21 to 100 occurrences, or 3000 to 10,000 individuals 

G4 
Apparently Secure 
 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 Rounding59 
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 EO, 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 (e.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. 
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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 

quantity, 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 
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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 

quantitative 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 

1 
 

a 
No attempt has been made to assess the viability of the EO, or the 
existing EO rank no longer applies. 

NR: Not Ranked 

b 
An attempt has been made, or is being made, to assess the viability of 
the EO. 

2 

2 
 

a 
EO has been recently (i.e., within last 20 years or an appropriate 
interval for the taxon) verified as extant. 

3 

b 
EO has not been recently (i.e., within last 20 years or an appropriate 
interval for the taxon) verified as extant 

9 

3 
 

a 
Sufficient information (some aspect[s] of size, condition, and /or 
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]. 

E: Verified Extant 

b 
Sufficient information (some aspect[s] of size, condition, and /or 
landscape context) is available to assess EO viability. 

4 

4 
 

a 

If current conditions prevail, EO persistence for the foreseeable future 
(i.e., at least 20 - 30 years) is reasonably certain. EOs with low or 
declining quality may be included if they still appear to have 
reasonable prospects for persistence for the foreseeable future. In 

AC: Excellent to 
Fair viability 
continue to 5 if 
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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 

b 

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 

5 
 

a 

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 

b 

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 

6 
 

a 

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: Fair t o Poor 
viability 

b 

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 

7 
 

a 

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 

b 

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 

8 
 

a 
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. 

b 

Few aspect(s) of size, condition, landscape context, population size 
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. 

C: Fair viability 

9 
 

a 
Appropriate surveys or other persuasive evidence indicate the EO no 
longer exists. 

X: Extirpated 

b EO may still exist. 10 

10 
 

a An appropriate survey was conducted but the EO was not found. 11 

b 

No appropriate survey has been conducted but the EO is possibly 
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]. 

H: Historical 

11 
 

a 
One to a few surveys have been conducted which failed to locate the 
EO, but additional negative survey(s) are needed to provide sufficient 
evidence that the EO should be considered historical or extirpated. 

F: Failed to find 

b 

There have been sufficient surveys to justify considering the EO 
possibly extirpated. This category includes EOs that have not been 
reconfirmed for 20 or more years (or an appropriate interval for the 
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]. 

H: Historical 

  

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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