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INTRODUCTION

The Flora

Floras serve as the basic reference of the plant biota of an area; they are critical tools that serve botanists, conservationists,
ecologists, foresters, gardeners, agronomists, researchers, and the general public. In the nineteenth and early twentieth centuries,
the botanical exploration of an area and writing a flora to summarize that information was seen as a basic societal need leading to
the discovery of economically valuable information. Financial support for the research and writing of floras has waned in recent
decades, though, as they have been increasingly regarded as “old science” and resources have shifted to areas of plant science
seen as more “cutting edge”. Even in taxonomic research, the advent of molecular techniques has largely supplanted detailed
taxonomic research (at generic levels and below) and the writing of floras, and the great majority of papers in plant systematics
now address phylogenetic relationships within a particular group of plants, and mostly at higher taxonomic levels. Traditional
monographic taxonomy, with descriptions of taxa, keys to facilitate their identification, distribution maps, and assessments of
habitat and relative abundance or rarity, has become increasingly rare.

Yet, paradoxically, the societal uses and needs for the translation of taxonomic information to a useable form, such as floras, have
never been greater. Globalization of human societies and economies has meant that plants are regularly introduced far away from
their regions of nativity, and many become established and can be either benign or cause economic and conservation damages.
Increasing human utilization of land resources has fueled a biodiversity crisis, with many species now considered imperiled. In
the United States and elsewhere, this has resulted in considerable governmental and nongovernmental activity focused on
biodiversity inventory and conservation, “recovery” of endangered and threatened species, ecological studies and ecological
restoration, and assessment and suppression of invasive exotics. All these activities require an accurate and sophisticated
understanding of the flora of an area. These activities also generate new information about the taxonomy, distribution, and
conservation status of components of a region’s flora which then needs to be incorporated into new iterations.

In the southeastern United States, the publication thirty-seven years ago of the Manual of the Vascular Flora of the Carolinas, by
A.E. Radford, H.E. Ahles, and C.R. Bell (Radford, Ahles, & Bell 1968), was a landmark. In the decades since its publication, it
has served as the primary reference for the identification of plants in the Carolinas, and throughout the southeastern United States
(since most other states were not covered by comparable, recent references). The effort to research and write the Manual of the
Vascular Flora of the Carolinas took about 11 years, and resulted in a series of publications, the Guide to Vascular Flora of the
Carolinas (Radford, Ahles, & Bell 1964), the Atlas of the Vascular Flora of the Carolinas (Radford, Ahles, & Bell 1965), and
finally the Manual itself (1968). Once published, the existence of “the Manual” helped generate an interest in and further studies
of the flora of the region; since then, many additional species have been documented as part of the region's flora, additional alien
species have become naturalized, new species have been described, monographs have given new taxonomic insights into groups,
nomenclature accepted in 1968 has been found to be invalid, new and more reliable keys have been developed, and systematic
treatments have changed and advanced. Increasingly, identification of the flora of our area (and other states of the Southeast and
Mid-Atlantic) by academic researchers, agency personnel, and the interested public is hampered by the lack of an up-to-date
flora. Without such a flora, identification must involve reference to herbaria and thousands of monographs, papers, and other
floras — resources not readily available to many people who need them. The absence in the region of a single-source modern
standard for the systematic treatment, nomenclature, and identification of the flora compromises scientific studies, ecological
research, and agency inventory, management, and monitoring of ecosystem and species biodiversity.

At the present time, the Flora includes treatment of all species in the flora area of Delaware, Virginia, West Virginia, North
Carolina, South Carolina, Georgia, Alabama, Mississippi, Tennessee, Kentucky, the District of Columbia, and Maryland, and
portions of the additional states of Florida (northern Florida, including the Panhandle and northeastern Florida, south to and
including Levy, Marion, Putnam, and Flagler counties, at the northern border of the FL peninsula), New Jersey (southern New
Jersey, south of and including Monmouth and Burlington counties), and Louisiana (the Florida Parishes, east of and including
West Feliciana, East Baton Rouge, Ascension, St. James, St. John the Baptist, St. Charles, Jefferson, and Plaquemines parishes)
(see Figure 1.A.). Approximately 7000 taxa are keyed and treated, making the Flora a comprehensive resource for understanding
the flora of all of the Southeastern United States east of the Mississippi River and south of the Ohio River and Mason-Dixon
Line, excluding peninsular Florida.

Sources of information.

This new flora is based on all resources available: herbarium specimens, published literature, grey literature, Natural Heritage
databases and rare species lists, and personal communication with a regional network of botanists and taxonomic experts.
Herbarium specimens have been consulted at major institutions in the region.
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Figure 1.A. Map of the area covered by the Flora.

Criteria for inclusion of taxa.

One of the first challenges that the author of a flora encounters is to decide the criteria for the inclusion of taxa. The general rule
in most floras can be simply summarized as “all native taxa and naturalized alien taxa,” but within this simplistic phrase hide
many complicated issues, and floras often differ widely in the actual criteria and judgments that they apply (Pysek et al. 2004;
Palmer, Wade, & Neal 1995). In particular, coverage of alien species is very uneven in floras, and the frequent exclusion of
many alien species from floras hampers ecological studies, conservation efforts, and efforts to minimize the ecological and
economic impacts of invasive aliens.

The following categories of taxa are included and treated fully as “primary” species:

1.

Native taxa documented from the Flora (Georgia, South Carolina, North Carolina, Virginia, West Virginia, Delaware,
and northern Florida, Alabama, Mississippi, Tennessee, Kentucky, Maryland, District of Columbia, Maryland, eastern
Louisiana, and southern New Jersey), whether extant or presumed extinct. Some authors, such as Isely (1990), have
“excluded” taxa from a flora if they believed them to be extinct or extirpated. This philosophy seems poorly
considered: these taxa may prove not to be extinct or extirpated and their inclusion in the Flora will facilitate possible
rediscovery, even if never found again specimens of them in the herbarium need to be identified or confirmed, and their
former existence in the region should be documented.

Alien taxa introduced by whatever means and demonstrably established and reproducing (sexually or vegetatively) as a
component of the flora. Parallel to #1 above, established alien taxa which have been presumably eradicated (such as
Striga asiatica in the Carolinas) are included, as their eradication may not have been effective, they may be
reintroduced, specimens need to be identifiable using the Flora, and their former existence should be documented.
Alien taxa substantially cultivated in the Flora area as crops, such as Triticum aestivale, Zea mays, Vitis vinifera, and
Pinus clausa. Such species are variably represented in herbaria, and are often included in floras only if one or more
herbarium specimens indicate that the species is persisting, or has been collected around a dump or in the edge of a
field “out of cultivation.” This seems an arbitrary criterion to apply to species which are among the most commonly
seen and economically most important in a region, and may cover many thousands of acres or square miles in the
region covered by the flora.

Additional categories of taxa are included and treated as “secondary” species:
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1. Native taxa with uncertain documentation, this varying from literature reports not definitely verifiable with specimens
(some of these old and some new), to sight reports regarded as probably correct. Taxa in this category are included as
secondarily-treated taxa, and their imperfect documentation is described.

Species which have been reported from the Flora area but which are excluded for one reason or another are also listed and the
reason for their exclusion mentioned or discussed.

Taxonomic philesophy. Taxonomic treatments generally follow recent monographic and revisionary work, but an effort has
been made to provide a certain rough consistency of “splitting” vs. “lumping” across different taxonomic groups. As is generally
true in recent treatments, generic and family concepts are often narrower than those used in the Radford, Ahles, and Bell (1968)
Manual, based on new evidence, including (but not limited to) cladistic methods applied to morphologic and molecular data.
Ironically, these results have often resulted in a validation of earlier, narrower generic (and familial) concepts espoused by J.K.
Small, P.A. Rydberg, and others (see Weakley 2005 for extensive discussion). Varieties are less frequently recognized than by
Fernald (1950), though a considerable number of species and infraspecific taxa “lumped” by Radford, Ahles, and Bell (1968) are
recognized (generally following more recent monographic or revisionary work). Some taxa not formally recognized are
discussed and characters for their recognition provided in the text, to draw attention to putative taxa that may warrant recognition
after further evaluation.

Format and features.

Detailed keys. Keys have been subjected to rigorous testing in the field and herbarium by hundreds of users. To the degree
feasible, keys are structured to emphasize characters that are readily observable and available for long parts of the year, such as
vegetative characters; this is not feasible for all groups, of course. Multiple characters are provided. Terminology strives to
avoid abstruse technical terms which do not significantly add meaning (for some genera, an introduction to morphological
characters and terms used is provided as “Identification notes” preceding the key). Geographic distributions and habitats are
sometimes included in the keys as pragmatic, useful, secondary “characters,” but are placed in brackets to indicate that they are
not “true” characters. The keys include all species from the primary and secondary flora areas (North Carolina, South Carolina,
Virginia, Georgia, Alabama, Mississippi, Tennessee, Kentucky, West Virginia, Maryland, Delaware, the District of Columbia ,
and parts of Florida, Louisiana, and New Jersey). In some cases, several alternate keys are provided. The primary emphasis of
the keys is pragmatism — effective and efficient identification. For this reason, a key to a genus sometimes includes closely
similar taxa not in the genus that may be mistaken for it. Another example is that the “family key” to ferns and fern allies is
actually a key to genera, allowing an emphasis in the key on readily observable characteristics, rather than the technical
characters often needed to distinguish fern families. Keys are based on herbarium specimens, though reference is made when
characters based on live or fresh plants may differ from those of pressed and dried specimens. Some keys have been adapted
from literature cited; where the adaptation is particularly close, credit is given to the source by specific citation.

Habitat. Information is provided about the habitat of the taxon. This information is largely from the field experience of the
author, supplemented by information from other botanists, from herbarium labels, and from the literature. For species with wide
ecological amplitudes, the habitat may be described simply and broadly (“a wide variety of upland forests™), while the habitat of
more localized, specialized, or rare taxa may be described in considerable detail (“moist outcrops of calcareous to semi-
calcareous metamorphic rocks, such as mylonite or marble, near waterfalls in humid escarpment gorges with high rainfall, at low
elevations”).

Native status. The native or alien status is stated. Also, an asterisk prior to the species’ name indicates that it is considered alien
throughout the primary flora area. Some past floras, including Radford, Ahles, and Bell (1968), were haphazard in their inclusion
of this information, which is a very important attribute of each recognized taxon. If there is a question, it is mentioned or
discussed. For aliens, an opinion is given as to whether the taxon is naturalized, persistent, waif, etc. in the primary flora area.

Flowering/fruiting dates. Flowering and fruiting dates are provided for the primary flora area. These are derived from
herbarium specimens viewed by the author (collected from within the Flora area), from field observations by the author (within
the Flora area), and from literature cited.

Distribution of species. A statement of the rangewide distribution of each taxon treated is provided. This is based on published
distribution maps and distribution statements in other floras, amended and improved by additional herbarium specimens and
published records (such as the “Noteworthy Collections” section in the journal Castanea). The distribution within the primary
area is provided by state and physiographic province.

These distribution statements are being replaced by a map. The map shows distribution within the Flora area symbolically, with
each state x physiographic province area, except that on the maps, the very small areas of the DC Piedmont, the DC Coastal
Plain, and the DE Piedmont are not shown separately from the MD Piedmont, the MD Coastal Plain, and the MD Piedmont,
respectively. The native/alien status of the taxon is shown by squares for native occurrence and triangles for alien occurrence.
Note that some species have distributions including both alien and native distributions, so Dionaea muscipula for instance is
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native in the Coastal Plain of NC and SC, but alien in the Coastal Plain of FL. The abundance in that state x physiographic
province area is shown by the symbol, an open symbol is rare, a symbol with a dot is uncommon, and a filled symbol is common.

In the lower right corner is a space designated for distributional information. If the species is endemic to the Flora Area, you will
see "EN." If the species is alien, you will see the region of the world to which it is native. If the species is native but not
endemic, you will see a compass rose. Eight arrows depict the native distribution of the taxon outside of the Flora area. Arrows
can be long (common at least somewhere in that region), or short (only uncommon or rare in that region).

The regions to which the eight arrows point are:

N arrow -- ne. North America (PA and n. NJ north to the Canadian maritime provinces, nw. North  ne. North
west through QC to se. ON and e. and s. OH); Americage America

NW arrow -- nw. North America (w. OH, MI, w. ON, and NU west to AK, BC, and OR, Europe
north of and including n. MO, NE, WY, ID, and OR); W., W. 10 sW, SAsiaand/

United States or Africa

W arrow -- w. United States (the western “Southeast” of trans-Mississippi LA, AR, s. é
MO, OK, and e. TX), west to sw. United States; Mexico,
X R . Central America, Mand

SW arrow -- Mexico, Central America, and South America; & South America Beram da

. ud
S arrow -- peninsular FL; peninsular Florida
SE arrow (dashed to indicate oversea) -- West Indies (including Bahamas) and Bermuda;
E arrow (dashed to indicate oversea) -- Asia and/or Africa;
NE arrow (dashed to indicate oversea) -- Europe.

WWest Indies

Native | Maybe Exotic | Exotic Carex cherokeensis Leavenworthia exigua Croton michauxii
var. lutea .

Waif n/a t %

Rare D O A

Uncommon E @ A

Common . ’ A

Endemic @ n/a n/a

Figure 1.B: Distribution map key and sample distribution maps

Literature. Nearly all genera have citations to recent, pertinent systematic literature, as well as more limited citations to
literature on ecology and population biology. The intent is to provide the user with access into more detailed literature, and to
document the literature basis of the treatment followed in the Flora. About 2100 references have been consulted and are cited.

Synonymy. Cited synonymy is provided to regional floras, monographs, revisions, and other significant floristic and
monographic treatments, at the end of the account and encloded in brackets: []. This allows comparison of the treatment in the
Flora to other treatments, and convenient access to the other treatments. Synonymy is provided comprehensively for the
following floras: Gentry et al. (2013) as Ar, Gleason and Cronquist (1991) as C; Fernald (1950) as F; Flora of North America
(1993b, 1997, 2000, 2002a, 2002b, 2003a, 2004b, 2005, 20062, 2006b, 2006¢, 2007a, 2009, 2010) as FNA; Flora of China (1993
et seq.) as FoC; Gleason (1952) as G; Godfrey and Wooten (1979, 1981) as GW; Mohlenbrock (2014) as Il; Kartesz (1999) as K
or K1; Kartesz (2010) as K2; Jones (2005) as Ky; Brown & Brown (1984) as Md; Yatskievych (1999, 2006, 2013) as Mo;
Radford, Ahles, and Bell (1968) as RAB; Small (1933, 1938), as S; Vascular Flora of the Southeastern States (Cronquist 1980,
Isely 1990) as SE; Tennessee Flora Committee (2015) as Tn; Weakley, Ludwig, & Townsend (2012) as Va; Wofford (1989) as
W; Wunderlin & Hansen (2011) as WH3; and Strausbaugh & Core (1978) as WV. All names known to me to be attributed to the
Flora area in the other floras cited above, significant monographs and revisions, and important regional publications are
accounted for, from Small (1933) and forward in time, with the exception that the process has not yet been completed for several
floras (notably FoC, I, Ky, and Tn). Prior to the name cited, a symbol is inserted to convey the conceptual relationship of the
two names — in other words, the relationship of the name and associated taxonomic concept being applied in the Flora to the
name and associated taxonomic concept in the other references, regardless of the nomenclatural relationship of the two names.
“=" means that the two concepts are believed to be identical. If the taxonomic concept is identical and the name is also the same,
the name is omitted. “<” means that the name in use in the flora is finer than (a split relative to, and wholly included within ) the
name as used in the reference(s) listed. “>" means that the name and associated taxonomic concept in use in the Flora is broader
than (a lump relative to, and wholly including) the name as used in the reference(s) listed. “><" means that there is a complex
and cross-cutting relationship between the name and associated taxonomic concept used in the Flora and the name and associated
taxonomic concept used in the reference(s) listed. “?” means that the relationship between the taxonomic concepts is not
understood by me at this time (often this means that there are complications outside the flora area, and often outside of North
America, that make the concept relationship difficult to determine).
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Comments and discussion. Miscellaneous comments and discussion are provided for many species and genera, including
discussion of biogeography, more details on distribution of rare species, additional notes on identification not included in the
keys, information of particular interest on species biology and ecology, habitat, uses, discovery in the flora area or a state, etc.
These “idiosyncratic comments” add to the general usefulness and interest of what is intended to be a rigorous, practical, and
interesting flora.
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KEYS TO FAMILIES (AND, IN SOME CASES, GENERA)

KEY TO GENERA AND FAMILIES

General advice on keying. The keys in this Flora are artificial and unabashedly pragmatic. One can get to the sub-keys (Key A, Key B, Key
A7, etc.) by proceeding through the general key, or by jumping directly to the sub-key based on its “description”. In order to accommodate both
access methods, some taxa are keyed in 2 or more sub-keys, but would logically be found only in one sub-key if one proceeded accurately
through the general key. For instance, floating aquatic pteridophytes are keyed in both Key A2 and Key C1, though a logical procession through
the general Key would key them into Key C1 and not allow them to appear in Key A2; they are keyed as well in Key A2, so that if it is apparent
or determinable to the user that they are vascular cryptogams, they can be found via that key as well.

Identification keys are a time-honored and useful way to arrive at a tentative decision about the identity of a plant in the field, on an herbarium
sheet, or in an image. A key is essentially a decision tree, where you are presented with a series of dichotomous (“choose A or B”) choices that
arrive eventually at an “answer”. “Keying” takes some practice, though, and we here provide some advice and information to help you use the
keys in the Flora of Virginia. The keys in this book are indented keys, which take more space but provide easier visual understanding of the
structure of the key and make it easier to backtrack, when that is needed, or to look ahead, which is often helpful, particularly for those who are
more experienced with the plants of Virginia. Each choice in the decision tree (key) is represented as a couplet with 2 leads. Each couplet in a
key has a unique (and sequential) number, which reduces errors in following the key, particularly in longer subkeys, in which the two leads to be
compared may be some distance apart and even on different pages. Some characters require some magnification; a high-quality 10x hand lens is
adequate for use of the Key to Genera and Families and for use in nearly all the subsequent keys to genera and species in the families (greater
magnification and a dissecting scope are helpful or necessary in some families and genera with small, technical features).

It is important to read both leads of a couplet and to make a choice based on the preponderance of the evidence. In most couplets, 2 or more
characters are used, and the character states of each of those characters are contrasted. Sometimes the contrast for a particular character may be
an incomplete one, such as “petals 4 or 5” vs. “petals 5 or 10” — if your plant has 4 or 10 petals, the choice based on that character is clear, but if
your plant has 5 petals, this character provides no useful information for you and you will need to rely on other characters used in the same lead.
This illustrates the problem of just reading the first lead and making a snap decision (“oh, it has 5 petals, so I will choose the first lead””). Many
couplets use one or more characters that may not be available on your specimen, or at least not readily determinable, such as the number of petals
on a plant in fruiting stage, or the fruit type on a plant in flowering stage (though see “Sleuthing Characters” below for some advice on
determining character states that may not be readily apparent). Occasionally, you may run into a couplet which represents a “dead end” for you,
in that the plant you are keying does not have the feature(s) you are asked to judge (e.g., the petal number of a plant not in flowering stage). A
“dead end” does not mean that you cannot arrive at an “answer”, though it does make it somewhat more difficult. In this situation, as well as in
any situation in which the choice between the two leads of a couplet is somewhat or completely ambiguous, it is a good idea to record or
remember the location or identity of the ambiguous couplet (“Key N1, couplet 117), take one lead and see what answer results, then take the other
lead and see what answer results. Occasionally, the answer will be the same (some species and genera are keyed in multiple places), but often
this will lead you to two contrasting potentially correct answers which must then be compared (see below for advice about testing the “answer”
arrived at in a key). Often, you will get an indication that one way is the wrong way because you will be confronted with couplets that do not
make sense relative to the plant you have in hand.

The Key to the Genera and Families in the Flora of Virginia has been structured in a somewhat novel way, emphasizing vegetative characters
(those not involving flowers and fruits). Many professional and amateur users of floras nowadays need or want to name plants throughout the
growing season, and not only during the somewhat short periods of time when flowers or fruits may be present on the plant. For this reason,
more readily observable features of the growth form of the plant, the arrangement of the leaves, whether it is woody or herbaceous, a vine or not,
and other characters that are readily observable over a long period are used as much as possible in the keys, and those vegetative characters are
especially used in the early portions of the keys, so that based strictly on more observable and less “technical” characteristics, you can key down
to an answer or at least to a relatively small subset of the species in the Flora. In other words, we have tried to minimize the use of difficult
choices, ambiguities, and technicalities at all, but when they have proven necessary, we have “pushed them” as far down into the latter parts of
keys as possible, so that if a true “dead end” is reached in the key, an identification can possibly be made based on comparison of the relatively
few possibilities remaining.

Confirming identifications. Identification keys are a tool, but not an infallible one, and it is therefore critical to confirm your identifications. It
is easy to make the dangerous assumption that “it keys to it, so it must be it”. You may have made a simple error (such as jumping down a line in
the key), or an error of interpretation in deciding between the two