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Variables affecting DNA preservation in archival
plant specimens'
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ABSTRACT
Although the use of plant DNA in scientific research is now decades old now. we still know very little about the

best methods of DNA preservation. A few studies have addressed aspects of DNA quality and preservation . but a
broad sense of the quality of DNA in herbarium specimens and tissues specifically preserved for DNA usage is still
lacking. This article reviews the basic concepts of DNA preservation, factors affecting DNA in herbar ium specimens .
optimal methods for DNA extraction. and storage. To address lingering questions about the nature of DNA quality
in archival plant specimens. we also evaluated - 2000 samples from herbarium specimens. as well as silica-dried and
frozen tissuesspecifically preserved for DNA usage. For herbarium specimens. we used materials spanning much of
angiosperm phylogenetic diversity to ascertain general trends of DNA degradation over time and to assess whether
different clades had different rates of "expiration." Our results indicate different rates of DNA degradation , but for
mostsamples. no matter the taxonomic group . we were unlikely to recover high-quality DNA after 30-40 years.
Nonetheless, given rapid technological advances and changes in DNA sequencing methods. even herbarium spec
imens with highly degraded DNA may still be of use in molecular analyses. Additional herbarium specimens were
sampled for two different collection sets with drastically different curation histories bur of approximately the same
age. This analysis showed a vety marked difference in DNA quality between the two sets: the well-curared specimens
had excellent-quality DNA while the poorly curated samples had low-quality DNA. For frozen tissues, virtually all
samples had excellent quality. whether storage was at -20· or -BO·C and whether tissue was pulverized or intact. For
silica-dried tissues, the results were much more heterogeneous, depending on the storage vessel. Samples stored in
vessels with poor seals yielded lower-quality DNA. To address the long-term viability of frozen DNA extracts, we
compared a set of 7-I2-year-old DNA extracts with new extracts of the same original silica-dried tissues and with
fresh, greenhouse-collected tissues of the same original material, these comparisons indicared less degradation in the
extracts than in rhe silica-preserved samples, although the differences were subtle. We also found that IS-year-old
photo-bleached, silica-dried samples Still had small amounts of high-molecular-weighr DNA. The long-term pres
ervation of DNA in archival samples remains problematic. bur we can besr preserve DNA by limiting the factors
that degrade it. Although the botanical community has been preserving tissues and DNA extracts for a limited
umespan, we can infer some basic conclusions from this and oth er studies . Recommended best practices are to freeze
tissues and extracts at as Iow a rernperarure as possible (e.g., -BO·C). bur if that is not possible or practical. room
temperature storage of rlssues with silica in tightly sealed containers is a viable alternative , at least for the short term.
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INTRODucnON AND REvrEW

Advances in DNA sequencing technology
have revolutionized the fields of plant evo
lutionary biology and systematics during
the last 30 years, but methods for collecting
and preserving plant herbarium specimens
have changed little since the time of Linnae

us. Early molecular phylogenetic work in the
1980s usually relied upon extraction of DNA
from fresh material from exemplar taxa, but
as the difficulty and cost of DNA sequencing
dropped, botanists sought to expand taxon
sampling to many species that were not in cul
tivation. Attempts to extract DNA from her
barium specimens usually resulted in degraded
DNA, which was still suitable in many cases
for many types of analyses. Botanists experi
mented with various methods of preserving
tissue in the field to supplement herbarium
specimens. The simplest technique to pre
serve DNA was rapid, gentle drying (Doyle &
Dickson, 1987), but Chase and Hills (1991)
reported difficulties in extracting usable DNA
from dried tissues of Malpighiaceae and Or
chidaceae. They realized that rapid desiccation
of tissues «24 hr) was critical to DNA preser
vation and demonstrated that tissues dried in
fine-grain silica gel yielded high-quality DNA
across a wide range oftaxa. Similar techniques
(e.g., crAB-NaCl gel; ITA paper) were also
demonstrated to preserve DNA by rapidly re
moving water from tissue . These techniques
are now routinely used to supplement stan
dard herbarium collections, with minimal
added cost and space requirements. With
the emphasis on molecular data in plant sys
tematics, these supplementary preserved tissue
samples are important, just as their matching
herbarium specimens are.

Although methods for archival stor
age of herbarium specimens are standardized,
there is no commonly accepted standard meth
od for storage of the matching tissue samples.
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Cryogenic liquid nitrogen storage facilities are
accepted as best practice for storage of DNA
extracts and tissues, but many institutions do
not currently have costly cryogenic facilities
(although many larger institutions current
ly accept samples for cryogenic storage; see
Endara et al., this volume). Nearly every plant
systematics lab has hundreds to thousands of
Ziploc" bags or vials containing silica-dried
tissue, largely uncurated, linked to herbari
um specimens. What should we do with the
thousands of samples stored in this manner?
How long can we store them, and what are
the best conditions for storage for high yields
of good-quality DNA over time? How quick
ly does DNA degrade in these dried samples,
and what is the least expensive, most effective
way to store them? Are there simple, relatively
low-cost storage methods that might increase
the lifespan of the DNA these dried samples
contain?

This paper will focus on DNA preserva
tion in plants and is divided into six parts: 1)
a review of conditions affecting DNA preser
vation in herbarium specimens; 2) a review 01
methods for archiving tissues/DNA supple.
rnentary to herbarium specimens; 3) a review
of DNA extraction methods for plant tissues
4) a review of tissue/DNA storage; 5) a reviev
ofwhat is known of tissue/DNA storage at dif
ferent temperatures; and 6) a new comparlsoi
of DNA extracted from sets of tissue sample
stored for varying lengths of time and unde
different conditions, with the goal of revealin
storage variables that affect DNA quality OVf

time.

I. HERBARlUM SPECIMENS AS SOURCES C

DNA

DNA from herbarium specimens - The ph i
osophical debate of using herbarium spec
mens as a DNA resource has been discuss,
(Metsger, 1999; Miller, 1999; Mueller, 199
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Wood er al., 1999). Policies governing the use
of herbarium specimens as a DNA resource
have been contentious, but it is now a wide
ly accepted practice, given some limitations.
Predicting whether a given specimen will yield
high-quality DNA is often subjective and of
ten depends upon unrecorded details abour
how the specimen was pressed and stored.
Factors that affect DNA quality in herbarium
specimens are briefly outlined as follows.

Specimen Preparation - If properly dried plant
tissues are ideal for DNA preservation, then
well-prepared herbarium specimens alone
mightbe an excellent source ofarchival DNA.
Herbarium specimens have become an in
valuable resource for systematists and phylo
geneticists since dried herbarium specimens
were first investigated for their utility as DNA
sources (Liston et al., 1990; Savolainen et al.,
1995; Bridson and Forman, 1998). Unfortu
nately, many factors during the preparation
and storage of a herbarium specimen may re
sult in higWy degraded DNA. A plant spec
imen is collected and dried in a plant press,
usually within a sheet of newspaper between
sheets of blotter paper and cardboard. The
drying conditions are critical to the quality
of DNA that will remain in the pressed spec
imen. DNA degradation (due to decompo
sition of the plant material itself) can occur
in specimens that dry too slowly; degradation
can also occur if drying temperatures are too
high. Field methods for plant drying using
forced air electric heaters (Blanco er al., 2006),
propane burners (Mori , 2011), or solar collec
tors (Sinnott, 1983) are methods for moving
warm (60-100GC) air through the press and
drying the tissues to crispness within 12-24
hours. Field work in remote, wet habitats
may make field drying impractical, and bot
anists may resort to field pressing specimens
and then soaking them in alcohol or formalin
for transport prior to drying (Mori , 2011).

Such preservatives pro tect specimens against
decomposition, but they destroy DNA pres
ent in tissues. Such field-pickled specimens
almost never yield usable DNA after drying
and mounting. As discussed elsewhere, tissues
stored in aqueous ethanol have shown mod
erate to strong degradation of DNA quality
(Adams and Baker, 2011), so it is not surpris
ing that DNA degradation occurs in freshly
collected specimens exposed to dilute alcohols
for weeks.

Length ofstorage in acidic newspaper - Spec
imens are eventually mounted on archival
paper, but in most (underfunded) herbaria,
specimens often remain in yellowing newspa
per for months or years before being mounted
and accessioned. Newspaper is highly acidic
and probably contributes to DNA degrada
tion, especially in specimens stored for long
periods. Best practice should include pressing
specimens in archival, acid-free paper, but we
are unaware of vendors that sell acid-free pa
per for plant pressing. Specimens should be
removed from newspaper and mounted on
archival paper as soon as possible after drying.

Specimen age - Early studies showed that age
of herbarium specimens was a major limit
ing factor in obtaining high-quality DNA
(Savolainen et al., 1995). Most workers as
sumed that greenness of tissue was associated
with high-molecular-weight (HMW) DNA.
However, studies reveal that greenness is only
loosely correlated with DNA quality, and that
age, in combination with the specimen cura
tion history, is a more important factor in esti
mating quality of DNA (Erkens et aI., 2008).

Using 454 sequences of arnplicons from
nuclear, plastid, and mitochondrial regions,
Staats et al. (2011) measured the damage to
DNA in herbarium specimens. They com
pared fresh, recently dried specimens and those
up to 114 years old. They concluded that over
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95% of DNA is irretrievably damaged during
the plant drying process, with only about 1%
of amplifiable copies remaining in old herbar
ium specimens. They observed increased levels
of C to T IG to A transitions in plastid DNA
of old herbarium specimens as compared to
recently dried or fresh tissues. They concluded
that ambient humidity in herbarium storage
allows for rehydration of DNA that leads to
hydrolytic DNA damage over time. While
demonstrating that older herbarium speci
mens can provide sequenceable DNA in spite
of damage, the authors advocated for supple
mental collection of tissues in silica gel for
modern collections.

Humidity - Ambient humidity during spec
imen storage is probably one of the most
important conditions affecting specimens,
although controlled studies are limited (Ad
ams, 2011). Most herbaria attempt to keep
humidity below 50% to help control pests,
but smaller herbaria in tropical areas may not
have air conditioning. Also, during transport,
specimens will typically be exposed to tem
peratures and humidity well above standard
curation norms for several days or even weeks.

Pest control chemicals and treatments - Herbar
ia occasionally use chemicals to control insect
pests. Pyrethroid insecticides, paradichloro
benzene and naphthalene have no gross ad
verse effects on DNA quality (Neubig, pers.
obs. at FLAS). Vikane (sulfuryl fluoride)1
chloropicrin, used for building/collection fu
migation) is not harmful to herbarium DNA
(Whitten er al., 1999). Microwave ovens have
been used for both initial specimen drying
(Bacci et al., 1985) and for control of pest in
festations (Hill, 1983; Philbrick, 1984), but
because microwaves act by heating tissues,
their use should probably be avoided. The
deleterious effect of microwaves on DNA is
apparently small, although noticeable (Lander
et al., 2013).
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Oxidation - While the oxidative effect ofam
bient air is well known (Daniel, 1995), stor
age of herbarium specimens in reduced-ox
ygen environments is impractical except for
extremely rare historical objects . It has been
suggested that DNA isolated from herbar
ium specimens degrades more rapidly than
DNA isolated from fresh tissue Gansen et al.,
1999). In our experience, after many years of
using herbarium-extracted DNA, we have no
evidence to support this claim , especially if
DNAs are stored in TE (Tris-EDTA; see be
low) buffer.

2 . SUPPLEMENTARY COLLECTIONS SPECIFICAL

LY FOR DNA PRESERVATION

Staats et al. (2011) compared DNA damage
in fresh, newly dried, and ca. 100-year-old
herbarium specimens. They assessed strand
breaks and other sorts of
polymerase non-bypassable damage by quanti
tative real-time PCR and concluded that most
of the DNA damage was caused by heating
during the specimen drying process and not
by aging during specimen storage. Given that
herbarium drying techniques are unlikely to
change in the near future, their results demon
strate the necessity to preserve supplementary
samples specifically for DNA preservation. We
concur with Gaudel and Rouhan (2013) that
supplementary material for DNA preservation
should be collected along with all new plant
vouchers. Given the high cost of herbarium
specimen collection and curation, specimen
value can be greatly enhanced at minimal ad
ditional cost by supplementing the specimen
with tissues preserved specifically for DNA
extraction.

Storage of flash-frozen fresh tissues in cryo
genic banks is ideal but is not feasible for
most field projects. Various methods of tissue
preservation have been proposed to minimize
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DNA degradation over time (Nagy, 2010).
The primary causes of DNA degradation are
high humidity, light (especially sunlight or
fluorescent lights that leak significant levels of
ultraviolet wavelengths), oxidation, low pH,
endogenous DNases, and exposure to chem
ical "preservatives" that can alter or destroy
DNA. Most preservation methods remove
water from tissues and/or buffer cell contents
against DNA degradation.

Silica gel- Silica gel has been the most com
monly used desiccant to preserve tissues for
DNA usage (Chase and Hills, 1991). The
most important variables affecting the rate of
tissue desiccation are 1) particle size of silica
gel; 2) the size/surface area of tissue pieces;
and 3) the ratio of tissue to silica gel. Small
er gradesof silica gel have greater surface area
and therefore dehydrate tissues more rapidly;
large beads of silica gel perform poorly com
pared to finer grades (i.e., 150-200 mesh).
Tissues should be torn or cut into very small
pieces before being placed into silica gel. Suc
culentsor CAM plants can close their stoma
ta when placed in silica gel; unless the tissues
are cut into thin strips, they can take weeks
to dehydrate. The weight ofsilica used should
be at least 10 times the amount of tissue. Sil
icagel often includes colored indicator beads
that change color when the silica is saturated
with water. Cobalt chloride indicator changes
from blue to pink; methyl violet changes from
orange to green; iron (III) salts change from
orange to clear. Silica gel that has become sat
urated with water can be regenerated by heat
ing at 120°C for several hours in an oven or
bymicrowaving. Reuse ofsilica gel carries the
risk of cross-contamination of samples with
small tissue fragments or pollen, and the use
of silica gel is not without disadvantages. Sil
ica gel is potentially hazardous, and inhaling
the dust (especially from fine grades) carries
riskof silicosis. The blue cobalt chloride indi-

cator is a carcinogen and is being replaced by
iron (III) indicators (e.g.• Sorbead Orange")
or methyl violet indicators. The cost of silica
gel has increased dramatically in recent years,
especially in grades sold by scientific vendors.
Cheaper alternatives that work just as well are
sold as desiccants for flower drying by florists
(e.g., http://www.deltaadsorbents.coml). Sili
ca gel works well with thin tissues, but tissues
with thick cuticles or abundant mucilage or
secondary compounds may dry slowly.

Many botanists use small Ziploc poly
ethylene bags to store tissues in silica gel.
Although convenient, such bags do not seal
tightly, and the contents quickly become sat
urated with water, depending upon relative
humidity. To slow the hydration of these bags.
we place bundles of bags in larger bags used
for food storage (see Appendix 1 for further
detail); these food preservation bags can be
heat-sealed after evacuation of air. Such vacu
um-sealed bags can then be stored in a freezer
or in a cool, dark space.

NaCl- Granular sodium chloride is an alter
native to silica gel that is both cheaper and
readily available around the world (Carri6 and
Rossello, 2013). Using NaCI provides signif
icant advantages in remote tropical regions.
Silica gel desiccates tissues faster than NaCi
(Carri6 and Rossell6, 2013), but salt may be
an acceptable alternative for most uses. The
long-term stability of DNA in salt-dried tis
sues (relative to silica gel) is unknown.

NaCl-CTAB - Succulent or mucilaginous
plants are slow to desiccate in silica gel. An al
ternative strategy is to use a saturated gel com
posed of NaCI and ceryltrlmerhylarnrnonium
bromide (crAB) (Rogstad, 1992). The com 
ponents for this preservative can be carried in
the field as a dry powder and hydrated prior
to use, in order to form the gel. This colloidal
gel is extremely thick, and tissues should be
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sliced into thin sections or (if possible) vacu 
um-infiltrated .

FTA paper - An altern ative to drying tissues
is the use of ITA (ITA" is an acronym for
fast technology for analysis of nucleic acids ;
Whatman, Inc., C lifton, NJ) paper (Lin et al.,
2000; Smith and Burgoyne, 2004 ; Mbogori
et al.• 2006; Rajendram er al.• 2006). FTA
paper is th ick. adsorbent paper impregnated
with buffers and chemical preservatives that
retard D NA degradation. Ti ssues are squeezed
or abraded. and the plant juice is adsorbed
onto the paper. followed by air-drying. The
paper can be stored at room temperatUn: or in
a freezer. Sampl es are cut from the paper for
DNA extraction. Thi s is a rapid and space-con
servative method. but the quantities of DN A
preserved may be relatively small (compared
to tissue preservation) unless large pieces of
paper are used . Com mercially available ITA
paper can be relatively expensive compared to
silica gel. But a cheap and similar alternative
can be made very easily (l g 50S. 1 ml EDTA
at O.5M. 3 ml Tris at 1 M. add water to 50 ml
and mix. soak solu tion onto filter paper, then
dry) for a small fraction of the cost (Klernch in,
2008). These samples, like all others, should
be kept in a cool, d ry. dark, oxygen-poor lo
cation.

RNAltlter - R.1\JA.later is a com mercial medi
um for preserving "all" nucleic acids within a
tissue (M utt er et al., 2004), including D N A as
well as RNA. Its high cost (ca. S l/ml) makes
it an expensive alte rna tive to other methods
unl ess RNA preservation is required. Lon g
term stability of D NA at room temperatUre
is not well studied , and freezer storage is rec
ommended.

Alcohols- Simple alcohols are frequ enrly used
as DNA preservatives for animal tissues, but
they have not been effective in plants. Insects
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in parti cular are frequ enrly preserved in 100%
ethanol, with several changes of alcohol need
ed to remove water and dehydrate tissues.
Usable DNA may even be extracted from the
alcohol preservative fluids of insect specimens
(Shokrolla et al., 20 10). Short-term storage
(less than a year) of plant tissues in almost any
alcohol can yield high-quality D NA (Flour
noy et al., 1996). However. lon g-term storagc
of many years yields highly degraded DNA,
at least in spinach (Ada ms and Baker, 10 11).
Although isopropanol is the bes our of a suite
of different alcohols examined, it is still medi
ocr at best (Adams and Baker, 201 ). Plant
tissues to be used in dcvelopn n t or struc
rural stu ies are freq uentlv .xed (as spirit col
lect ion s) in a formalin-glacia acetic acid-etha
nol mixture (FAA) that fixes cellular contents
(Simmons, 1995). This mixture is highly
acidic and hence destruct ive to D NA (Doyle
and D ickson, 1987; Pyle and Adams. 1989).
However, extractions from formalin-fixed ami
paraffin-embedded human tissues have yield
ed high-quality D NA (Shi et al., 200'i). Such
success is probably att rib utable to the use of
buffered fo rmalin thar is rapidly removed af
ter fixation (rather than long-term storage as
tor plant tissues). Th ere is some evidence that
ethanol pretreatment might be useful in some
applications . Soaking tissues in high ethanol
concentrations (70% or higher) and then put
ting them in silica yields higher quan tit ies of
D NA, probably due to the rapid removal 01
water (Akinnagbe er al., 201 l ). Stud ies b}
Adams et aI. (1999) showe d that some plane
(Brassicaceae, Poaceae) have po tent DNas·
es that are not inactivated by standa rd ON}
extraction protocols. resulring in degrader
DNA. Pretreatment of fresh tissue with etha
nol prior to extraction increases D NA yields
perhaps due to inactivation of D Nases (Ad
ams et al., 1999).

Acetone - Acetone is a superior preservativ
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to ethanol for insect tissues (Fukarsu, 1999).
We havenot found any literature on the pres
ervation of plant tissues in acetone, but the
Rammability, volatility, and toxicity ofacetone
make it an unlikely candidate for wide use.

3. METHODS FOR DNA ExTRACTION FROM

PLANTS

TISSue grinding - The first step in preparation
for DNA extraction of fresh or dried tissue is
thedisruption of the cell wall. With dried tis
sue, this is most effectively done using beads
(glass, zirconia, steel, etc.) in tubes (we use
thick-walled plastic 2-ml tubes with gasket
ed screw caps) to create a fine powder from
the tissue. There are many "bead beater" style
machines available; they make extraction pro
cesses more streamlined and efficient and can
be used for 96-well plate formats. However,
such instruments may be relatively expensive
($600-$16,000; http://www.biospec.com/
laboratory_celLdisrupters/), and so cheaper
alternatives, such as reciprocating saws (Al
exander et al., 2006) or electric drills (Zhang
andStewart, 2000), have been proposed.

The use ofmortar and pestle to hand
grindtissue is effective for fresh or dried sam
ples, but is very time consuming. Many older
protocols call for the addition of liquid nitro 
gen at this stage ofhand pulverization (Gawel
and jarrer, 1991). Liquid nitrogen pulveriza
tion has multiple uses: one is to make fresh
tissues very brittle and more easily ground
into smaller pieces, and the second is to re
tard enzymatic or oxidative degradation until
the addition of hot extraction buffer. For sil
ica-dried tissues, grinding in liquid nitrogen
serves little purpose, except perhaps to aid the
physical grinding of tissues.

Extraction protocols - The most widely used
plantDNA extraction is the "modified crAB
method" (Doyle and Doyle, 1987) that uses

crAB (a detergent) combined with NaCl and
buffers to disrupt organellar membranes and
dissolve DNA. A chloroform liquid-liquid ex
traction is used to remove lipoidal compounds,
and DNA is precipitated from the aqueous
phase by addition of isopropanol or ethanol.
A basic protocol is presented in Appendix 2.
The basic crAB extraction works well with
a majority of plant taxa, but the great varia
tion in plant secondary chemistry results in
failures for various taxa. There are numerous
published variant protocols to overcome these
problems created by secondary chemicals. Ex
amples include:

• In Drosera, there is a recipe that uses sor
bitol, Tris-HCI, EDTA, and sodium bi
sulfite (Bekesiova et al., 1999) .

• In Saccharum, there is a recipe more or
less similar to a "basic crAB" solution,
but with polyethylene glycol instead of
crAB (Honeycutt et al., 1992).

• For Proteaceae, there are suggestions for
modifying crAB concentration, or the
number of chloroform/isoamyl alcohol
washes (Maguire et al., 1994).

• For Cactaceae, including additives like
sorbitol in the crAB buffer and addi 
tional chloroform washes remove inhib
itory compounds (Tel-Zur et al., 1999).

• For algae, because of the complex mix
of unusual polysaccharides, DNA ex
traction can be problematic and may
require special pre-treatment of the tis
sue to remove secondary compounds.
Polyvinylpyrrolidone (PVP) can be
added to the crAB buffer (Maeda
et al., 2013)<Istyle><style face="ital
ic" font="default" size="100% ">Sac
charina<lsryle>«l ride><secondary- ti 
rlesjournal of Appl ied Phycology-c/
secondary-tide></ tides ><periodicab<-
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full-ride-journal of Applied Phycolo
gy<1full- ti tle><1periodical> -c d arese-c
year>20 12<!year></dates><urls> <1
urls > <electronic -re
scurce-num» 10.1 007 Is10811-0 12
9868-3 «l electronic-resource-n urn >«l
records-c/Cires -c/Endblote>.

• For Ipomoea. including multiple wash
es with chloroform removes inhibitory
compounds (Kim and Hamada. 2005).

• For Dalbergia, adding PVP binds the
phenolic compounds. a high molar con
centration of NaCI inhibits co-precipita
tion of polysaccharides and DNA. and
LiCI removes RNA by selective precipita
tion (Ribeiro and Lovato, 2007).

o A generalized extraction protocol for fun
gi and plants that avoids use of chloro 
form has also been proposed (Mahuku,
2004).

• For the diverse secondary compounds
found in many rosids, a modified crAB
based protocol was also developed (Soltis
er aI.. 1991).

Various protocols have been developed to
remove undesirable polysaccharides in DNA
samples (Do and Adams. 1991; Jobes et al.•
1995; Porebski et al., 1997). Essentially, these
protocols suggest silica column purification
(discussed below) or the use of PVP in the
extraction buffer to bind to polysaccharides
or polyphenolic compounds, thus removing
them from the solution prior to DNA pre
cipitation. For taxa with strong mucilaginous
compounds, a 3X CTAB protocol is recom
mended with repeated chloroform extractions,
followed by a second precipitation of DNA
after treatment with RNase (Cora-Sanchez et
al., 2006). For taxa with abundant latex. ex
traction of etiolated tissues may reduce the
amount of secondary metabolites relative to
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DNA (Michiels et al., 2003) . Because of the
degraded nature of ancient DNA, extractions
are sensitive to loss and contamination (Roh
land and Hofreiter, 2007; Sarkinen et al.,
2012).

Beta-rnercaproethanol is often added
to crAB extractions; it is a strong reducing
agent that can remove tannins and other poly
phenols often present in the crude plant ex
tract. It is an irritant with a very strong odor,
so its inclusion should be avoided unless it is
demonstrated to be beneficial.

DNA extraction methods from
plants, animals. and other eukaryotic organ
isms are reviewed by Knebelsberger and Sro
ger (2012). Binding DNA to magnetic beads
followed by washing is a technique amenable
to automation and high-throughput sequenc
ing utilized in DNA barcoding (Rudi et al.,
1997; Levison et al., 1998; Oster et al., 2001 ;
Palecek and Fojta, 2007). The resulting DNA
is very pure, but yield is relatively low, and
the technique is not oriented towards archi
val museum storage. Other high-throughput
methods utilize silica-containing filters, here
after referred to as silica columns (Whitlock et
al.,2008).

The crAB method involves one to

several liquid phase extractions with chloro
form/isoamyl alcohol (24:1) that are very effec
tive in removing polar secondary compounds
that interfere with DNA precipitation. Unfor
tunately, chloroform is carcinogenic and toxic
and involves added expense for disposal. Var
ious commercial plant DNA extraction kits
(Qiagen DNeasy, Invitrogen ChargeSwitch,
Nucleospin) utilize proprietary reagents com
bined with silica membrane columns, mag
netic beads, or anion exchange resins to avoid
the use and hazard ofchloroform. Sarkinen et
al. (2012) compared the most commonly used
commercial kits to several variants of crAB
extraction, measuring DNA yield, purity, and
PCR amplification from the extracted DNA.



DNA PRESERVATION IN PLANT SPECIMENS 89

They noted that (especially for herbarium
specimens) total quantity of DNA extracted is
not as important as the purity of the resulting
DNA and the ability of the DNA to yield am
plicons. Their and other comparative studies
showed that for optimal PCR amplification of
various DNA loci, a crAB extraction com
bined with silica column binding purifica
tion gave the best results (Csaikl et al., 1998;
Rohland and Hofreiter, 2007; Sarkinen et al.,
2012).

Telle and Thines (2008) exhaustively com
pared 19 different extraction methods or kits
and 15 different polyrnerases, measuring their
ability to amplify a ~620-bp oomycete (plant
pathogen) mitochondrial fragment from her
barium specimens up to 129 years old. Their
results were complex, but demonstrated that
several of the commercial DNA extraction
kits (Geneclean Kit for Ancient DNA, Bio
101; Genelure Plant Genomic DNA kit, Sig
ma; innuPREP Plant DNA Kit, Analytikjena;
DNeasy Plant Mini Kit, Qiagen; Invisorb
Spin Plant Mini Kit, Invitek; E.N.Z.A. Foren
sic DNA Isolation Kit, VWR) outperformed
basic crAB + silica column extractions as
measured by the amplification of 300-600
bp arnplicons. They also demonstrated that
choice of polymerase was crucial to successful
amplification. They did not sequence the am
plicons, so DNA damage could not be com
pared.

Activation ofDNases during extraction - Pro
teinase K is routinely used in extraction of
animal tissues; the enzyme not only degrades
structural proteins but also inactivates pro
teinases that digest DNA (Knebelsberger and
Stager, 2012). Proteinase K is not inactivated
by chelating reagents such as EDTA or deter
gents such as SDS and is active over a wide
range of pH (4-12.5). Adams et al. (1999)
showed that some taxa (Poaceae, Brassicaceae)
exhibit rapid degradation of DNA during ex-

_::::-:s-_~-·

traction in normal protocols from both fresh
or silica-dried tissues. They hypothesized the
degradation was caused by exceptionally sta
ble DNases that could tolerate desiccation and
that consumed DNA during the extraction
process. They showed that addition of pro
teinase K during the initial incubation stage
of DNA extraction likewise destroys any en
donucleases, resulting in high yields of HMW
DNA. Other workers have noted the benefi
cial effects of proteinase K in extraction buf
fers (Crowe et al., 1991; Zhang and Stewart,
2000).

4. ARCHIVAL STORAGE OF PLANT TISSUES OR

ExrRACTS TO MAXIMIZE QUALITY

Should we store tissue samples or just DNA
extracts? Given that we cannot anticipate all
future uses of archival specimens, it makes
sense to preserve portions in their most natu
ral form (leaves, flowers, seeds), because these
contain not only DNA but also all the other
biomolecules that survive drying. Anchord
quy (2007) notes the increasing importance of
epigenetics and suggests that archival storage
methods should include preservation of other
biomolecules in addition to DNA. However,
if DNA degrades inside intact tissues during
archival storage, then DNA should be extract
ed for archival storage. If space and curation
facilities allow, storage of both tissues and ex
tracted DNAs seems optimal.

5. STORAGE TEMPERATURE AND ROOM-TEM

PERATURE ALTERNATIVES

Storage of tissues or DNA at liquid nitrogen
temperatures (-196°C) is optimal because
degradation is minimized relative to all other
storage techniques (Lee et al., 2010). The high
quality of preservation comes at a relative
ly high cost due to initial cost of the Dewar
tanks and the specialized cryogenic vials and
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labels that must be used, combined with the
perpetual costs of liquid nitrogen. Mechanical
freezers (_60° to -80°C) are an alternative but
are relatively expensive, and mechanical fail
ure must be anticipated for archival storage.
Storage in -20°C freezers is much more com
mon ; some large herbaria (e.g., Missouri Bo
tanical Garden) have walk-in freezers for stor
age of vouchered tissue samples. Commercial
food freezers are suitable for specimen storage
as long as they are not frost-free; the periodic
thawing in frost-free freezers is harmful to ex
tracted DNA and presumably to tissues and
specimens as well (Surzycki, 2000).

Methods for storing DNA or tissue ex
tracts at room temperature include ITA paper
(mentioned above) and vitrification of DNA
in trehalose [e.g., Qiasafe tubes (Qiagen, Inc.)
or Gentegra (IntegenX, Inc.); Trehalose works
by binding to DNA and stabilizing its struc
ture (Zhu er al., 2007)]. Ivanova and Kuzmi
na (2013) compared Biomatrica DNAstable
plates, homemade trehalose plates, and poly
vinyl alcohol (PVA) plates for room-tempera
ture and freezer preservation of insect DNA.
They measured successful amplification and
sequencing following various storage condi
tions up to 4 years old. Overall, the dry stor
age media (trehalose, Biornarrica, or PYA)
provided sufficient protection for short-term
storage of DNA at room temperature, thus
enabling shipment and exchange of DNA ex
tracts and PCR products between DNA bar
coding facilities (Knebelsberger and Steger,
2012) . Although trehalose might be/sufficient
for short-term storage, they recommend Bio
matri ca and Tris-buff'ered PYA for long-term
storage and for sample exchange with tropical
countries. Desiccants should be used to min
imize exposure to humidity. Temperature is a
crucial factor for DNA quality, which has to
be considered especially for long-term storage.
Some have found that short-term DNA stor
age is best at 4°C or long-term at -70°C or
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less. Others have concluded that DNA is best
stored in trehalose, either at room temperature
or at -80°C (Smith and Morin, 2005). How
ever, Smith and Morin (2005) focused on ex
tracted DNA and not storage of tissues, which
behave differently because of the matrix of
cellular contents. It is premature to advocate
transition to DNA storage at room tempera
ture, and that these storage methods should be
viewed as adjuncts to archival freezer storage
of tissues or DNAs.

Frippiat (2011) compared stability of hu
man DNA stored at room temperature in
Gentegra matrix vs. Qiasafe, using DNA ex
tracted by phenol/chloroform vs. a magnetic
bead protocol. Reduction in amplification was
shown in the samples extracted with magnetic
beads, suggesting that specific DNA isolation
protocols are important in these anhydrous
preservation methods.

Although many researchers resuspenc
DNA extracts in water, many references em
phasize the beneficial effects ofTE buffer (l f

mM Tris-HCI, 1 mM EDTA, pH 8.0) fe
long-term storage of DNA. DNA is more Sf;

ble under high pH and in the absence of me
al ions that catalyze degradation. TE buff.
provides a slightly alkaline environment, ar
EDTA is a chelating agent that binds mel
ions (Surzycki, 2000 ; Anchordoquy and M
lina, 2007).

6. WHAT QUESTIONS REMAIN ABOUT PLA

DNA RESOURCES, CURATION, AND LONG-TE

STORAGE~

Given the above review, some aspects of D"
curation, and storage are clear, but many ql
tions remain.

A. How is DNA quality related to met
of herbarium specimen curation ,
do higher temperature and humi
negatively affect DNA quality in
barium specimens)? In a broad su

_.~
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of taxa, are there any plant groups that
have consistently good or bad DNA
quality in herbarium specimens (i.e.,
might certain families be particularly
prone to DNA degradation)?

B. What are the age limits of herbarium
specimens that give "high-quality"
DNA? Does this vary among different
clades (families/genera)? Does tissue
succulence playa role in DNA degrada
tion in herbarium specimens (i.e., does
the added water of thick tissues make
DNA preservation poorer than in thin
leaved samples)?

C. How is storage of tissues in silica affect
ed by type of storage vessel? How is
DNA quality affected in tissues stored
in silica vs. freezers?

D. How does DNA quality compare in
DNA extracts stored at -20°C vs. sil
ica-dried tissues stored at room tem
perature?

E. What are the effects of light on DNA
quality of silica-dried tissues (i.e., ef
fects ofphotobleaching)?

Here we present results of experi
.ents designed to address these questions.

lATERIALS AND METHODS

uring discussions of DNA and herbarium
ecimens, we realized that collectively we
rve sets ofhundreds ofherbarium specimens
.d/or specimens dried in silica gel collect-
up to 30 years ago that might facilitate a

rendipitous experiment on the effects of
ecimen preparation and curation on DNA
eservation. These specimens were collected
~ a variety of phylogenetic or floristic pro]
ts, but their curation history is known in
fficient detail for us to make correlations

between DNA quality, age, and specimen cu
ration (Appendix 4). To examine the relative
importance ofsuch effects, we extracted DNA
from these sets ofspecimens and used gel elec
trophoresis as a rough estimate of DNA qual
ity among samples. We did not test amplifica
tion or sequencing success from these DNAs.

A. Effects of herbarium specimen curation on
DNA qualitY: To address the impact of dif
ferent herbarium curation variables (archival
mounting paper, ambient temperature and
humidity), we used two similar sets of taxa
collected for Florida floristic studies from
about the same time period (7-21 years old)
but stored under different conditions. The
first data set was collected to document the
flora of the White Oak Plantation, Nassau
Co., Florida. These specimens (n = 461, mean
age of 13.6 years) were pressed carefully over
gentle forced air, immediately mounted on ar
chival herbarium paper, and stored in pest-free
cabinets in an air-conditioned lab, under low
humidity (ca. 45% RH) at cool temperatures
«20°e) for the lifetime of the collection.

The second set of specimens, hereafter re
ferred to as the "Abbott collection" (n = 192,
mean age 17.6 years), was collected by Rich
ard Abbott and has been stored unmounted
in the original newspapers and has never been
mounted on archival paper. The collection was
moved cross-country several times (Florida,
California, Illinois, Missouri, Florida). Until
recently, the specimens were not consistently
in air-conditioned environments, thus were
periodically subject to ambient humidity and
temperature.

B. Effects of herbarium specimen age and leaf
succulence on DNA quality: To determine if
DNA degradation rates in herbarium speci
mens might vary among families or genera, we
examined specimens of various ages of phylo
genetically disparate families from specimens
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with the same curation history: Asimina (n =

128, Annonaceae), Mikania (n =334, Astera
ceae), Polygalaceae (n = 355), Hibisceae (n =
330, Malvaceae), and Portulaca (n = 40, Por
tulacaceae).

C. Effect ofsilica drying and freezing on DNA
preservation: We examined DNA quality in
various tissues that had been stored with the
specific intent of preserving DNA. Specimen
sets included tissues dried in silica gel and
then stored at room temperature (usually in
the dark) for up to 20 years in falcon tubes
(transparent 50-ml polypropylene centrifuge
tubes with opaque blue caps) (n = 63), glass
specimen jars (n = 20), and Ziploc" bags (n
= 91). Unfortunately, no tissues older than
this could be located, because this method of
tissue storage only came into use in the early
1990s (Chase and Hills, 1991). We also ana
lyzed various tissues stored for up to 24 years
in -20°C (n = 20) or -BO°C (n = 38) freezers to
assess the effects oflow temperatures on DNA
quality.

D. Comparison of DNA preservation of or
chid leaf samples in room temperature sili
ca-dried tissues vs. DNA extracts frozen at
_20°C for 7-12 years: Silica-dried samples (n =

II) were stored at room temperature for 7-12
years with a replicate of DNA extracts from
the matching samples. Fresh tissues of the
same silica-dried accessions were recollected
from greenhouse-grown material at the pres
ent day (i.e., 2013) for comparison.

E. Effect of photobleaching: Orchid leaf tis
sues (n = 8) were stored in falcon tubes and ex
posed to ambient light (both indirect sunlight
and fluorescent light) on a laboratory shelf for
15 years. These tubes seal tightly with little
air infiltration. These samples are not directly
compared to other DNA resources; they sim
ply represent the demonstrable effect of light
on tissues.
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Extraction protocol - All samples were ground
in a bead beater mill in 2-ml screwcap vials us
ing glassbeads. Extractions utilized a modified
crAB protocol (Doyle and Doyle, 1987); de
tails are presented in Appendix 2. Because of
the large number of samples, the DNAs were
simply precipitated with isopropanol followed
by two washes of the peller with 70% ethanol.
Neither RNase treatment nor silica column
cleaning was performed prior to electropho
resis.

Electrophoresis - Because ofcost and time con
siderations, we did perform exhaustive spec
trophotometric analyses (e.g., Nanodrop, Qu
bit) or more sophisticated methods of nucleic
acid analysis (e.g., Bioanalyzer). All total ge
nomic DNAs were electrophoresed on 1.5%
agarose gels using ethidium bromide and two
size standards (a 100-bp hyperladder IV and
lambda DNA digested with EcoRI and Htn
dIll) run at 150 volts for ~30 minutes or 2
cm migration of loading dye (whichever was
achieved first); details are in Appendix 3. Gels
were photographed using a Canon A650IS
camera. Gel images were analyzed using Pho
roshop software for basic image cropping and
rotation. GelAnalyzer2010 was then used to
produce a two-dimensional graph of absor
bance vs, fragment length (http://www.gelan
alyzer.com/).

Analysis - We regard the pattern of DNA
fragment length revealed through gel electro
phoresis as roughly indicative of overall DNA
quality and extent of degradation. High -qual
ity total DNA extracts have a strong peak of
very HMW (>23 kbp), with relatively few
low-molecular-weight fragments. Highly de
graded DNA has no HMW fragments, with
smears of fragments below 1000 bp. Based on
the relative intensity of absorbance at high-,
medium-, and low-molecular-weight regions
of each trace (Fig. 1), we constructed 24 cat-
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egories of DNA trace quality, ranging from
highest to lowest quality (Fig. 2). We sub
jectively scored each sample's electrophoretic

trace and placed it into one of these quality
categories. These quality scores were used to
comp are samples in the data analyses.
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Figure I. Electrophoretic profiles ofexemplar samples demonstrating: A) Upper size limit. B) Lowest quality sample (except for a
sample with no discernible DNA) with a low peak in the low-molecular-weight region indicati ng intense degradation .
C) Anoth er low quality sample. but with a broader smear with slightly higher molecular weight. D) H igh quality DNA
with a H MW band, but peak artifacts at lower molecular weight (presumably ribosomaI IU>lA). E) High-qu ality sample
with a H MW peak and vety little low-molecular-weight DNA. indicating little degradation. F) Size standard hyper
ladder showing peaks at 10o-bp intervals from 1000 bp at left to 200 bp at right . Peak height is correlated with overall
Auorcscence and is not an absolute measurement of DNA.
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RESULTS examples of degradation presented by Adan
and Sharma (20 10).

For this study, we define "high-quality"
DNA as a sample containing a relatively
large amount of HMW fragments. Likewise,
"degraded" D NA implies that there is rela
tively little HMW DNA with a majority of
low-molecular-weight DNA. Our results are
contingent upon the premise of DNA degra
dation shifting HMW DNA to low molecular
weight (Fig. IG) and are consistent with the

A) Comparison of the extracts from the tVI

differentially curared herbari a (W hite 0 ;
Plantation vs. Abbott) (Fig. 3) demonsrrat
that method of curation has a large effect c

DNA quali ty. The White Oak Plantatir
samples had 89% of the samples with HM'
bands. whereas the Abbott samples had or
16% ofsamples with HMW bands.
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A) Scatter diagram of relative DNA quality
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A) Scatter diagram of relative DNA quality
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A) Scatter diagram of relative DNA quality
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C) Frozen tissues gave consistently high-quali
ty DNA (Fig. 9A), regardless of age. However,
silica-dried tissues yielded extracts of widely
varying DNA quality (Fig. 9B-D) , suggest-

AI Frozen tissue samples
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ing that storage conditions of the silica-dried
tissues might greatly affect long-term DNA
quality.

8 1Silica dried tissue samples l in glass Jars I

. IIMW hand abse...t tn = I'll
• IIMW bandpresen t en = I I

Tota l sampk numher = 20
A\ 'c:ragc 3b'Cof specimens ::: IX)'rs

E"cmpIar total DNA extracts;

01 Silica dried tissue samples ( in plast ic bags I

• IIMW handaJls...ent (n = I 'll
• IIMW hand presenr In = I I

Tota l sample numher = 20
A\'c:rngc~e o f sp:cimc:ns == I X)'fS

D I Silica dried tissue sampl es I in plast ic bags I



102

D) Figure 10 shows DNA extracts for a set
of 11 orchid samples. The bottom row shows
extracts from fresh tissue, the top row shows
DNA extracts made from freshly silica-dried
tissues 7-12 years ago (the total DNAs have
been stored at -20°C since extraction), and the

NEUBIG ET AL.

middl e row shows recent re-exrracrions of (he

same 7-12-year-old silica-dried tissues, illus
trating a comparison of the first and second
rows showing degradation of these samples
over time.

A) Original DNA extracts (from silica-dr ied tissues)
that were stored in -20oe for 7-12 ears.

B) Secondary DNA extracts from the same silica-dried
tissues as in part A (those tissues were stored at room
temperature in silica bags for 7-12 years) .

Figure 10. C omparison of A) original exrracred D NA from silica-d ried samples scored ar-20·C, B) secondary extractions from me
same silica-dried sam ples in presenr day, and C) freshly collected sam ples from greenhous e-grown living plant collection
in presenr day. Size standards are in in lanes 1 and 13 (hyperladder IV and lambda d igesr, respectively), identical sample
replica res are in lanes 2- 12.
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E) In Figure 11, the effects of photobleaching
in silica-dried samples are depicted. Although
very little DNA was recovered from these

samples, some of them still had some HMW
DNA.

A) Exemplar photobleached sample

B) Electrophoretic gel image ofphotobleached samples

B) Electrophoretic gel image ofphotobleached samples
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DISCUSSION

DNA measurements can be made by various
means. Spectrophotometric analyses of DNA
solutions measure the absorbance ratio at 260

I

vs. 280 nm ; the ratio is indicative of the purity
of the DNA (i.e., 1.8 for pure DNA) (Man
chester, 1995). DNA-specific spectrophororn
eters include NanoVue Uv-specrrophorome
ter (GE Healthcare), Nanodrop, and Qubit.
These technologies assess DNA quantity, but
not quality. So, low-quality samples can have
high masses of DNA, and vice versa. Assays
to measure damage to DNA strands gener
ally involve sequencing of the DNA, usually
through next-generation methods (Godden
et al., 2012; Bi et al., 2013)K.</author><au
thorc-Linderoth, T.-c/author»<author>Van
derpool, D.</author><author>Good, J. M.</
authore-cauthoo-Nielsen, R.</author><au
thorc-Moritz, C.</author></authors></con
tributors><titles><tide>Unlocking the vault:
next-generation museum population genom
ics«l title><secondary-ti tie>Molecular Ecol
ogy«lsecondary-ti tle></ti tles><periodicab<
full-ticlec-Molecular Ecology-e/full-rlrles-e/
per iodical><pages>6018-6032<1pages><vol
ume>22<1volume><dates><year>20 13<1
year></ dates »c uris> <I urlss c/ records-c/
Cite></EndNote>.

Many studies have used PCR as a measure
of DNA quantity and quality. DNA quality
is estimated by simple success/failure ratios
and the length of the target amplicon, with
the assumption that higher-quality DNA is
capable of yielding higher-molecular-weight
arnplicons (Erkens et al., 2008; Adams and
Sharma , 2010; Sarkinen er al., 2012; Ivano
va and Kuzrnina , 20 13). Real-time PCR has
also been applied as a means of more precise
ly quantifying DNA quality (Cankar et al.,
2006). However, there are at least several po
tential problems with using PCR as a gauge of
template quality. The first potential problem is
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primer mismatch; if a primer does not match
the template appropriately, a product will not
be generated, thus giving a false negative for
DNA quality. The second potential problem
is inhibition; because PCR is a relatively sen
sitive enzymatic reaction, secondary com
pounds. when present within a total DNA
extract, commonly inhibit PCR, also giving a
false negative for DNA quality.

Highly accurate analyses of fragment
length are provided by instruments such as
the Bioanalyzer (Agilent Technologies, Inc.).
However, the Bioanalyzer only analyzes frag
ments up to 17 kb, whereas HMW DNA
tends to be >20 kb (Panaro et al., 2000). so
it is severely limited for assessing high-quali
ty DNA. A quicker and somewhat less precise
method of assessing DNA quality through a
proportionate measure of fragment length is
by gel electrophoresis; the gel image provides
a semi-quantitative assessment of DNA frag
ment size and abundance. We used gel electro
phoresis to estimate DNA quality because it is
relatively cheap and rapid.

Pertinent variables affecting DNA qual
ity that were addressed in our study include
herbarium specimen curation conditions, tax
onomic variation versus time, leaf succulence
and DNA preservation, silica storage, freezer
storage, DNA extract storage, and photo
bleaching, as follows.

A) Effects ofherbarium specimen curation
on DNA quality

The comparison of the White Oak Planta
tion and Abbott collections showed different
patterns in DNA quality. With these two sets
of data, we attempted to eliminate as many
variables as possible, such as inconsistency in
collection process, by having a limited num
ber ofcollectors for each set. Taxonomic bias
es were minimized because both sets represent
the same north Florida flora, although sample
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size and taxon sampling are not identical. The
main variables between the two data sets were
the environmental conditions during storage.
Whereasthe White Oak collection wasmount
ed immediately after pressing and drying and
then stored under very tightly controlled
temperature and humidity, the Abbott collec
tion has been stored in boxes and the origi
nal newspapers. Interestingly, this collection
also sat in hot moving trucks (often exceeding
60°C) moving across the country from Florida
to California, back to Florida, then to Illinois,
then to Missouri , then ultimately back to Flor
ida (all in this 21-year period with an average
specimen age of 17.6 years). This collection
was not stored under ideal conditions of low
humidity. In the course of this collection's his
tory, the specimens were subject to multiple
pests. Most notably, while in California, one
bundle of specimens became home to a small
family of field mice, who chewed through the
newspapersholding the specimens.

Not surprisingly, the two sets are strikingly
different in DNA quality. Whereas the White
Oak Plantation specimens included 89% of
specimens with HMW DNA, only 16% of
the Abbott collection had HMW DNA. Fur
ther, although these two data sets do differ
slightly in age [the White Oak Plantation is
an average of 13.6 years (7-16 years), while

.the Abbott collection is an average of 17.6
years (8-21 years)], all of the specimen ages
are less than that of the typical thresholds of
samples that give HMW DNA (see Figs. 4-8
and following section), if collection methods
are standardized. These data demonstrate that
the quality ofcollection and storage ofherbar
ium specimens strongly affects DNA quality,
at least for specimens 15-21 years old.

B) Effects ofherbarium specimen age and
leafsucculence on DNA quality

DNA quality in herbarium specimens is loose-

ly correlated with specimen age. Although
high-quality samples are exclusively found in
younger specimens, low-quality samples can
be found throughout the age distribution,
even in recently collected specimens.

Effect of succulence on DNA preservation
We selected subsets of herbarium specimens
with different tissue thicknesses and rates of
drying. Samples of Asimina, Hibisceae, and
Mikania are typically thin-leaved, whereas
those of Portulaca are succulent. Polygalace
ae are usually thin-leaved, but more variable.
Results showed that thin-leaved taxa gener
ally have higher quality DNA than do thick
leaved or succulent specimens. Although a
35-year-old sample of Portulaca showed rel
atively high-quality DNA, most Portulaca
samples ofhigh quality were less than 15 years
old. This is relatively young compared to the
other taxonomic groups examined. This is
consistent with Chase and Hills (1991), who
showed low DNA yields in succulent herbar
ium specimens of orchids. Our own work on
herbarium specimens of orchid taxa shows
similar results in DNA quality of succulent
versus thin-leaved orchid tissues (Neubig and
Whitten, pers. obs.).

Taxon-specific variation in DNA preser
vation - Does DNA survive better in some
families or genera than others? Aside from the
effect of succulence causing slow drying, our
uncontrolled data are not sufficient to demon
strate any clear correlations between taxo
nomic group and DNA preservation. Adams
er al. (1999) reported rapid DNA degradation
in some Poaceae and Brassicaceae, and they
hypothesized that robust DNases degraded
DNA rapidly in fresh and herbarium tissues.
These effects may be restricted to relatively few
taxa. We have sampled many taxa from Po
aceae both in this study and others, and the
vast majority of samples yield good-quality
DNA (within a reasonable age limitation of
30 years or less). In contrast, Melastornataceae



106

exhibit very poor DNA preservation in her
barium specimens, even in recent collections.
Our work on Melastomaraceae (especially in
tribe Miconieae) consistently shows low suc
cess rates of extractions from herbarium spec
imens, despite being relatively thin-leaved
(Neubig, pers. obs.: Becquer-Granados et al.,
2003). The cause of this degradation in Me
lasrornataceae is unclear. High success rates of
extraction and amplification from old herbar
ium specimens ofxeric Melanthiaceae, such as
Schoenocaulon, led Zomlefer (2006) to spec
ulate that physiological adaptations to xeric
habitats might result in better DNA preserva
tion than in mesic plants, but we are unaware
of controlled studies.

C) Effect of silica drying and freezing on
DNA preservation

We analyzed 58 samples of tissues that had
been frozen (-20° or -80°e) for at least 10 years
(Fig. 9). The samples are phylogenetically di
verse and variable in preparation (pulverized
or intact tissue). Almost all yielded extremely
good-quality DNA. This is somewhat at odds
with Smith and Morin (2005), who found
significant degradation of samples stored at
-20DC versus colder temperatures.

We presume that nearly all the silica-dried
tissues initially contained high-quality DNA.
because most of the samples used had been
originally preserved for molecular laborato
ry use (i.e., plastid restriction site analysis, or
PCR-based procedures). The great range of
quality present in the ca. 20-year-old samples
must be due to storage variables. The most ob
vious is the seal of the container. Specimens
stored in tightly sealed containers (i.e., falcon
rubes) , often with an excess of silica gel, ap
peared to have higher-quality DNA. Loose
ly sealed specimen jars (such as jars used for
spirit collections in herbaria) are very poorly
sealed against air infiltration, and thus humid-
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iry, Small Ziploc" bags are not airtight, am
the silica will eventually equilibrate with at
mospheric humidity. But. most ofour sample
from Ziploc" bags were triple sealed in airtigh:
polypropylene boxes with silicone gaskets. So
not surprisingly, the Ziploc" bags performed
the best (Fig. 9D) because of the extra mea
sures of protection taken, rather than the in
nate nature ofZiploc" bags.

D) Comparison ofDNA preservation ofor
chid leaf samples stored in room tempera
ture as silica-dried tissues us, DNA extracts
frozen at -2UCfor 7-12 years

Comparison of DNA quality in Figure 10
shows that storage of DNA extracts (stored
in TE at -20De for 7-12 years) is superior to
new extracts of silica-dried leaves stored at
room temperature, sealed in containers in
the dark, but without additional silica to ab
sorb ambient moisture. Nevertheless, most of
the silica-dried tissues retained some HMW
DNA. The freshly collected tissues all exhib
it relatively uniform and strong HMW DNA
as expected. Therefore, we can conclude that
ambient moisture. and potentially tempera
ture, are the dominant contributing factors
to DNA degradation in the silica-dried tissue
samples.

E. Effect ofphotobleaching

Silica-dried tissues that have been stored in
transparent containers (plastic bags or falcon
tubes) are subject to the deleterious effects
of light over long periods (Sinha and Hader,
2002). Such tissues exposed to light usually
lose their green pigmentation. However, this
bleaching does not necessarily affect HMW
DNA. This reiterates the findings of Erkens er
aI. (2008), who correlated DNA quality with
herbarium specimen color. They found a weak
correlation with specimen "greenness" when
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compared to DNA quality. Nevertheless, we
recommend storage of tissues in the dark.

CONCLUSIONS

Thewide variety ofmorphology and life histo
ry of organisms makes DNA and tissue pres
ervation a complex topic (Seutin et al., 1990;
Kilpatrick. 2002; Mitchell and Takacs-Ves
bach, 2008; Zimmermann er al., 2008). Al
though very limited, these data indicate that
best practice is to freeze tissues and DNA
samples for maximum quality preservation at
the lowest temperatures possible. Although
cryogenic tissue banks that curate samples for
archival storage are becoming more common
(Corthals and Desalle, 2005; Hodkinson et
al.• 2007; Gemeinholzer er al., 2011; Enda
ra er al., this volume; Godden and Soltis, this
volume), they are still expensive for small in
stitutions and are impractical for short term
lab work where samples need to be accessed
frequently.

Although the ability of next-generation se
quencing technologies to produce useful data
from ffagmented DNA will undoubtedly in
crease, we should not use this technology as an
excuse to abandon collection/curation meth
ods that maximize DNA quality. Highly intact
and undamaged DNA will always be preferred
over degraded DNA of uncertain quality. We
recommend that all herbarium collections
should be supplemented with tissues dried
in silica gel (or ITA paper, or both). If insti
tutional resources permit, an aliquot of these
tissues should be stored at the lowest tempera
ture possible. If liquid nitrogen storage is not
available, we recommend vacuum-packing of
dried tissues as a low-cost alternative to min
imize degradation over time. This procedure
has been suggested before (Nagy, 2010), but
we have tested this method over the past 10
years (seeAppendix 1) and find it to be an ef
fective way to preserve DNA quality in tissues,

yet still have them readily available for active
use in the laboratory.

The emergence of room temperature stor
age methods such as trehalose vitrification or
ITA paper is encouraging, but the available
data do not justify using these methods to re
place cryogenic banks and silica-dried tissues
at present . They are useful supplements, but
cannot be considered archival.

Although this and other studies haveshown
that DNA degrades over time in herbarium
specimens (Erkens et al., 2008; Adams and
Sharma, 2010; Adams, 2011), it is clear that
we can retard degradation by optimizing the
environmental conditions in which the speci
mens are stored. From the herbarium curator's
perspective, we strongly recommend minimiz
ing the length of time specimens are stored in
acidic newspaper. Although specimen mount
ing backlogs are usually the result of budget
constraints, herbarium curators should realize
that leaving specimens in acidic newspapers is
one of the greatest threats to specimen quality,
analogous to dermestid beetles, on a molecu
lar level.

Archival storage is expensive in terms of
money, space, and time . Institutions need to
set priorities to decide what to preserve and
at what quality. Is it really necessary to store
all DNA for eternity? Ifwe store a sample on
ITA paper or vitrified in trehalose that will be
good for 200 years, is that good enough, or
do we need to store everything in liquid ni
trogen? How do we prioritize sample storage
vs. cost? What are the effects of various stor
age techniques on DNA damage (i.e., "nick
ing", etc.)? Although liquid nitrogen storage
is superior, relatively inexpensive methods can
be used to improve the storage conditions of
specimens and tissues, drastically slowing the
rate ofDNA degradation. With global extinc
tion rates rising rapidly, our herbaria will soon
contain the only remains ofmany extinct spe
cies or extirpated populations. The DNA in
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these specimens contains the majority of the
information on the species that we can leave
to future generations. Anything we can do to

minimize the loss of this information should
be encouraged.

LITERATURE CITED

Adams, R. P. 2011. DN A from herbarium specimens:
II . Correlation of DNA degredation with humidity.
Phytologia 93: 351-359.

Adams, R. P. & L. N. Sharma. 2010. DNA from her
barium specimens: I. Correlation ofDNA size with
specimen age. Phytologia 92: 346-353.

Adams, R. P. & L. Baker. 2011.Seventeen years storage
of juniper and spinach leaves in alcohols: effects on
DNA. Phytolog in 93: 283- 292.

Adams, R. P., ~L Zhong & Y. Fei. 1999. Preservation
of DNA in plant specimens: inacti vation and re-ac
tivation of DN ases in field specimens. Mol. Eco l.
8: 681- 684.

Akinnagbc, A., X. B. Ji, M. Yang & D. Ewald. 2011.
Eth anol pretreatment increases DNA yields from
dried tree foliage. Conserv. Genet. Resour. 3: 409
411.

Alexander, P.J., G. Rajani kanth, C. Bacon & C. D. Bai
ley. 2006. Recovery of plant DNA using a recip
rocating saw and silica-based columns. Mol. Ecol.
Notes 7: 5-9.

Anchordoquy, T. J. & M. C. Molina . 2007. Frontiers
in clinical research: preservation of DNA. Cell
Preserv, Techn ol. 5: 180-188.

Bacci, M., A. Checcucci, G. Checcucci & M. R. Palan
dr i. 1985. Microwave drying of herba rium speci
mens. Taxon 34: 649-653.

Becquer-Granado s, E., K. M. Neubig, W. S. Judd, F.
A. Michelangeli, J. R. Abbott & D. S. Penneys.
2003. Preliminary molecular phylogeneti c studi es
in Paclfyanlbus (Miconicac, Melastomaraccae). Bot.
Rev. 74: 37- 52.

Bekesiova, 1., ].-P. Nap & L. Milynarova. 1999. Isola
tion of high quality DNA and RNA from leaves of
the carnivorous plant Drasem rolllndijOlia. Plant Mol.
BioI. Rep. 17: 269-277.

NEUBIG ET AL.

Bi, K., T. Linderoth, D. Vanderpool, J. M. Good, R.
Nielsen & C. Moritz. 2013. Unlocking the: vault:
next-generat ion museum population genomics.
Mol. Eeol. 22: 6018-6032.

Blanco, M. A., W. M. Whitten, D. S. Penne ys, K H.
Williams, K. M. Neubig & L. End ara . 2006. A
simple and safe method for rapid drying of plant
spccmen s using forced-air space heaters. Selbyana
27: 83-87.

Bridson, D. & L. Form an. 1998. The Herbarium Hand
book . Royal Botan ical Gardens, Kew.

Cankar, K., D. Stebih, T. Drco,]. Zel & K. Gruden.
2006. Critical points of DNA quantifi cation by re
al-time PCR - effects of DNA extraction metho d
and sample matrix on quantification of genetically
modified organisms. BMC Biotechnol. 6: 37.

Carrie, E. & J. A. Rossell6. 2013. Salt dry ing: a low
cost, simple and efficient method for storing plants
in the field and preserving biological repositories
for DNA diversity research. Mol. Eeol. Resourc,
14:344-351.

Chase, M. W. & H. H. Hills. 1991. Silica gel: an ideal
material for field preservation of leaf samples for
DNA studies. Taxon 40: 215- 220.

Corthals, A. & R. Desalle. 2005. An application of
tissue and DNA banki ng for genomics and con
servation: The Ambrose Monell Cryo-Collection
(AMCC). Syst, BioI. 54: 819-823.

Cera-Sanchez, J . H., K. Remarchuk & K. Ubayasena,
2006. Ready-to -use DN A extracted with a C rAB
method adapted for herbarium specimens and mu
cilaginous plant tissues. Plant Mol. Biol. Rep. 24:
161-167.

Crowe.]. S., H.]. Cooper, M. A. Smith, M.]. Sims, D.
Parker & D. Gewert. 1991. Improved cloning effi
ciency of polymerase chain reaction (PCR) prod
ucts after proteinase K digestion. Nucleic Acids
Res. 19: 184.

Csaikl, U. M., H. Bastian, R. Brettschneider, S. Gauch,
A. Meir, M. Schaur te, F. Scholz, C. Spcriscn, B.
Vornam & B. Ziegenh agen. 1998. Compa rative
analysis of different DNA extraction proto cols:
A fast, universal maxi-preparation of high quality
plant DNA for genetic evaluation and phylogenetic
studies. Plant Mol. BioI. Rep. 16: 69-86.



DNA PRESERVATION IN PLANT SPECIMENS 109

Daniel. V. 1995. Storage in low-oxygen environments.
Pp. 147-155 ill C. L. Rose. C. A. Hawks & H. H.
Genoways (editors). Storage of Natural History
Collections: A Preventive Conservation Approach.
Society for the Preservation of Natural History
Collections. York. PA.

Do. ~ . & R. P. Adams. 1991. A simple technique for
removing plant polysaccharide contaminants from
D~A. Biofechniques 10: 162-166.

Doyle. J. J . & E . E. Dickson. 1987. Preservation of
plant samples for DNA restriction endonuclease
analysis. Taxon 36: 715- 722.

Doyle,J.J. &J. L. Doyle. 1987. A rapid DNA isolation
procedure for small quantities of fresh leaf tissue.
Phytochcrn. Bull. 19: 11-15.

Erkcns, R. H. J., H . Cross, J.W. Maas, K. Hoenselaar
& L. W. Chatrou. 2008. Assessment of age and
greenness of herbarium specimens as preitors for
successful exraction and amplification of Dr-:A.
Blurnca 53: 407-428.

Flournoy. L. E., R. P. Adams & R. N. Pandy, 1996. In
terim and archival preservation ofplant specimens
in alcohols for Df\;A studies. BioTechniques 20:
657-660.

Frippiar, c., S. Zorbo, D. Leonard. A. Marcotte, M.
Chaput. C. Aelbrecht & F. Noel. 2011. Evaluation
ofnovel forens ic Df\;A storage methodologies. Fo
rensic Sci. Int. Genet. 5: 386-392.

Fukatsu, T. 1999. Acetone preservation: a practical
technique for molecular analysis. Mol. Ecol. 8:
1935-1945.

Gawel, K J . & R. L. Jarret. 1991. A modified crAB
DNA extraction procedure for AI/lSa and Ipomoea.
Plant Mol. BioI. Rep. 9: 262-266.

Gemeinholzer, B., G. Droge, H. Zetzsche, G. Ha sz
prunar. H.-P. Klenk. A. Guntsch, W. G. Ber
endsohn & J. -W. Wagele. 2011. The Df\;A bank
network: the start from a German initiative. Bio
preser\'. Biobank. 9: 51-55.

Godden, G. T., 1. E. Jorden-Thaden, S. Charnala, A.
A. Crowl, N. Garcia, C. C. Germain-Aubrey,]. M.
Heaney. M. Latvis, X. Qi & M. A. Gitzendanner,
2012. Making next-generation sequencing work
for you: approaches and practical considerations
for marker development and phylogenetics. Plant
Ecol. Divers. 5: 427-450.

Hill, S. R. 1983. Microwave and the herbarium speci
men: potential dan gers. Taxon 32: 614-615.

Hodkinson, T. R., S. Waldren, J. A r-:. Parnell, C. T.
Kelleher, K. Salamin & N. Salamin. 2007. DNA
banking for plant breeding, biotechnology and
biodiversity evaluation.]. Plant Res. 120: 17-29.

Honeycutt. R.].. B. W. S. Sobral, P. Keirn &]. E. Ir
vine. 1992. A rapid DNA extraction method for
sugarcane and its relatives. Plant Mol. Biol, Rep.
10: 66- 72.

Ivanova, N . V. & M. L. Kuzrnina. 2013. Protocols for
dry DNA storage and shipment at room tempera
ture. Mol. Ecol. Resourc. 13: 890-898.

Jansen, R. K., D. J. Loockerman & H.-G. Kim. 1999.
DNA sampling from herbarium material : A cur
rent perspective. Pp. 277-286 ill D. A. Metsgcr &
S. C. Byers (editors), Managing the Modern Her 
barium, an Interdisciplinary Approach. Elton-Wolf
Publishing, Vancouver.

Jobes, D. V., D. L. Hurley & L. B. Thien. 1995. Plan t
DNA isolation: a method to efficiently remove
polyphcnolics, polysaccharides, and RNA. Taxon
44: 379-386.

Kilpatrick, C. W. 2002 . Noncryogcnic preservation
of mammalian tissues for DNA extraction: an as
sessment of storage methods. Biochcm, Genet. 40:
53-62.

Kim, S.-H. & T. Hamada. 2005 . Rapid and reliable
method of extracting DNA and RNA from sweet
potato, Ipomoeo bola/as (I.). Lam . Biotechnol. Lett.
27: 1841-1845.

Klernchin, D. 2008. Whatman's FfA paper and
DNA archiving kits. http:/ /methodsandre
agents.pbworks.com/w/ page/20806952/What
man%27s%20FTA % 2 0 p ap e r% 2 0 a n d% 2 0
DNA%20archiving%20kits. Accessed 6 Feb. 2014.

Knebelsberger, T. & 1. Stoger. 2012. DNA extraction,
preservation, and amplification. Pp, 311-338 ill
W. J. Kress & D. L. Erickson (editors), D~A Bar
codes: Methods and Protocols (Methods in Melee
ular Biology). Humana Press, New York.

Lander, T. A., H. Dadonaitc & A. K. Monro. 2013.
Microwave drying of plant material for herbarium
specimens and genetic analysis. Taxon 62: 790-797.

Lee, S. B., C. A. Crou se & M. C. Kline. 2010. Optirniz-



110

ing storage and handing DNA extracts. Forensic
Sci. Rev. 22: 131-144.

Levison, P. R., S. E. Badger,J. Dennis, P. Hathi, M.J.
Davies, I. J. Bruce & D. Schirnkat. 1998. Recent
developments of magnetic beads for use in nucleic
acid purification. J. Chromatogr. A 816: 107-11 t.

Lin, J.-J., R. Fleming, J. Kuo, B. F. Matthews & J. A.
Saunders. 2000. Detection of plant genes using a
rapid, nonorganic DNA purification method. Bio
Techniques 28: 346-350.

Liston, A., 1.. H. Ricscbcrg, R. P. Adams, N. Do & G.
1.. Zhu. 1990. A method for collecting dried plant
specimens for DNA and isozyme analyses, and the
results of a field test in Xinjiang, China. Ann. Mis
souri Bot. Gard. 77: 859-863.

~Iaeda, T., 'I: Kawai, M. Nakaoka & N. Yotsukura.
2013. Effective DNA extraction method for frag
ment analysis using capillary sequencer of the kelp,
Socchorillo. J. Appl. Phycol. 25: 337-347.

Maguire, T. 1.., G. G. Collins & M. Sedgley. 1994. A
modified CTAB DNA extraction procedure for
plants belonging to family Proteaceae. Plant Mol.
Biol. Rep. 12: 106-109.

Mahuku, G. S. 2004. A simple extraction method for
PCR-based analysis of plant, fungal, and bacterial
DNA. Plant Mol. BioI. Rep. 22: 71-8t.

Manchester, K. 1.. 1995. Value ofA260/A180 ratios for
measurement of purity of nucleic acids. BioTech
niques 19: 208-210.

Mbogori, M. N., M. Kimani, A. Kuria, :\1. Lagat &
J. W. Danson. 2006. Optimization of I<TA tech
nology for large scale plant DNA isolation for use
in marker assisted selection. Afr. J. Biotechnol. 5:
693-696.

Metsger, D. A. 1999. Recommendations on the usc of
herbarium and other museum materials for mo
lecular research: A position paper. Pp. 345-350 in
D. A. Metsger & S. C. Byers (editors), Managing
the Modern Herbarium, an Interdisciplinary Ap
proach. Elton-Wolf Publishing, Vancouver.

Michiels, A., W. Van Den Endc, M. Tucker, L. Van Riet
& A. Van Laerc. 2003. Extraction of high-quality
genomic DNA from latex-containing plants. Anal.
Hiochem. 315: 85-89.

1liller,J. S. 1999. Banking desiccated leaf material as a

NEUBIG ET AL.

resource for molecular phylogenetics. Pp, 331-344
in D. A. Metsger & S. C. Byers (editors), :\lanaging
the Modern Herbarium, an Interdisciplinary Ap
proach. Elton-Wolf Publishing, Vancouver.

Mitchell, K. R. & C. D. Takacs-Vesbach. 2008. A com
parison of methods for total community DNA
preservation and extraction from various thermal
environments. J. Ind. Microbiol. Biotechnol. 35:
1139-1147.

Mori, S. A. 2011. From the field. Pp. 131-190 in S. A.
Mori, A. Berkov, C. A. Gracie & E. F. Hecklau (ed
itors), Tropical Plant Collecting: From the Held to
the Internet. TECC Editora, Florianopolis, Brazil.

Mueller, G. M. 1999. A new challenge for mycological
herbaria: Destructive sampling of specimens for
molecular data. Pp. 287-300 in D. A. Metsger & S.
C. Byers (editors), Managing the Modern Herbar
ium, an Interdisciplinary Approach. Elton-Wolf
Publishing, Vancouver.

Mutter, G. 1.., D. Zahrieh, C. Liu, D. Neuberg, D. Fin
kelstein, H. E. Baker & J. A. Warrington. 2004.
Comparison of frozen and RNALater solid tissue
storage methods for use in RNA expression mi
croarrays. BMC Genomics 5: 88.

Nagy, Z. T. 2010. A hands-on overview of tissue pres
ervation methods for molecular geneti c analyses.
Org, Divers. Evol. 10: 91-105.

Oster,].,J. Parker & L. ABrassard. 200t. Polyvinyl-al
cohol-based magnetic beads for rapid and effcient
separation of specie or unspecic nucleic acid se
quences.J. Magn. Magn. Mater. 225: 145-150.

Palecek, E., & M. Fojta. 2007. Magnetic beads as ver
satile tools for electrochemical DNA and protein
biosensing, Talanta 74: 276-290.

Panaro, N. J., P. K. Yuen, T. Sakazume, P. Fortine, L.
J. Kricka & P. Wilding. 2000. Evaluation of DNA
fragment sizing and quantification by the Agilent
2100 Bioanalyzer, Clin, Chern. 46: 1851-1853.

Philbrick, C. T. 1984. Comments on the usc of micro
wave as a method ofherbarium insect control: Pos
sible drawbacks. Taxon 33: 73-74.

Porebski, S., 1.. G. Bailey & B. R. Baum. 1997. :\Iod
ification of a CTAB DNA cxraction protocol for
plants containing high polysaccharide and poly
phenol components. Plant Mol. BioI.Rep. 15:8-15.



DNA PRESERVATION IN PLANT SPECIMENS 111

Pyle, ~L M. & R. P. Adams. 1989. In situ preservation over contamination. HioTechniques 42: 186-192.
of DNA in plant specimens. Taxon 38: 576-581.

J

I

Rajendrarri, D., R. Ayenza, E M. Holder, B. Moran,
T. Long & H. N. Shah. 2006. Long-term storage
and safe retrieval of DNA from microorganisms
for molecular analysis using PTA matrix cards. J.
Microbiol. Meth. 67: 582-592.

Ribeiro, R. A. & M. B. Lovato. 2007. Comparative
analysis of different DNA extraction protocols in
fresh and herbarium specimens of the genus Dal
bergia. Genet. Mol. Res. 6: 173-187.

Rogstad, S. H. 1992. Saturated NaCI-CTAB solution
as a means of field preservation of leaves for DNA
analysis. Taxon 41: 701-708.

Rohland, N. & M. Hofrciter. 2007. Comparison and
optimization of ancient DNA extraction. BioTech
niques 42: 343-352.

Rudi, K., ~f. Kroken, O. J. Dahlberg, A. Deggerdal,
K. S.Jakobsen & E Larsen. 1997. Rapid, universal
method to isolate PCR-ready DNA using magnetic
beads. HioTechniques 22: 506-511.

Sarkincn, T., M. Staats, J. E. Richardson, R. S. Cowan
& F. T. Bakker. 2012. How to open the treasure
chest? Optimising DNA extraction from herbari
um specimens. PLOS ONE 7: e43808 .

Savolainen, v., P. Cuenoud, R. Spichiger, M. D. P_ Mar
tinez, M. Crevecoeur &J.-E Marien. 1995. The usc
of herbarium specimens in DNA phylogenetics:
evaluation and improvement. Plant Sysr. Evol. 197:
87- 98.

Seutin, G., B. N. White & P. T. Boag. 1990. Preserva
tion of avian blood and tissue samples fro DNA
analyses. Can. J. Zool. 69: 82-90.

Shi, S.-R., R. Datar, C. Liu, L. Wu, Z. Zhang, R. J. Cote
& C. R. Taylor. 2004. DNA extraction from archi
val formalin-fixed, paraffin-embedded tissues:
heat-induced retrieval in alkaline solution. Histo
chern. Cell BioI. 122: 211-218.

Shokrolla, S., G. A. Singer & M. Hajibabaei. 2010. Di
rect PCR amplification and sequencing of speci
mens' DNA from preservative ethanol. BioTech
nique s 48: 233-234.

Siddappa, N. H., A. Avinash, M. Venkatramanan & U.
Ranga. 2007. Regeneration of commercial nucleic
acid extraction columns without the risk of carry-

Simmons, J. E. 1995. Storage in Auid preservatives.
Pp. 161-186 in C. L. Rose, C. A. Hawks & H. H.
Genoways (editors), Storage of Natural History
Collections: A Preventive Conservation Approach.
Society for the Preservation of Natural History
Collections, York, PA.

Sinha, R. P. & D. -P. Hd'der, 2002. UV-induced DNA
damage and repair: a review. Photochcm. Photobi
01. Sci. 1: 225-236.

Sinnott, Q. P. 1983. Solar therrnoconvective plant dry
er. Taxon 32: 611-613.

Smith, L. M. & L. A. Burgoyne. 2004. Collecting, ar
chiving and processing DNA from wildlife sam
ples using VrA® databasing paper. B:\fC Ecol. 4:
4.

Smith, S. & P. A. Morin, 2005. Optimal storage con
ditions for highly dilute DNA samples: a role for
trehalose as a preserving agent. J. Forensic Sci. 50:
1-8.

Soltis, D. E., P. S. Soltis, T. G. CoIlier & ~f. L. Edger
ton. 1991. Chloroplast DNA variation within and
among genera of the Hel/chera group (Saxifragace
ae): Evidence for chloroplast transfer and paraphy
Iy. Am.J. Hot. 78: 1091-1112.

Surzycki, S. 2000. Basic Techniques in Molecular Biol
ogy. Springer, New York.

TeI-Zur, N., S. Abbo, D. Myslabodski & Y. Mizrahi.
1999. Modified CrAH Procedure for DNA Isola 
tion from Epiphytic Cacti of the Genera f!)'locererls
and Selmicerel/s (Cactaceae). Plant Mol. BioI. Rep. 17:
249-254.

Telle, S. & M. Thines. 2008. Amplification of cox2
(-620 bp) from 2 mg ofup to 129 years old herbar
ium specimens, comparing 19 extraction methods
and 15 polyrncrascs. PLOS ONE 3: e3584.

Whitlock, R., H. Hipperson, M. Mannarclli & T.
Burke, 2008. A high -throughput protocol for ex
tracting high -purity genomic DNA from plants
and animals. Mol. Rcol. Res. 8: 736-741.

Whitten, W. M., N. H. Williams & K. V. Glover. 1999.
Sulphuryl fluoride fumigation: Effect on DNA ex
traction and amplification from herbarium speci
mens. Taxon 48: 507-510.



112

Wood , E. \X'., T. Eriksson & 1\1. J. Don oghuc. 1999.
Guid elines for the use of herbarium materials in
molecular research. Pp. 265-276 ill D. J\. Mctsger
& S. C. Byers (editors), Managing the Modern Her
bar ium, an Interdisciplinary Approach. Elton-Wolf
Publi shing, Vancouver .

Zhang, J . & J. ~I. Stewart. 2000. Economical and rap
id method for extracting cotton genomic DNA. J.
Cotton Sci.4: 193-201.

Zhu, B., T. Furuki, T. Okuda & 11. Sakurai. 2007. ~at

ural D~A mixed with trehalose persists in B-form
double-strand ing even in the dry state. J. Phys,
Chern. BIll: 5542-5544.

Zimmermann, J., M. Hajibabaci, D. C. Blackburn, J.
Hanken, E . Cantin, J. Posfai & T. C. Evans, Jr.
2008. DNA damage in preserved specimens and
tissue samples: a molecular assessment. Front.
7.001.5: 18.

Zoml efer, \v·. B., W. ~1. Whitten, N. H. '''''illiams & W.
S. Judd. 2006. Infragcncric phylogeny of Sdioeno
caslan (Lilialcs: Mclanthiaccne) with clarification
of cryptic species based on ITS sequence data and
geographical distribution. Am. J. Bot. 93: 1178
1192.

NEUBIG ET AL.



DNA PRESERVATION IN PLANT SPECIMENS

Appendix 1. Vacuum bag storage for plant tissue
preservation

In our combined efforts of storing plant tissues
for many years, we have been concerned with the
storage ofplant tissues to maximally preserve DNA
quality.
Over the course of the past 10 years we have used
vacuum bags from the commercial food preser
vation industry with good success. Silica-dried
tissues stored in these bags have routinely yielded
high quality DNA (sample size of >5,000 ranging
in age from 1-10 years old). As indicated in this
paper, even silica-dried tissues that are exposed to
ambient light, atmosphere and moisture quickly
degrade in DNA quality. Storage in vacuum-sealed
bags minimizes moisture and oxygen uptake in
stored specimens.

A. Sample preparation
Ensure that each sample is labeled for future ref
erence (ideally with a miniaturized copy of the la
bel of the corresponding herbarium voucher). Al
though we routinely prefer to keep tissues in their
original polyethylene collection bags with silica in
those individual collection bags, paper envelopes
can be used if they are acid-free and archival quali
ty. Bundle the samples into groups that will conve
niently fit inside the storage bags.

If storing at room temperature, we recommend in
cluding a small mesh bag of indicating silica gel in
each vacuum bag. The indicator allows visual in
spection of each vacuum bag for moisture infiltra
tion over time; if the indicator shows the presence
of moisture, the bag can be opened to replace the
silica gel and resealed. We prefer a mesh bag for
indicator because it allows maximal exchange with
any tissues in the vacuum bag.

B. Vacuum and sealing
Although many commercial vacuum food preser
vation kits are available, we have used FoodSav
er" brand with satisfactory results. This apparatus
pumps air out of the vacuum bag and uses heat to
melt and seal the ends. It is preferable to choose
a vacuum bag product with the thickest available
plastic to minimize air infiltration and durability.
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Because the effects ofhydration ofsilica at very low
temperatures are not well known , it is not prefer
able to use silica in vacuum bags that are to be
stored in freezers at low temperatures. This has the
added benefit of reducing bulk in bags and taking
less room in the freezer.

C. Storage
Freezers provide optimal storage conditions. If
storing at room temperature, it is preferable to keep
the bags in a cool dark place because sunlight and
fluorescent lights are damaging to DNA. Opaque
plastic storage bins or even cardboard boxesshould
be used to minimize exposure to light .

Appendix 2. DNA extraction protocol for plant
tissue adapted from Doyle. ].]. and J.L. Doyle
(1987).

Reagents and equipment: crAB (cetyl trimeth
ylammonium bromide) buffer (1 M Tris, pH 8.0,
20 ml: 0.25 M EDTA, pH 8.0, 20 ml: NaCl, 16.4
g; crAB, 4.0 g; water, to 200 rnl): proteinase K,
1g/ml stock; chloroform/isoamyl alcohol 24:1; 3 M
sodium acetate. pH 4.8; 100% isopropanol; 70%
ethanol; Tris-EDTA buffer (TE), pH 8.5 (10 mM
Tris, 1 mM EDTA) ; microcentrifuge; 2.0 ml tubes
with gasket screwcap; disposable pipettes; mortar
and pestle, or beater tube and glass beads; heating
block. prewarmed to 50-55 C; nitrile gloves; fume
hood (for chloroform steps).

A. Tissue pulverization and extraction
Using Bead Beater:
1. Place 5-6 glass beads into beater tube ; tough tis
sues may require use ofsteel or zirconia beads. Add
50-100 mg dried tissue. Grind in beater for 1-2
minutes or until tissue is reduced to a fine powder.
2. Add 2-5 fJl of Proteinase K and 1.2 ml crAB
buffer. Vortex.

Or, usingPestleand Mortar:
1. Place 50-100 mg fresh tissue in mortar (about

1.0 em square of petal or leaf tissue. or equiv
alent amount of dried tissue; too much tissue
can reduce yield). Add 1.2 ml crAB buffer
and 2-5 fJl of Proteinase K.
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2. Grind tissue with mortar and pescle until tis
sue is completely homogenized (ignore cough
fibers). Transfer 1.2 ml to a labeled 2.0 ml
rube; vortex,

3. Incubate rube at 50°C in the heating block for
at least 2 hours (heating roo long may result
in degraded DNA). Shake occasionally during
incubation.

4. In fume hood, add 500 f!l of chloroform/iso
amyl alcohol, and vortex Iighcly until a milky
suspension is obtained.

5. Centrifuge at 10,000 rpm for 4 minutes ro
separate phases. The chloroform layer is on
the bottom; the aqueous layer (containing
DNA) is on top.

6. Using 1000 111 pipet, carefully remove 750 f!l
of the aqueous (cop) layer and transfer to a
new labeled tube. Avoid sucking up any of the
chloroform layer or debris. Discard the chlo
roform and homogenate into the waste bottle.
(The chloroform extraction can be repeated if
necessary.)

B. DNA precipitation
1. Add 3 M sodium acetate co the aqueous phase

according to the following formula: volume
aqueous phase in 111 X 0.04 (e.g., 750 x 0.04
= 30 111). Add 100% isopropanol according
ro the formula: volume aqueous phase in 111
X 0.65 (e.g., 780 x 0.65 = ca. 510 111). Rock
tube gently to mix; continue until layers are
completely mixed. Occasionally, you will see
DNA strands precipitate at this point (espe
cially with floral tissue). Many protocols rec
ommend leaving tube in -20 C freezer over
night; this is generally not necessary, although
it might help precipitate very dilute small
fragments.

2. Centrifuge at maximum speed (13,000 g)
for 20 minutes. After centrifuging, a pellet of
DNA should be visible in the bottom of the
tube.

3. Carefully pour off the alcohol without dis
turbing pellet. Wash pellet with 1 ml 70%
ethanol; close cap and invert tube co wash the
internal surface of rube. Carefully pour off
ethanol (don't lose pellet; centrifuge again if
pellet is loose). Repeat ethanol wash (if pellet
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is large and mucilaginous, allow ro stand in
70% EtOH for 30 minutes with occasion
al agitation). Drain tube on clean Kimwipe,
and use the 100 111 pipet to remove any excess
ethanol. We have found that drying the pel
let under heat is unnecessary; often , the dried
pellet is more difficult ro resuspend. The resid
ual amounts of ethanol do not seem co inter
fere with PCR, and the wet pellets resuspend
much more rapidly.

4. Resuspend DNA pellet in 200 111 of IX
Tris-EDTA buffer (TE). Incubate at 65 C for
15 minutes to assure resuspension of DNA;
finger-flick until pellet is dissolved. Score
in fridge at 4 C, or in freezer for long-term
storage. Resuspending DNA in water is not
recommended, because DNA is most stable
under basic conditions.

C. Silica column cleaning of total DNA
The total DNA extract from the above procedure
is often clean enough for routine PCR, but often
still contains many impurities that can interfere
with downstream applications. There are various
methods for cleaning DNA, but one of the most
commonly used involves binding the DNA to a
silica matrix in a special tube with chaeoptropic
salts, washing the impurities away with buffered
isopropanol, and then eluting the cleaned DNA
with basic TE buffer. DNA purification columns
and reagents are sold by various vendors including
Qiagen, Promega, and Axygen. The columns (or
their 96 well format equivalent) are relatively ex
pensive (ca. $1 each), and are the most expensive
component in DNA extraction. To save COSt, Sid
dappa et aI. (2007) demonstrated that the columns
can be cleaned and regenerated by washing and
storage in dilute HC!; the acid destroys residual
DNA on the columns. An alternative method of
column cleaning bypasses the DNA precipitation
step; this method is especially useful for weak or
degraded samples where risk of losing the pellet is
high. This alternative method begins after chloro
form extraction (step A above):

B. Direct column cleaning without DNA precip
itation
1. After centrifugation, remove 750 111 of aqueous
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layerand place in separate labeled tube.
2. Add 750 fJl of binding buffer (Qiagen buffer

PB or equivalent); vortex to mix.
3. Add 2 fJl of phenol red indicator. [This pH

indicator is yellow below pH 6.8, and pink
above pH 8.2; in order for DNA to bind to
the silica column, the pH of the mixture must
be slightly acidic (yellow)].The initial color of
the aqueous extract should be pink.

4. Add 10 fJl of 3M sodium acetate; mix and
note change of color. Continue to add 10 fJl
aliquots of sodium acetate until the color of
the tube changes from pink to yellow. When
it is yellow, then proceed to the next step.

5. Transfer 750 fJI of mixture to clean silica spin
column; spin for 30 seconds at high speed to
push solution through the column. Discard
f1owthrough; DNA is bound to the silica ma
trix in the column.

6. Add remaining mixture to spin column and
spin through column. Discard flowthrough.

7. Add 750 fJI of wash buffer (Qiagen buffer PE
or equivalent). Spin for 30 seconds to push
through column; discard flowthrough. Repeat
this wash if desired.

8. Spin empty column for 2 minutes at high
speed to remove all traces ofwash buffer.

9. Transfer spin column to a clean 1.5 ml Eppen
dorf tube. Add 100-200 fJl of IX TE buffer,
pH 8.0 (The high pH of the buffer allows the
cleaned DNA to be released from the silica
matrix). Optional: warm in heating block for
several minutes.

10. Centrifuge column at 6000 rpm (high speed
may cause hinge to break on Eppendorf). The
clean DNA is in the bottom of the collecting
tube. Step 9 can be repeated to remove residu
al DNA, and the aliquots pooled.

Appendix 3. Agarose gel electrophoresis protocol.
N.B.: Erhidiurn bromide (EtBr) is hazardous and
potentially mutagenic. Always wear nitrile gloves
when handling EtBr solutions, gels, buffers, and
anything that has contacted these. Use proper dis
posal techniques. Visualizing EtBr requires intense
UV light; wear appropriate eye protection when
visualizing DNA samples.
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Reagents and equipment: IX Sodium Boric Acid
buffer (Brody et al., 2004; sodium hydroxide pel
lets, boric acid (powder), and water); 250 ml flask;
agarose, molecular biology grade; gel rig; 1-10 fJI
pipeter and tips; dams and combs (for casting gel);
ethidium bromide solution, 1%; strip of parafilm;
loading dye; piperer and tips; DNA samples.

A. Prepare sodium boric acid buffer (SBA) 20X
stock.
1. Make a 0.2 M sodium hydroxide (NaOH)

solution by adding 4 g of NaOH to 500 ml
water; stir to dissolve.

2. Make a 1.0 M boric acid solution by adding
30 g boric acid to 500 ml water.

3. Adjust pH ofNaOH solution to 8.0 byadd
ing boric acid solution to NaOH solution ap
proximately 1:1.

4. Use 50ml of the 20X stock solution and bring
to 1000 ml with water to make a 1 X working
solution for use in making gels and electro
phoresis.

B. Prepare agarose gel.
1. Place gel rig in manufacturer's mold and insert

combs as needed.
2. To create a 1.5% gel, measure 1.5 x the vol

ume of buffer in grams of agarose (e.g., pour
75 ml of buffer into flask and weigh 1.13 g of
agarose on balance). Pour agarose and buffer
into flask and swirl to suspend agarose.

3. Heat flask in microwave just until it begins to
boil (ca. 1.5 min); watch carefully to avoid ex
plosive boiling.

4. When dissolved, add 2.0 fJl of EtBr solution
to flask. Swirl carefully to mix. Cool flask
under running tap water until warm to the
touch, but still liquid (hot agarose will cause
the gel rig to warp and leak).

5. Pour agar solution into gel tray. Allow gel to
cool undisturbed until solid (ca. 15 min.)

C. Loading the DNA samples in the agarose gel.
1. Place tray with gel into electrophoresis rig.

Add IX SBA buffer as needed to barely sub
merge gel. Carefully remove the combs.

2. Cut a strip ofparafilm and press corners down
onto tray. Pipet 5 fJI droplets of loading dye
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onto the parafilm (one drop per sample) and
5 III of DNA solution £0 drop of loading dye.
Change rip afrer each sample £0 avoid con
tamination.

3. Set pipeter £0 10 Ill. Draw up sample inro pi
perer; load carefully into well (avoid punctur
ing bottom of well). Repeat for all samples.
Place lid on gel rig and turn on power supply;
power should read 150 volts. Allow £0 run for
10-30 minutes, noring migrarion ofbromphe
nol blue dye from. Turn off power source and
remove lid.

5. Carefully remove gel tray; draining off excess
buffer without letting gel slide off the tray.
Place tray on UV transilluminator; Turn on
UV viewer and examine; photograph as need
ed.

Appendix 4. Vouchers and assessed DNA qual
ity. Each specimen includes the following infor
mation in this order: taxon, voucher information
(herbarium), year of collection, age of specimen
at time ofextraction, HMW presence, peak at
>20,000 bp region, peak at 1000 bp region, and

peak at 200 bp region.
A) White Oak Plantation Collection data set from herbari
um specimens: J:.1ytmria caroliniensis (J.E Gmel.) Pers. (Acan
thaceae), Rider258 (HAS), 2000, 13, 1. 3. 1. 2; Ru~Uia car
oliniensis (J.E Gmel.) Steud. (Acanrhaceae), Rider95 (FLAS).
1999, 14. I, 3, 1. 2; Sambucuscanadensis L. (Adoxaceae), Mer
curio &m,gamon85 (FLAS). 1997. 16, 1.3.2.1; Viburnum
L. (Adoxaceae). Rider 87 (FLAS). 1999. 14, 1.3, 1. 1; Vibur
num obovatum Walter (Adoxaceae), Mercurio & m,gamon 138
(FLAS), 1997. 16. 1. 3, 2. 1; Viburnum obouatum Walter
(Adoxaceae), Rid~r37 (FLAS), 1999. 14, 1.3. I. 1; Sagittaria
gramill<a Michx. (Alismaraceae), Rider3 (FLAS), 1998. 15. 1.
3, 1. 1; SagittarinlancijiJ/ia L. (Allsmaraceae), Rid" 84 (FLAS).
1999, 14. 1. 3, I. 1; Liquidambar styracifiua L. (A1tingiaceae),
Rid~r32 (FLAS). 1999, 14, 1.3. 2, I;Alt~anth~raphilox~roi
des (Marr.) Griseb. (Amaranthaceae], Rider243 (FLAS), 2000.
13, 1.3, 1,2; Amamnthus australis (A. Gray) J.D. Sauer (Ama
ranrhaceae), Rider267 (FLAS), 2000. 13, 1.3, I. 2; Hymeno
callis crassijiJlia Herb. (Amaryllidaceae), Rid" 225 (FLAS).
2000. 13. I, 3. I. 2; Z~phyra1,th~s atamasco(L.) Herb. (Amaryl
lidaceae), Rider 50 (FLAS), 1999. 14. 1.3.1.1; Rhus copalli
num L. (Anacardiaceae), Rid" 281 (FLAS), 2000. 13.0,0, O.
I; Rhia copallinum L. (Anacardiaceae), Rider 139 (FLAS),
1999,14.1.1.1.2; Toxicodendron radicans (L.) Kuntze (Anac
ardiaceae), Rid" 192 (FLAS), 2000. 13. I, 1. 1.2; Toxicoden
dronpubescens Mill. (Anacardiaceae), Rider 193 (FLAS). 2000.
13. I. I, 1.2; Asimina incana (W. Bartram) Exell (Annonaceae),
Rid" 60 (FLAS), 1999. 14. 1.3. 1.2; Cicuta mexlcanaJ.M.
Coulr. & Rose (Apiaceae), Rider137 (FLAS), 1999. 14. 1.3,
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1.2; CicutamexicanaJ.M. Coult. & Rose (Apiaceae), Rid" 132
(FLAS), 1999. 14. 1,3. 1,2; Eryngium baldwinii Spreng. (Api
aceae), M"Cllrio & m,gamon 10 (FLAS). 1997. 16, 1,3, I. I;
Eryngium baldwinii Spreng. (Apiaceae), Proenza 429 (FLAS),
2006,7.1.3,1.2; Eryngium baldwilliiSpreng. (Aplaceae),Rid
er 254 (FLAS). 2000, 13, 1. 3, I, 2; Eryngium JUccijiJlium
Michx. (Apiaceae), Rider 127 (FLAS). 1999. 14. I, 2, 1,3;
Oxypolis ftlijiJrmis (Walter) Britton (Apiaceae), Rider 161
(FLAS). 1999. 14. 1.3, 1.2; Ptilimnium capillacrom (Michx.)
Raf. (Aplaceae), Rider 115 (FLAS), 1999, 14, 1, 3. 1, 2; Asde
pias conniuens Baldwin ex Elliott (Apocynaceae). Rid" 151
(FLAS). 1999. 14. 1. 3. 1. 1; Asclepias lancealata Walter
(Apocynaceae).Rider108 (FLAS). 1999. 14,1,3,1.I;Asckpi
as michauxii Decne, (Apocynaceae), Rider229 (FLAS), 2000,
13, 1. 3. 1. 1; Asclepias perennisWalter (Apocynaceae), Rid"
105 (Fl.AS). 1999. 14. 1.3,1.1; llex cassine L. (Aquifoliaceael.
Rider351 (FLAS), 2001.12.1.3, 1.2; Ifaglabra (L.) A. Gray
(Aquifoliaceae). Mercurio & m,gamon 104 (FLAS). 1997. 16,
1. 3. 1.2; Ilo:glabra (L.) A. Gray (Aquifoliaceae), Mercurio 6
m,gamon 2 (FLAS), 1997. 16. 1.3, 1.2; 110: myrtijiJlia Walter
(Aquifoliaceae), Rider5 (FLAS). 1998, 15, 1.3,1.2; llex opaca
Aiton (Aqulfollaceael,Rid~r 182 (FLAS).2000, 13, 1. 3, 1.2;
110: uomitoria Aiton (Aquifoliaceae). Rider 188 (FLAS).2000.
13. I, 3, 1. 2; Colocasia esculenta (L.) Schott (Araceae), Ridtr
388 (FLAS). 2002. 11, 1. 3. 1, 1; Peltandra virginica (L )
Schott (Araceae). Rider259 (FLAS). 2000. 13. 1. 3, 2. I; Aralia
spinosa L. (Araliaceae), Rider221 (FLAS), 2000, 13, I. 3, 1.2;
Hydrocotyl« umb~lIata L. [Araliaceae),Mercurio & m,gamon 73
(FLAS), 1997. 16, 1.3, 1.2; Sabal minor (Jacq.) Pers. (Arecace
ae), Rider 270 (FLAS). 2000. 13. 1. 3. 2. 1; Sabal palmetto
(Walter) Lodd. ex Schult. & Schult. f. (Arecaceae), RUkr 269
(FLAS),2000, 13. 1.3.2.1; Serenoa r~ptlU (w: Bartram ) Small
(Arecaceae), Rider274 (FLAS).2000, 13. 1.3.2. 1; Washil/g.
tonia robustaH. Wendl. (Arecaceae), Rider273 (FLAS), 2000.
13, 1. 3, 1. 2; Yucca aloijiJlia L. (Asparagaceae), Rider 372
(FLAS), 2001.12.1.3. 1,2; Yuccagloriosa L. (Asparagaceae).
Rid" 328 (FLAS). 2000. 13. 1,3. 1.2; Arnoglossum ouatum
(Walter) H. Rob. (Asteraceae), Rider330 (FLAS).2000, 13, I .
3. 1. 2; Baccharis glomuulif/ora Pets. (Asteraceae), Rid" 180
(FLAS), 1999. 14. 1.3.1.2; BaccharishalimijiJlia L. (Asrerace
ae), Rider 04 (FLAS). 1998, 15. 1.3. 1.2; Balduina unif/om
Nutr, (Asteraceae), Rider 157 (FLAS), 1999. 14. 1. 3. 1.2;
Bidensalba (L.) DC. (Asteraceae), Rider /60 (FLAS), 1999.14.
1,3,1. I; Bidensmitis (Michx.) Sherff (Asteraceae), Mercurio Co
m,gamon 162 (FLAS). 1997. 16. 1. 3, 1, 1; Bigtlowia nudata
(Michx.) DC. (Asteraceae), Rider 167 (FLAS). 1999. 14. O.O.
0, 0; Carphepborus corymbosus (Nun.) Torr. & A. Gray (Astera
ceae], Rider 323 (FLAS). 2000, 13. I, 3. I, 2; CarphtplJOTUS
odoratissimus (J.E Gmel.) H.J.-C. Hebert (Astcraccae), Rider
295 (FLAS).2000. 13. 1. 3, 1.2; Chaptalia tomentosa Vent.
(Asreraceae), Rider 16 (FLAS). 1999. 14. 1. 3, 1.0; Cirsium
horridulum Michx. (Astcraceae), Rider66 (FLAS), 1999. 14. 1.
3, 1.2; Cirsium nuttallii DC. (Asteraceae), Rid" 217 (FLASl.
2000.13.1.3.1.1; Conocliniumcoelestinum (L.) DC. (Asrera
ceae), Rid~r/73 (FLAS), 1999. 14. 1,3. 1,2; Cor(opsisgladiata
Walter (Asteraceae), Rider 170 (FLAS). 1999. 14. 1,3. 1.2;
CoreopsisgladiataWalter (Asteraceae), Rider376 (FLAS), 2001.
12. 1.3, 1.2; Coreopsis gladiata Walter (Asrcraccae), Rid" 38/
(FLAS). 2001. 12. 1, 3, I. 2; Coreopsisgladiata Walter(Astera.
ceae), Rider379 (FLAS). 2001. 12. 1,3, 1.2; Coreopsis nl/data
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NUll. (Asreraceae), Rjd~r 104 (FLAS), 1999, 14, 1,3.2,1 ; E/
tphalltopusmo/Jis Kunth (Asreracea e), Rider333 (FLAS).2000.
13, 1.3. 1. 3; E/~phantopuulatus Berrol. (Asreraceae), Rider3 10
(FLAS).2000. 13. I. 3. I. 2; Ekphalltopus nudatus A. Gray (As
teraceae), Rid~r321 (FLAS). 2000 .13, 1,3.1, I : Erig~ron ver

nus(L ) Ton. & A. Gray (Aseeraceae), Rider55 (FLAS), 1999,
14, I. 3. I, I : Eupatorium capi/Jifo /ium (Larn .) Small ex Porter
& Britton (Asteraceae), Mt:rrorio & Wagamon 80 (FLAS).
1997. 16. I, 2. I. 3: Eupatorium leucolepis (DC.) Ton. & A.
Gray (Asrcraccae), Rider296 (FLAS), 2000,13,1,2. 1,3; Eu
patorium rotundifolium 1. (Asceraceae), Rider 268 (FLAS).
2000. 13, 1, 3, 1,2; Eupatorium rotundifolium L (Aseeraceae),

Mtmlrio 6oWagamoll97 (FLAS).I997.I6.I,2, 1,3;Eupato
rium rotlllldifo/ium L. (Asreraceae), Mercurio & Wagamon 79
(FLAS). 1997 . 16, 1, 2, 1.3; Euthamia caroliniana (L) Greene
ex Porter & Brinon (Asrcraceac), Rider3 78 (FLAS).2ool. 12.
1.3. I . I ; Gamocbaeta pmsylvanica (Willd.) Cabrera (Asterace
ae], Rid~r 233 (PLAS), 2000, 13,1,3,1,2: Helenium autum
nal« L. (AstcracC2c). Mercurio & Wagamon33 (FLAS), 1997.
16. 1, 3. 2, I; Helenium pinnatlfidum (Schwein. ex Nurr.) Rydb.
(Asreraceae), Rider 53 (FLASl. 1999, 14. 1. 3. 2. I: Krigia vir
ginica(L.) Willd. (Asrcraceac) , Rid~r 204 (PLAS). 20oo. 13. I ,
3. I. 3: Liatris cbapman ii Ton. & A. Gray (Asreraceae), Ritkr
344 (FUS). 2000.13. 1,3,1. I; LiatrisgracilisPursh (Asrera

ceae), Rid~r343 (FLAS). 2000 . 13. I. 3. 1. 2; Liatrispauaflora
Pursh (Asreraceae), Rider 348 (FUS) . 2000, 13. 1,3. I. 2;
Liatris spicata (L.) Willd. (Asreraceae), Rider 338 (FLAS).
2000. 13. 1,3. 2. 1; Liatrisspicata (L.) Willd. (Asreraccac), Rid
er / 68 (FUS). 1999. 14, 1. 3. I . I ; Marsha/Jia tl!lluifo/ia 1Uf.
(Asteraceae), Ritkr/54 (FLAS).1999, 14, 1.3.1, 1; Marsha/Jia
tl!lluifo/ia Raf. (Asrcraceae), Mcrcurio& Wagamon 98 (FLAS).
1997, 16. 1,3.2. I; Mikania scandens (L) Willd. (Asreraceae),
Rider / 72 (FLAS). 1999, 14. 1,3,1.1; Mileania scandens(L.)
Willd. (Asrcraceac), Mercurio & Wagamon 66 (FLAS), 1997,
16. 1. 2, 1, 3; Oclemena reticulata (Pursh) G.L Nesom (Asrera
ceae), Rider 8 / (FLAS), 1999. 14, 1, 3, I . 2; Pityopsis gramini 
fOlia (Michx.) Nurr , (Asreraceae), Rid~r / 74 (FLAS). 1999. 14.
1. 3. 2. I; Plucbea fol!tida (L.) DC. (Asreraceae), Rider 282
(FUS). 2000 . 13. 1. 3. 2. I; Plucbeaodorata (L.) Cass. (Aster
aceac), Rider327 (FLAS), 2000. 13, 1,3, I. 2; Piucbeabaccba
ris(Mill.) Pruski (Asteraceae). Ritkr 253 (FLAS). 2000. 13, 0,
I. 2. 1; P/Ilch~a baccharis (Mill.) Pruski (Asteraceae), Ml!rcurio
& Wagamon 3 (FLAS). I997. I6. I , 2, I .3;Pt~rocaukJll pycnos

tachyum (Michx.) Elliott (AsteracC2e). Ridrr 93 (FLAS), 1999.
14. I. 3. 2. I; Pt~rocau/on virgatltm (L.) DC. (Asteraceae).M~r
CllriO & Wagaman 8/ (FLAS). 1997, 16. 1,3.2. I; Pyrrhopap
pus caro/illialltu (Walter) DC. (Asteraceae). Ritkr /43 (FLAS).
1999. 14. 1,3,2. 1; Rudbu kia jit/gida Aiton (Asteraceae), Rida
/24 (FlA S). 1999. 14. 1. 3. 2, I ; Solidago canadm sis L (Astcr
accae), Rida 345 (FUS). 2000. 13. 1.3. I. 1; So/idagofistulo
sa Mill. (Asteraceae). Ritkr324 (FLAS). 2000. 13. 1,3. 2. I ;
Solidagoodora subsp. chapmanii (A. Gray) Semplc (Astcraccac),
Rid~r 304 (FLAS),2000. 13. 1. 3. I. 1; Solidago L. (Asterace
ae). M~mlrio & Wftgamon 56 (FUS), 1997, 16. I. 2. 1. 3;
Solidago stricta Aiton (Astcraccac). Rida 3 77 (FUS). 2001,
12. 1. 3. I, I; Sonch,u aspa (L) Hill (Asteraceae), Promzn 427
(FLAS). 2006. 7, I. 3. I . 1; Sonch,uaspl!r(L.) Hill (Asteraceae).
Ritkr 2 /3 (FLAS). 2000. 13, I . 3, 1, I; Sonch,u ola aenu L
(Astcraceae). Ridtr 232 (FLAS). 2000. 13. 1,3. I, I: Symphyo
triclJllm adnaflIln (Nut t.) G.L. Nesom (Asteraceae), Ridrr 09
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(FLAS). 1998, 15. 1. 3. I. 2; Ampelaster carolinianus (Walter)
G.L. Nesom (Asrerace ae), Mercurio & \'(Iagamoll 43 (FUS ).
1997, 16. 1, 2. 1, 3; Symplryotridmm dum osum (L.) G.L. Nesorn
(Asteraceae). Ritkr 382 (FLAS). 200 1. 12. 1.3. 1. 2; Taraxa
cum ojJidnal~ EH . Wigg. (Asreraceae), Rider /8 (FLAS). 1999.
14. 1. 3. 1, 1: Vcrnonia angusti/o/ia Michx. (Asreraceae), Rider
/47 (FLAS).I 999. 14.1 , 3.1. I; Vanonia nov~boraullSis (L. )

Michx. (Asreraceae), Ritkr 314 (FLAS).2000. 13. 1. 3. I, I;
Yollllgia j aponica (L.) DC. (Asreraceae), Rider 20 (FLAS).
1999. 14. 1, 3, I, 1; AzaliA caroliniana Willd. (Azollaccac),
Proenza 415 (FLAS). 2005.8. 1, 3. I. I: Carpinus caraliniana
Walter (Beru laceae), Ritkr3I' (FLAS). 1999. 14. 1. 3, I. I ;
Bignonia capreolata L. (Bignoniaccac), Rider 57 (FLAS). 1999.
14. 1.3. I. I; Campsisradicans (L.) Bureau (Blgnoniaceae), Rid
a 250 (FUS).2000, 13, 1,3. 1, I; Campsis mdicans (L.) Bu
reau (Bignenlaccac), Rider249 (FLAS), 2000. 13, 1, 3. 1. I;
Catalpa bignonioida Walter (Bignoniaceae), Rider364 (FLAS).
2001,12. 1,3,1 .1; Lepidium campestre (L.) W.T. Aiton (Bras
sicaceae), Rider23 1 (FLAS). 2000. 13. 1. 3, I, 1; Tillandsia
bartramii Ellion (Bromellaceae), Rider / 5 (FLAS). 1999. 14. I .
3 . I, I; Tillandsia usneoides (L.) L. (Bromeliaceae), Rider 238
(FLAS).20oo. 13. 0.1,1, 2; Lobt/iafloridana Chapm. (Cam
panulac eae), Rider 88 (FLAS). 1999. 14. I. 3. 1, I: Lobelia
glalldu/osa Walter (Campanulaceae), Rider / 79 (FLAS). 1999,
14. 1. 3.1,1 ; Lobelia L. (Campanulaccac), Rid~r2 (FLAS).
1998. 15, 1.3. I. I: Lobelia 1. (Carnpanulaceae), Mercurio &
Wagamo1dO (FUS). 1997, 16. 1,3.1, I; Wftb/mb~rgia margi
nata (1hunb.) A. DC. (Campanulaccae), Rid~r 239 (FUS) .
2000 . 13. 1,3. 1, 1; Wftb/mbcrgia marginatn (Ihunb.) A. DC.
(Campanulaceae), Mercurio & Wftgamoll 72 (FUS) . 1997, 16.
I. 3. 1, I; Celsis laroigata Willd. (Cannabaccac), Rider 129
(FLAS), 1999, 14. 1,3.2. I; CAnnaf/acdda Salisb. (Cannace
ae), Rider /09 (FLAS). 1999. 14. O. I . 1.2; Lanicem japonica
Thunb. (Caprifoliaccac). Rider3 7 / (FIA S). 2001. 12, 1. 3.1.
2; Lonicem sempervirens L. (Caprifoliaceae), Rider /95 (FLAS).
2000. 13, 1,3. I. 1; Helianthemu m nashii Britton (Cisraceae),
Rider 209 (FIA S). 2000. 13, 1.3. 1. I; Cletbra alnifolill L.
(C lerhraceae),M~mlrio & Wagamon 54 (FLAS), 1997, 16. I .
3. I. 1; Commelina diJfitsa Burm. f. (Comme linaceae). Rider
/34 (FLA$), 1999. 14. 1, 3. 2. I: Commelina diJfilSa Butm. f.
(Commelinaceae). MaC/trio & \~gamoll / 23 (FLAS). 1997.
16. O. I. 1. 2; CAlyst~a s~pillm (L.) R. Br. (Convolvulaceae).
Ml!rcurio& Wagllmo1l2/ (FlAS). I997. 16. I. 3. I. I;Clrysu
gia sl!pium (L.) R. Br. (Convolvulaceae). Rid~r 82 (FUS).
1999. 14. 1. 3. I, 1; CtISClIta compactaJuss.ex Choi sy (Convol
vulacC2c). Ridrr 260 (FlA S), 2000, 13. I . 3. I. I; fpomo~a

cortMtotriloba Dennst. (Convolvulaceae). Ridl!r 334 (FLAS).
2000. 13. 1. 3.1 .1 ; CorllllSflorida L. (Cornaceae). Rida38
(FLAS). 1999. 14. 1.2.3, I ; Cor1lllSfom 1illa Mill. (Cornaccac).
M~rcurio cH %gamoll / 25 (FLAS). 1997. 16.1 .3. I. I ; Junip~

nlS virginiana L. (Cupressaceae). Rid~r 236 (FUS). 2000. 13.
1, 3, I. I; Taxodium distie/1IIm var. imbricamm (Nu n. ) Croom
(Cuptessaceae). Ritkr 2/6 (FLAS), 2000. 13. 1,3. 1,2; Taxo
dium disticlmm (L.) Rich. (Cupressaceae).M~mtrio & Wftgamon
22 (FLAS). 1997, 16. O. 1. 1,2; CArrx complanata Torr. &
H ook. (Cyperaceae). Promzn432 (FLAS). 2006. 7. 1. 3.2. I;
CArrxglauccsullS Elliott (Cyperaceae). Mcmtrio &-\~gamon 76
(FIAS), 1997, 16. 1,3. 1,2; Carrxglauw u llSEllion (Cypera
ceae), RUkr 3 08 (FLAS). 2000. 13. I, 3. 1. 2; CAre:< /ollisiallica
L.H . Bailey (Cyperaceae). Promm 440 (FLAS). 2006 . 7. I . 3.
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2. 1; Carex IIIpuli1lJZ Muhl. ex Willd . (Cyperaceae), Rider24/
(H AS). 2000 . 13. I, 3. 2. I; Carex L (Cyperaceae), Proenza
44/ (FLAS ). 2006. 7, 1, 3. I. I ; Ca~ stipata Muh!. ex Willd .
(Cy pera ceae), Ridu2/0 (FLAS).2ooo. 13, 1,3. 1.2; C/JUiium
j amaicenseC ranrz (Cyp eraceae), Rider / 53 (FLAS). 1999. 14.
I , 3. 1, 1; Cypuus altunifoli,lS L (Cyperaceae), Mercurio &
wagamon 10 (FLAS). 1997. 16. 1. I . I. 2; Cypuus CTOcmsVahl
(Cy per aceae), Rider 215 (FLAS). 20oo. 13. 1, 3. 1. 2; Cypuus
inualucratus Ronb. (Cyperaceae), Rider216 (FLAS). 2000. 13.
1. 3. I. 2; CypmlS odoratus L (Cypc raceae) , Rider305 (FLAS) .
2000. 13. 1. 3. 1. 2; Eleocharis vivipara Unk (Cyperacc:ae).
Proenza 4/8 (FLAS). 2005. 8. 1.3. 1. 2; Fuirenapumil« (Torr.)
Spreng. (Cypc raceae), Rider322 (FLAS).20oo, 13. I. 3. 1, 2;
Rbyndsasporacarryana Fernald (Cyperaceae) , Mercurio &-Waga
man //9 (FLAS). 1997. 16. 1. 3. 1. 2; RbYllchosporacepbalan
tha A. Gray (Cypcraceae), Mercurio &-wagamon //3 (FLAS).
1997. 16. O. I. 1. 2; Rhynchospora colarata(L) H . Pfeilf. (Cy
peraceae), Rider16 (FLAS). 1999. 14. 1.3. 1.2; Rhynchospora
inundata (Oakes) Fernald (Cyperaceae), Rider 309 (FLAS).
2000. 13. 1. 3. I, 2; RhYllcbosporrz latifolia (Baldwin) w.w.
Thomas (Cyperaceae), Rider99 (FLAS). 1999. 14, 1, 3.1. 2;
Rlryllchospom Vahl (Cypcraccae), Proenza 433 (FLAS). 2006 . 7.
1, 3. 1. 2; Rlryllcbospora tracyi Britton (Cyperaceae), Rider 318
(FLAS).2000, 13. 1. 3. 1. 2; Scirpuscyp~rinus (L) Kunrh (Cy
peraceac), Rider292 (FLAS). 2000. 13. 1.3. I . 2; Scba enoplec
tus pung~ uar; pung~m (Cyperacc:ae). Rider 315 (FLAS).
2000. 13. 1.3. I. 2; Cyrilla rrzc~miflom L (Cyrillacc:ae), Ritkr
//6 (FLAS ). 1999. 14. 0, I . I. I ; Drosem brroifolia Pursh
(Droseraceae), Rider 63 (FLAS). 1999, 14. O. O. O. 0; Drosera
capillaris Poir. (Droseraceae), Rid~rl03 (FLAS). 1999, 14, O. I.
I. I; Diospyros virginiana 1.. (Ebcnaceac), Rider 89 (FLAS).
1999, 14, I. I. I, I ; Diospyros oirginiana L (Ebenaceae), Ruur
90 (FLAS). 1999. 14, 1.3. 2.1 ; Bejaria racnnosaVenr. (Erica
ceae), Mercurio 6owagamoll /9 (FLAS). 1997, 16. O. 0, I . 1;
Kalmia hi rsuta Walrer [Ericaceae), Mercurio & \Wtgamon 90
(FLAS). 1997. 16. O. I. I . I; Lyonia lucida (Lam.) K. Koch
(Ericaccae), Mercurio 6o wagamoll 16 (FLAS). 1997. 16. I. I.
1. I; Lyonta lucida (Lam.) K. Koch (Erlcaceae), Ritkr 35
(FLAS), 1999. 14. 1, 3. I. I; RlJododmdroll can~scnu (Michx.)
SwCC[ (Ericaceae). Rid~r 44 (FLAS). 1999. 14. 1.3, I , I; ~c

cillium corymbomm L. (Ericaceae). Rid~r 26 (FLAS). 1999. 14.
I. 3. I . I ; ~ccinirm, corymbomm L (Ericac""e), M~,rio &
wagamon 96 (FLAS), 1997. 16. 1. 2. 1. 3; ~ccinium corymbo
sum L (Ericaceae), Mucurio & wagamon 141 (FLAS) . 1997,
16. 1. 2, 1.3; Eriocaulo,z d~CJSngular~ L (Eriocaulaceae). Ritkr
264 (FLAS), 2000, 13. I . 3. 1. 2; Laclmocaulonanups (Walrer)
Morong (Eriocaulaceae). Ridu 235 (FLAS). 20oo. 13, 1.3. I ,
2; Laclmocar<1oll Kunrh (Eriocaulaceae). M~m,rio & wagamon
/ 4 (FLAS). 1997. 16. 1. 3.1.1; Cnidoscolus U1VlJ (L) Arth ur
(Euphorbiaceae), M~rcurio & wagamon 1/ (FLAS). 1997. 16,
1. 3. 2. 1; Sapium s~bifimm (L.) Roxb. (Euphorbiaceae).M~m,

rio & wagamon 39 (FLAS). 1997, 16. O. I . I. I ; Sapium u bi
ftrum (L.) Roxb. (Euphorbiaceae), RUkr 8 (FLAS). 1998. 15.
I, 1. 1. I ; Stillingia sy/vatica Garden ex 1.. (Euphorbiacc:ae).
Rid~r //1 (FLAS). 1999. 14. O. 1. 2, 3; Amorphafruticosa L.
(Fabaceae) . M~rcurio6owagamon25 (FLAS). 1997. 16. 1. 1. 1.
2;AmorpbafruticosaL. (Fabaceae). Rid~r 74 (FLAS). 1999. 14.
1. 3. 1, 2; &lpmia Venr. (Fabaceae). Ri<kr54 (FLAS). 1999.
14. 1.3, I. I; CmtroSfflza virginiam,m (L.) Benrh. (Fabaceae).
Ridu 126 (FLAS). 1999. 14. 1. 3. I. I; Cncis canadnuis L.
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(Fabaceae), Rider 42 (FLAS), 1999. 14. I . 3. I . 1; Cacis
canadensis L (Fabaceae), M~rio & wagamon 141 (FLAS).
1997, 16, I, I , I. I ; Cratalaria rotundifolia J.F. Gmel. (Fabace
ae), Ritkr 6/ (FLAS). 1999, 14, I. 3. I . I; Crotalaria spu rabilis
Rorh (Fabaceae). Rider1 (FLAS). 1998. 15, I. I. I. I ; Dalea
carnea (Michx.) Poir. (Fabaceae), Ridu 150 (FLAS). 1999. 14.
I , 3, I , I ; ErythrinaberbaceaL. (Fabaceae), Ridu 241 (FLAS).
2000, 13. 1, 3. I. I; Galacti« elliottii Nun. (Fabaceae), Mucurio
& wagamon 83 (FLAS). 1997. 16. I. 3. I. I ; Mimosaquadri
valvis L. (Fabaccae), Ridu 10 / (FLAS). 1999. 14. 1. 3. 1. 1;
Smna obtusifolilt (L) H .S. Irwin & Barneby (Fabaceae). M=u
rio & Wagamon 11 (FLAS ). 1997. 16. 1,3.1,1 ; Sn baniapuni
cea (Cav.) Benth. (Fabaceae), Rider19 (PLAS), 1999. 14. 1. 3.
I . I; Tepbrosi«florida (F. Die rr.) C.E . Wood (Fabaceae), Ridn
252 (FLAS). 2000. 13. 1.3. I, I ; 'Upbrosia florida (F. Dierr.)
C.E . Wood (Fabaccae), Mercurio & Wagamon 82 (PLAS).
1997. 16. 1, 3. I. I; Triftlium rq>~ L. (Fabaceae), Rider /42
(FLAS), 1999, 14. 1. 3. I, I; Trift/ium up~m L (Pabaceae],
Praenza 436 (PLAS), 2006, 7, I, 3. I. I; ~ch~"ia fa mtsiana
(L.) Wighr & Am . (Fabaceae), Mercurio & Wagamon 42
(FLAS). 1997. 16. 1. 3. 2, 1; Acacia pinetorum F.J. Herm.
(Pabaccae).Rid~r6 (FLAS). 1998. 15. I, 3. 2. I : Vida amtifolia
Elllorr (Fabaceae). Ritkr 59 (FLAS), 1999, 14. I. 3. I, I; W'/S
teria frr,u sum (L ) Poir. (Fabaceae), Rider13 (PLAS). 1999. 14.
I, 2, I . 3; Wisr~ria sinensis (Sims) Swecr (Fabaceae), Rider49
(FLAS), 1999, 14. 1.3, 1. 2; QuO'CUS acutissima Carrurh. (Faga.
ceae), Ruur366 (FLAS) , 200 1, 12. 1. 2. I, 3; Qu~rCIIS albaL
(Fagaceae), Ritkr / 64 (PLAS). 1999, 14. 1, 3 , 2, I ; Qu=us
in cana W. Bartram (Fagaceae), Ritkr 245 (FLAS). 20oo , 13. 1.
2. 2. I ; Qt<O'CUS laeuls Walrer (Fagaceae), Mercuri» & wagamon
14 (FLAS), 1997. 16. 1, 2, 2. I; Qu~rcus lauriftlia Mlchx,
(Fagaceae). Mercurio & Wagamon 81 (PLAS). 1997. 16, 1. 2, 2,
1; Qu~mlS margarettiae (Ashe) Small (Fagaceae), Menuri« &
Wagamon 68 (PLAS). 1997. 16, I . I , I. 2; QuO'CUS marilandica

Miinchh . (Fagaceae). Ridu 244 (FLAS), 2000. 13. 1,3. 1. 1;
QuO'CUS marilandica Miinchh. (Fagaceae), Mucurio & Wagam
on /32 (FLAS). 1997. 16. O. O. I , 2; Qu~rcus marilandira
Miinchh. (Fagaceae). Ri<kr288 (FLAS ). 2000 . 13. 1. 2. 2. I;
Qu~rcus michauxii Nun. (Fagaceae). M~rcurio & Wagamon /5/

(FLAS), 1997. 16. 1. 2, I. 3; Q,urcus minima (Sarg.) Small
(Fagaceae), Ri<kr339 (FLAS), 2000. 13. I , I, I . 1; Qu=us
nigra L. (Fagaceae). M~rio & wagamon 84 (FLAS). 1997.
16. O. I, 1, 2; QUUCllS shumard;;Buckley (Fagaceae). Ridu 176
(PLAS). 1999, 14.1 , 3, 2,1; Qu~rcusL. (Fagaceae),Mucurio&
Wagamon /39 (PLAS). 1997, 16. 1, 3, I , I ; Qu~rCllS virginiana
Mill. (Fagaceae). Ritkr 183 (PLAS).2000. 13. 1, 3. 2, 1; G~Ist
mium smzp~rvi1VlJ (L) J. Sr.-Hi!. (Gelsemiaceae). Ridu /3
(FLAS), 1999. 14. O. O. O. 0; Sabatia du andnz (Walrer) R.M.
Ha rper(Genrianaceae).Ruurl52 (FLAS). 1999. 14. 1, 3. 1. 1;
Sabatia <kcandrrz (Walrer) R.M. Harper (Genrianaceae), Mmu
rio 6owagamon 92 (FLAS). 1997. 16. 1.3. I, I ; Sabatia brtVi·
ftlilt Raf. (Genr ianaceae). Ritkr 162 (FLAS), 1999 . 14. 1. 3. J.
1; Sabatia campanulata (L) Torr. (Genrianaceae). Ri<kr //9
(FLAS). 1999. 14, 1. 3. 1. I; Sabatia eIo<kcandm (L.) Brinon.
Srerns & Poggenb. (Genrianaceae). Rid~r /31 (FLAS). 1999.
14. 1,3, I , I; G=nium carolinianum L. (Geraniaceae), RiJn
358 (PLAS). 2001 . 12, I, 3. 2. I; Lachnamh~s caroli,ziana
(Lam.) Dandy (H aemodo raccae), Ridu 144 (HAS). 1999. 14.
1. 3. 2. 1; Lachnanthts caroliniana (Lam.) Dan dy (Haemodora
ceae). M~m,rio 6owagamon 148 (FLAS). 1997, 16. 1.3. 1. 3;
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Myriophyllum aquaticum (Veil.) Verde. (Ha loragaeeae), Rider
391 (I'LAS).2002. II, O. 1.2,3: Proserpinaca pectinata Lam.
(Haloragaeeae), Proenza431 (FLAS). 2006, 7, 1. 3. I, 1; Najas
gUl1dalupmsis (Spreng.) Magnus (Hydroehariraeeae). Proenza
416 (FLAS), 2005. 8. 1, 2. I, 3; Hypericum cistifilium Lam.
(Hypericaceae), Mercurio 6ou:1zgamon 99 (FLAS), 1997. 16, I .
I, I, 1; Hypericum cistifolium Lam. (Hypericaceae), Rider290
(I'LAS), 2000, 13. 1, 3. I, 1; Hypericumfasciculatum Lam. (Hy
pericaceae), Rider 199 (FLAS). 2000, 13. 1,3, I, 1; Hypericum
gmfil1noid~s (L) Britton, Sterns & Poggenb. (Hypericaeeae),
Rider 159 (FLAS). 1999. 14. 1,3, I, 2: Hypericum hyp~riCOiMS

(L.) Cranrz (Hypericaceae), Rider302 (FLAS). 2000. 13, I, 3,
I, 1; Hypericum microsepalum (Torr. & A. Gray) A. Gray ex S.
WalSon (Hypericaeeae), Rider 198 (I'LAS), 2000, 13, 1.3. 1.
1: Hypericum setosum L. (Hypericaceae), Rider 287 (FLAS).
2000, 13, 1,3, 2. I: Hypericumtetmpetalum Lam. (Hypericaee
ae), Rid~rl96 (FLAS), 2000. 13. 1.3. I, I: Hypoxisjuncea Sm.
(Hyp oxidaceae), Rider200 (FLAS),2000. 13. 1,3. 1,2: Hy
paxis[uncea Sm. (Hypoxidaeeae), Proenza424 (FLAS), 2006.
7, 1, 3. I, 2; Iris virginica L. (Iridaceael, Ritkr 40 (FLAS),
1999, 14, 1, 3, 1,2: Sisyrincblum atlanticum E.P. Bicknell (Iri
daccae), Rid~r 56 (FLAS), 1999, 14, 1,3, 1,2: Sisyrinchium
rasulatum E.P. Bicknell (Iridaceae), Rid~r 223 (FLAS). 2000,
13, I, 3, I, 2; Itea virginicaL. (Ireaceae), Mercurio & u:1zgamon
63 (FLAS), 1997, 16, 1. 3,2. I: Carya glabra (Mill.) Sweet
(juglandaceae), Rider370 (FLAS), 2001. 12, 1.3. 1. 1; Carya
illinainensis (Wangenh.) K Koch (juglandaceae), Rider 78
(FLAS), 1999, 14, 1.2,1, 3:]tmcuuffilSus L. (juncaceae), Rider
21 (FLAS), 1999. 14. I, 3. 1. 2; JunCtIS polyc~pbalus Michx .
(juncaceae), Rider266 (FLAS), 2000, 13. 1,3, 1. 2: JtmCtIS L.
(juncaceac), Mercurio & u:1zgamon 91 (FLAS), 1997, 16, O. 1.
1. 2;JunCtlS L. (j uncaceae), Mercurio& u:1zgamon JI1 (FLAS).
1997, 16, I , 2, I, 3; Callicarpa americanaL. (Lamlaceae), Mer
curio6ou:1zgam01140 (FLAS). 1997, 16. 1,3,1.1; Hyptisalara
Shinners (Lamlaceae), Rider 141 (FLAS), 1999. 14. 1.3. I, 1;
Hyptis mutabilis (Rich.) Briq. (Lamiaceae), Mercurio & u:1zgam
on 27 (FIA S), 1997, 16, I, 3, I, 1; Hyptis muta bilis (Rich.)
Briq. (Lamiaceae), Rider 326 (FLAS), 2000, 13, I, 3, 1. 1;
Pbysosftgiapurptlrra (Walter) S.F. Blake (Lamiaceae), Rider100
(FlA S), 1999, 14, 1.3. 1. 1; Physosugia Benth, (Lamlaceae),
Rider /1 2 (FLAS), 1999, 14. 1.3,1.1; RosmarinusoJJicinalisL.
(!.amiaeeae), Rid~r397 (FLAS), 2002 , 11. 1. 1. I, 1; Salvia ly
nua L (Lami. ee. e), Ridu 207 (FLAS). 2000, 13, I, 3, 2, 1;
Salvialyrara L. (Lamiaeeae), Rid~r 64 (FLAS), 1999. 14, O. O.
0, 0; Scuta laria amlicola Small (Lamiaeeae). Rid" 98 (FLAS).
1999,1 4, 1, 3, I. I: Trocrium canaMns~ L. (Lamiaecae), Ridu
135 (FLAS). 1999, 14. 1. 3, I, 1; Trocriumcanad~~ L. (Lami
. eeae), M~rcurio & u:1zgamon 75 (FLAS), 1997. 16, 1.3, I, 1;
Tricbosu ma dleboromum L. (Lamiaecae). Rid" 335 (FLAS).
2000, 13. 1, 3, I, I: Cinnamomum campbora (L.) J.Presl (Lau
raeeae), Rid~r 75 (FLAS). 1999, 14. 1.3.2. 1; Pers~a borbonia
(L.) Spreng. (Lauraecae), RiMr 383 (FLAS), 2001, 12. 1,3, o.
0;Pm~a borbonia (L.) Spreng. (Lauraceae), Ritkr 219 (FLAS).
2000, 13. I, 3, 1. 1; Pm~a paltlStris (Raf.) Sarg. (Lauraeeae).
Rid~r 396 (FLAS), 200 2. 11. 1. 3, 1. 1; Sassafras albidum
(Nun.) Nees (Laur. eeae). RiMr 140 (FLAS). 1999, 14, 1,3,0,
0; Pinguicula can1zl~a Walter (Lemibulariaeeae). Rid" 201
(FlA S), 2000, 13. 1, 3, I, 1; Pinguiculalut~aWalter (l.cmibu
I.riaeeac), Rid~r 45 (FLAS), 1999, 14, 1.3. 1. 1; Pinguicula
pllmila Michx. (Lemibulariaeeae), RiMr 10 (FLAS). 1999. 14,

1.3, 1. 1; PillguiCllIa pumila Mich x. (Lentibulariaceae), Proenza
439 (FLAS). 2006, 7, I, 3. 1. 1; Pinguicula pu mila Michx.
(Lentibulariaceae), Rid" 394 (FLAS), 2002, 11, O. 0, 0, 0;
Utricularia gibba L. (Lentibulariaceae), Rider 375 (FLAS).
2001. 12, 1. 3. 1. 1; Utricularia breuiscapa Wright ex Griseb.
(Lemibulariaeeae).Rid~r22 (FLAS). 1999. 14,0, 1.1, 1; Utric
ulariasubulata L. (Lenribularlaceae), Rider47 (FLAS), 1999.
14. 1. 3, 1. 1; Lilium catesbaei Walter (Liliaeeae), Rider 163
(FLAS), 1999, 14, O. O. O. I: LycopodMIa alopecuroides (L.)
Cranfill (Lycopodiaceae). Rider387 (FLAS), 2002, 11. 1, 3, 1,
1;LycopodMIa alopecuroides(L.) Cranfill (Lycopodiaceae). M"
curio & u:1zgamon 95 (FLAS). 1997, 16, 1,3, I, 1; Lytlmlm
lineare L. (Lyrhraceac), Mercurio 6- u:1zgamoll 120 (FLAS),
1997. 16, 0, 1. 1.2: Magnolia gmndiJlora L. (Magnoliaeeae),
Rid" 123 (FLAS), 1999. 14, 1. I, I, 1; Magnolia virginianaL.
(Magnoliaecae), Rid" 107 (FLAS), 1999, 14, 1, 3.1, 1; Hibis
CtIS aculeatus Waltcr (Malvaceae), Rider 125 (FLAS), 1999. 14.
O. 1. 1. 2; Hibiscus moscheutos L. (Malvaceae), Rider /1 4
(FLAS). 1999, 14. 1.2, 2.1; Kost&tzkyapmracarpa(L.) Ledeb.
(Malvaceae), Rider138 (FLAS), 1999. 14. 1.3, 1, 1; Paoonia
bastata Cav. (Malvaceae), Rid" 149 (FLAS). 1999. 14, 1,3, 2,
1; ZigaMntts densus (Desr.) Fernald (Mclanrhiaccae), Rider 86
(FLAS), 1999. 14. 1.3. 1.2; Rhexia alijimtlSWalter (Melasro
maraceae), Rid" JI8 (FLAS), 1999, 14.0, O. O. 0: Rhexia
cubensis Griscb. (Mclastomaraeeae), Rider 279 (FLAS), 2000,
13, I, 0.1.2; Rhexia lut~aWalter (Melasrornaraceae), Rid"365
(FLAS). 2001. 12. 0, 0, O. 0; Rhexia mariana L. (Melasrornata
ceae), Rid" 121 (FLAS). 1999. 14. 1. 1. 1. I: Rhexia nashii
Small (Melasrornaraceae), Rid" 284 (FLAS). 2000. 13. 1.2, 1,
3; Rhexia petiolata Walter (Melasrornaraceae), Rider 3 13
(FLAS), 2000.13.1. I, I, 1; Limnobium spongia (Bose) Rich.
ex Steud. (Menyanrhaceae), Mercurio & mtgamon 88 (FLAS).
1997, 16. O. O. I, 2; Morus rubra L. (Moraceae), Mercurio &
u:1zgamon 135 (FIA S), 1997, 16. 1, 3. I , 1; Musa acum ina te
Colla (Musaceae), RiMr 2 78 (FLAS).2000, 13.0, I, 1,2; Mo
r~1IA c~riftm (L.) Small (Myricaeeae), Rider7 (FLAS), 1998, IS,
1. 3, 2, 1; Myrica Iw~ropbylla Raf. (Myricaeeae), Rider392
(FLAS),2002. 11. 1. 1. 1.I;A/~rrisluua Smail (Narrhecia ceae),
Rider 97 (FLAS), 1999. 14. 1, 2, 1, 3; Aletris obouata Nash ex
Small (Narthcciaceae), Rider106 (FLAS), 1999. 14.0,0,0,1;
Nympbaea odorataAiton (Nymphaeaceae). Rider 373 (FLAS),
2001. 12, 1. 1. 1. 1; Nyssaogub~ w: Bartram ex Marshall (Nys
saecae). Mnnlrio & u:1zgamon 58 (FlAS). 1997, 16, 0, I, 2, 3;
Nyssasylvatlea Marshall (Nyssaeeae), Ritkr 220 (FLAS). 2000,
13. O. O. 0, 1; CbionanrbtlS virgilliCtIS L. (O Ieaeeae), Rid~r 68
(FLAS), 1999. 14, 1,3.1.1; FnzxinrLl" caroliniallaMill. (O leaee
ae). Rid~r 72 (FLAS). 1999, 14, 1.3,1, 1; FraximlScaroliniana
Mill. (Oleaeeae), Mnmrio & u:1zgamoll 24 (FLAS). 1997, 16,
1.3, 2, 1; Fraxinus pmllSJlvanicaMarshall (Oleaeeae). Mnnlrio
6ou:1zgamon 158 (FLAS). 1997. 16. 1, 3. I, 1; LigllStnlmjapon
iCllm Thunb. (Oleaeeae). Rid~r 214 (FLAS).2000. 13, 1, 3, 2,
1; Ludwigia uprocarpa (Nutt.) H . Hara (O nagraeeae), ProeJlm
417 (FLAS). 2005, 8. I, 3. 2, 1; Ludwigia maritima R.M .
Harper (Onagraeeae), Rid~r 280 (FLAS), 2000, 13, 1,3, I , 1;
Ltldwigin p""viana (L.) H. Hara (O nagraceae), Rid~r 171
(FLAS). 1999. 14, 1.2, 1, 3; Ltldwigia L (On. graeeael,M~ml

rio & u:1zgamon 100 (FLAS). 1997, 16, O. 1. I, 1; Lttdwigia
virgata Michx. (O nagraecae), Rid~r 128 (FLAS), 1999, 14. I ,
1. 1. 1; Om otluralacilliaraHill (Onagraeeae), Ritkr 65 (FLAS),
1999.14.1.1.1,1; Calopogoll mttlriJlonlSLindl. (O rehid.eeae),



120 NEuBIG ET AL.

Rider .160 (FLAS), 2001 12, 1, 3, 1, 2; Qilopogon pallidus
Chaprn. (Orchidaceae), Rider362 (FLAS), 2001, 12, 1,3, 1.2;
C’alopo5’on tube,vsus (L.) Britron, Sterns & l’oggenb. (Ordtida—
ceae), Rider 99 (FLAS), 1999. 14, 1,3, 1.2; cleistesdiraricata
(L.) Ames (Orchidaceae), Rider 102 (FLAS), 1999, 14, 1,3.2,
1; conr/1orhizr wisteriana Conrad (Orchidaceae), Rider 353
(FLAS), 2001. 12, 1,3, 1,2; Piatant/sera ciliaris (L.) LindI. (Or
ehidaceae), Rider 158 IFLAS), 1999, 14, 1,3,2, 1; .Spiranthes
prrzecox (Walter) S. Watson (Orhidaceae), Ridtr 67 (FI.AS),
1999, 14, 1, 3, 2, 1; Soira,,rhes reran/is Engelm. & A. Gray
(Orchidaceac), Rider9l (FLAS), 1999, 14, 1,3, 1,2;Zezcvine
stnzteuinatica (I..) Schlir. (Orcliidaceae), Rider 11 (FLAS),
1999, 14, 1, 3, 1,2; Agalinisaphy/Li (Nurr.) RaE (Orobartcha
ceac), Rider 347 (FLAS), 2000, 13, 1, 3, 2, 1; Aga/inisfrscicu
Inca (Elliort) RaE (Orobanchaceac), Rider 342 (FLAS), 2000,
13. 1, 3, 2, 1; AgalinisJascicn/aca (Elliott) Raf. (Orobancliace—
ad, Rider 169 (F1.AS), 1099, 14, 1,3,2, 1;ilgalinisseeacea (J.F.
Grnel.) RaE (Orobanchaceae), Rider349 (FLAS). 2000, 13, 1,
3, 1, I: Ox,tlis comnicu/ata C (Oxalidaceae), Rider 208 )FLAS),
2000, 13, 0, 1, 2, 3; Phy//anthui urinaria L. (Phvllanrhaceac),
Riderd9I (FLAS), 2000, 13,0, 1, 1, 1; Phyto/accaarnericana L.
(Phytolaccaceae), Mercumia & W6gzrnon 41 (FLAS), 1997, 16,
1, 3, 1, 1; Finns cLzusa ( hapns. cx Engelm.) Satg. (Pinaceae),
Mercuno & Wiç’onon 69 (FLAS), 1997, 16, 0, 0, 0, 0; Pious
llittii Egc1tn. (Pinaccac), Mereuriü e Wigainon 145 (FLAS),
1997, 16, 0, 0, 0, 1; Pious gLthra Walter (Pinaceae), Rider 43
(FLAS), 1999, 14, 0, 1. 1, 2; Finns palustris Mill. (Pinaceac),
Rider3SO (FLAS), 2001, 12, 1, 3, 1, 2; Pious aeration Micisx.
(Pinact-ae), Ridc’r.384 111.AS), 2001, 12. 1,3, 1,2; Pious credo
L. (Pinaceae), Rider33 (FL’\S), 1999, 14, 1, 3, 1, 2; Bacopa
carolinian,, (Walter) B.1.. Rob. (Planragiiraccae), Rider 145
(FLAS), 1999, 14, 1, 3, 1, 1; Bacopa m000ieri (L.) Wettst.
(Plantagiiraceae), Mercuria chWrganzon 102 (FLAS), 1997, 16,

3, I , 1; [man,, canadencis (L) Durn. Coors. (Plantagitiace—
as), Rider 29 (FLAS), 1999, 14, 1, 3, 2, 1; Mecarclonia acurni
0,101 (Walter) SinAi (Planraginaceae), Rider 71 (FLAS), 1999,
14, 1, 3, 1 , 3; ,‘ifecardon,a acurninaea (\Val icr) Sinai I (Plant ag—
maccad), J’rsenza 438 (FLAS), 2006, 7, 1, 3, 1, 1; Psantago
/anceolati L. (Plantaginaceae), Rider2l2 (FLAS), 2000, 13, 1,
3, 1, 0; PLintago inn/or 1.. (Plantaginaceac), Rider 41 (F1.AS),
1999, 14, 1, 3, 1, 1; P/anezçro z’irginica L. iPlanragmnaccac), hid—
cr205 (FLhS), 2000. 13, 1, 2, 3, 1; Platoons occidentalis L
(Plaranaceac), J?ider 77 (FLAS), 1999, 14, 1, 2, 1, 3; Andro
poon glornenitus (Witlter) Britwn, Sterns & Poggenb. (Poace—
as), Rider 178 (F1.AS), 1999, 14, 1, 3, 1, 2; Arundinaria gi
g.tntea (Walter) Muhi. (Poaccae), Rider 197 (FLAS), 2000, 13,
1,3, 1, 2;Arundinaria giganeea (Walter) MuhI. (Poaccae), Rider
19-1 (FLAS), 2000, 13, 1, 3, 1, 2; At-undo donax L. (Poaceae),
Proenea 425 (FLAS), 2005, 8, 1, 3, 1, 2; Chasnianihiuni 1,tvz,rn
(L.) HO. Yates (Puaceae), Mercurio 6 Wg’arnon 115 (FLAS),
1997, 16, 1, 3, 1, 2; C’hasrnanthiurn Lixu,n (L.) HO. Yates (Po—
aceac), Mereurio6Wiganzon 137 (FLAS), 1997, 16, 1,3, 1. 1;
chasiniizrhinin nitidun, (Baldwin cx ElI ott) HO. Yates (Poace—
as), Mcrcurio c1 W)zgasnon 112 IFLAS), 1997, 16, 1, 3, 1, 1;
C’L,ehiurn jarnaicense Cranrz (Poaceac), M’ercurio & W9ganion
26a (FLAS), 1997, 16, 1, 3, 1, 2; Cteniurn arornaticarn (Walter)
AIph. \Vood (Poaceae), Rider 94 (FLAS), 1999, 14, 1.3, 1,2;
(:eeniurn ,ovn;alicurn (\Val rcr) AIph. ivood (Poaceac), Alercuria
ci- Wiganion 78 (F1.AS), 1997, 16, 1, 3, I, 2; Dichant/,eliu,n
cannnuraturn (Schult.) Gould (Poaceae), Itlercuria & Wigatnon

107 (FLAS), 1997, 16, 1,3, 1, 1; Dich,,neheliurn sph.serocrztpon
vacflorie/anurn (\‘asey) Davidse (Poaceae), Iifercurw &Wig,rm
on 106 (FLAS), 1997, 16, 1,3, 1, 1; Dichanrhel,unr scabriuscu
lion (Elliott) Gould & CA. Clark (Poaccae), Frocnca 426
(PEAS), 2005, 8, 1, 3, 1, 2; Dichanchcliurn acahrius,ulurn (El
liott) Gould & CA. Clark (Poaceae), Mercurio & W’iigarnon 117
(FL4.S), 1997. 16, 1, 3, 1, 1; DicI,antheliurn scabriusculun, (El
liott) Gould & CA. Clark (Poaceae), Mercurio c. Wigarnon 116
(FLAS), 1 997, 16, 1, 3, 1, 1; Dichantheliu,n dichotornu,n inc
uncrahyIturn (Trio.) Davidse (Poaceac), P,vi’nza 43’s (FLAS),
2006,7, 1. 3, 1. 1; Digitaria ti/inns (Retz.) Koeler (Poaceac),
Rider3O7 (FLAS), 2000, 13, 1,3, 1,2; Inerata cy/indrica (C)
Raeusch. (I’oaceac), Procaza 430 (PEAS), 2006, 7, 1, 3, 1, 2;
LaliurnperenneL. (Poaceac), Rider23O (FLAS), 2000, 13, 1,3,
1, 2; J3ispa/unz notation Main cx Fliiggé (Poaceae), Rider 227
(FLAS), 2000, 13, 1, 3. 1, 2; Paspa/urn praecax Walter (Poacc
ac) Rider 226 (PEAS), 2000, 13, 1, 3, 0, 0; Iirspalurn nrvillni
Steud. (Poaceae), I?ider285 (PEAS), 2000, 13, 1,3, 1. 2; Paspa
turn urvi//ei Steiid. (Poaccac), Proenza 419 (FLAS), 20(15, 8, I,
3, 1, 2; C’enchrus purpureus (Scltumach.) Morrone (Poaceas),
1/re/er 272 (PLAS), 2000, 13, 1, 3, 1, 2; I’orvpogon monspeliensis
(C) Desf. (Poaccac), Rider2O3 (PEAS), 2000, 13, 1, 3, 1,2;
Polypogon monspeliensis (E.) DesE (l’oaceae), Proenza 437
(F1.AS), 2006.7,0. 0, 0, 0; Sacchanerngijaneeurn (Writer) Pen.
(Puaccac),RieIenl7S (FLAS), 1999, 14,1,3, 1,2;Smtarizparr’i-

flora (Poir.) Kergu/len (Poaceae), Rider 263 (PEAS), 2000, 13,
1, 3. 1, 2; Setaniaparvijlora (Poir.) Kerguelen (Poaceac), Mercu
rio & W,a,non 1.12 (FEAS), 1997, 16, 1.3, 1, 1; Sorghactrurn
e/Iiottii (C. Mohr) Nash (Puaccae), Rider 337 (FLAS), 2000,
13, 1,3, 1, 2; Trijoacun, dacty!oides (L.) L. (Poaceac), Rider2-i2
(PEAS), 2000, 13, 1, 3, 1, 2; Tripsacurn cindy/aides vat: florida
nuns (Porter cx Missy) Beal (Poaceae), Rider 248 (PEAS), 2000,
13, 1, 3. 1,2; Zizaniopsisrniliacea (Michx.) Doll & Asch. (Poa
ewe), Rider 165 (PEAS), 1999, 14, 1, 3. 1,2; Zizaniapsis ncili
acea (Michx.) Doll & Asch. (Poaceae), Rider 166 (FEAS),
1999, 14. 1, 3, 1, 2; Ph/ox Jioridan: Bsnth. (Polernoniaceae),
Rider 69 (PEAS), 1999, I’s, 0, 0, 0, 0; I’o,gal,z crucial,, L. (Pa
lygalaceae), Rider 369 (PLAS), 2001, 12, 0, 0, 0, 0; Po&gala
cyrnosa Walter (Polygalaceae), Rider368 (FLAS), 2001, 12, 1,
3, 1, 2; Porgala lueea L. (Polygalaceae), RiderS) (FlAS), 1999,
14, 1,3, 1, 1; Pa4gala /ute,1 C (l’olvgalaceae), Mercurru &W)ig
anton 15 (FLAS), 1997, 16, 1, 3, 1, 1; Polcyalo nan,, (Michx.;
DC. (Polygalaceac). Rider23 (F1.AS), 1999, 14,0, I, 1, 1; Po
lgala ran,osa Elliott (Polygalaceae), Rider 146 (F1,AS), 1999,
14, 1, 3, 1, 1; Pol9gala ratnosa Elliott (Polygalaccae), Rider 120
(FLAS), 1999, 14, 1, 3, 1, 1; Po/ygaL, rugelii Shuttlew. cx
Chapm. (Polvgalacsae), Rider62 (FLASh 1909, 14,0, 1, 1, 1;
P/cope/Os poiypodiaides (E.) E.G. Andrews & Windhant (Poly
podiaceac), Rider 386 (FLAS), 2002, 11, 1,3, 1,2; Pontederia
cordacaL. (Pontedcriaceae), Rider80 (FLAS), 1999, 14, 1,2,1,
3; Snow/us floribuodus Kuoth (llritnulaceae), Proenz.a .135
(P1.AS), 2006, 7, 1, 3, 1, 1; (Yernatis crisp., L. (Raiiunculaceae,
Mercurio & Wagarnon 10.3 (FLAS), 1997, 16. I. 1, 1, 1; CYem
ntis crispa L. (Ranunculaceae), 1/icier 8.3 (PEAS), 1999, 14, 1,3,
1, 1; Ranunculus /sispidus Michx. (Ranunculaccac), Rider 234
(FEAS), 2000, 13, 1, 3, 1, 1; Erinbotiya japonica (Thunb.)
Lindl. (Rosaceae), Rider 187 (PEAS), 2000, 13, 1,3,2. 1; P/so
tiniapurijlstin (Lam.) KR. Robertson & JO. Phipps (Rusaccac),
J?ider 185 (PEAS), 2000, 13, 1, 2, 1, 3; PhotOn,, pyrif/slia
(lain.) KR. Robertson & J.B. Phipps (Rosaceae), Rider 27
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(FLAS), 1999, 14, 1, 3, 2, 1; Prunusasnericana Maishall (Rosa—
ce.L(4, Rider.352 (ILAS), 2001, 12, 1, 1, 1, 2; Prunus serotina

Ehrh. (Rosaceae), Rider 190 (F1,AS), 2000, 13, 1, 2, 3, 1;
J3runus serotina Ehrh. (Rosaceae), Mercurio & Wigamon 67
(FLAS), 1997, 16, 1, 3, 2, 1; Pyrus calleryana Decor. (Rosace
ae), Rider 354 (FLAS), 2001, 12, 1, 1, 1, 3; Rosa 1aevzata
Michx. (Rosaccac), Rider34 (FLAS), 1999, 14, 1, 1, 1,3; Rosa
palustth Marshall (Rosaceae), Rider 85 (FLAS), 1999, 14, 1,3,
2, 1; Rosa palustris Marshall (Rosaceae), Rider 385 (FLAS),
2002, 11, 1, 3, 2, 1; Rubus cunezjlius Pursh (Rosaccae) Rider
246 (FLAS), 2000, 13, 1,3,2, 1; RuhusrrivialisMichx. (Rosa
ceae), Rider25 (FLAS), 1999, 14, 1,2, 1,3; CephaLinthusocci
denralis L. (Ritbiaceac), Mercurio ci’ Wigamon 35 (FLAS),
1997, 16, 0, 1, 2, 3; Diodia virginiana L. (Rubiaceae), Rider
316 (FLAS), 2000, 13, 1, 3, 1, 1; Iledyotispsvcuinbens (JR
Gmcl.)Fosbcrg(Rubiaccae),Rider35S (FLAS), 2001, 12,1,3,
2, I; Mitc/,elLt repens L. (Ruhiaceae), Rider 181 (FLAS), 2000,
13, 1,3,2, 1; Popu/usdeltoidi’s7V Bantam cx Maishall (Salica
ccac), Rider2lS (FLkS), 2000, 13, 1,3,2, 1; Salixbabylonica
L. (Salicaccae), Rider 277 (FlAS), 2000, 13, 1, 1, 2,3; Sides
earoliniana Michx. (Salicaceac), Mercurio & Wagamon 118
(FLAS), 1997, 16, 1, 1, 1, 1; Sálix iOgm Marshall (Salicaceae).
Rider 48 (l:LAS), 1999, 14, 1,3,2, 1; Phoradendrun leucarpum
(Raf.) Reveal & MC. Johnst. (Sannalaceae), Rider35Q (FLAS),
2001, 12, I, 2, 1, 3; Acer rubruni L. (Sapindaccae), Ridcr 19
(Fl_AS), 1999, 14, 1,3, 1,2; Sarracenia minor ‘P/aIner (Sarrace
niaceae), Rider 206 (FLAS), 2000, 13, 1, 3, 2, 1; Sarracenia
minor WhIter (Sanraceniaceac), Mereurio & Wigamon 93
(FLAS), 1997, 16, 1, 3, 2, 1; Saurirus eernuns L. (Saururaceae),
Rider 96 (FLAS), 1999, 14, 1, 3, 2, 1; 1//icium floridmum J.
Ellis (Sdsis.iimdraccac), Rider 177 (FLAS), 1999, 14, 1,3, 2, 1;
Sini/axbona-noxL. (Smilauaceae), Rider39O (FLAS), 2002, 11,
1, 3, 1, 2; Smilax glauca Walter (Smilacaceae), Rider 251
(FLAS), 2000, 13, 1,3, 1,2; Smnilaxiaurifb1ia L. (Srnilacaccae),
Rider28 (FLAS), 1999, 14, 1,2, 1,3; Smi&sxl.. (Smilac.areac),
Menuria & Wigamon 160 (Fl_AS), 1997, 16, 1, 3, 1, 1; So/a
num a,nericanum Mill. (Solanarr’ae), Rider 133 (FLAS), 1999,
14, 1, 3, 1, 3; Sa/anum capsicoides All. (Solanaceae), Rider 228
(FLAS), 2000, 13, 1, 3,2, 1; SoLmum carolinense L. (Solanace
ae),Rider7Q (FLAS), 1999, 14,1,3,1, l;Solanumniycopersicimm
L. (Solanaceae), Rider26S (FLAS), 2000, 13, 1,3, 1,3; Po4’-

premum
p,vcumbens L. (linnachondraceae), R.L. Wilbur 68532

(FLS), 1997, 16, 1, 3, 1, 1; Gordonia lasianthus (L) J. Ellis
(Theaceac), Me,eurio & Wz’amon 1 (FLAS), 1997, 16, 1, 2, 1,
3; Piriqueca cistaides suhsp. caroliniana (Walter) Arbo (Thnneia—
Scar), Rider237 (FLAS), 2000, 13, 1,3, 1, 1; Typhalat(fbliaL.
(Typhaceae), Rider 110 (Fl_AS), 1999, 14, 1, 2, 1, 3; U/mum
aLmta Michx. (Ulmaceae), Mercurio & Wigamon 153 (Fl_AS),
1997, 16, 1,3, 1,2; U/mum data Michx. (Ulmaccae), Rider283
(Fl_AS), 2000, 13, 1, 3, 2, 1; U/mum americana L. (Ulmaceac),
Mercurio & Wigamon 134 (Fl_AS), 1997, 16, 1, 3,2, 1; Urtica
urens l_. (Urriraccac), Smith 01 (Fl_AS), 1999, 14, 1, 3, 2, 1;
Lantana depressa Small (Vembenaceac), Rider 271 (Fl_AS),
2000, 13, 1, 3, 1, 1; Phyla nodiflora (L.) Greene (Venbenaceac),
Rider 224 (FLAS), 2000, 13, 1, 3, 2, 1; Viola lanceolata l_.
(Violaceae),Riderl7 (Fl_AS), 1999, 14, 1,3.1,1; Violapa/ma
ta L. (Violaceae), Rider 186 (Fl_AS), 2000, 13, 1,3,2, 1; Viola
pa/maca L. (Violaceae), Proenzsz 428 (Fl_AS), 2006, 7, 1, 3, 2,
I; Vintmpalmaea L. (Violaceac), 1?ieler39 (FLAS), 1999, 14, 1,
3, 2, 1; Viola primuliJolia L. (Violaccae), Rider 24 (Fl_AS),

1999, 14, 1, 3, 2, 1; Viola sororia WilId. (Violaceae), Rider 1-i
(Fl_AS), 1999, In, 1, 3, 1, 1; Viola sororia WilId. (\‘iolaceae),
Rider 46 (FLAS), 1999, 14, 1, 3, 2, 1; Ampelopsis arbotea (L.)
Koehne (Vitaceae), Rider 256 (FLAS), 2000, 13, 1, 3, 2, 1;
Parthnnocissus quinquiJiilia (l_.) Planch. (Vmnaceae), Mercurzo ci’
Wigamon 65 (FL’\S), 1997, 16, 0, 1, 2, 3; Vitis aestivalis
Michx. (Vitacrac), Rieler293 (FLAS), 2000, 13, 0,0, 1,2; Vitis
einerea (Engelm.) Engelm. cx Millardct (Vitaceae), Rider 286
(Fl_AS), 2000, 13, 1, 1, 1, 2; Vitis rotund(fblia Michx. (Vitace
ae). Rider 130 (FLS), 1999, 14, 0, 0, 0, 1; Vitis roeundJilia
Michx. (Vitaceae), Rider3l7 (FL_AS), 2000, 13, 1, 1, 1, 1; Rids
roeundfh/ia Michx. (Vitaceae), Mercurio & Wigamon 17
(Fl_AS), 1997, 16, 0, 0, 1, 2; 2/yris l_. (Xyridaceac), Mereurio c(
Wagamon 12 (FLAS), 1997, 16, 0, 0, 1, 2; Zamia pumA: l_.
(Zainiaceae), Rider 184 (Fl_AS), 2000, 13, 1,3, 1,2. Abbort
Collection data set from herbarium specimens: Alternanthens
philoxeroieles (Mart.) G:iseb. (Amaranthaceae), Abbott 3230
(FL_AS), 1992, 21, 0, 0, 1, 2; Thxicodendron pubescens Mill.
(Anacardiaccac), Abbott 10812 (FL_AS), 1907. 16, 0, 0, 0, 1;
Jsiyngium prosnmztum Nurt. cx DC. (Apiaceac), Abbott .3634
(Fl_AS), 1992, 21, 0, 0, 0, 1; Ptilimniunz capillaceum (Miehx.j
Raf. (Apiacete), Abbott 1775 (FLAS), 1992, 21. 0, 0, 1, 2;
Pzilinm,sium capillaceum (Michx.) Raf. (Apiacese), Abbott 1791
(FL_AS), 1992,21,0,0,0, 1; lhpocaipusac’ehusaeNutt. cx DC.
(Apiaceac), Abbott 321.3 (Fl_AS), 1992, 21, 1, 1, 2, 3; Aselepias
perennis WhIter (Apocynaccae), Abbott363O (FL_AS), 1992, 21,
0, 0, 0, 1; flex coriacea (Pursh) Chaprn. (Aquifoliaceae), Abbott
10792 (FLAS), 1997, 16, 0, 0, 0, 1; flex coriacea (Pursh)
Chapm. (Aquifoliaceae), Abbott 6683 (FL_AS), 1994, 19, 0, 0,
0, 1; IlexL. (Aquifoliaceae), Abbott 14188 (Fl_AS), 2001, 12, 1,
1, 2, 3; flex x ,neserveae SY. Ho (Aquifoliaceac). clbhott In 187
(Fl_AS), 2001, 12,0,0, 1,2; lRi,1Li columbiana H. Karsn. (Ma
cear), Abbott 19630 (Fl_AS), 2004, 9, 1, 3, 1, 2; Araucaria bid
willii Hook. (Araticariaceac), Abbott 1293di: (F1.AS), 1999, 14,
0,0, 1,2; Bud,: capitata (Mart.) Recc. (Arecaceae),Abbotr67O2
(Fl_AS), 1994, 19, 1,3. 1,2; Asparagus setaceus (Konth) Jessop
(Asparagaceac), Abbott 1828 (Fl_AS), 1992,21,0,0,0, 1; Asp/c
nium platyneurun (L.) Bnitron, Sterns & Poggenb. (Aspleniace
ae), Abbott 7978 (Fl_AS), 1994, 19, 0, 0, 0, 1; .Spitinthes op
posit/ilic: (Lain.) D’Arcy (Astenaccac), Abbott 3209 (Fl_AS),
1992, 21, 0, 0, 0, 1; Ambrosia erifida L. (Asreraceac), Abbott
14352 (FL”cS), 2001, 12, 1, 1, 1, 2; Coreopsis tinctori,: Nurt.
(Asmcraceac), Abbott 1774 (FLAS), 1992, 21,0, 0, 1, 2; Foci/ia

frsbcrgii Nicolson (Asteraceae), Abbott 1802 (Fl_AS), 1992, 21,
0, 0, 0, 1; Gamochaetaflulcata (Lam.) Cabrera (Asteraceae), Ab
bott 1805 (Fl_AS), 1992, 21, 0, 1), 0, 1; So/ma mnthemfblia
(Juss.) Sweer (Asteraceae),Abbott 6694 (Fl_AS), 1994, 19,0,0,
0, 1; i’ifikania seandens (l_.) WilId. (Asteraceae), Abbott 3207
(Fl_AS), 1992,21,0, 0,0, 1; Pab/hxiaJiayiA. Gray (Astcrace
ae), Abbott 17794 (Fl_AS), 2003, 10, I, 3, 1, 1; RIL.foxiaJiavi
A. Gray (A.steraceae), Abbott 17793 (Fl_AS), 2003, 10, 0, 0, 1,
2; P/uchca baccharis (Mill.) Pruski (Astcraccac), Abbott 3632
(Fl_AS), 1992, 21, 0, 0, 0, 1; ,Visndina elomeseica fliunb. (Ber
benidaceae),Abhott 11368 (Fl_AS), 1998, 15,0,0,0, 1; 71cosna
eapensis (Thunb.) l_indl. (Bignoniaceae), Abbott 6704 (Fl_AS),
1994, 19, 0, 0, 1, 2; W’bodwardia areolata (L.) T. Moore
(Blechnaceae), Abbott 7984 (Fl_AS), 1994, 19,0,0,0,1; Lmpie/
ium vilgmnieum I.. (Brassicaceac), .4bhott 1798 (Fl_AS), I ‘192,
21, 0, 0, 0, 1; Ibiphanus raphanistrum l_. (Brassicaceae), Abbott
6692 (Fl_AS), 1994, 19, 0, 0, 1, 1; Ti/lane/cia recurvata (l_.) 1,.
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(Brorneliaceae), Abbott 1837(FLAS), 1992,21,0,0,0, 0;Epi-
phy//um oxypota/um (DC.) Haw. (Cactaceae), Abbott 6703
(FLAS), 1994, 19, 0, 0, 0, 0; Lobelia brevfblia Nutt. cx A. DC.
CarnpanuIaceae), Abbott 10793 (FLAS), 1997, 16, 1, 1, 2, 3;
7;1odziis perfrliata (L.) Nicuwl. 6681
(FLAS), 1994, 19, 1, 1, 1, 2; 7.iodanisperfrhiata (L.) Nicuwl.
(Campanulaceac), Abbott 6693 (FLAS), 1994, 19, 1, 1, 1, 1;
Wihienbeigia maiginata (ihunb.) A. DC. (Cainpanulaceae),
Abbott 6679 (FLAS), 1994, 19. 0, 0, 0, 1; Wihlenbergia malgi
nata (Ihunb.) A. DC. (Campanulaccac). Abbott 10811 (FLAS),
1997, 16, 0, 0, 0, 1; Humulus /upu/u.c L. (Cannabaceae), Abbott
13191 (FLAS), 2000, 13, 1, 1, 1, 2; Lonicera fiagmntissima
Lindl. & Paxwn (Caprifoliaceae), Abbott 11364 (FLAS), 1998,
15, 0, 0, 1, 2; Rironychia americana (Nutt.) Fenzl cx WaIp.
(Caryoplivllaceae), Abbott 3655 (FLAS), 1992, 21, 1, 3, 1, 2;
I’aronychia erecta (Chapm.) Shinncrs (Cary’ophyllaceac), Abbott
10806(FLAS), 1997, 16,0,0, 1,2; MaytenucMolina (Celastra
teat), ,‘lbbott 19618 (FLAS), 2004,9, 1,3,2, 1; Lechea L. (Cis
taccac), Abbott 3637 (FLAS), 1992, 21, 0, 0, 0, 1; Lechta L.
(Cistaceac), Abbott 17804 (FLAS), 2003, 10, 0, 1, 1, 1; Lechea
L. (Cistaceae), Abbott 17799 (FLAS), 2003, 10,0,0,0, 1; Let/s
ea teiufrlia Michx. (Ciotaceac), Abbott 14380 (FLAS), 2001,
12, 0, 0, 1, 2; PoLinisia tenuf/ia lbrr. & A. Cray (Cleomace
ac),Abbott 10807(FLAS), 1997, 16,0,0, 1,2; (J/ethra alnfblia
L. (Clethraceac), Abbott 10794 (FLAS), 1997, 16, 0, 0, 1, 2;
Laguncu/aria race,nosa (L.) C.E Gaerrn. (Cornbretaceae), Ab
bott 17792 (FLAS), 2003, 10, 0, 0, 0, 1; Merremia dissecta
(Jacq.) Hallier E (Convolvulaceac), Abbott 3793 (FLAS), 1992,
21, 0, 0, 1, 2; Me/othria pendu/..z L. (Cucurbitaceae), Abbott
379.1(FLAS), 1992,21,0,0, 1, 2;Juniperus virginiana L. (Cu
prtssaceae), Abbott 1823 (FLAS), 1992, 21, 0,0, 1, 2; Metase
quoiag/yptost?uboides Hu & WC. Clieng (Cupressaceae), Abbott
11367 (FLAS), 1998, 15,0,0,0. 1; CytastirtinalisL. (Cycada
teat), Abbott 10896 (FLAS), 1997, 16, 0, 0, 1, 2; Bulbos1is
Kunth (Cyperaceae), Abbott 17797 (FLAS), 2003, 10, 0, 0, 1,
2; Girex cephalophora Muhi. cx WilId. (Cyperaceae), Abbott
6700 (FL,AS), 1994, 19, 1, 1, 1, 1; C’arexfi’stutatea Sclikuhr cx
WilId. (Cvperaceae), Abbott 6701 (FLAS), 1994, 19, 0, 1, 1, 1;
Cirex lupulifiirmis Sartwell cx Dewey (Cvperaceae). Abbott
321! (FI.AS). 1992,21,0,0,0, 1; carexL. ((Zyperaccac), Ab
bott 3647 (FLAS), 1992, 21, 0, 0, 1, 2; vpL’rus croceusVahl
(Cyperaceae), Abbott 14370 (FLS), 2001, 12, 1, 1, 1, 2; (ct

elistinctus Steud. (Cvptraccae), Abbott362O (FLAS), 1992,
21, 0, 0, 0, 1; Cyperus fl/ku/mis Vahi (Cyperaceac), Abbott
10810 (FLAS), 1997, 16, 0, 0, 0, 1; cperus iria L. ((yperace
ac),Abbott32I2(FLAS), 1992, 21,0,0,0, 1; fycreuspotystathy
as (Rottb.) P Beauv. (Cyperaceae), Abbott 3644 (FLAS), 1992,
21, 0, 0, 0, 1; cyperus surinamensis Rottb. (Gyperaceac), Abbott
3618 (FLAS), 1992, 21, 0, 0, 0, 1; Eleocharis radicans (Poir.)
Kunch (Cypetaceae), Abbott 14846 (FLAS), 2002, 11, 1. 1, 1,
2; Fi,nbris/js VahI (Cyperaceae), Abbott 3625 (FI.AS), 1992,
21, 0, 0, 0, 1; Furena squarrosa Michx. (Cypcraccae), Abbott
3658 (FLAS), 1992, 21. 0, 0, 1, 2; Avl/inga brevfb/ia Rottb.
(yperaceae), Abbott 3614 (F1.AS), 1992, 21, 0, 0, 0, 1; Rhyn
chospora to/on/ta (1..) H. Piciff. (Cypcrace-ae), Abbott 3628
(FLAS), 1992, 21, 0, 0, 0, 1; Rhynchospons colorata (L) H.
PFeifE (Cyperaceae), Abbott 1790 (FL.AS), 1992, 21, 0,0,0, 1;
Rbynchospora inexpansa (Michx.) VahI (cyperaceac), Abbott
1374(FLAS), 2001, 12,0,0, 1,2; RhynchospoiaVahl Wyper
aceac), Abbott37l7(FLAS), 1992,21,0,0,0, 1; Rhynchospora

Vabi ((Zyperaceae), Ahbott3623 (FLAS), 1992, 21, 0, 0, 0, 1;
Rhynchospora Vahi ((yperaceae), Abbott 3618 (FLAS), 1992,
21,0,0,0, 1; chykonia monophy/la (Lam.) Britton cx Sarg. (y
tillateae), Abbott 10797 (FI.AS), 1997. 16, 0,0. 0, 1; clfionia
monophy/ta (Lam.) Britton cx Sarg. (Cyrillaceae). Abbott 6686
(FLAS), 1994, 19, 0, 0, 1, 2; Diospyros virginiana L. (Ebenace
ac),Abbott32l7(FLAS), 1992,21,0,0,0, 1; chimaphihi mac
u/am (L.) Pursh (Ericaceae), Abbott 11371 (FLAS), 1998, 15,0,
0, 1, 2; Gaylussacia dumosa (Andrews) A. Gray (Ericaceae), Ab
bott 6682 (FLkS), 1994, 19,0,0,0, 1; Gdylussacia dumosa (An
drews) A. Gray (Ericaceae), Abbott 6685 (FLAS), 1994, 19, 0,
0, 0, 1; Gay/ussaciafrondosa (1..) Torr. & A. Gray (Ericaceae),
Abbott 6684 (FLAS), 1994, 19. 0, 0, 0, 1; Leucothoe eaten/isa
(L.) A. Gray (Erieaceae),Abbott66S7(FLAS), 1994, 19,1), 1,2,
3; Rhododendron L. (Ericaceae), Abbott 6688 (FLAS), 1994, 19,
0, 1, 1, 2; Vacciniu,n arboreum Marshall (Ericaccac), Abbott
6596 (FLAS), 1994, 19, 0, 0, 0, 1; Vaccinium ntyrsinites Lam.
(Ericaceac), Abbott 6691 (FLAS), 1994, 19, 0, 0, 0, 1; Zenobia
pu/Veru/enta (W Bat tians cx Wilid.) Pollard (Ericaceac), Abbott
14375 (FLA.S), 2001, 12. 0, 0, 0, 1; Eriocau/on compressum
Lam. (Eriocaulaceac), Abbott 10787 (FLAS), 1997, 16, 0, 0, 0,
1; Lachswcau/on anteps Q!Valter) Motong (Eriocaulaceac), Ab
bott36l2 (FLAS), 1992, 21, 0, 0, 0, 1; hyngonanthusjlavidulus
(Michx.) l{uhland (Eriocaulaceac), Abbott 6677 (FLAS), 1994,
19, 0, 0, 0, 1; Esythroaylurn coca Lam. (Erytltroxylaceac), Abbott
14376 (FLAS), 2001, 12,0,0, 1,2; Acai3spha graci/cnsA. Gray
(Euphorbiaceae),Abbott3788(FLAS), 1992,21,0,0,0, 1; Eu
phorbia hyperiq,lb/ia L. (Euphorbiaceae), Abbott 1768 (FLAS),
1992, 21, 0, 0. 0, 1; C’nidosto/us urens (L.) Arthur (lduphorbia
ceae), Abbott 3796 (FLAS), 1992, 21. 0, 0, 1, 2; Croton mi
chauxii G.I.. Webster (Euphorbiaceae), Abbott 3639 (FLAS),
1992,21, 0,0, 0, 1; Euphorbia syathophora Murray (Euphotbia
teat), Abbott 6705 (FLAS), 1994, 19, 1. 1, 1. 2; L%phorbiaflor
idana Chapm. (Euphorbiaceac), Abbott 10808 (F1.AS), 1997,
16. 0, 0, 0, 1; Sapiusn sebzfrrum (L.) Roxb. (Euphorbiaceae),
Abbott38Ol (FLAS), 1992,21,0,0, 1, 2;AmotphafrutkosaL.
(Fabaceae),Abbatt32O6(Fi.AS), 1992,21,0,0,0, 1; Dalbergia
ecastaphy//um (L.) Taub. (Fabaceae), Abbott 17791 (FLAS),
2003, 10, 1, 1, 1,2; DesmanthusWilld. (Fabaceae),Abhott32l8
(FLAS), 1992, 21, 1, 1. 2, 3; Lupinusperennis 1.. (Fabaccac),
Abbott 10814 (FLAS), 1997, 16, 0. 1, 2, 3; Pongamiapinnata
(L.) Pierre (Fabaceae), Abbott 17902 (FLAS), 2003, 10, 0,0, 1,
2; Rhynchasia eytisoides (Bertol.) Wilbur (Fahaceac), Abbott
10815 (FLAS), 1997, 16, 0, 0, 0, 1; Vicia acutsjh/ia Elliott
(Fabaceac), Abbott 6695 (FLAS), 1994, 19, 0, 0, 1, 2; Quertus
purni/a Walter (Fagaccac). Abbott 10802 (FLAS), 1997, 16, 0,
0, 0, 1; Quercus L. (Fagaceae), Abbott 17802 (FLAS), 2003, 10,
0, 0, 1, 2; Sabatia campanulata (L.) Torr. (Gentianaceac), Abbott
3653 (FLAS), 1992,21,0,0, 0,0; Sabatiagrane/flora (A. Gray)
Small (Genrianaceae), Abbott 3643 (FLAS), 1992, 21, 0,0,0,
1; Sabatia gsand/lora (A. Gray) Small (Gentianaceae), Abbott
3659 (FLAS), 1992, 21, 0, 0, 0, 0; Lachnanthes c,tro/iniaua
(Lam.) Dandy (Haeinodoraceae), Abbott 10795 (FLAS), 1997,
16, 1, 1, 1. 1; Lachnanthes caro/iniana (Lam.) Dandy’ (Haemo.
doraeeac), Abbott 3633 (FI.AS), 1992, 21, 0, 0, 0, 1; Proser
pinaca palustris L. (Haloragaceae), Abbott 1767 (FLAS), 1992,
21, 0, 0, 0, 1; Egeria densa Planch. (Hydrocharitaceae), ilbbott
3789 (FLAS), 1992,21,0,0, 1,2; Hypericum hypericoides (I..)
Cranrc (Hypcricaceae), Abbott 6689 (F1..AS), 1994, 19, 0, 1, 1,
2; 1—Jypericum suffi-uticosum WR Adams & N. Robson (Hyperi
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caceae), AbbottjO22 (FLAS), 1992, 21, 0, 0, 0, 1; ffipericsim

tetrapeta/um Lam. (Hypericaceae), Abbott 3660 (FLAS), 1992,

21, 0, 0, 0, 1; Crocos vernus Hill (Iridaceac), Abbott 11369
(FLAS), 1998, 15,0,0,0, 1; Isoetesj/accidaA. Braun (Isoetace
ae),Abhott 18460 (FLAS), 2003, 10, 0,0,0, 0; caryafloridana

Sarg. (Juglandaceac). Abbott 17801 (FLAS), 2003, 10, 0, 0, 2,

3; Juncus megacephalus MA. Curtis (Juncaccac). Abbott 1786
(FLAS), 1992, 21, 0, 0, 0, 1; (,‘abzmintha ashei (Wearh.) Shin-
nets (1,arniaceae), Abbott 10805 (FLAS), 1997, 16, 1, 1, 2, 3;
Gilainintha dentata Chapm. (I.amiaceae), Abbott 10804
(FL&S), 1997, 16, 0, 0, 1, 2; (Jonozdina A. Gray (Lamiaceae),
.4bbott 17796(FLAS), 2003, 10, 1, 1, 1, 1; (Lauraceae),Abbott

19143 (FLAS), 2004, 9, 1, 1, 1. 1; Limemfiorid.anum (Planch.)
flel. (Linaceac), Abbott 10796 (FLAS), 1997, 16, 0, 0, 1, 2;
Line/ernia anaga//idea (Michx.) Pen nell (Linderniaceac), Abbott

3214 (FI.AS), 1992, 21, 0, 0, 0, 1; Lindernia ç’mnd,u1ora Nutt.
(Linderniaceae), Abbott364I (FLAS), 1992, 21, 0, 0, 0, 1; Mi
cranthemum g/omeratu?n (Chapm.) Shi nners (Linderniaceac),
Abbott36Il (FLAS), 1992, 21, 0, 0, 0, 1; Eucnide Zucc. (Loa
saceac), Abbott 19852 (FLAS), 2005, 8, 1, 1, 1, 2; Mitreola pet
ithata (Walter cx J.E Gmel.) Torr. & A. Cray (Loganiaceae),
Abbott 3616 (FLAS), 1992, 21, 0, 0, 0, 1; Lythrum a/atom
Pursh (Lythraceae), Abbott 3631 (FLAS), 1992, 21, 0, 0, 0, 1;

Gosslpium hircutum L. (Malvaceae), Abbott 3216 (FLAS), 1992,
21, 0, 0, 0, 1; Me/ia azedarach I.. (Meliaccae), Abbott 3800
(FLAS), 1992, 21, 0. 0, 1, 2; cocculus carolinus (L.) DC. (Me
nispermaceae), Abbott 14382 (FLAS), 2001, 12, 0, 0, 1, 2;
Mela/tuca quinquenervia (Cas’.) ST. Blake (Myrtaceac), Abbott
3787 (FLAS), 1992, 21, 0, 0, 0, 1; Lophiohi americana (Pursh)
A. Wood (Nard eciaceac), Abbott 10798 (FLAS), 1997, 16, 0,
0, 0, 1; Osmant/,us americanus (L.) Benth. & Hook. E cx A.
Gray (Olcaccac), Abbott 17795 (FLAS), 2003, 10, 0, 1, 1, 1;
Ludwigia pep/oia’es (Kunth) RH. Raven (Onagraceae). Abbott
3201 (FI.AS), 1992, 21, 0, 1, 1, 1; Otnotheni hurniJkca Nut;.
(Onagract’ae), Abbott 17803 (FLAS), 2003, 10, 0, 0, 0, 1;
Ophiog/ossum nudicault L. £ (Ophioglossaceae). Abbott 19180
(FLAS), 2004, 9, 0, 0, 1, 2; Habenaria rspens Nutt. (Orchidace
at), Abbott365I (FLAS), 1992, 21, 0, 0, 0, 1; Buchnera amen
nina L. (Orobanchaceae), Abbott3624 (FLAS), 1992, 21, 0, 0,
0, 1; Passflora pa//ida L. (Passilloraceac), Abbott 18103 (FLAS),
2003, 10, 1, 1, 1, 1; Pettnaea cordata Lundell (Petenaeaceae),
Abbott 19767 (FLAS), 2005. 8, 0, 0, 1, 2; Astrocasiajacobinensis
(Mall. Arg.) CL. Webster (Phyllaothaceac), Abbott 16262
(FLAS), 1995, 18, 0, 0, 1, 2; Bacopa caroliniana (Walter) B.L.
Rob. (Plantaginaceae), Abbott 3652 (FLAS), 1992, 21, 1, 1, 2.

3; Gmtio/a hispida (Bends. cx 1,indl.) Pollard (Plantaginaccae).
Abbott 3644 (FLAS), 1992, 21, 0, 0, 0, 1; Linaria canadensis
(L.) Dum. Coors. (Plantaginaceae).Abbott 1794 (FLAS), 1992,
21, 0, 0, 0, 1; P/antago viiç’inita L. (Plantaginaccac). Abbott
1806 (FLAS), 1992, 21,0,0,0, 1; Scoparia du/cis L. (Plantag
inaceae). Abbott 3636 (FLAS), 1992, 21, 0, 0, 0, 1; Scoparia
dulcis 1.. (Plantaginaceae), Abbott 1771 (FLAS), 1992, 21, 0, 0,
0, 1; Andropogon zthginicus L. (Poaceae), Abbott 3613 (FLAS),
1992, 21, 0, 0, 0, 1; cenchrus incertus M.A. Curtis (I’oaceae),
Abbott 1818(FLAS), 1992,21,0,0,0, 1; cynodondacty/on(L.)
Pers. (Poaceae), Abbott 1819 (FLAS), 1992, 21, 0, 0, 1, 2; Di
thanthe/ium chamae/onthe (Trio.) Freckrnann & Lelong (Poace
ae), Abbott 17805 (F1.AS), 2003, 10, 1, 1,2,3; Eragrostis Wolf
(Poaceae), Abbott 3633 (FLAS), 1992, 21, 0, 0, 0, 1; Eustachys
Dew. (I’oaceae), Abbott 1821 (FLAS), 1992, 21, 0, 0, 1, 2; Eu-

stachys Desv. (Poaceae),Abbott3626(FLAS), 1992,21,0,1), 0,

1; co/eataenia /ongijb/ia subsp. nigie/u/a (Bose cx Nees) Soieng

(Poaceae), Abbott3629 (FLAS), 1992, 21, 0, 0, 0, 1; Paspa/um

setaceumMichx. (Poaceae),AbbottJ649(FLAS), 1992,21,0,0,

0, 1; Paspa/um L. (Poaceae), Abbott 3615 (FLAS), 1992, 21, 0,

0.0, 1; Paspa/um L. (Poaceae),Abbott3647(FLAS), 1992, 21,

0, 0, 0, 1; Paspalum urvi//ti Steud. (Poaccae), Abbott .3619
(Fl_AS). 1992, 21, 0, 0, 0, 1; I’aspalum vaginatum Sw. (Poace—
ae),Abbott3627(FLAS), 1992,21,0,0,0, 1; Satt;olepzsstrzata

(L.) Nash (Poaceae), Abbott362l (FLAS), 1992, 21, 0, 0, 0, 1;
Setaria parvijiamsi (Poir.) Kerguelen (Poaceae), Abbott 3215
(FLAS), 1992,21,0, 0, 0, 1; Poyga/.a boykinii Nutt. (Polygala

ccae),AbbottJ437l (FLAS), 2001, 12,0,0,0,1; Po/yga/a inca,

nataL. (Polygalaceae), Abbott 14379 (FLAS), 2001, 12,0,0, 1,

2; Poygala 1;stea L. (Polygalaceae), Abbott 6678 (FLAS), 1994,

19, 0, 0, 0, 1; Po/yga/a nutta//ii]brr. & A. Cray (Pulygalaccac).

Abbott 14373 (FLAS), 2001, 12, 0, 0, 1, 2; Poga/a posygamna

Walter (Polygalaceae), Abbott 14372 (FL/eS), 2001, 12, 0,0,0,

1; Po/yga/a verticil/ata L. (Polygalaceac). Abbott 14378 (FL/eS),
2001, 12, 0, 0, 0. 1; Antigonan /eptopus Hook. & Am. (Polvgo
naceae), Abbott 3786 (F1..AS), 1992, 21, 0, 0, 0, 1; Ensogonum
tomentosum Michx. (Polygonaceae), Abbott 10803 (FL/eS),
1997, 16, 0, 0, 0, 1; Rumex hastatu/us Baldwin (Polygonaceae),
Abbott 6553 (FLAS), 1994. 19, 0, 0, 0, 1; O/de,ilandia unij/ora

L. (Rubiaccae),Abbott36S4(FLAS), 1992,21,0,0,0, 1; Rich
ardia brasi/iensis Comes (Rubiaceae), Abbott 3802 (FLkS),

1992, 21, 1, 2, 1, 3; Richandia brasi/iensis Comes (Ruhiaceac),
Abbott 1795 (FLAS), 1992. 21, 0, 0, 0, 1; Richardia scabra L.
(Rubiaceae),Abbott38O3 (FLAS), 1992, 21, 1, 1, 1,2; Sperma

note remota Lam. (Rubiaceae), Abbott 1769 (FLAS), 1992, 21,
0, 0, 1, 2; Citrus aurantiij(dia (Clsristm.) Swingle (Ruraceae),
Abbott 6711 (F1.AS), 1994, 19, 1, 3. 1, 2; Acer saccharinu,n L.
(Sapindaceae), Abbott 11366(FLAS), 1998, 15,0,0, 1,2; Gin
diospermum ha/icacabum I.. (Sapi ndaceae), Abbott .3219 (Fl_AS),
1992, 21, 0, 1, 2, 3; Euscaphisjaponica (Thunb. cx Roern. &
Schult.) Dippel (Staphyleaceae), Abbott 14377 (FLAS), 2001,
12, 0, 0, 1, 2; Styrax americanus Lam. (Scyracaceac). Abbott
6696 (FLA.S), 1994, 19, 0, 0, 1. 2; J’o/ypremumprocumbens L.
(Tetrachondraceae), Abbott3642 (Fl_AS), 1992, 21, 1, 2, 1, 3;
PhyLa nodqlona (L.) Greene (Verbenaceae), Abbott363S (FLAS),
1992,21,0,0,0, 1; HybanthusJacq. (Violaceae), Abbott 19766
(FL/eS), 2005, 8, 1, 3, 2. 1; Via/a pedata L. (Violaceae), Abbott
14381 (FL/eS), 2001, 12,0,0, 1, 2; Ximenia americana L. (Xi
meniaceae), Abbott 17806 (FL/eS), 2003, 10, 0, 0, 1.2.
B) Herbariuna samples for age discrimination. Asimina (An
nonaceae) data set from herbarium specimens: Asimina in
cana (W Bartram) Exell, Antoni—Dewa/els.n. (FL/eS), 1984, 29,
1,3, 1, 2;A. incana,Arno/ds.n. (FL/eS), 1941,72,0,0, 1, 2;A.
incana, Bai/ey35 (Fl_AS). 1991, 22, 0, 1, 1, 2; A. incana, Buck
ner 340 (FLAS), 1991, 22, 0, 1, 2, 3; A. incana, Carr 5352
(FLAS), 2001, 12,0,1,1, 1;A. incana, (7asryE2 (FL/eS), 1966,
47, 0, 1, 1, 2; A. incana, coo/ry c/” Eaton 6591 (FLAS), 1959,
54,0.0,0. 1;A. incana, D3ny 1503 (FLAS), 1967,46,0,0. 1,
2; A. incana, DAisy 1549 (FLAS), 1967, 46, 0, 0, 0, 1; A. in
cam:, DeLaney 3071c (FL/eS), 1998, 15, 0, 1, 1, 2; A. incana,
Eas/ey 765 (FLAS), 1988, 25, 1, 3, 1, 2; A. incana, Eqiohua .3.3
(FLAS), 1988, 25. 1, 3, 1, 2; A. incana, Haring & Hojfrnann 4
(FL/eS), 2007, 6, 1, 3, 2, 1; A. incana, Herring 1160 (FL/eS),
1993, 20, 1, 3, 2, 1; A. intana, Herring 648 (FL/eS), 1992, 21.
1, 1, 1, 2; A. incana, Hornbys.n. (FLAS), 1989, 24, 0, 1, 1, 2:
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A. incrznn, Huine sn. (FLAS), 1937, 76, 0, 0, 0, 1; A. incana,
Kral2277(FLAS), 1956. 57,0,0,0, l;A. incana, Kral 2711
(FLAS), 1q56, 57, 0, 0, 1, 2; A. incana, Layne sn. (FLAS),
1893, 120,0,0,0, 1;A. incana, Majure 3035 (FLAS), 2008,5,
1,3, 1, 1;A. incana, Martin 1003 (FLAS), 1977,36,0.0,0, 1;
A. incana, Màrti,z 1009 (FLAS), 1977,36,0, 1, 1,2; A. incana,
Murrill sn. (FL°S), 1925, 88. 0, 0, 0, 1; A. incana, Penneys
1-179 (FLAS), 2002, 11, 0, 0, 1, 2; A. incana, Skean 1602
(FLAS), 1985, 28, 0, 1, 1, 2; A. incana, Skean 1603 (FLAS),
1985, 28, 1,3, 1, 2;A. incana, Pin 443 (FLAS), 1990,23,0,0,
1, 2; A. incaiza, Viers 1 (I’LAS), 1993, 20, 1, 3, 1, 2; A. incana,
Wird 1232 (FLAS), 1959, 54, 0,0, 0, 1; A. incana, Wird 3442
(FLAS), 1963, 50, 0, 0, 0, 1; A. incana, Wird 4502 (FLAS),
1965,48,0,0,0, 1;A. incana, Wird 4557( LAS), 1965, 48, 1,
0, 0, 1; A. incana, lVist ci-Arnolds.n. (PLAS), 1941, 72, 0, 0,0,
1;J1. incana, Westc4Arnolds.n. (FLAS), 1946,67,0,0,0, 1;A.
incana, West c*Arnolds.n. (FLAS), 1940, 73, 0. 0, 0, 1; A. in

(FLAS), 1939,74,0,0,0, 1;A. incana. Wiggins
19721 (FLAS), 1965, 48, 0. 1, 1, 2; A. longfiilia Kral, Arnold&
Wit sn. (FU5S), 1946, 67, 0, 1, 1, 2; A. lonifolia, Arnold c5
Wlsts.n. (FLAS), 1937, 76, 0, 0, 0, 1; A. long(/blia, Arnold 6
Wsts.n. (FI.AS), 1935, 78, 0, 1, 2, 3; A. Ion gsjblia, Arnol.ds.n.
(FL°sS), 1931,82, 0, 0, 1,2;A. longifrlia, Becknerl253(FLAS),
1966,47,0, 1,2, 3;A. long.fllia, Biyans.n. (FLAS), 1985, 28,
0, 1, 1,2; A. longifrlia. GuIleaçe313 (FLAS), 1997, 16, 1,3, 1,
3; A. Iong(folia, Herring 728 (FLAS), 1992. 21, 0, 1, 1, 2; A.
Iongf0/ia, Kzbat 59 (FLAS), 2001, 12, 1, 3, 2, 1; A. /ongflia,
Keas.n. (FLS), 1933,80,0,0,0, 1;A. longig2ia.Martin 1042
(FLAS), 1977.36,0, 1. 1, 1;A. longzfr/ia, Martin 1128 (FLAS),
1977, 36, 0, 1, 1, 2; A. longijb/ia. Owe/I d Bridges 20040
(P1.AS), 1992,21, 1,3,2, 1; A. longf/ia. Penneys 1 /16(FLAS),
1998, 15, 1,3,2, 1;A. /ongifrlia, Skean 974 (FLAS), 1982,31,
0, 1, 1. 2; A. longijolia, Smith 1505 (FLAS), 1967, 46, 0, 1, 2,
3; A. longifolia, Smith 1720 (FL.AS), 1976, 37, 0, 1, 1, 2; A.
longigu’ia. Pin 608 (FLAS), 1990, 23, 1, 2, 2, 1; A. longiJblia,
Viei 50 (FLS), 1993, 20, 1, 3, 2, 1; A. /ongfIia, Wibers.n.
(FLAS), 1927, 86, 0, 1, 2, 3; A. longfhlia, Wise c.iArnoUs.n.
(FLAS), 1941, 72, 0, 1, 1, 1; A. /ongijln’ia, Wiggins 19748
(FLAS), 1965, 48, 0, 1, 1,2; A. longijIlia. Wilmots.n. (FLAS),
1945, 68, 0, 0, 0, 0; .4. obovata (Wilid.) Nash, Baltzell 964
(FLAS), 1969,44,0, 1, 1, 2;A. obos’ata, Baltze/110688 (FLAS),
1979,34,0, 1, 1, 2;A. obovata, Ba/tze/18269(FLAS), 1976,37,
0, 1, 1, 1;A. obovata, Beckner 2325 (FLAS), 1969,44,0, 1, 1,
1; A. obovata, Bradley 1622 (FLAS), 1998, 15, 1, 3. 2, 1; A.
obovata, Bran 1-1757 (FLAS), 1945. 68, 0, 0, 1, 2; A. oboz’ata,
(7hristman 1677 (FLAS), 1987, 26, 0, 1, 1, 1; A. obovata,
C’hristman 381 (FLAS), 1986, 27, 1, 3, 1, 1; A. obovata, Ghrist
man -77 (FLAS), 1986, 27, 0, 1, 1, 1; A. obovata, Gbristman
52’ (FLAS), 1936, 27, 0, 1, 1, 1; A. obovata, C7’risen,an 599
(FLAS), 1986, 27,0, 1, 1, 3;A. obovata, hristman 890 (FLAS),
1986,27,0, 1, 1, 1; A. obovata, (.‘onnards.n. (PLAS), 1963, 50,
0, 1, 1, 2; A. obovata, Judd 2776 (F1.AS), 1980, 33, 1,3, 1, 1;
A. obovata, Kral 2144 (FLAS), 1956, 57,0, 1, 1,2; A. obovaca,
Martin aS C’ooper 430 (F1.AS), 1975, 38, 0, 0, 1, 1; A. obovata,
Martin & Cooper 461 (FLAS), 1975, 38, 0, 1, 1, 1; A. obovata,
O,...dll3-Bridges]6657(FIj\S)1991221321.Aobovata
Wud29 (FI.AS), 1960, 53, 0, 1, 1. 2; A. obovata, Wetson 3-
Murril/s.n. (FLAS), 1939, 74,0, 1,2, 3;A. obovaca, Wiberin.
(FLAS), 1936, 77, 0, 0, 1, 2; A. obonata, West &Arno/ds.n.
(FI.AS), 1946, 67, 0, 0, 1, 2; A. obovata, Zerba sn. (FLAS),

1983, 25, 1, 3, 1, 1; A. obovata, Zona 36 (F1.AS), 1982, 31, 1,
3,1, 1;A.pari7//ora(Michx.) Durial, Bickners.n. (F1.AS), 1977,
36,0, 1,2, 2; A. pari’flora, Ford&Wists.n. (FLAS), 1959, 54,
0, 1, 2,2;A.parv(/Iora, Hernng381 (FLAS). 1991,22, 1,3,2,
1; A. parvif/ora. Howard sn. (FLAS), 2005, 8, 1. 3, 2, 1; A.

parwj’/ora,Judd3296 (FLAS), 1983,30,0, 1, 1, 2;A.parzjfionz.
Ma/one 65 (FLAS), 1979, 34, 0, 1, 1, 1; A. parvif/oia, Mouis50
(FLAS), 1991, 22. 0, 1, 1, 1; A. parvijlora. Pin 716 (F1.AS),
1990, 23, I, 3, 2, 1; A. parisifiora, Thomas 110781 (F1.AS,
1989, 24, 0, 0, 0. 0; A. pygsnaea (W Bartrsrn) Dunal, Amoross
638 çFL.AS). 1991, 22, 1, 3, 1, 2; A. pygmaea, Ba/tzell 8407
(FLAS), 1976,37,0,0,0, 1;A.pygmaea, Beckner 1196(FLAS),
1966, 47. 0. 1, 2, 3; A. pjgmaea, Gurtiss 6129 (FLAS), 1898,
115, 0, 0, 0, 1;A. ppgmaea. f6rcley 763 (FLAS), 1988, 25, 1,3,
2, 1; A. pyglnaea, llornby sn. (FLAS), 1989, 24, 1, 1, 2, 3; A.
ppgmaea, Matthews 3-Scan/on 117(FLAS), 2000, 13, 1,3, 1, 1;
A. pyginaca, Orze/l&Bridges 13878 (FLAS), 1990.23,1,1,1,
1; A. pygmaea, Orzel/ 3-Bridges 199909 (FLAS), 1992, 21, 1,3,
2, I;A. pygmaea, Wlsts.n. (FLAS), 1928,85,0,0. 1, 2;A. retit
zdata Shuttlew. ex Chapin., Arnold 3- Wit sn. (FLAS), 1935,
78,0,0,0, LA. reticulata, Baltzell 3935 (FLAS), 1972, 41,0,
1,2, 3;A. reticu/ata, Ba/ezell 5803 (FLAS), 1974,39,0, 1,2,3;
A. reticu/ata, Beckner 1739 (FLAS), 1967, ‘16, 0, 1, 2, 3; A. re
ticulata, Christman 1678 (FLAS), 1987, 26, 0, 1, 2,3; A. retic
u/ens:, Christman 1722 (FLAS), 1987, 26, 0, 1, 2, 3; A. ,e.ticulz
ta C1,rictma,z 351 (FLAS), 1986, 27, 0, 1, 2, 3; A. reticuLIt,:,

Cox LWA36 (FLAS), 2002, 11, 1, 3, 2, 1; A. reticu/ata, Essky
764 (FLAS), 1988, 25, 0, 1, 1, 2; A. reticu/ata, Go/c/man 2763
(FLAS). 2004, 9, 1. 3, 1. 2; A. reticu/ata, Home 3- West sn.
(F1.AS), 1936, 77, 0, 0, 0, 2; A. reticu/ata, Kabat 285 (PLAS),
2001, 12, 1,3,2, 1;A. reticnlata, Kral 2068 (PLAS), 1956, 57,
0, 0, 1, 2; A. reticuLita, KraI 2124 (FLAS), 1956, 57, 0, 1, 2,3;
A. reticu/ata, Lotspeich377(FLAS), 1973,35.0,0, 1, 2;A. it

ticu/ata, Scan/on 182 (FLAS), 2001, 12, 1, 3, 2, 1; A. reticu/ata.
Scan/on 322(FLAS), 2002, 11,0, 1,2, 3;A. reticuhita, z’,znHoek
3-Wargo 872 (FLAS), 1997, 16,0, 1, 2, 3; A. isticubita, Wini
B-70 (FLAS), 1961, 52, 0, 1, 1, I; A. reticu/ata, Zo:n/cjlr ‘12
(FLAS), 1999, 14, 1, 3, 2, 1; A. tcrnimera Small, Kra/ 251
(FLAS), 1956, 57, 0, 1, 1, 1; A. tetnimen:, Owe/I 3- Bridges
16912 (FLAS), 1991, 22, 1, 3, 2, 1; A. tri/oba (L.) Dunal, Ab
bott 1935 (FLAS), 1992, 21. 1, 2, 1, 3; A.x nashli Kral, (End
1844 (FLAS), 1960,53,0, 1, 1,2. Mikania (Asteraccae) data
set from herbarium specimens: Mileniez Wil Id., Ay:nard 6231
(FLAS), 1987, 24, 0, 0, 0, 1; Mikania Wilid., Groat 79897
(MO), 1997, 14, 1, 3, 1, 1; Mikania Wilid., Hatsch/sirch 71975
(MO), 2001, 10, 1. 1. 1, 1; Mikania WilId., Huayl/a 1811
(MO), 2005, 6, 1. 3, 1, 1; Mikania WilId., lewis 578 (MO),
1993. 18, 1, 3, 1, 0; Mikania WilId., Morrone 1841 (MO),
1996, 15, 1, 3, 2, 1; Mikania Wilid., Prnski 4043 (MO), 2006,
5, 1, I, 1, 1; Mikania Wilid., Ratter P3099 (MO), 1976, 35,0,
0,0, 1; Mik,snia WilId., Ratter R3137 (MO), 1976, 35, 1, 1,2,
2; Mikania a/vimii R.M. King & H. Rob., fAirLy H50729
(MO), 1992.19,1.1, 1, 1;M.aner/sigi/ia(DC.) Matzenbacher,
Pedersen 13884 (MO), 1984, 27, 1, 3, 1, 1; M. a:g’reiae DC.,
94:sum 8627 (MO), 1992, 19, 1, 1, 1, 1; AL argj’reiae, Zzrdini
7341 (MO), 1988, 23, 1, 1, 1, 1; Al. banisteri,:e DC., Aceise
do-Rdgz. 7596 (MO), 1995, 16, 0, 0, 1, 1; 31. banisteriae, Bo
suoI’lo 1121 (MO), 1987, 24, 0, 1, 1, 2; M. hanisteriae, Dryer
17.36 (MO), 1978, 33, 0, 0, 0, 1; Al. banisteriae, Ga/cLimes
2418 (MC)), 1996, 15, 0, 0, 0, 1; slL banister/etc. Kzimmrow
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3065 (MO), 1988, 23, 1, 1, 1, 1; M. banisteriae, Rojas 2326

(MO), 2004, 7, 1, 1, 1, 1; M. banisteriae, Si/va 489 (MO),

1988, 23, 1, 1, 1, 1; M. batatijb/ia DC., Lewis 7167 (MO),

1968, 43, 0, 1, 2,3; M. hurcheliii Baker, Hatschbach 46842

(MO), 1983, 28, 0, 0, 0, 1; M. campanri/ata Gardner, Laner

10233 (MO), 1994, 17, 1, 1, 1, 1; AL capensis DC., Barn/a
3q57 (MO), 1989, 22, 0,0,0, 1; AL capensis, Chapman 9249
MO), 1988, 23, 0, 0, I, 1; Al. capensis, (Y)ikuni 168 (MO),

1989, 22, 0. 1, 2, 3; M. capensis, Gentiy 11396 (MO), 1974,
37,0.0, 1, 1; AL capensis, Go/i/hiatt 12526 (MO), 2004,7. 1,

3, 1, 1; Al. cipensis, Lowiy .1305 (MO), 1987, 24, 0, 1, 1, 2; Al.

tnpmitoh.i Wilid., (1’v,tt 53482 (MO), 1981, 30. 0,0,0, 1;
‘.l.i’Cic4Nid.7)ii.i. Festo 2139 (MOi, 2005, 6, 1, 3, 1, 1; A!.
chewpadtb1ir, 14,ts 958 (MO), 2001, 10, 1, 1, 1. 1; Al. cheno
pod;fo/sa.jdcques-c.iw7is16163 (MO), 1958. 53.0,0,0, 1; 1!.
4e;:moL(/b/ia, Kschir 22388 (MO). 1999, 12, 1, 3, 1, 1; II.
.s’/d(fni?.i. .ile,c/io 1356 (MO), 1996, 15, 1, 3, I, 1; 31.
ci,e;aikri (cZ.D. Adams; \‘CC. I mimes & McDaniel, At/am

30009 :MO;. DC’S. 3u, 0, 0, 0, 1; AL c/,eza/ith,j1wtjzies—Georc—
es25130 (MO. oo, .2. 0. 1. 1. 2; Al. ch!o;v!ept Baker. Has.
sec 9332 (MO. D’05, 106. 0. 0. 0. 1: SI. ehioro/epis. ZuIo.:ga
55.51 MO;, 1)9;,. 15.0, 1. 1. 1; At congcta DC., Kingl0285
cM; )(, 9)2. 1). 1. 1. 2, 3: 3 tonç’ecta, Lioç’ier 32923 (MO),

2). 0, I), 1, 2; Al co; e ..‘sJ66;MQ) 1993, 18,
1, 1, 1, .11. con(oota, R,,ssO.V138 (MO). 1992, 19, 1, 1. 1.2;

.ltc’,,i5t,s. Sori .s586 (MO), 1091, 20, 1, 1, 1, 1; II. tore/at,
95 not.) B.L. Rob., .14n 30066 MD). 1975, 36, 1, 1, 2, 3;

Al s. Ititlis. 101 ‘;.\1O. 1985. 26, 0, 1, 1, 1; Al. tore/a—
Gu/nizn 1(5 MO), 1983,28.0.). 1,2; lI. ews/ats, Circa/ho

3686;MO.. D’S)). 3, 1. 3, 1. 1; SI. onoots, Circa/ho i16’
1089, 22, . 1. 1, 1; It eo,,Lita. Chihuni 183 (MO),

1 939, 22, 9. 0, 1 DslI. cortl,lta. A1’onetl) 38 (MO), 1984, 2”.
C, 9. 0, 1;; .11. confato, Abrn,ss 19 (MD), 1971. 40, 0, 1, 1, 1; Al
.;nL eta, PIni1r’,s I 129 (MO,. 1976, 35, 0, 1, 2, 3; 32. cOO/GM.
Ptz2CSô MO,. 1’93 1, 30, 0. 0. 0. 1; 21. cor4ata, Ruai.nrmdo,e
1129 MO), lOSs, 2)), 4, 0, 1, 2; At corAita, L’zwak,z/i 1555
MO), )089, 22, 1. 1, 2, 3; Al. con1fb/ia 1.. E) WilId.,Ahpi

1139 (MO, 19S. 13, 1,3, 1, 1; Al. coca jbha,Ann1/o-M. 2838
MO), 21)06, 5, 1,3. 1, 2; At co,eifbha, Ayn:ani 5246 (PLAS),

1987, 2o, 0,0,0, 1; Al. coo/i/b/ia, Cristdbal22s8 (MO), 1992,
19, 1, 1. 1, 1; ‘el. sort/ifb/ia, lImit 50966 (MO), 1980, 31, 1,3,
1, 1; Al. core/i/b/ia, Fisher-Aleerow 805 (FLAS), 1981, 30, 0, 0,
1, 2; II. co;ei/fh/ia,Jimenez 6* (F1.AS), 2000, 1!, 0, 1, 2, 3; AL
con/i/b/ia, KsM 10.63 (MO), 1993, 18, 1, 1, 1, 1; AL too/i/b/ia,
Liesner 153.1 (MO), 197’i, 37, 0, 0, 0, 1; Al. tore/i/b/ta, Linnea
598 (MO), 2006, 5, 1, 3, 2, 1; 32 tare/i/b/ia, Lotc3571 (FLAS),

1991, 20,1, 1, 1, 2;M. card/fb/ia,AIi//er5930(MO), 1991, 20,
0,1,1, 1;AI. car’/sjblia,Nee48888 (MO), 1998, 13, 1,3,1,1;
IL con/i/b/ia, Schinini 6875 (MO), 1973, 38, 0, 1, 2, 3; Al.
tort/i/b/ia, Thin-/a 13201 (MO), 1995, 16, 1,3, 1, 1;M. core/i/b-
ha,17e/.ezqnez27623(MO), 1991, 20, 1, 1, 1,2; Al. core/i/b/ia,
VCzsu,,z 11565(MO), 1996, 15, 1,3, 1, 1; Al. cord(fb/ia, Wisum
5597 (MO), 1989,22,0, 0, 0, 1; Al. core/i/b/ia, Zanoni 28005
;MO), 1983,28,0,0,0, 1; Al. care/b/b/ia, Zardini 2722 (MO),
1987, 24. 1, 3, 1, 2; 32 decn,nbens Malme, Davidse I IIOJA
,MO), 1976, 35, 0,0,0, 1; 1)1 t/tcumbens, Wnnz 1396 (MO),
2002,9, 1,3, 1, 1; Al. deesenii B.L. Rob., Pea’ersen 15003 (MO),
98$, 23, 0, 1, 1, I; Al. dusenii, Pee/risen 5053 (MO), 1959, 52,
0,0. 1.2; 32. ri/iptica DC., Thomas 9716(MO), 1993, 18,0,0,
(1,0; I1 ,urv,ent,)’tsi \V.C. Holmes, Wsç’At 46 (MO), 1982, 29,

0,1, 1,2;Mfragi/isUrb.,King10625 (MO), 1995, 16, 0, 0, 0.

1; 32. fit/va (Hook. & Am.) Baker, Pedeneis 13731 (MO),

1984, 27, 0, 1,2,3; 32. glomerata Spreng., Zarelini 6769 (MC),

1988, 23, 0, 0, 0, 1; 32. goyazensis (B.I.. Rob.) R.M. King & El.

Rob., King 8280 (MO), 1980,31,0,0,0, 1; Al. gnaca Bonpi..

Atosta 92 (MO), 1999, 12, 1, 3, 1, 1; Al. gseaco,jtnzmil/o 200

(MO), 1994, 17, 1. 1. 1, 1; Al. gnaco, AlcDaniel 23735 (MO),

1980,31,0,0,0, 1; M. gnaco,McDowe//692(MO), 1982, 29,

1,2, 1, 3;M. guaco. McPherson 20723 (MO), 2008,3, 1,3, 1.

2; 32. gnato, Rim.zthi Y 5619 (MO), 1981, 30, 0, 0, 1, 2; 32.

hirsutissima DC., Knspoe’ickas 44153 (MO), 1992, 19, 1, 1. 1,

1; 32. hi,sntissima, Pee/ersen 15025 (MO), 1988, 23, 1, 1, 1, 2;

AL hirsutissima. Pee/erie,, 6553 (MO), 1962, 49, 1, 1, 1, 1; 32.
inrsnt:ssima, ‘Asnni 865 (MO), 1987, 24, 1, 1, 1, 2; Al. hothnaie—

niana Dusén, Hatschhach 54800 (MO), 1990, 21, 1, 1, 1, 1; AL

/sookeriana DC., Man 2102 (MO), 197q, 37, 0, 1. 1. 1; lI.

hookeni.sna, ,‘6e 1019 (MO), 1973, 38, 0, 0, 0, 1; 31. hookcni

ana, Rimachi K 5597 (MO), 1981, 30, 1, 1, 1, 1; ‘eL haoktns—

ana, Rosa 12639 (MO), 1995, 16, 1, 3, 1. 1; Il. hookeni.ine,

0//a .11” (MO), 2000. 11, 0, 0, 1, 1; Al. hookeuiana. lObster

23197 (MC)), 1978, 33, 0, 1, 1, 1; Al. ho:stonia,,.z (L.) B.L.

Rob., MacIncaS. 86.17(MO), 198o, 27, 1,3, 1, 1; 32. inenhe
cotta Hook. & Am., Rossato 95.10 (MO), lOSS. 23. 0. 1, 2, 3:

Al. i000/uccata. Wisum 1030))) (MO), 1994, 17, 1, 3, 1. 1; II.
ine’olr,cnrta, Wltssnss 1559 (MO), 201)2, 9, 1, 3, 1, 1; Al. Lier’i11t—

ta Sch. Ilip. cx Baker, Rowena qAll (MO), 1997, 14, 1,3. 1, 1;
Al. /eiostat/,ya Benth., Croat 1.3493 (MO), 1971, -i0, 0,0,0, 1;
AL lepidap/soot Urh., Zenoni 42928 (MC)), 1989. 22. 0.0, 0, 1;
ILl. ii/teest;’(fb/is DC., I-Lttschbic/,2405o (MO), 1970, 41, 1. 3,

1, 1; SI. /ind/cvana, liisqutz 239o7(MO), 1997, ii. 1, 3, 1, 1;
11. line//evana, Z,tre/ini 5697 (MO), 1958, 23, 1, 3, 1, 2; .11.
/ind/e;’ana. Zinelini 6o85 (MO), 1988, 23, 1, 3, 1, 2; .11. lun/i
asti DC., lldtschbach 31322 (MC)), 1974, 37, 0, 0, 1, 1; .‘I.
micnznt/,a Kun;h, Ant/coo,, LV (NA), 2011 , 0, 1 , 3, 0, 0; II.
inicointha, Aymare/ .1.191 (FLAS), 1986, 25, 0. 0, 0, 0; let mi
cointha, Aymard 5351 (P1.AS). 1987, 24, 0, 0, 0, 0; 32. initorn
the, Be,,ner 7539 (FLAS), 2004, 7, 0, 0, 0, 0; ‘eL mn-ranth,,,
Berthe/at 1687(MO), 2006, 5, 1, I, 1,2; Al. nsicrantha, (]abre

ra 261.18 (MO), 1974, 37, 0, 1, 1, 1; Al. mitnintha, Carter

5184 (MO), 1986, 25, 0, 0, 0, 1; Al. micrantha, casti//o Al
1604 (MO), 1992, 19, 0, 0, 0, 0; Al. ,nicnrntha, (Ssrrea 414
(MO), 1967, 44, 0, 0, 0, 1; AL mituintha, Degener 1508’s
(MC)), 1941, 70, 0, 0, 0, 1; 32. micrintha, I4srtu,sata 6838
(MO), 2000, 11, 1, 1, 1, 1; AL snicntntha, Garcia 5352 (MO),

1993, 18,0, 0, 0, 1; Al) micrantha, Gentiy 15160 (MO), 1975,

36,0,0,0, 1; 32 mitrantha, Haber 10362 (MO), 1990, 21, 1,

1, 1, 1; 32. micrantha, Haber372O (MO), 1985, 26, 0, 0, 0, 1;
M. mitrantha, Habit 2327 (MO), 1984, 27, 0, 0, 0, 1; AL mi
crsntha, Hamuee/ 8162 (MI)), 1980, 31, 1, 1, 1, 2; 32. micra,,—
this, Har/ing 26818 (MO), 1993, 18, 0, 0, 1, 1; Al. micrantha,
Higgins 94 (MO), 1994, 17, 0, 0, 0, 1; AL micnintha, House
1810 (MO), 1994, 17, 1, 1, 1, 1; AL neicrasztha,jarami//a 266
(MO), 1994, 17,0, 0, 0, 1; 32. nsicrantha, Kim,’ 10616 (MO),
1996, 15, 0, 0, 0, 1; Al) micnsntha, King 12106 (MO), 2002, 9,
1, 3, 1, 2; At ,nicra,ttha, Karning47Ol9 (MO), 1983, 28, 0, 0,
0, 1; AL micnmtha, Liesner’i87(MO), 1973,38,0,0,0, 1; Al.
micrantha, Limit 19901 (MO), 1988, 23, 0,3, 1,2; Al. ,nicnsn
tha, Mae/i-man 106 (MO), 1989, 22, 0, 0, 0, 1; 32. micoenthe,
Alarts’nez S. 3177.7 (MO), 1999, 12, 1, 3, 1, 1; 32 mecoentha,
Masan34l2 (MO), 1980, 31. (1,0,0. 1; Al. micrantha, AlcDin
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6/17321 (MO), 1973,38,0, 1,2,3; M. ,nicOjnt/,a, McPhe,aon

6618 (MO), 1984, 27, 0, 0, 0, 1; M. micmntha, Molon 12122

(MO), 1997, 14, 1,3, 1,2; M. micmnri’a, Morcno 5209 (MO),

1980, 31, 0, 0, 0, 1: 31. tnjc,tlflt/J,1, Morrone 219 (MO), 1992,

19, 1, 1, 1, 1:3/. micnznr/’a, NA (MO), 2007,4, 1, 3, 1, 1; ILl.

micninthi. Nec 29308 (MO), 1984, 27, 0, 0, 0. 1; 51. rn/corn—

thi, Neil/Sq.) iMO), 1976, 35, 0, 0, 0, 1; 31. micomtha, Nouclo

5. 22.19 (MO), 1998, 13, 1, 3, 1, 2; AL ,nicr,zntha, Ouer/,olt

MMO4 (NA), 2011, 0, 1, 3, 2, 1; 31. ,nicmntha, Rios 90 (MO).

198q, 27. 0. 0, 1. 1; Al. ,nic,Lsnrha, Rondeau 187 (MO), 1982,

29. 0, 0, 0, 1:11. micozntha, Ross £4A29( 0). 1992, 19, 1,

3, 1, .3: 31. micianthi. S.in,Iovai 1485 (MO), 1993. 18, 0, 0. 0.

0:31. ,nicninrh.i. Schinini2q0S0 (MO), 198, 27. 0, 0, 1,2; Al.

;njcovlt/yO, Schma/zc’/ 221 (MO), 1981, 30, 0, 0, 0, 1; iL mi—

irnnt/,a.Stucssv 60i6 (Mt)) 1981, 30, 0, 0, 0, 1 31. ,nic,:znrha,

Cisquez 2739 (MO). 199’, 14, 0, 0, 0, 1:31. rnic,nnrha, Vii—

/zcorra 899 (M( )), 1991, 20, 0, 0. 1, 1; 31. rnicntnt/sa, W)zsum

839 (MO). 1992. 19, 1, 1. 2. 2; II. ,njc,antha, iVY//jam; 1131

MO). 1990. 21. 1, 1, 1, 1: 32. n;ico,ntha, 7th 3226 (MO).

19S, 2q, 1, 1, 1, 1; 11. inicrocqthzbz DC., H,yinc.,cr 18210

(MO), 1981, 30. 0. 0. 1. 2; iL micrtq?tcoz DC., Bit/good 4156

;MO, 2000. ii, 1, 3. 1, 1; AL rniciopteoz, Gobbo 362 (MC)),

1999, 12, 1, 3, 1, 1 .11. ;nictvprcol, McDaniel 23283 (F1.AS),

1980, 31. 0, 0, 0. 1; ii. n,ttaicnsis DC., Baiku’i// 10587 (MO),

1998, 13, 1.3. 1, 1:31. nira/ensis, Re/a’ 1112 (MO). 1986, 25.

0, 0, 1, 2; 35 nititLi (DC.) R.5.1. Kiio & H. Rob.. html 60

MO). 1992. 19, 0. 0, 1, 2; AL nummu/aria DC Vtk./ima

1885 (MO), 1996, 15, 1, 1, 1, 1; AL oblongfblir DC., Cordeiro

1981 (MO), 2002, 9, 1, 3, 1, 1; 32. oolom9j4iia, Kummrou’

178.1 (MO), 1982, 29. 1, 1, 1, 2; At oblong.fh/ia, Kisnm,,vw

3228 (MO), 1990, 21, 1, 3, 1, 1; ‘iL ob/owfb/iz, Ndkjinia

132(1 (MO), 1995. 16, 1, 1. 1, 1; AL oblongi/Y/ia, 1%chsco ‘139

(MO), 2002. 9, I, 3, 2, 1; ILL obso/ert (Veil.) G.M. Barrens,

Thomas 10.o5.3 (MO), I 99, 17, 1, 1, 1, 1; 51. obtusara DC.,

Ilarsc/sbtch 51216 (MOi, 1987, 24, 0, 0, 1, 1; AL odonirissinia

Urb.,Acez’ez/a-Rt/gz. 056 (MO), 1994. 17. 0, 0, 0, 0: 31. odo
,:zfjssjma, Axe/rod 9q89 (MO), 1995, 16, 1, 3, 1, 1; Al. odoniris—

sima, Hansc,z 9486 (MO), 1981, 30, 0, 0, 1, 1; AL o,ci1w/is

Mart., Duse,i sn. (MO), 1914, 97, 0, 0, 1, 2; /tt officinalis,

Harley 27208 (MO), 19(38, 23, 1, 3, 1, 1; AL o(Jkimslis, Harley

1150721 (MO), 1992, 19, 1, 3, 1, 1; AL oJJicinalis, Heringcr

3429 (MO), 1980, 31, 0, 1, 1, 1; sIt officinalis. Miranda o08

(MO), 2002, 9, 0, 0, 0, 1; ILL officina/is, J’hi/cox 3041 (MO),

1967, 44, 0, 0, 1, 2; 32. oJfrcinalis, Rornero 4890 (MO), 1997,

14, 1,3,2, 1; AL officinalis, StannardHSl776(MO), 1992, 19,

1,3, 1,2; AtpatljphylLzUrh.,Axelrod622l (MO), 1993, 18,

1, 1. 1. 1; 32. pat1phylLz. lAy/or 10889 (MO), 1992, 19, 1, 3,

1, 1: AL pzlusrris (Gardner) R.M. King & H. Rob., Irwin

32022 (MO), 1971, ‘tO, 1, 1. 1, 1; At panicut sea DC., Horse?,

bach 51214 (MO), 1987, 24, 0, 0, 1,2; 32. panicutira, Jlarsch

/,zch sn. (MO), 198’t, 27, 0, 1, 1, I; AL papillosa Klati, 1/i/cur

280 (MO), 1929, 82, 0, 0, 0, 1; 32. papil/tot, Ranoni 32452

(MO), 1984, 27, 0, 1), 0, 0; 32 paranensis Dusén, Wisum 1420

(MO), 2002, 9, 1, 3, 1, 1; AL parodii Cabrera. Pen’ersen 6940

(MO), 1964, ‘i7, 0, 0, 1, 2; AL paroff/ont (Aubi.) H. Kars;.,

Burnhan, 1770 (MO), 1998, 13, 1, 1, 1, 1; 32. parvfflonz. Do—

acre 2687(MO), 1950, 61. 0,0, 1, 2; AL piri’zJIooi, McD,rnw/

24775 (MO), 1981, 30, 0, 0, 1, 2; AL per(Ploc(fblia Flock. &

Ar,,., cowan .1076 (MO), 1983, 28, 1, 3, 1, 1: 32. per(p/oczJi iii,

Kirr,rnar,, 5957 (MO), 1998, 13, 1, 1, 1, 2; !tL perip/oc(f/ilia,

Meneles 5193 (MO), 1993, 18, 1, 1, 2, 3; AL persplocfolw,

Zirdini 36712 (MO), 1993, 18, 1, 3, 1, 1; 32. phacoclados

Mart., 1,’win 29085 (MO), 1971, 40, 0, 0, 0, 1 AL jthacoc/adus,

Pintni 1151.326 (MO), 1992, 19, 1, 1, 1, 2; 32. paul/i (Baker)

R1tI. King & 1-I. Rob., King 8320 (MO), 1980, 31, 0, 0,0, 1;

32. porosa Urb., Grimes .3234 (MO), 1992, 19, 1, 3, 2, 1; 31.

producra Orb. & Ekman, Zinoni 19202 (L10), 1982, 29, 0, 3,

1. 1; 32. pseudorimachi \V.C. Flolmes & McDaniel, Zz,slini

132 76 (MO), 1989, 22, 1, 1, 2, 3; AL psi/osrachya Dr.., Croat

7.327s1 (MC)), 1992, 19, 1,3, 1, 1; AL psilosracbya, Dwyer7799

(MO), 1967, 4, 0, 0, 0, 1; 31. psiiosrachya, Httvrr 7013

(MC)), 1981. 30. 0, 0, 1, 2; AL pszlosraclsva, Nec 667(1 (MO;,

1973, 38. 0, 0, 0, 1; 31. psilost;ch)sr. Remit:, 301 (MO). 1962,

29, 0, 1. 2,3; 31. psilosrac/ya, Riuer 161 (MO). 1995, 10, 1,

3, 2, 1; Al. psilostachya, Stair/s 6935 (MO), 1984. 27, 0, 1. , 2;

AL psilostachya, Solomon 11719 (MO), 1984, 27, 0, 0, 1, 2; :11.

ps:/osracbya, Solomon 11983 (MO), 1984, 27, 0, 1), 1, 2; 35

p:t’put:rsccns )Baker) R.M. King & 1-1. Rob., Romero 1632

MO), 1995, 16, 0, 1, I, 2; AL pyn;ii000ra Don,,. Sni., Lu,:,,

.)Q (MO), 1988, 23, 1. 1. 1. 1; Al. ,:lmoslssins,i Gardner, Pere)—

;a .327 (MO). 1982. .19. 0. 1, 1, 2; 32. nernosrs’inm, Romeo,

3555 (MO), 1996, 15. 1, 3, 1. 1; AL sagirrijens 11.1.. Rob.. Long

706 (MO), 1987, 2’i, 1, 3, 1, 1; 31. sagirrfflr.z, Rc,srsnae 5533
(MO), 1996, 15, 1, 3, 2, 1; AL sagirt(fcni, S/toni 1322 (MO,.

2000, 11, 1. 1. 2, 3; AL scOne/ens (L.) Wilid Abbott 9iq

(FLAS), 1996. 15, 1, 1, 1,2; sIt scsn’/ens.Ahles 19323 (FL’lS.

1956, 57, 0, 0, 0, 1; Al. Joint/ens, A,no,vso 163 (FLAS), 1993.

18, 1, 3, 1, 1; ILL .ccanelens, Anu/cmosz 12360 (F1.AS). 1989, 22.

1,3, 1,2; AL scandens, A,no/tis.n. )FLA.S;, 1940, 73,0,0,0,

ILL scane/ens. lbzltze/l 7267 (FLAS). 1975, 38. 0, 0, 0, .11.

scandens, Bairn’ s. n. (F1.AS), 2004, 7, 1, 3, 1 , 2; At scandais.

Blonmuist 5283 (FI.AS), 1932, 81, 0, 0, 0, 1; Al. scandens, Boos

15026 (FLAS), I 945, 68. 0, 0, 0, 1; Al. scam/ens, Breed/ore

20637(MO), 1971,40,0,0,0, 1; Al. scandens, Br,’ed/,n’c2385’t

(MO), 1972,39,0,0, 1,2; AL scam/ens, Bridges 2.slBO )AS),

1995, 10, 1, 1, 1, 1; .11. scan,/cns, Bru,nb,zrb 628—32 )F[A(s.

1932, 81, 0, 0, 0, 0; A!. scam/ens. Btyson 9l9 (F1.AS), 1986,

25, 0, 1,2,3; AL scinde,,s, C’hristman 16(FLAS), 196’t, ‘t9, 0,

0, 0, 1; At sca,ide,,s, (Jraigheads.n. (FLAS), 1955, 58,0,0,0, 1;

/tt scam/ens, Craig/trod sn. (FI.AS), 1956, 57, 0, 0, 0, 1; 1)1.

scandens, Creag,r264(FLkS), 1963,50,0,0,0, 1; Al scam/ens,

Croar 28936 (MOj, 1973, 38, 0. 1, 1, 1; AL scans/ens, (Aithbert

sn. (FLAS), 1998, 15, 0, 0, 0, 1; At scandens, DYlrc’y 2165

(FLAS), 1967, 46, 0, 0, 0, 1; AL scandcns, D)4ry 8230 (MO),

1975,36,0,0,0, 1; AL scandens, Daviss.n. (F1.AS, 1941, 72.

(1,0,0, 1; At scandens, Dunn 157(P1.AS), 1978, 35,0,11,0,1;

Al. scandcns, Essly 564 )FL.AS), 1986, 27, 0, 0, 0, 1; M. onto

dc05 L/Iwards 51 (FLAS), 2001, 10, 1, 3, 1, 1; 1L scant/ens,

Fleming .117 (FI.AS), 197$, 35, 0, 0, 0, 1; /et scandens, Fl/doer

2 (FLAS), 1985, 26, 1, 1, 1,2; Al. scandens, Fool 182 )FL4S),

1934,79,0,0,0, 1; 32 scandens, Ford3127(FLA5), 1954, 59,

0, 0, 0, 1; iii. scandens, Fr/i’d 00-046(FI.AS), 2000, 11, 1,3, I,

1; Al. scandens, Garland 204 (FJ.AS), 1983, 2(3, 1, 3, 1, 1; 32.

scone/ens, Godfrey 50059 (FLAS), 1949, 64, 0, 0, 0, 1; AL scan

dens, GuI/edge 112 (Fl_AS), 1996, 15, 1, 3, 1, 2; 32. iiOtUiCfl5,

Her,,,ndez AL 6828 (MO), 1981, 30, 0, 1, 1, 1; Al. statolens,

Herring 1621 (Fl_AS), 2002, 9, 1. 1, 1, 1; Al. scans/ens, Ihernog

460 (FI.AS), 1991, 20. 1, 1, 1. 2; AL scandcns, Herring 70

(FLAS), 1990, 21, 0, 0, 0, 1; 32. scone/ens, Mmcl 2386 (FLAS).

1949, 64, 0, 0,0, 1:/tI. scandens, Henri 421 (FLAS), 1947, 66,
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0,0, 0, 1 Al. scanderis, Junta 106 (FLAS), 2001, 10, 1, 3, 1, 1;

Al. scant/ens, lacuna 793 (FLAS), 2011, 0, 1, 3,0, 0; Al. scan-

dens, King 10593 (MO), 1993, 18, 1,3, 1,2; Al. scandens, Kirk-

man 413 (FI.AS), 1975, 36, 0, 0, 1, 2; Al. scans/ens, Kron 1202

(FLAS), 1982, 29, 0, 0, 1, 2; Al. scant/ens, Lee/in sn. (FLAS),

1946, 67, 0, 0, 0, 1; Al scandens, Longbottom 7992 (PLAS),
2006,5, 1,3,2, 1; M scande,,s, Nec 52873 (MO), 2004,7, 1,

3,1, 1; M. scandens, Ne/son24215 (FLAS), 2003, 8, 1,1,1,1;
M. scans/ens, Neuhis’ 14-2003 (FLAS), 2003, 8, 1, 3, 1, 1; Al.
scans/ens, Navelo 193 (MO), 1975, 36, 0, 0, 0, 1; Al. scandens,
OrzelloiBridgcs 12556 (FLAS), 1989, 22, 1,3, 1,2; Al. scan
dens, Rakotomalaza 419 (MO), 1995, 16, 0, 0, 0, 0; Al. scan
dens, Ro1’ers 682 (FLAS), 1986, 25. 0, 0, 1, 2; Al. scandens,
Siwoie 12 (I5LAS), 2001, 10, 1, 3, 1, 2; Al. scandens, Scanlan 35
(FLAS), 2000, 11, 1, 1, 1, 1; Al. scandens, Schatz 1457(MO),
1987, 24, 1, 1, 1, 1; Al. scans/ens, Sculls.,;. (FLAS), 1937,76,0,
0,0, 1; Al. scans/ens, Sherman 266 (MO), 1991, 20, 1,3,2, 1;
ALscandens, Small 6993 (FLAS), 1915,98,0,0,0, 1;M. scan-
dens, Small 8240 (FLAS), 1917, 96, 0, 0, 0, 1; Al. scana’ens,

Smith 1731 (FLAS), 1967, 46, 0, 0, 0, 1; Al. scandens, Smith
3831 (MO), 2003,8, 1,3, 1, 1; Al. scans/ens, Smith 731 (FLAS),

1961,52,0,0,0, 1; Al. scandens, Smurls.n. (FLAS), 2006, 5, 1,

3, 1, 1; Al. scone/ens, Thomas 145589 (MO), 1995, 16, 1, 3, 2,

1; Al. scans/ens, Ti/is7 2382 (FLAS), 2001, 10, 1, 3, 1, 2; Al.
scans/ens, Ti/Icy 260.7 (FLAS), 2001, 10, 1, 3, 1, 2; Al. scant/ens,
van Hock 712 (FLAS), 1996, 15, 0, 0, 1, 1; Al. scant/ens, van
Mon5ssns95 (HAS), 1978,33,0,0, 1,2; Al. scandens, Vincent
573 (FLAS), 1976, 37, 0, 0, 1. 1; Al. scana’ens, Weber sn.
(FLS), 1935, 78, 0, 0. 0, 1; N. scandens, West c5Anw/ds.n.
(FIAS). 1940, 73, 0. 0, 0, 1; Al. scana’ens, Wichcerman 41
(FI.A.S), 1971, 62, 0, 0, 0, 1; Al. scandens, Wine//er cc al. 4133
(FLAS), 1972, 41, 0, 0, 0, 1; Al. scandens, W3inder/in 8547
(MO), 1979, 32, 0, 0, 0, 1; Al. schenckii Hieron., Irwin 28933
(MO), 1971, 40, 0, 0, 0, 1; Al. scrcil(/(t/ia DC., Romero 4057
(MO), 1997, 14, 1, 3, 1, 1; Al. scssi/(f(4ia, Si/va 1074 (MO),
1992, 19, 0, 1, 1, 1; Al. sessilijislia, Si/va 579 (MO), 1989, 22,
1, 3, 1, 1; Al. secigera Sd;. Bip. cx Baker, (‘ordeira 1439 (MO),
1997, 14, 0, 1, 1, 1; Al smilacina DC., Heringer 1915 (MO),
1979. 32, 0, 0, 1, 2; Al. scevensiana Britton, Liogier 32692
(MO), 1982,29,0,0, 1,2; Al. scuebeliiHicron.,Jorçsensen 1563
(MO), 1995,16,1,3,2, 1;Al.scuebelii,Jorgensen92370(MO),
1990, 21, 1, 3, 1, 1; AL sylvacica Klatr, Croac 79917 (MO),
1997, 14, 1, 3, 2, 1; Al. sy/vaeica, Gent,y 5782 (MO), 1972, 39,
0, 0, 0, 1; Al. sylvacica, lAther 10068 (MO), 1990, 21, 0, 0, 0,
1; Al. sy/vacica, ?ipaz 1687(MO), 1992, 19,0, 1, 1, 1; Al. sy/
ratica, van s/er Wer’f 12184 (MC)), 1991, 20, 1, 1, 1, 1; Al.
chapsoides DC., Ro,nero 4873 (MO), 1998, 13, 0, 0, 1, 1; Al.
thapsoisics, Zardini 17159 (MO), 1989, 22, 0, 0, 0, 0; Al. ton
dnzii B.1.. Rob., Harmon 299 (MO), 1992, 19, 1, 1, 1, 1; Al.
cond;czii, Alanriquez 3330 (MO), 1989, 22, 0, 1, 2, 3; Al. tra
chyp/euns B.L. Rob., Pedersen 5975 (MO), 1961, 50, 0, 1, 1,2;
Al. rrachyp/eura, Robinson 1984 (MO), 1981, 30, 0, 1, 1, 1; Al.
cn;chypleura, Robinson 1989 (MO), 1989, 22, I, 0, 0, 0; Al.
nrtic(fa/ia I look. & Am., (abrera 26189 (MO), 1975, 36, 1, 3,

I; A!. vari(Jislia Hieron., Pedersen 13921 (MO), 1984, 27, 1,
3, 1,2;.il. rari/b/ia,Soria 4209 (MO), 1990,21,1,1,1, 1;AL
vi,gaca B.L. Rob., Hlstschbach 26593 (MO), 1971,40,0. 1,2,
3; Al. virij4/ia DC., /‘or’edo A. 3949 (MO), 1985, 26, 0, 0, 1,2;
Al. ;‘icifilia, Rodr,gz;ez 4273 (MO), 1999, 12, 1, 3, 1, 1; Al.
u’armsnçrsi Sch. Hp. cx Baker. I’/akqjiina 1914 (MO), 1996, 15,

1. 1, 1, 1. Polygalaceae data set from herbarium specimens:

Acanthoc/adus gnuyaqui/cnsis B. Eriksen & B. Stahl, Divers/c

1703 (MO), 1982, 30, 0, 0, 0, 1; Ase,neia acuminata (Wilid.)

J.F.B. Pasture &J.R. Abbott, Ara9jo 1198 (MO), 2004,8, 1,3,

1, 0; A. acuminata, Ans9jo 1370 (MO), 2004, 8, 0, 0, 0, 0; A.

acu,ninata, Freitas 17 (MO), 2006, 7, 1, 1, 1. 1; Asemeia RaE,

Portal 355 (MO), 2008, 5, 1, 3, 1, 2; Ase,neia RaE, Steve,ss

33039 (MO), 2012, 1, 1, 3, 1, 1; Asemeia RaE, Vt//an-oct 746

(MO), 2006, 7, 0, 0, 0, 0; Asemeia violacea (AubI.) J.EB. Pas

tore &J.R. Abbott,Abbott25297(FLAS), 2010,2, 1,3, 1, 1;
Asemeia violacea, Morales 9582 (MO), 2003, 10.0,0,0,0; Ase

,neia via/ace,;, Roubik 191 (MO), 1977,35,0,0,0, 1;Atrox;ma

afzeliana (Dliv.) Stapf,Jongkind 8275 (MO), 2008,4, 1,3, 1, 1;
Brede,neyera Wilid., I4osu/a 818 (MO), 2003,4, 0, 1, 1, 1; Bre

deinsyera co/letioides (Phil.) Chodat, Fortu,sato 5561 (MO),

1997, 16, 0, 0, 0, 1; B. s/ensflon; A.W Bcnn., Cloque 215
(MO), 2005, 7, 1, 3, 1, 1; 8. fioribuns/a Willd., Ghoque 94

(MO), 2005, 7, 1, 3, 1, 1; B. tune/a (Benth.) Klotzsch cx Has
sk.,Scevens32S94(MO),2012, 1, 1,3, 1,2; G;asnembecaJ.F.B.
Pasrore, llran 3131 (MO), 2008, 5, 1, 1, 2, 3; caan;embec
J.F.B. Pastore, Thus; 3607 (MO), 2009, 4, 1, 1, 2, 3; (7aamem-
beca spectabilis (DC.) J.F.B. Pastore, Brnmn;ict 19.367 (MO),

1996, 16, 0, 1, 1, 1: Cupoiobia C. Don, Abcid 689 (MO),

1999, 13, 1, 3, 1, 1; Onpotobia C. Don, Fesco a65 (MO), 1999,
13, 1, 1, 1, 1; Copo/obia G. Don, Hizzs 175 (MO), 1993, 14,
0, 1, 1, 2; C’arpo/obia C. Don, K;yombo 5143 (MO), 2005, 7,
1, 3, 1, 1; (‘arpo/obia G. Don, Kindeketa 2599 (MO), 2005, 7,
1,3, 1, 1; Osipolobia G. Don, Sat/u .326 (MO), 1999, 13,0, 1,

1, 1; C’a;po/obiaG. Don, Sitoni 798 (MO), 1999, 13,0, 1, 1, 1;
(larpolobia a/ba G. Don, White 1057(0), 1993, 20, 0, 0, 1.
0; C’osnesperma ericinum DC., Hde/obas 79 (MC)), 1939, 23, 1,

3, 1, 1; C ericinun; DC.,Jobson 5280 (MO), 1997, 15, 1, 1, 1,
1; C pallidum I’edley, Lacz 11703 (MO), 1990, 22, 0, 1, 1, 1;
(. secundun; Banks cx DC., Harwood 942 (MO), 2000, 12, 1,

3, 1, 1; (. secundum, Risler 686 (MO), 2001, 11, 0. 1, 2, 3;
Epirixantheselongara Blume, Nm 17814 (TAlE), 2012, 1, 1,3,
2, 1; Epirixanthes elongaca, Shih-’EFn (hungs.n. (NA), 2012, 1,
1,3,2, 1; Epirixancheselongaca, ThmHK13266(HK), 2012, 1,
1, 3, 2, 1; Gymnosporia (Wight & Am.) Bent!;. & Hook. F.,
Hatschbach 46915 (MO), 1983, 29, 0, 0, 1, 2; Hebecaipa (Cho
dat) JR. Abbott, Alone/es 9519 (MO), 2003, 10, 0, 0, 0, 0;
Hebecarpa (Chodat) JR. Abbott, Blanc/on 107 (MO), 2007, 5,
0, 0, 0, I; Hebccarpa (Chodat) JR. Abbott, Dsvidse 35213
(MO), 1994, 19, 0, 0, 0, 1; Hcbcna;pa (Chodat) JR. Abbott.
Garcia 1973 (MO), 2000, 13, 1, 3, 1, 2; Hehecaspa (Chodat)
J.R. Abbott, Hole E8074 (MO), 2010, 3, 1, 3, 1, 2; Hebccarp;
(Chodat) JR. Abbott, Martinez 23914 (MO), 1988, 25, 1, 1,
2, 3; Hs’becarpa (Chodat) JR. Abbott, Moos/es 9744 (MO),
2003, 10, 0, 0, 0, 1; Hebecopa (Chodat) JR. Abbott, .Stcvens
27975 (MO), 2009,4, 1, 3, 1, 2; llebccssspa (Chodat) JR. Ab
bott, Scevens3O2S3 (MO), 2010,3, 1.3, 1,2; Hebeca;pa(Cho
dat) JR. Abbott, Steveiss 30843 (MO), 2010,3, 1,3, 1,2; He
becaspa (Chodat) JR. Abbott, Stevens 33071 (MO), 2012, 1, 1,
3, 1,2; Hebecarpa (Chodar) JR. Abbott, Stevens 33209 (MO),
2012, 1, 1, 3, 1, 2; Hebecarpa (Chodar) JR. Abbott, Zasnons
1517 (MO), 1988, 24, 1, 3, 1, 2; Hebecarpa barbe-yana (Clio
dat)J.R. Abbott, Lott 5701 (MC)), 2006,7, 1,3, 1,2; Heteros,s
snara cabrue (Cliodat) Palva, (2;rvalho 2772 (MO), 1986, 27, 0,
0, 0, 0; Alonnina Ruiz & Pas’., Ara;jo 383-I (MO), 2007, 5, 1,
3, 1, 3; Monnina Rtuz & Pay., Ans9/o .3870 (MC)), 2007, 5, 1,
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3,2, 1; Alonnina Ruiz & Pay., Arroyo 1? 4802 (MO), 2010,3, 1,

3, 1,2; M’onnina Ruiz & Pay., Feist 4001 (MO), 2007,6, 1, 1,

1, 2; Monnina RuiL & Pay., Feist 4044 (MO), 2007, 6, 1, 3, 1,

2; Monnina Ruiz & Par.. Fuentes 11540 (MO), 2007,5, 1, 1, 1,

1; Alonnina Rui7. & Par., Fuentes 9689 (MO), 2005,7, 1, 3, 1,

1; Monnina Ruiz & Pay., LliuI&’ 1691 (MO), 2009, 4, 1, 3, 1,

2; Monnina Ruiz & Pay., Afalilonado 2031 (MO), 2002, 10, 1,

3, 1, 1; Monnina Ruiz & Pay., Penaranesa 624 (MO), 2008, 5,

1, 3, 1, 2; Monnina Ruiz & Par., Thran 2312 (MO), 2008, 5, 1,

1, 1,2; Monnina Ruiz & Pay., Thran3542 (MO), 2009,4, 1, 1,

1, 1; Monnina Ruiz & Pay., Thnm3578(MO), 2009,4. 1, 1, 1,

1; Mannina Ruiz & Par., U/ba 1312 (MO), 2003, 10, 1, 1, 1,

2; Monnina Ruiz & Pay., tJlloa 1377 (MO), 2003, 10, 1,3, 1,

2; Monnina arbutus Cliodat, Bunco 1467 (MO), 2008, 5, 0, 0,

0, 1; Al. bridgesii Chodat, Arroyo 3096 (MO), 2005, 7, 1, 3, 1,

1; Al. ciliolata Scssl & Moc. cx DC., GarcIa 114 (MO), 2007,

5, 1,3, 1, 1; AL cillo/ara, Thlentino 84 (MO), 2010, 3, 1.3, 1,

2; AL cupiniiChodat,Agsiilar’1516(MO). 1996, 16,0,0,0,0;
Al herzogiiChodat. (1msisco 278 (MO), 2004,8, 1,3, 1, 1;M
her:agii, Luteyn 13600 (MO), 1990, 22, 1, 3, 1, 2; Al. lech/eri
arni Chodat, Fermina’ez 1950 (MO), 2003, 9, 1, 3, 2, 1; Al.

/ech/crjana Chodat, NA (MO), 2002, 10, 1, 1,3,2; AL bo’ig
lii DC., Mayfields.n. (MO), 2003, 9, 1, 2. 1, 3; M. bongzjlia

DC., Rodriguez 5517 (MO), 2999, 13, 0, 0, 1, 2; AL macroe/a
c/a Chodat, Solomon 5999 (MO), 1981, 31, 1, 3, 1, 2; Al pseu
c/api/usa Ferreyra. &rdn 32010 (MO), 1998, 14, 1, 3, 1, 2; Al.

pseudapibosa, Gerón 57510 (MO), 2006,6, 0, 1, 1, 1; Al rusl9’i
Cliodat, Ritter 1801 (MO), 1995, 17, 1, 3, 1, 1; Al. saIicfolia

Ruiz & Pay., Fuc’ntes 6708 (MO), 2004.8, 1,3, 2, 1; Al mliii
J(dia, Librnnan 1280 (MO), 1986, 26, 1, 3, 2, 1; Al. saprogena
Donn. Sm., Martlnez383 (MO), 1995, 17,0,0,0, 1; Al wed

dc//janet Chodat, .S’chimt 117(MO), 1991, 21, 1,3, 1, 1; Mou

tibia Aubi., Alonteaguda 11223 (MO), 2005, 8, 0, 0, 0, 1;
Moutabea am/caret (Ruiz & Pay.) Pucpp. & EndI., C’hiquimaco
12021 (MO), 2003, 5, 0, 0, 0, 1; Al. acukata, Iluamantupa

7867(MO), 2006,6, 1, 1, 2, 1; Mutaltia DC., Lauranos 22969
MO), 1985, 27, 0, 1, 2, 3; .4fnraltia barvtyana 1.evyns, Gold

hLittll666(MO), 2001, 12,1,1,1, 2;Alunsltiaheisteria(L.)
DC., Maa’dens.n. (MC)), 2006,6, 1,3, 1,2; Al. heisteria, Syman

15213 (MO), 1994, 18.0, 1, 2, 3; AL spinosa (1..) Ehorest &

J.C.Manning, Go/dbLitt 11669 (MO), 2001, 12, 0, 0, 1, 2; Pa

lyvik L., AnMingtai36l7(MO), 2003, 10, 1,3, 1.2; PoiygaL1
L..Aiauja 4095 (MO), 2008, 4, 1, 3, 1, 2; Po&ga/a 1.., Arau

ju-Munikanni 3951 MO), 2007, 6, 1, 3, 1, 2; Pu/vgala L., Ar

roy) 1? 5050 (MO), 2010,3, 1,3, 1,2; Po4çasa L., Burley 2810

(MO), 1989, 23, 0, 1, 1, 1; l’o/vgala 1.., Czrre’te;v 876 (MO),

2003, 10, 1, 1, I, 1; I5J)gala L., (2iriutt’ro 876 (MO), 2003, 9,
1, 3, 2, 1; Pa4yaL: L., Cayo/.a2972 (MO), 2009, 4, 1,3, 1,2;
PoljgaLi 1.., Ghirke 70-03 (MO), 1991, 21, 1, 1, 2, 3; Po&gala
L., Ctv,it 53261 (MO), 1981, 31,0,0,0, 1; Po/vala L., Groat

96287 (MO), 2006,7, 1,3,2, 1; Pa/vi’ila L.,D01d3516(MO),

1999, 13,0, 0, 1,2; I5i/jis&t C, F/ia 108 (MO), 1999, 13, 1,3,

2, 1;PolygabzL.,Fesco 1960(MO), 2005, 7, 1,3,2, 1;Po/vgala
L., Festo 492 (MO), 2000, 12, 1, 3, 1, 2; Pa/vga/a L., Festo 79
(MO), 1998, 14, 0, 1, 1, 1; PaygaIa L., Gereau 3118 (MO),

1989,23,0,0,0, 1; Paljga/aL., Gereau3S27(MO), 1991, 21,

0,0, 1, 1; lS/rya/aL., Grcau 4281 (MO), 1991,21,0,0,0, 1;

Potgala 1.., Gerean 4354 (MO), 1991, 21, 0, 0. 1, 1; Poygala

C, Gereau 4441 (MO), 1991,21,0,0, 1, 1; Po5gala L., Gereazi

5075 (MO), 1992,20,0, 1,2,3; Pa/vga/a L., Gobbo 263 (MO),

1999, 13,0, 1,2,3; Pa&gala L., Gobho3Ol (MO), 1999, 13,0,

0, 1,2; Pos5gakz L., GSBS 26781 (MO), 2005, 3, 1, 1, 1,

PolvgalaL.,GSBS26884(MO),2005,8,0, 1,1, 1;Pa&gaiaL..
GSBS 28364 (MO), 2005, 8, 1, 1, 1, 2; Pa/vga/a L., GSBS

28386 (MO), 2005, 8, 0, 1, 1, 1; Polyga&: L., GSBS 28820

(MO), 2005, 8, 0, 1, 1, 2; Palyvala L., Gutie,Tiz 1258 (MO;.

2005, 8, 1, 1, 1, 1; Pa/vga/a L., Gutilrrez 1258 (MC)), 2005,7.

1,3,2, 1; Pogaba L.. Harder 2511 (MO), 1995, 17, 1. 1, 1. 1;

Pa/Na/a L., Harder2758 (MO), 1995, 17, 1, 1, 1, 1; PolygaL;

I,., Harder3O94 (MO), 1994, 18,0.0,0, 1; Pa/vga/a L., FLsrder

3262 (MO), 1994, 18, I, 1, 1, 1; Pozygaba L., Harder 3269
(MO), 1994, 18, 1, 3, 1, 1; Pa/vga/a L., Harder 3q91 (MO),
1996, 16,0. 1, 1, 1; PotygaLs L., Harder3623 (MO), 1996, 16,

1,1, 1,3; Pa/vga/a L., 11ar4er3629 (MO), 1996, 16, 0, 0. 0, 0;
Po/yga/aL.,Harder363O(MO), 1996, 16, 1,2, 1,3;Polyga/a
L., flarder3826(MO), 1997, 15,0,0,0,0; Pa/vga/a L., Harder

3833 (MO), 1997, 15, 1, 2, 1, 1; Pa/vga/a L., Harder 3878
(MO), 1997, 25, 0, 1, 1, 1; Pu/vga/a L., Jim/nez 7.7] (MO),

2007, 5, 1,3, 1,2;Polyga/aL.,f6cyomba2IS8(MO), 1999,13,
0, 0, 0, 0; Pa/vga/a L., Ksyornbo 2541 (MO), 1999, 13, 1,3, 1,

2; Pa/vga/aL., Kiyombo2743 (MO), 1999,13,1,1,1, 1;Po1-
ga/ti L., Kayombo 443 (MO), 1989, 23, 0, 0, U, 0; I9ljgaLz C
Kzyomba .s56(MO), 1989, 23, 0, 1, 2,3; i9/vyala L., 1i1svm/j

4814 (MO), 2004, 3, 0, 0, 0, 1; Pa/vaLi L., J&char 24310
(MO), 2001, 11, 1,3, 1,2; Palyç’abz L., Kuchar2’,335(MO;,
2001, 11, 0, 0, 0, 1; Palygala L., Kuchar 24495 (MO), 200:.
11, 1,3, 1, 2; Pa/vga/a L., I’Azchar2SO4S (MO), 2002, 10, 11.

1, 2; Po/yga/a L., Khchar 251.36 (MO), 2002, 10, 1, 3, 1, 2;
Po/ygala L., Li Heng 8909 (MO), 1997, 16, 1,2, 1,3; PoiryaL;

L., Lovett 151 (MO), 1991, 21, 1, 1, 2, 3; Pa/vga/a L., Lorea
1691 (MO), 1987, 25, 0, 0, 0, 1; Pa/vga/a L., Loveti 1740
(MO), 1987,25,0,0, 1,2; Pu/vga/aL., Lot’ett237(MO), 1991.
21. 1, 1, 1, 1;Pa/1gaLrL.,Loi’etc2.397(MO), 1987,25,1,1,2.
3; Pa/vga/al.., Lovect 29 (MO), 1991,21, 1,3, 1,2; l’obgtLiL..

Lovett3428 (MO), 1989,23,0,0, 1,2; Po/igalet L., Lozsrt369
(MO), 1989, 23, 0, 0, 1, 2; PaI;g.zla L., Lovetr 3884 (MO.
1990, 22, 0, 0, 1,2; Pa/vga/al.., Loi’ett 402 (MO), 1991.210.

1, 2, 3; Pa/vga/a L., Lovert 4149 (MO), 1990, 22, 0, 1, 2,3:

Pa/vga/a L.,Lovert4lZ7 (MO), 199(1,22,0, 1,2, 3;PatpgaLsL..
Lovect 4211 (MO), 1990,22,0, 1,2, 3;Pa/vga/aL.,Lovett44l

(MO), 1990, 22, 0, 1, 2, 3; Pa/vga/a L., Lowry 4855 (MO;,

1997, 15,0, 0, 0, 1; Pu/vga/a L., Lowiy 5842 (MO), 2002, 10.
1,3, 2, 1; Pa/vga/a L., I.awzy 114855 (MO), 1997, 16,0,0,0.

0; Pa/vga/a L., Lukc 10946 (MO), 2005, 7. 1. 3, 1, 1; IW;ga4

L., Luwiika37O(MO), 1996, 16, 1, 1, 2, 1; Pa/vga/a L., Lou/i
ha 585 (MO), 1997, 15, 1, 3, 2, 1; Pa/vga/a L., Luwiik,t 5N
(MO), 1997, 15, 0, 0, 0, 0; Pa/vga/a L.. Luwiika 599 (MO.
1997, 15, 0, 0, 0, 0; Pa/vga/a L., MacBigele 612 (MO). 1971.
42, 0, 0, 0, 1; Pa/ggabz L., Mwangoka 1624 (MO), 2000, 12.1.

3, 2, 1; Po/igala L., Mwangoka 2510 (MO), 2001, 11, 1, 12.

3; Pa/vga/a L., Mwangoka3855(MO), 2005,7, 1,3,2, 1; Po4-

ga/it L., Mwangaka 396(MO), 1999, 13, 1, 1, I, 1; Pa/vga/a L..
Mzuangoka5Q7(MO). 1999,13,1,3,1, 1;Pa/vgez/aL.,Muan-
goka 5174 (MO), 2007, 6, 1, 1, 1, 2; Po/yga/t L., Mu’angoka
820 (MO), 1999, 13, 1, 3, 1, 1; Pa/vga/a L., Mwangoka 929

(MO), 1999, 13,0,0,0, 1; Pa/vga/a L., Ndwa 106 (MO), 1995.

17. 1, 3, 1, 2; Pa/yga/a L., Naiva 107 (MO), 1995, 17. 1,2, 1.

3; Pu/vga/a 1.., O’Neill 25 (MO), 1996, 16, 1, 1, 1, 1; Polyy6

L.. Pzirraga 1233 (MO), 2005, 7, 1, 3, 1, 0; Pa/;gaL; L., Purtai

374 (MO), 2003, 5, 1, 3. 1, 1; Pa/vga/a L.. Rakotatso 39C



DNA PREsE1vATIoN IN PLANT SPEcIMENs 129

(MO), 2007, 5, 0, 0, 0, 0; iygala L., Saiit 203 (MO), 1999,

13, 1,3,2, 1; Pa/vga/aL., Sal/u 76(MO), 1998, 14,0,0, 1,2;

Poyga1a L.,Sant4na 942 (MO), 2000, 13, 1, 1, 2, 3; PogaLi

L.,Schatz356Y(MO), 1993,19,1,1,1, l;PoypzltL.,Schaw

4059 (MO), 2003, 9, 1, 3, 2, 1; Poty7ak L.,Schmidt 1316

(MO), 1994, 18, 1,2, 1,3;Pal5galaL.,Schmidt2348(MO),

1997, 15,0,0,0, 1; Po4gaLi 1.., Schmidt2446(MO), 1997, 15,

1,3,2,1; Pol>gala L., Schmia’t2448 (MO), 1997,15,1,1,2,2;

Polyç’ahz L., Schmidr251- (MO), 1997. 15, 1, 3, 1, 2; Po/yga/a

L., Schmidt 2543 (MO), 1997, 15, 1, 3, 1, 2; Pulgala 1.., Shun

da 12 (MO), 1998,14,0,0, 1,2; J’ulyga/aL.,Simon44l (MO),

2000, 12,0, 1, 1,2; Po4aht L., Simon 503 (MO), 2000, 12,0,

0, 1, 2; Po/jgala L., Simon 885 (MO), 2001, 11.0, 1, 1,2; Pa

lygala L., Sitoni 1023 (MO), 1999, 13, 1, 2, 1, 3; Putygala L.,

Sitoni 1209 (MO), 2000, 12, 1, 1, 1, 1; Po4gabi 1.., Stuckey 600

(MO), 2010, 3, 1,3, 1,2; Polygala L., Sugong W5’-1916(MO),

2008, 4, 0, 0, 0, 0; Polyga/a L., Sugong WS-2192 (MO), 2008,

1,3, 1, 1; Poygala 1.., 7laan2984 (MO), 2008,4, 1.3, 1,2;

Paljgala L., limo 995 (MO), 2007, 5, 1, 3, 2, 1; Po4a1a 1..,

limo 996 (MO), 2007, 5, 1, 2, 1, 1; PotgaLi L., Thy-Jorgensen

L)il161 (MO), 1999, 13, 1, 3, 1, 2; Po4gala L., Thrrez .110

(MO), 2009, 4, 1, 3, 2, 1; PoygaLz L., van der lThrff 14411

(MO), 1997, 16, 0, 0, 0, 0; Potvg’abo L., van der WeJf20124

MO), 2005, 8, 0, 0, 1, 2; Polygala L., van Valkenbe;g 2922

MO), 2004, 9, 1, 3, 1, 2; Po)ga/a L., Villa/obos 308 (MO),

2005, 7, 1, 3, 2, 1; Pobgala L., Xian Gongshan 14629 (MO),

2002, 11, 1, 1, I, 1; Poigala L.,Zhu2317(MO), 1999, 14,0,

0, 0, 1; P0/Ma/a L., Zimba 1068 (MO), 1997, 15, 1, 3, 1, 2;

Polyga/a L., Zimba 661 (MO), 1995, 17,0, 0, 0,0; Po/ygszLz L.,

Zimba 795 (MO), 1996, 16, 0, 0,0, 0; Polygala enleri Chodat,

.4uquier 2765 (MO), 1972, 41, 0, 0, 0, 1; P tag/en, Auquier

3397 (MO), 1974, 39, 0, 0, 0, 1; P cog/en, Ewango 2153

(MO), 1999, 14, 0, 0, 0, 1; 1? mjorJacq., Barta 2001-58

)MO), 2001, 12, 0, 0, 0, 1; P rupesrris l’ourr., De/annay 1351

(MO), 1974, 39, 0, 0, 0, 1; 1? umbonata Craib. Maxwell 01-

558 (MO), 2001, 11. 0, 0, 0, I; 1? umbonara, Sankamethawee

260 (MO), 2001, 11, 0, 0, 0, 1; 1? abycsinica R. Br. cx Prcscn.,

de Wi/de 227 (MO), 1969, 44, 0, 0, 0, 1; P acicu/aris Oily.,

lOiters 1213 (MO), 2003, 10, 0, 1, 1, 1; P acicularis, Writers

1898 (MO), 2007, 5, I, 1, I, 2; Pacicu/aris, White 1368 (MO),

1995, 18,0, 1, 1, 1; P a/amsonii Exeli, Patti 7107(MO), 2005,

7, 1, 1, 1, 1; P )fricana Chodat, Bidç’ood 6950 (MO), 2008, 5,

1, 3, 1, 2; 1? aibicans (A.W Benn.) Grondona, Zao/ini 7390

(MO), 1988, 24, 0, 0, 1, 2; 1? a/biaiz Schinz, Howler 3937

(MO), 1997, 15, 0, 0. 0, 1; 1? albid(,, L’c’uwc’nberg 10206

(MO), 1972,41,0,0,0, 1; Pa/bit/a, Leeuwenberg 8455 (MO),

1971,42,0, 0,0, 1; P ,ilbida, Zimba 1066(MO), 1997, 15,0,

0, 1,2; Pama,v//aCranre, Pobttscheks.n. (MO), 1989.24,0,0,

0, 1; P arenania Oily., McPherson 16912 (MO), 1997, 16,0,0,

0, 1; P ,zrenaria, White 1432 (MO), 1995, 18, 0, 0, 0, 1; P

art/iota Ouch-Ham. cxli. Don, KEKE 945 (MO), 1989, 23, 1,

2, 1,3; Ji asperulordes Kuoth, Anz:jo 1493 (MO), 2004.8, 1,3,

2. 1; P ,hjnensis L., Gre//mans 182 (MO), 2001, 11, 0, 0, 0, 0;

P corn/nasa 11. Perricr, Gautier52l6(MO), 2007,6, 1,3,2, 1;

P crony issor, Leone/ri 4578 (MO), 1960, 53, 0, 0, 0, 0; 1? corn

prersa, Razanjotova 32 (MO), 2008, 5, 1, 1. 1. 1; P cnistata P

‘Baylor, Jonc/and 7420 (MO), 2006, 6, 1, 3, 2, 1; P danu’iniana

A.W Bcnn., GLirke79-1I (MO), 1991, 21,0, I, I, 1; Edidyma

C.Y. \‘l’u, Gwligoug Shan Biodiversiry Survey 23811 (MC)),

2005,7, 1, 3,2, 1; P dic/yrna, GSBS 19513 (MO), 2004,9, 1,

1,2,2; PerioptenrDC., Bi4’oor/ 6123 (MO), 2006,6. 1,3, 1,

2; PJk//ercllcmsi., Deng Thrdyisn. (MO), 1993,20,0,0,0,0;

Pfaliax, Lone chuan 4270 (MO), 2004, 9, 0, 0, 1, 1; PJirnan

desiana Paiva, Leeuwenbcrg 10187 (MO), 1972,41,0, 0, 0, 1;

Egifietiana E.M.A. Petit, White 1299 (MO), 1995, 18, 1, 1, 1,

2; P grandidieri Bali)., Baster 18875 (MO), 1964,49,0,0,0, 1;

P grandidieri, Humbert 28188 (MO), 1955, 58, 0, 0, 0, 0; P

grez’eana Baili., Thu/in 11818 (MO), 2010, 3, 1, 3, 1, 2; P hit

debrandtii Bail1., Gauti’r 2522 (MO), 1994, 18, 0, 0, 1, 2; 1?

hilz/ebnme/tii, (lautier 5370 (MO), 2009, o, 1, 1, 1, 1; I? hum

bertii 11. Penner, Randriamba/olona 80 (MO), 1994, 18, 0, 0,0,

0; P inu’inii Wurdack, Maas 8714 (MO), 1999, 13, 0, 1. 1, I;

I1japonica Houtt., LiJi-Dong5l2 (MO), 2004, 9, 0,0,0, 1; P

japonica, Long Ghuan 4243 (MO), 2004,9,0,0,0. 1;]? tm/ax

ariensis Schinz, Rester 9254 (MO), 2009, 4, 1, 3, 1, 1; P lonçi

can/is Kunth, C}oat 101604 (MO), 2011,2, 1,3, 1,2; I? /ongi

folia Poir., Sankarnethirwee 252 (MO), 2001, 11, 0, 1, 1, 2; P

/utea L., Arno/ds.n. (FLAS), 1937,76,0,0,0,0;)? lute,:, Arnold

sn. (FLAS), 1932, 81, 0, 0, 0, 0; P /utea, Brinkley 12 (FLAS),

1931, 82, 0, 0,0, 1;!? lutea, Cruz 188 (FLAS), 1961, 52, 0,0,

0, 1; P into:, DId rcy 1538 (BL’5r8), 1967, 46,0, 0, 0, 1;)? lute,:,

Duncan 20230 (FLkS), 1956, 57,0,0,0, 0; P Inter:, Ear/es.n.

(BLAS), 1889, 124,0,0.1), 0; P/urea, Everss.n. (FLAS), 1936,

77,0,0,0, 1; P inter:, Hood 1677(FLAS), 1949,64,0,0,0, 1;

P lueea, Hood366(FLAS), 1947, 66, 0,0, 0, 1; P /ueea,Jasperst7

sn. (BLO,S), 1893, 120, 0, 0, 0,0; P /utea,Junes 15952 (FLAS),

1969, 44, 0,0,0, 1; P inter:, Keas.n. (F1.AS), 1933,80,0,0,0,

0; 1? /urea, Karl 7767 (FLAS), 1958, 55, 0, 0, 0, 1; 1? /ntea,

Loucks cfr Wests.n. (BIAS), 1927,86.0,0,0,0; P into:, Melvin

3589 (BIAS), 1956, 57, 0, 0, 0, 1; P lutea, Moore Lawrence

748 (Fi.AS), 1949, 64, 0, 0, 0, I; P lute,:, Murrills.n. (BIAS),

1941, 72, 0,0, 0, 1;!? /utea, Radji rd44855 (FLAS), 1966, 47,

0, 0, 0, 1; 1? lutea, Ran an. (BLAS), 1885, 128, 0, 0, 0, 1; P Iii-

tea, Ran in. (FLAS), 1884, 129, 0, 0, 0, 1; P lute::, Rot/i 291

(FLAS), 1893, 120, 0, 0, 0, 0; P lute::, Sen//in. (FI.AS), 1937,

76, 0, 0, 0, 1;Elutca,Shrpys.;:.(FLAS),1937,76.0,0,0,1;

1? lute::, Smith c/’ Ho4/on 964 (FI.AS), 1939, 7’i, 0, 0, 0, 1; P

lutea, Smith &Myinr287(FLAS), 1961, 52, 0,0,0, 1; P lute::,

South &Myint 49’o (FLAS), 1961, 52, 0,0,0. 1; Plntot, Smith

a.,:. (F1.AS), 1961, 52, 0, 0, 0, 0; P lute,:, WOrd & Smith 2545

(BIAS), 1961,52,0,0,0, 1; P lutea, W:rd 1276 (BLAS), 1959,

54, 0,0,0, 1; P /ueea, W:ret’ 6229 (PLAS), 1967,46,0,0,0, 1;

P lute,:, WEt &,inno/ds.n. (F1.AS), 1940, 73, 0,0,0. 1; P into:,

Wist &Arno/ds.n. (BIAS), 1940, 73, 0, 0, 0, 1; P lute,:, WEt

sn. (BIAS), 1942, 71, 0, 0, 0, 1; P lute::, lVist in. (BIAS),

1926,87,0,0,0,0; P lute,:, Wiggins 195/4 (BIAS), 1965, 48,

0, 0, 0, 1; P manclonii Chodat, Orgas247(MO), 2005, 7, 1, 3,

1, 2; P rncli/otoidts Chodat, Bidgood 6894 (MO), 2008, 5, 1, 1,

1, 2; P namba/ensis Gllrke, Bit/good 5349 (MO), 2006, 6, 1, 3,

1, 1; P ob/ongara (Bnitton) S.F Blake, Aliche/anec/i145i (NA),

2009,3, 1,3, 1,2; Ppanica/ac: L., Goodusir: 1o67(MO), 2010,

3, 1,3, 1,2; Ppanicu/aea, Labat39Ol (MO), 201)6,6, 1,3, 1,

2; Ppylis BalD., C’remcrs3707(MO), 1975,38,0.0,0. 1; P

persitani/fo/ia DC., Maxu’e//98-1083 (MO), 1998, 14, 0, 0, 0,

0; P petiriaru: A. Rich., Ghapmrm 9013 (MO), 1988, 24, 0, 1,

23; Rproducta N.E. Br., Sunçruse 684 (MO), 1983, 30, 0,0, 0,

1; P nrpicola Hochsn. & Steud., de Wi/dc 4930 (MO), 1969,44,

0,0,0, 1; 1? rnpicoia, tie Wi/dc 49.90 (MO), 1969, 44, 0, 0, 0, 1;

I? scnega inc lat/folia Torn. & A. Gras; Estes 9369 (MO), 2006,

6, 1, 3, 1, 1; P serpy///fb/ia Hose, Dclarrnay 1074 (MC)), 1973,
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40, 0, 0, 0, 1; 1? sibirica L., Bout/ors138265(MO), 2007, 5, 1,

3, 1, 2; P sibirica, Dunn Lin-Dong 679 (MO), 2004, 9, 0, 0, 0,

I; 1? sibirica, LiJi-Dcmg 631 (MO), 2004, 9, 0, 0, 1, 1; 1? sibir

ica, Song Jie 113c-U2 (MO), 2008, 5, 1, 3, 1, 2; 1? subopposira

S.K. Chen, Xiao Jian-xi 5594 (MO), 2003, 10, 0, 0, 0, 1; P

suboppositaS.K. Chen,Zhu2144(MO), 1999, 14,0, 0,0, 1;]?

crichotopha Chodat, IcLsxwell9P-300 (MO), 1999, 13, 1, 3, 1,

2; 2 usafi€ensisGurke, Bidgood 5336(MO), 2006,6, 1,3, 1, 1;

P variabilis Kunth, Groat 101601 (MO), 2011, 2, 1, 3, 2, 1; I?

i’erticitlata L..,lbbott25336 (FLAS), 2(110,2, 1,3, 1,2; P virga

to var. decora (Sond.) Harv., Iwarsson 1114 (MO), 1984,29,0,

0, 0, 1; 1? vi,gaca vso: decora, Mwangvka 5485 (MO), 2007, 5,

1, 3. 1, 1; P vulgaris L., Lewis 15901 (MO), 2004, 9, 0, 0, 0, 1;

P vul,çszris, Pignal 1763 (MO), 2001, 12,0,0,0, 1:9 we/wits

thu Chodat, Bidgood 8112 (MO), 2009,4, 0, 0, 0, 1;]? we/wits

chii, I4zmi 1.312 (MO), 2011, 2, 1, 1, 1, 1; Poygaloides cha

7naebuxus (L.) O.Schwaiz,Andrewss.n. (MO), 2007,6, 1, 1, 1,

2; Preromonnina herbacea (DC.) B. Eriksen, Laegaard 19731B

(MO), 1999, 13, 1,3, 1, 1; Rhinotropis (S.F. Blake) JR. Abbott,

Wi/dIr 10148 (MO), 2010, 3, 1, 3, 1, 2; Rhinotropis cornuta

(Kellogg) JR. Abbott, AIjart 13921 (MO), 2007.6, 0, 0, 0, 1;

R. subspinosa (S. Witson) J.R. Abbott, Yiehm 16221 (MO),

2010, 3, 1, 3, 1, 2; Sa/omonia Lour., Greiina,is 157 (MO),

20(11, 11, 0, I, 1, 1; S. cantoniensis, Noshiro 9760524 (MO),

1997, 15, 1, 3, 1, 1; £ cantoniensis, Noshiro 9830009 (MO),

1998, 14, 1, 3, 1, 2; Seczo-idaca 1.., Earom 156(MO), 2005,7,

1, 1, 1, 1; Securidaca L., l4ientes 7916 (MO), 2005, 7, 1, 3, 1,

1; Sccuria’acaL., Gercau 3854 (MO), 1991, 21,0,0, 1, 1; Seezi

nc/nra L., Gereau 4347 (MO), 1991, 21, 0, 0, 1, 2; Securidaca

L.,Jardim 1717(MO), 1998, 15,0,0,0, 1; Secunidaca L., W5

So-Gong 2615 (MO), 2011, 2, 1, 3, 1, 1; Secunidaca inappendre

u/ntis Hask., Fan 11382 (NA), 2012, 1, 1, 3, 1, 2; S. inappen_

dicu/at,:, Fan 11383 (NA), 2012, 1, 1,3, 1,2; S. ‘/vestrisSchlt

dl., Pena-C’hsc,trno 2883 (MO), 2007, 6, 1, 1, 1, 1; S.

welwitschuiOliv.,deKoning7o6a (MO), 1976,37,0,0,0,0; £

yaoshaoensis KS. Hao, Em 11400 (NA), 2012, 1, 1, 3, 1.2; S.

j’aoshancnsis, Rio I I’tOI (NA), 2012, 1, 1, 3, 1, 2; S. yaosl,anen

iii, Em Jj.sQ2 (NA), 2012, 1, 1, 3, 1,2. Portulaca (Portula

caceae) data set from herbarium specimens: Ponrulaca amilis

Spcg., Abbott 22102 (FLAS), 2006,7, 1, 1, 1, 1; P amilis, An

circus sn. (FLAS), 2003, 10, 1, 3, 2, 1; P a,nilis, Bhan sn.

(BIAS), 2006,7, 1,3, 1, 1; Pamilis, BnrkhalterlO684(FLAS),

1987, 26, 0, 0, 0, 0; 1? amilis, Creager 505 (FLAS), 1965,48,0,

0, 0, 0; P ansi/is, Easley 1024 (FLS), 1990, 23, 0, 0, 0, 0; 1?

amilis, Ezsterday 631 (FLAS), 1981, 32, 0, 0, 1, 1; P ami/is,

Ghslwn 4385 (FIAS), 1976. 37, 0, 0, 0, 0; P ann/is, Godfrey

79803 (FLA.S), 1982, 31, 0, 0, 0, 0; 11 ainilis, Godfrey 82428

(BIAS), 1987, 26, 0, 0, 0, 1; P anjitis, GoaD 903 (FLAS),

1988, 25, 1, 1, 1, 1; Pamuiis,Judds.n. (FLAS), 1979,34,0,0,

1, 1; P a,nj/is, Ma,tin 186 (FLAS), 2002, 11, 0, 0, 1, 1; P ansi

us, Notis 179 (FLAS), 2001, 12, 0, 0, 1, 1; P amilis, Penmys

1229 (FLAS), 1998, 15,0,0, 1, 1:9 amilis, Riley 198 (FLAS),

2001, 12, 1, 3, 1, 1; P amilis, Scudder 1086(FLAS), 1975, 38,

0, 0,0, 1; P ainilis, Scudder 952 (FLAS), 1973,40,0,0,0, 1:9

anzilis, Shuy 2129 (FLAS), 1978, 35, 1, 1, 1, 1; 11 anzi/is, Wi/

son 2 (BIAS), 1976, 37, 0, 0, 0, 0; P 0/erarea L., Ba/tacIt 11235

(FLAS), 1980, 33, (1, 0, 0, 0; P o/entcea, Balizelt 5619 (FLAS),

1973,40,0,0,0,0; P olernces, Burgiss.n. (FLAS), 1947,66,0,

0, 0, 0; P 0/entaca, Ow1-y2568 (FLAS), 1954, 59, 0.0, 0,0; P

otenrcea, Cnzigheads.n. (FLAS), 1956, 57, 0,0,0,0; P oleracea,

C’reager 424 (HAS), 1965, 48, 0, 0, 0, 1; P 0/crates:, DAr:,

2942 (FLAS), 1968, 45, 0, 0, 0, 0; P u/micra, Greenberg 195

(FLAS), 1991, 22, 1, 3, 2, 1; P oleracea, Gunter 148 (FLAS

1988,25,0,0, 0, 1; P o/eracea, J-foffinan 11 (F1.AS), 1963,51

0,0,0,0; P oteracea, Hou’ard 20851 (FLAS), 1992,21,0,0,0

1;]? oleracea, Lange 1514 (FLAS), 2012, 1, 1,3, 1, 1; P otenates

Martin 76 (FLAS), 2000, 13, 0, 0, 0, 1; P u/custer:, McCar.

10866 (FLAS), 1969, 44, 0, 0, 0, 1; P oleracea, ossbat/, 288

(FLAS), 1961, 52, 0, 0, 0, 0; P ole,ucea, Porter_Utley 95-2.

(FLAS), 1995, 18, 0, 1), 0, 1; P olcracea, Small 5471 (FLS

19)5, 98, 0, 0, 0, 1; P a/enrico, Smith 1648 (FLAS), 1967,46

0, (1,0,0; P oteratea, Smith 1872 (FLAS), 1967,46,0,0, 0,6

P a/crater:, Wests.n. (FLAS), 1932, 81, 0, 0, 0, 1. flibiscea

(Malvaceac) data set from herbarium specimens: Abelnzosch,

sagittifrlius (Kurt) Merr., Hiep HLFAS3O (MO), 2008, 3, 0,

1, 1; C’iei66rcgvsia humbertiana (Hochr.) Fryxell, Phi//ipsomz 395.

(MO), 1992, 19, 1,3.2, 1; Bombycidendran r’idnlw,iuni (Nave.

Merr. & KnIfe, Marmff 106605 (BIAS), 1949, 6q, 0, 0,0,

Hibiscus L.,Ar/e9fbor248 (MO), 1972,39,0,0, 1. 1; Hibiscs

L., Qiwen 6650 (MO), 1981, 30, 1, 3, 1, 2: Hibiscus L, Lu

7044 (MO), 1977, 34, 1, 2, 1, 3; Hibiscus L., Lorente 29

(MO). 1979, 32, 1, 1, 1, 1; Hibiscus L., Wi/son 96-1 (MO

1996, 15, 1, 2, 1,3; Hibiscus aspen Hook. f., Gil/is 6928 (F1_3

1968,45,0,0,0, 1; H. asper. Webens.n. (BIAS), 1966, 47,0,

0, 1; FL super, Wilmots.n. (BIAS), 1943,70,0,0,0, 1;JI cs

sius Garcke, Eichler 22299 (MO), 1977, 34, 1, 3, 1,2; H. ca

sins, Stewart 15084 (MO), 1935, 76, 1, 1, 2, 3; IL dimidi.;:

Schrank, Strudwitk3478 (BIAS), 1981, 32, 0, 0, 1, 1; II. tic

baniae Fryxell, Ho/rn-Nit/sen 2218 (MO), 1973, 38, 0, 0,0.

IL fir//ax Craven, ED.Wilson & Fryxell, Lear/s 4662 (MO

2001, 10, 0, 0, 0, 0; ILfisu/knerne Vollesrn, Mhono 69 (MC

2000, 11, 0, 0, 0, 0; FL fi’rnrgineus Ca’,’., Guyeler3l’J3 (M(

1989, 22, 1,3, 1, 2; IL frmrugineus, Lovett 3357 (MO), 158

22, I, I, 1, I; HJlrnigineus, Phill,psun 39-12 (MO), 1992, 1

1,3, 1,2; H. firwfb/iusUIhr., F/ia 6(MO), 1999, 12, 1,3,

H.flavsjir/ius, ErOs 3354 (MO), 1982, 29, 1,3, 1,2; Hf/nOr

/ius, Gereau 6414 (MO), 2000, 11, 1, 3, 1, 2; I-L f/echO Gür

S0’de/ 2588 (MO), 1961, 50, 0,2, 1, 3; H. JrOusns Roxhun

Guong 973 (MO), 2000, 11, 0, 0, 0, 0; I/ f/nec/lotus D0

Ba/tad 8351 (F1.AS), 1976,37,0,0,0, 1; H.f/rrce//atrrs, Cv;

225 (Fl_AS), 1967, 46, 0, 0, 0, 0; II. jsrrrclLnus. Curtiss 57

(Fl_AS), 1896, 117, 0, 0, 0, 1; H. Jirncc//arus, D1ncy 28’

(FI.AS), 1968, 45, 0, 0, 0. 1; H. f/tree/lotus, De/ane Ii

(Fl_AS), 1984,29,0,0,0, 1; Hf/tree/lotus, Gcnconys.n. (FI.A

2003, 10, 0, 0, 0, 1; H. firreelLitus, Guffry 65652 (FLA1

1964, 49, 0, 0, 0, I; H. Jirrce/latus, Hood i3I0 (F1,AS), 195

62, 0, 0, 0, 1; fI.fiircet/arus, McCsrt 11062 (BIAS), 1969,

0, 0, 0, 1; I-f f/tree/saws, Perkins s.n. (Fl_AS), 1937, 76, 0, 0,

1; H. f/tree/torus, Small 9494 (FLAS), 1920, 93, 0, 0, 0,0;

fOrce/incus, ‘Wirndedin 10188 (BIAS), 1985, 28, 0, 0, 0, 1;

gil/ceo Dr Wild., Luie’uika 235 (MO), 1996, 15, 0, 0, 1,2;

grandidieri Bail)., Randniataflka399 (MO), 2004,7, 1,3, I.

H. hama/so Siebold & Zucc., McFadden sn. (BIAS), 1959,

0, 0, 0, 1; H. heterophyl/us Vent., Henderson H2995 (Mi

1983,28,0,0, 1,2; II. hi/debrandtuiSpi.igue & Hutch., A/sr.,

goka3954 (MO), 2005, 6, 1,3, 1,2: H. hinrus L.,.4Ic(jen 101

(MO), 1975, 36, 0, 0, 0, 0; H. huegelii EndI., (ra9fre/dS)

(MO), 1978, 33. 0, 0, I, 2; H. isalensis Hochr. & Hunib,

Coors 026 (MO), 1955. 56, 0, 0, 0, 1; H. kirkii Mast.. L

642 (MO), 1987, 24. 1, 1, 1, 2; II. kirkii, Maui 1403 (511
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1972 39, 0, 1, 1, 1; H. /tokio Hillebr. Lx Wawra, Wood 3389

(MO,, 1994, 17, 0, 0, I 1; II. krieha4/anus B Much., (.onr.

wa1I295 (MO), 1977, 34, 0, 0, 1, 1; If /avatc’roides Moric. ex

See, Bned/uue 47595 (MO), 1980, 31, 1, 1, 1,2; H. iwateroi

des, Jones 178 (MO), 1986, 25, 1, 1. 1, 2; H. laxijlorusA. St.

HO., Heringer 2617 (MO), 1979, 32, 0, 0, 0, 1; H. lobatus

(Murray) Kun;zc, Bardot-1/auco,don 1628 (MD), 2007, 4, 1, 3,

0,0; H. lobatus, Dorr2728 (MO), 1984,27,0,0, 1, 1; II. tuba

isis, Hardcr365O (MO), 1996, 15, 1,3, 1, 2; II. lobams, Mas

sawe 383 (MO), 1999, 12, 1, 3, 2, 0; H. labatus, Smith 4108

(MO), 1983, 28, 1, 1, 1, 1; H. longifilus Fryxehl, Tenoria L.

20138 (MO), 2001. 10, 1, 3, 1, 1; H. lonçifilus, Thnorio I..

21310 (MO), 2001, 10, 1, 3, 2, 1; II. ludwigii Ecki. & Zcvh.,

Ellcmann 1083 (MO), 1994, 17, 1, 1, 1, 1; H. /udwigii, latches

24706 (MO), 2001, 10, 1, 3, 1, 0; H. IunarijhliusWihld., Ihiy

ombo 2595 (MO), 1999, 12, 1, 1, 1, 1; H. lunarsjblius, Mol/el

161 (MO), 2000, 11, 1, 3, 2, 1; H. inacrogonus Baihl., Ralima—

nana 332 (MO), 2003, 8,0, 0, 0,0; 1-1. ma,,dmreszsis Iluinbert

cx Hochr.. l’hil/ipson 3978 (MO), 1992, 19 1,3,2, 1; H. imir

tianus Zucc., Ward 5.712 (FLAS), 1966, 47, 0, 0, 0, 1; II. mar

tianus, Witson sn. (FLAS), 1938, 75, 0, 0, 0, 1; H. mastersianus

H(ern, Han/er 2851 (MO), 1995, 16, 0, 0, 0, 1; H. master

sianus, Schmidt 24 75 (MO), 1997, 14, 0, 0, 0, 0; H. mechawii

(;ircke, Mete/c 146 (MO), 1998, 13, 0, 0, 0, 1; H. ,nechou’ii,

Sfu’z,;gu/a,a 725 (MO), 2002, 9, 0, 0, 0, 0; H. ineyeri Hart,

I-Ludt 7156 (MO), 1990, 21, 0, 1, 2, 3; H. meyeri, Herman

1236 (MO), 1990, 21, 1, 3, 1, 2; U meycri, Kitcher 22642

(MO), 1999, 12, 1, 3, 1, 2; H. mieranthus L. C, Davidse 8430

(MO), 1974, 37, 0, 0, 1, 2; H. micranthus, Gobbo 33.9 (MO),

1999, 12, 1, 3, 1, 0: U ,nicmnthus, Ki,zdeketa i/Ha (MO),

2001, 10.1,3, 1, 1; H. micranthus, Kuchar23O98 (MO), 2000,

11, 1, 1, 1, 1; H. micranehus, Mcl’htrson 14939 (MO), 1990,

21, 1, 1, 1, 1; H. mic,a,sehus, .cmith 5700 (MO), 1994, 17, 1,3,

1, 1; 1-1. micranchus, Wllsing 56(MO), 1996, 15, 1,2, 1,3; H.

microcarpsic Gate)cc, Maku’are/a 30 (MO), 1997, 14, 1, 3, 2, 1;

H. migeodii Exell, Harder 4034 (MO), 1997, 14, 1, 3, 1, 1; H.

migeodu, l.uwiika 669 (MO), 1997, 14, 1, 3, 2, 1; H. mucabi/is

L, Butt/c;’ sn. (FLAS), 1948, 65, 0, 0, 0, 1; II. mutabi/is, West

cn. (FLAS), 1937, 76, 0, 1), 0, 1; Fl. mutabi/is, Williams sn.

(FIAS), 1929,84,0,0,0, 1; H. mutatusN.E. Br., leach 11328

(MO), 1961, 50, 0, 0, 0, 0; H. niricau/is llaker F., Luwiika

2353 (MO), 1996, 15, 0, 0. 0, 0; H. no/deae, Lot’ett 3287

(MO), 1989, 22, 0,0, 0, 1; H. nvikensis (Forssk.) Valil, [a Croix

4731 (MO), 1987, 24, 1,2, 1, 3; II. oxa1florus Bojer cx Baker,

flirt/cr 1547 (MO), 1993, 18, 1, 1, 1, 2; If palmatus Forssk.,

Bit/good 6187 (MO), 2006, 5, I, 3, 0, 1; if palmatus, Germi
shuizen 9.195 (MO), 1997, 14, 1, 1, 1, 2; U pandurif/irmis

Burm. C, Ash 1.348 (MO), 1971, ‘10, 1, 3, 0, 1; H. panduri_

finmis. Muse 1267 (MO), 1974,37,0,0, 1,2; U pandurf’orm

is, Aittrass 870 (MO), 1952, 59, 0, 0, 0, 2; If paramutabilis

LH. Baile; Bin 8533 (MC)), 1999, 12, 1, 3, 0, 0; H. pansnzu_

tabilis, Min-Xiang92346(MO), 1992, 19, 1,2, 1,3; U pain

mueabi/is, Zhonçhui 474 (MO), 2002, 9, 1, 3, 1,2; II. peduncu_

l,ltus L. F., Kemp 797 (MO), 1977, 34. 0, 0, 1, 1; f1.

peduncukitus, A!arque, 2875 (MO), 1976, 35, 0, 0, 1, 1; U

phoeniceus Jacq., Qimpos 610 (MO), 1999, 12, 1, 3, 1, 2; H.

phoeniceus, harmon 3488 (MO), 1970,41,0,0, 1,2; H. phae

mceus, Sterens 26928 (MO), 2008, 3, 1, 3, 1, 1; U phseniceus,

14s9uca272.17(MO). 2(10 1, 10,0,0,0,0; U physaloides Gui)).

&Perr., Bartl,elat 743 (MO), 2002,9, 1, 1, 1, 1; Uphysaloides,

Barthelat 935 (MO), 2002, 9, 1, 3, 1. 1; H. physaloides. de Nec

crc 3321 (MO), 1984, 27, 0, 0, 1, 1; II. physalindes. JiIu’ançtu

Lingo 318 (MO), 1999, 12, 1, 1, 0. 0; H. physa/sides,I3hi/lipson

3829 (MO), 1992, 19, 1, 3, 1, 0; H. physa/oldes. White 1421

(MO), 1995, 16, 1, 3, 1, 1; H. platanf1dius (Wihhd.) Sweet,

Brunibach 9411 (FLAS), 1978, 35, 0, 0, 0, 1; H. plest-sealyx

Mast., Schmidt 2365 (MO), 1997, 14, 1,3, 0, 0:11. p/aeycalvx.

Smith 2945 (MO), 1980, 31, 0, 0, 1, 2; II. poeppigii (Spreng.)

Garcke, Carnec’a/i 5939 (MO), 2000, 11, 1, 3, 1, 2; H. psp

pigii, Garcia 1210 (MO), 1988, 23, 1, 1, 1, 1; II. potppigii,

Thpia 1250 (MO), 2001, 10, 1, 3, 2, 1; H. praeterieus R.A.

Dyer, Tynn 49 (MO), 1991, 20, 1, 3, 1, 2; H. psneteritus, Ray

mondll7(MO), 1973,38,0,0, 1,2; 1-1. pusillusThunb.. Bay’

his 8490 (MO), 1978, 33, 0. 0, 1, 2; H. pusil/us, Bester 6s69

(MO), 2006,5, 1,3, 1, 1; Upusillus, Fynn3I (MO), 1991,20,

1,1,1, 1;H.pusi/lus, G1en2537(MO), 1991,20,1,1,2, 1;H.

pusH/us, Kemp 1170 (MO), 1977,34,0,0, 1, 1; H. pycnostcsnon

Hochr., Kityombo 3522 (MO), 2000, 11, 1, 2. 1, 3; H. pycnosre

man, Sitoni 1144 (MO), 2000, 11, 1, 3, 1, 2; H. indiarus (‘av.,

Grija/va 1500 (MO), 1982, 29,0,0,0,0; H. scidiatus, Guzsnass

1122 (MO), 1980, 31. 0, 0, 0, 0; II. rhodanthus GOrke cx

Schine., B,ryliss 10159 (MO), 1984, 27, 0, 1, 2, 3; H. slack in

thus, Brooks 186 (MO), 1990, 21, 1, 1, 1, 1; H. rhodinthuc,

Gcreau 5207(MO), 1993, (8, 1,3, 1, 1; H. rhodanthus, Han/er

1204 (MO), 1992, 19, 1,3,2, 1;!!. ribsfnliusA. Gras; Harbisan

sn. (FLAS), 1959, 54,0, 0,0, 1; H. rosa-sinensis L.,Avety 1669

(FLAS), 1976, 37, 0, 0, 0, 1; H. rosa-sinesuis, Dickey sn.

(FLAS), 1939.74.0,0.0, 1; H rosa-sinensis, Hussies.,,. (FLAS),

1949, 64, 0, 0, 0, 1; H. rosa-sincnsis, Mthrrlin 10420 (FL’S(,

1935, 78, 0, 0, 0, 1; II. rosa-sisiensis, 51cRzr/in 8892 (FL\S,

1934, 79, 0, 0, 0, 0; U rosa-sinensis, Iiiocr & Mazzeo /4305

(FLAS), 1973, 40, 0, 0, 0, 1; H rosa-sincnsis, Mcyer &Mazzeo

14306(FLAS), 1973, 40, 0, 0,0, 0; H. rosa-sincsssis, S/wan 963

(BIAS), 1982,31.0, 1,2,3; H. rosa-sinensis, Smirhs.n. (FLAS),

1979, 34, 1, 1, 2, 3; H. rostehltitus Gull). & Perr., lay 6323

(MO), 1984, 27, 0, 0, (3, 1; If rostel/atus, Festo 253 (MO),

1999, 12, 0, 0, 0, 1; H. sabdariffli I,., Wlsts.n. (FLAS), 19.13,

70,0,0,0, 1:11. schiszzii Gurke,7(Iarques sn. (MO), 1974, 37.

0,0, 1, 1; H. schinzii, Smith 3285 (MO), 1980,31,0. 1, 1, 1:

H. schizopeta/us (Over) Hook. 1., AfeQurt 9.367 (F1.AS), 1967.

46, 0, 0, 1, 1; H. schizopeta/us, W(utson sn. (FLS), 1939, 74, 0,

0, 0, 1; II. scotch/li Baker C, Gautier 28802 (MO(, (992, 19, 0,

0, 0, 1; IL se/la Gurke, Krapovickas 46128 (MO), 1994, 17, 1,

1, 1,2; H. sidhyrniis Baihl., PSzn/er .3835 (MO), 1997, 14, 1, 3,

1, 2; H. sidhyrsnis, Ratozososon 753 (MO), 2004, 7, 0, 0, 1, 1;

IL sidformis, Schmidt 2409 (MO), 1997, 14, 1, 1, 1, 1; H. si

nosyriacus I..H. BaiIey Lai 12 (MO), 1996, 15, 1, 3, 1, 1; H.

saLine/rn L’Hér., Ackzms 15001 (MO), 1983, 28, 0, 0, 1, 2; If

soma/cusis Franch., Gobbo 714 (MO), 2000, 11, 1, 3, 1, 2; II.

soma/ensis, Kv,ssmbo 2258 (MO), 1999, 12, 1, 3, 1, 1; H. sesua

mosus Huchr., lay 5866(MO), 1983, 28, (J, 0,0. I; H. squassso

sits, Madsen 6201 (MO), 1996, 15, 0, 0, 0, 1; U stennphjllus

Baker, La/mat 3658 (MO), 2006, 5, 1, 3, 1, 2; It scercuhsjlaus

(GuilL & Perr.) Steud., Dut’a/1374 (MO), 1999, 12, 1, 3, 2, I:

U seriatus Cay., Zanhini 57076 (MO), 2001, 10, 1, 1, 1, 1; U

seurtli Hook., Bern,srdt 10 (MO), 1982,29, 1, 1, 1, I; H. sts,rtii,

Latz 1.3519 (MO), 1993, 18, 1, 3, 1, 2; H. sturtii, Macanochie

1675 (MO), 1973, 38, 0, 0, 0, 1; IL sturtii, Macanochic 1692

(MO), 1973, 38, 0, 0, 0, 1; U su/trenformis Burn Days;

Grasu’enor 799 (MO), 1973, 38, 0, 0, 0, 1; If surattes,sis C.,



NI1uBIG FF AL132

CAiu’-IPeng 17869 (MO), 1999, 12,0,0,0, 1; H. surattr’nszs,

Album 365 (MO), 2000, 11, 0, 0, 0, 0; H. surattensis, M1:ngwa

1820 (MO), 2001, 10, 0, 0, 0, 0; II. .cyriacus L., Arnolds.n.

(FLAS), 1936, 77, 0, 0, 0, 1; H. syriacus, H,nrison dR.

3.1 (FLAS), 1975, 38, 0, 0, 0, 1; H. .cyriacus, W’’bcrs.n. (PLAS),

1932, 31, 0, 0, 0, 1; Ii thespcszsnus Bai!I., Nayes 1026 (MO),

1992, 19, 1, 3,2, 1; H. trionum L., Guacheng-yang20065-277-
4 (MO), 2006, 5, 1, 3, 1, 1; H. trionum, Henderson 95-760
(MO), 1995, 16, 1, 2, 1, 3; H. trionu,n, Tadesse 12038 (MO),

2005, 6, 1, 3, 2, 1; II. uncinel/us DC., Gil/is 9511 (FL4S),

197(1, 43, 0, 0, 0, 0; 1—1. nrtic(fb/ius A. St—i—li!. & Naudin, Fer

nandez C’asas 6181 (MO), 1982, 29, 0, 0, 0, 1; H. vitfrdmur L,,
Pierce 56 (i-LAS), 1952, 61, 0, 0, 0, 1; H. welbyi Sprague, de

Wila’e 5047 (MO), 1969, 42, 1, 1, 1, 1; Howittia trilocularis F,
Mud!., Nordenstam 1263 (MO), 1989, 22,0,0,0,0; Humber

tie//a Hochr., Mai(jakaheiy 110 (MO), 2006, 5, 1, 1, 1, 2;
Humbertic/la dccaryi (1-Iochr.) Dorr, Baum 385 (MO), 2003, 8,

0,0, 0, 0; H. decarvi, (Japuron sn. (MO), 1968,43,0, 1, 2,3;
II. decaryi, McPherson 1.1942 (MO), 1990, 21, 1, 3, 1, 1; H.
decarvi, Phi/lipson 2649 (MO), 1987, 24, 0, 1, 2, 3; IL a’eca?yi.
Pbi/lson 3473 (MO), 1990, 21, 0, 1, 1, 1; H. quantribeoules

Hi,ehr., Baum 389 (MO), 2003,8, 1,3,2,0; H. quararibeordes,

Luckou’ .1314 (MO), 1998, 13, 1, 3, 2, I; II. quararibeoides,

McP/’smm 17457 (MO), 1998, 13, 0, 0, 1, 1; Koste/etzkya re

f/zesjlone Hochr., Phi1/isso,z 2898 (MO), 1988, 23, 1, 1, 1, 2; K

mt,obnrccc’at,z Hochr., Bare/ut— Vaucoulon 1555 (MO), 2007, 1,

1, 3, 2, 0; Mahaviscus concinnus Kunth, Aral(jo—M. 874 (MO),

2004, 7, 1, 1, 1, 1; AL concinnus, Qi//ejas 10454 (MO), 1992,

19, 1, 1, 1, 3; SI. cuncinnus, Hammel 4096 (MO), 1978, 33, 0,

0,0, 1;jsL wi//iamsii U!br., Har/ing 16693 (MO), 1980,31,0,
I), 0, 1; A’!. willi,zmsii, McDaniel 15218 (MO), 1971, 40, 0, 0,

0. 1; Megistoserginin mic..vphv/Ium Hochr., Dorr 4110 (MO),

1985, 26, 0, 0, 1, 2; Al. micropby/lum, Dumetz 1245 (MO),
1990, 2!, 1, 1, 2, 1; N. mirrophy/lum, McPherson 14961 (MO),

1990, 21, 1, 1, 1, 1; N. micraphyl/um, Sc/lam 2967 (MO),

1990, 21, 1, 1, 1, 1; .11. microphyl/um, \llin’ 71 (MO), 1988,
23, 0, 1, 2, 3; N. izodu/osum (Drake) Hochr., Keating 22.2

(MO), 1989, 22, 1, 1, 1, 2; M. perriers Hochr., Schatz 2971

(MO), 1990, 2!, 0, 0, 0, 1; Pavonia Cay., A5h 2430 (MO),

1974,37,0,0, 1.2; Pazonia Cay., Friis 3351 (MO), 1982, 29,

1, 1, 2, 3; Pavonia alinacana U!br., Harley 55518 (MO), 2006,

5, 1, 3, 1, 1; P angustzjiz/ia Benth., I’hhl4ppe 21398 (MO),

1993, 18, 1, I, 1, i p ,znisaster (Stand!.) Fryxdll, Flores—Franco

3’91 (MO), 1994, 17, 1, 1, 1, 1; P ambica Hochsr. ex Steud.,

Ash 255 (MO) 1974, 37, 0, 0, 0, 1; P argentina COrke, A’iszpo

rickasjQ8l7(MO), 1977, 34, 1, I, 1, 2; P unrig/aba Krapov. &

Cristóbal, K’aporickas j754.1 (MO), 1998, 13, 1, 1, 1, 2; P
unrig/aba, Quarin 2908 (MO), 1975, 36, 0, 0, 1. 2; P betonici
fr/ia C. I’rcd, Pedersen 1.3’a07 (MO), 1982, 29, 0, 0, 1, 2; P
/urc/,ellii (DC.) R.A. Dyer, Bun/os 11106 (MC)), 1977, 3o, 0,0,

1,2; P burchel/ii, Rzzs;bnrinc/orc’5849 (MO), 2004,7, 1, 1, 1, 1;
P bnrche/lii, Simon 59 (MO), 1999, 12, I, 3, 1, 1; p burche//ii,

Venter 10222 (MO), 2003, 8, 1,3, 1,0; P cal vi,za Ulbr., Zimba

1000 (MO), 1997, 14, 1, 3, 1, 2; I? cancelLzta (L.) Cay., Hzber

8903 (MO), 1988, 23, 0, 1, 1, 1; P cance//tzta, Krapovickas

42905 (MO), 1989, 22, 1, 1, 1, 1; P z-anceliata, Short 152

(MO), 1996, 15, 1, 3, 1, 2; P castanel:!h/ia A. St.—1 lii. &
Naudin, Har/in524230 (MO), 1985, 26, 1, 2, 1, 3; P castazzei
fr/ia, Majfie/e/s.n. (MO), 2001, 10, 1, 1, 1, 1; P claehrata Mast.,

Ba/kwi//q332 (MO), 1989, 22, 1, 3, 1, 2; 1? coccinea Cay., Ge,,

tiy 50560 (MO), 1985, 26, 1, 1, I, 2; P co!ntne/Lz Car., Cbs;
,nan 8720 (MO), 1987, 24, 1, 2, 1,3; 1? co/nine/la, Loocridgi I.
(MO), 1961, 50, 0, 0, 0, 1; 1? cohzme/Lz, Sta/mans 1594 (MC
1987, 24, 1,3, 1,2; 1? cu/nme//a, Stalmans3l6 (MO), !98’,2
0, 1, 2, 3; 1/ communis A. St-Hi!., Zarrhni 8578 (MO), 198(

23, 1, 1, 2, 3;!? commutata GOzke, Krapovickas i3957MO
1992, 19, 1, 1, 1, 1; 1? ciptica Kzapov. & Cristóhal, Jimexe

845 (MO), 2008, 3, 1, 3, 0, 0; P cyinba/aria A. St.-Hi!.
Naudin, Proyecta Ventania 659 (MO), 1979, 32. 0, 0, 1, 2:
dasypczaLz ‘I’urcz., Foster 1455 (MO), 1969, 42, 0, 0, 0, 1;
dentata Burn Davy, Straub 152 (MO), 1983, 28, 1, 1. 2,3;.
dusenii Krapov., Krapouickas 41956 (MO), 1988,23,0,0, 1,..
I? eurych/amys U!br., Gntierrez 1046 (MO), 2004, 7, 1,3,2,
J?j/avispina Miq., Krapovickas 35498 (MO), 1980, 3!, 0, O,

1; Bfi.auofrmzginea (Forssk.) Hepper & JR.!. Wood, Liebenbe.
8828 (MO), 1977, 34, 0, 0, 0, 1; RfiuzuaJbrruginea, Simon 6
(MO), 2001, 10, 1, 3, 1, 1; 1?Jlrmosa Fryxd!, Apaza 82 (MC
2007, 4, 1, 3, 1, 1; I? friesii Krapov., Gutierrez 1116 (MC
2004,7, 1,3, 1, 1; Rfruticusa (Mill.) i-awe. & Rcnd!e, Mafit.
sn. (Sp. ID 585-585-1205J (MO), 2001, 10,0,0,0, 1; Pthc.
cos.,, McDaniel 23669 (MO), 1980, 31, 1, 3, 1, 1; Pfrzstic,.
Thy/ar 11637 (MO), 1994, 17, 1, 3, 1, 2; 1? jruticasa, Thz
1009 (MO), 2007, 4, 1, 1, 1, 1; Pfi7ve//ii Kiapov., Thrre.

12561 (MO), (988, 23. 1, 3, 2, 2; Pgankeana Giirke, Ham’
bach 43833 (MO), 1981,30,0,0,0, 1; I?garckeana. 17//ar,

2047 (MO), 2008,3, 1, 1, 1, 1; Pg’minzfionz Moric.,jsnsenj

cobs 2753 (MO), 1992, 19, 1, 3, 0, 0; P g/azioviana GOzL
PAtchy 18936 (MO), 1977, 34, 0, 0, 0, 1; 1? g/echomfb/irz (1
Rich.) Garcke, O’Brien 194 (MC)), 1985, 26, 0, 0, 1,
g/echomoidesA. St-Hi!., (JervantesE. 2.5(MO), 2006,5, 1,3..
2; 1? gsucilis RE. Fr., Nee38930 (MO), 1990, 21, 1, 1, 1,1;
grand(flom A. St-Hi!., Irwin 26532 (MO), 1970,41,0, 1,2,
Pguerkeana RE. Fr., Knzpot’ickzs 22998 (MO), 1973, 38 U.
1, 2; P guerkeana, 0/micra 238 (MC.)), 1980, 31, 0, 0, 1,2;.
har/eyi Krapov., Morim 1686 (MO), 1994, 17, 1, 1, 3, 1;
hassleriana Chodat, A’thpozickas 14588 (MO), 1993, 18,
1, 2; 1? hastaca Cay., Lepschi 534 (MO), 1991,20,1,1,2,3:
hastata, Villarroel 1414 (MO), 2007, 4, 1, 3, 1, 1; 1? haste
Zardini 56658 (MO), 2001, 10, 0, 0, 0, 0; 1? heterotricha Fm
dl, Nec 48381 (MO), 1998, 13, I, 1, 1, 2; p hierony,ni CO/s
Gutierrez 755 (MO), 2004, 7, 1, 1, 1, 1; 1? hieronymi GOr).
Luzano 1363-A (MO), 2005,6, 1.3, 1, 1; P hieronymi COrk
2arr/ini 29464 (MO), 1991, 20, 1, 2, 1, 3; 1? husizUiesa A. Si
Hi!., A7upozzickas 31548 (MO), 1977, 34, 0, 0, 1, 2: P immm.
km RE. Fr., F/ores 62 (MO), 2008,3, 1,3,2. I; Pionthiess:
Krapuv., Fuenees 3.326 (MO), 200!, 10, 1, 1, 1, 1; P kzlzn:anz
scharica Giirke, Mwasninbi 16187 (MO), 1992, 19, 1, 1,2,.
P ki/imandscharica, Simon 601 (MO), 200(1, 11, 1, 3, 2,
kutschyi Hochst. cx Webb, Wie/,ind 4q95 (MO), 1987, 2’.,
2, 1;]? kxzjklia A. St.-HiI., Solomon 13715 (MO), 1985, 26,
1, 2,3; 1? /eiocarpa Urb., Burch 2530 (MC)), 1970, ‘i! I,
3;]? /eucaneha Poepp. cx Garckc, Korning 47064 (MO), 198
28, 0, 0, 1, 2; 1? ,nacdouc’a/lii Fn’xc!l, Hernandez 2.318 (MC
1998, 13, 1, 1, 1, 1; 1? zualacaphy/la (Link & Otto) Garct
Ne/so,, 4685 (MO), 1971, 40, 1, 1, 1, 1; P zna/acophyl/.z, ID;s;
.3328 (MO), 1996, 15. 1, 1, 1, I: P martii Colla, Jru’in 233
(MO), 1969, 42, 0, 1, 2, 3; 1? mattoçrossensis RE. Fr., /6w;:
vickas ÷1410 (MO), 1993, 18, I, 1, 1, 1; P missionuol Ek
Krapovickas 1q835 (MC)), 1969, ‘(2, 0, 0, 1, 2; P montic,
Fryxell, A/varado c:. 728 (MO), 2002, 9, 1, 3, 1, 0: P ,nuIh/io’

I -

_______
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• A. St—Hi)., Killunki 588 (MO), 1994. 17, 1, 3, 1, 1; 1? mutisii

• Kuuth, Nec -s7856 (MO), 1998, 13, 1, 1, 1, 1; Ii narcissi

Krapov., Z..zrdini 9203 (MO), 1989, 22, 1, 1, 1, 2; P nayarensis

Frvxcll, Flares F 1302 (MO), 1989, 22, 1, 3, 2, 1; 1? opul(Jlia

S.Moore,Zzn’1jnj27616 (MO), 1991, 20, 1, 1,2,3; Poxphy1-

(Iris Dorm. Sm., Bus0’ 651 (MO), 1973,38,0, 0,0, 1; P oay

phvl/aria. Liesner5062 (MO), 1978,33,0,0,0, 1; P oxypbvltzr

ia, Villarruel4 (MO), 2004, 7, 1, 3, 1, 1; 1? paludicats Nicolsori

cx Fryxell. P,rr’astj]O’f (MO), 2001, 10, 0, 0, 1, 1; Ppaludico

is, Wort/siniron 21260 (MO), 1992, 19, 1,3,2, 1; l?paniculata

Cay., Hoenicka 49 (MO), 1988, 23, 1, 3, 1, 2; I? panicu/acrs,

laos 9 (MO), 1972, 39, 1, 1, 2. 3; 1? paniculaca, Milanowski 5

MO), 1993, 18, 1, 3, 1, 2; 1? panzculara, Wlsirefiorel 10126

MO), 1998, 13, 1, 3, 1, I; Ppatuliloba Hochr., Bezçnmo 329

MO), 2005,6, 1, 1, 1, 1; Rpcndulzjlzsra (Standi.) Standl., Fer

nrndez 333 (MO), 1992, 19. 0, 0, 0, 1; P perlwiana GOrke,

Dodson 8795 (MO), 1979, 32, 0, 0, 0, 1; 1? peruvian.s, 1-laber

680 (MO), 1934, 27, 0, 0, 1, 1; 1? peruviana, Morales 2759

MO), 1994, 17. 1, 1, 1, 1; P pcrur’iana, Nec 9761 (MO),

1974, 37, 0, 0, 0, 1; 1? pleurancheni (DC.) I’rvxell, ii’llcz V

11842 (MO), 1989, 22, 1, 1, 1, 2; Ppmemorsa Cay., Yourhed

737 (MO), 1998, 13, 1, 2, 1, 3; P procusnberrc Waip., Sultan

3760 (MO), 1969, 42, 0. 1, 2,3; Ppsrudotypha/aca Planch. &

Linden exTriana & Planch., Dc/pu/v 71 (MO), 1999, 12,0, 1,

1, 1; p ranrbai Krapov. & Cr(sthbal, Scur282(MO), 1999, 12,

1,3, 2, 1; P ,-a,nosissimusn (Arechav.) Fryxell & Krapov., K’apo

vickas 41933 (MO), 1988, 23, 0, 0, 1, 2; P rehmannii Szyszyl.,

Seielel’s’j84 (MO), 1967, 44, 1, 1, 1, 1; 1? rosen \Vall. cx Moris,

Casts/b N. 2103 (MO), 1993, 13, 0, 0, 1, 2; 1? rosen, Melendez

929 (MO), 2005, 6, 1, 2, 1, 0; P rupestris (Ilassl.) Krap<sv. &

Cristhbal, Perez 504 (MO), 1991, 20, 1, 2, 1, 3; P sitttzta A.

St.-Hil., Ksrzpor’ickas 35349 (MO), 1980, 31, 0,0, 1, 2; P sc/sic

dc,usaSretrd., JJwyer 7937 (MO), 1967,44,0,0,0, 1; Psrhie

c/nina, 0/heinz 287 (MO), 1931, 30, 0, 0, 1, 2; p schicdean.i,

Re;zs-Grrcia 7436 (MO), 2004, 7, 0, 0, 0, 1; 1? schimpc’riann

Hutch. & Daiziul, Friis 8856 (MO), 1998, 13, 1, 1, 1, 2; P

schssoskii Spreng., J’.nzpr’ckis 40761 (MO), 1987, 24, 0, 1, 2,

3; /? sencga/ensis Leismer, Davis/se 6379 (MO), 1974, 37, 0, 0,

1,2; Psensyaleissis Leisrner, Long 429 (MO). 1987, 24, 1, 1, 2,

3; P .ceneçnzic,zsis 1cistirer, Stevens 30 (MO), 2002, 9, 1, 3, 2, 1;

P sepiaislcs Frvxe(l & Krapov., Harling 223 08 (MO), 1985, 26,

1.i,2,3;Psepioides,Nee45332(MO), 1994, 17, 1.3, 1,0;P

sidiJb/ia Kunrh, Guareca 248 (MO), 1995, 16, 1.3, 1, 2; Ta/i

pzn:i Jsasrdtunz (I,. f.) Frvxell, Gaskins sn. (FLAS), 1959, 54, 1,

1, 1, 2; 7 tiliaceum (i..) Fryxell, W’sts.n. (FLAS), 1949, 64, 0,

0, 1, 1.

C) Frozen at -20C and -80C: C’hsysanthemum L. (Asteraceae),

Urhatid’ 7055 (LSL’), 1995, 18, 1, 3, 1, 2; Chrysushaninus de

psessus Nutt. (Asteraceae), Nd (NA), 2(101, 12, 1, 3, 1, 1; (Ynys

orI)r,,jnus Nutt. (Asteraccae), NA (NA), 2000, 13, 1. 3, 1, 2;

Loranders,nrzn spat/nt/ntis (I..C. Anderson) Urbatsch, R.P Rob

erts & Neubig (Asteraceae), PL4 (NA), 2001, 12, 1, 3, 1, 1;

Co/,onbuu/oria G.L. Nesorn (Asreraceae), Nil (NA), 2000, 13,

1, 3, 1, 1; Rue/bee/sin izmplcxicau/is Vahi (Astcraceac), Urhatsch

6440 (LSU), 1990, 23, 1, 3, 1, 2; Echinacea angnstfis/ia DC.

(Asteraceae(, Bollicks.n. (LSC), 1995, 18, 1,3, 1, 1; Echinacers

pus/aims (I..) Moer,ch (Asrcraceac), Urbane/s 7050 (1.SU),

1995, 18, 1, 3, 1, 1; Pci macca purpurea (I..) Moench (Asterace

Sc), Urbane?, 5879 (LSU), 1989, 24, 1, 3, 1, 1; Eehin.sce,s nsa-

guinea Nun. (Astersceae), L]ibaesch 6001 (LSU), 1989, 2q. 1,3,

1, 1; Ericameria b/oomcri (A. Gray) J. F Machr. (Asteraceae), NA

(NA), 2000, 13, 1,3, 1, 1; Ericasneriagilnsanis (S.F. Blake) G.L.

Nesom (Asteraceae), Nil (NA), 2001, 12, 1, 3, 1, 1; &Sermcrii

land b/ia (A. Gray) Shiriners (Astcraceae), NA (NA), 1992, 21,

1, 3, 1, 1; Enicameria liacarijislia (DC.) Urbatscb & Wussow

(Asteraccae), NA (NA), 2001, 12, 1, 3, 1, 1; Er/earner/i Isana

Nun. (Asteraceae), NA (NA), 2001, 12, 1. 3, 1, 1; Ericainenis

paniculaca (A. Gray) Rydb. (Asteraceae), Nil (NA), 2001, 12, 1,

3, 1, 1; Ericamenia paris/sii (Greene) H .M. Hall (Asteraceac),

Nd (NA), 1995, 18,0,0, 1,2; EthwmcriatcretUblia (Durand &

Hug.) Jeps. (Asteraceae(, AM (NA), 2001, 12, 1, 3. 1, 1; Er,

casneria zionis (L.C. Anderson) CL. Ncsom (Astcraccae(, iVA

(NA), 2000, 13, 1, 3, 1, 2; Eurybia (Cass.( Cass. (Asteraceae),

1VA (NA), 2001, 12, 1, 3, 1, 1; Gail/arc/ia aestivalis (Walter) H.

Rock (Asteraccac), llrbatsch 7057 (LSU), 1995, 18, 1,3, 1, 1;

Helnihim bige/ovii A. Gray (Asteraceae), Urbane/s 698 (LSU),

1990, 23, 1,3, 1, 1; Ratibidapinnita (Vent.) Barnharc (Asters

ccae), Urbane/s 6518 (LSU), 1990, 23, 1, 3, 1, 1; Rue/bce/sir .il

picoLs Piper (Asteraceae), Urbane/s 6810 (LSU), 1900, 23, 1, 3,

1, 1; Rua’beckia fidgie/.ez Airon (Asreraccae), Urhaesch 7117

(LSU), 1996, 17, 1,3, 1,2; Rue/beckiafiz/gicbrAiron (Astrrace

SC), Urbane/s 7118 (LSU), 1996, 17, 1, 3, 1, 2; Rudbcckiafiz1’-

idaAiton (Asteraceae), Urbane/s 7106(LSU), 1996, 17, 1,3, 1.

2; Rndbeckiagrandijlora (Sweet) J.F. Gmel. cx DC. (Asteraccac),

Urbatsc/, 5866 (LSU), 1989, 24, 1, 3, 1, 1; J?zie/bcckia hirta L.

(Asreracese), Urbatsch 6607 (LSU), 1990. 23, 1, 3, 1, 2; Rod

bee/sin hirta L. çAstcraceac), Urbatsc/s 7/15(LSU), 1992, 21, 1.

3, 1, 2; Roilbeekia klamarhensis PB. Cox & Lrbatsch (Asterace—

ae), Ur/’atseh 6801 (LSU), 1990, 23, 1, 3, 1, 1; Rudhcckia Ide/n-

inca I.. (Asrcrsceac), NA (NA), 1992, 21, 1, 3, 1, 1; Rod/sec/sin

snissouriensis Engelm. cx CL. Boynron & Beadle (Asreraceae),

NA (NA), 1996, 17, 1, 3, 1, 1; Rue/bee/s/a missouriensis Engclni.

cx CI.. Boynton & Beadle (Astciaccae), Urbatsch 7115 (1.SU),

1992, 21. I, 3, 1, 2; Rue/beckis mo/,rii A. Gras’ (Asteracese),

Urbatsch 6701 (1.SU), 1990, 23, 1, 3, 1, 1; Ruelbeckia s,zohriz A.

Gray (Asteraceac), Urbstsch 6703 (1.SU), 1990, 23, 1, 3, 1, 1;

Rue/bee/sin nitia’a Nun. (Aszeraceae), Urb,ztscl, 6659 (LSU),

1990, 23, 1, 3, 1, 1; Rue/beck/a cr//aba L. (Asreraceae), U,l’anch

6262 (LSIJ), 1989, 24, 1, 3, 2, 1; Silp/siusn coinposituin Michx.

(Asteraceae), Urbstsch 6626(1.SU), 1991), 23, 1,3, 1, 1; Si/phi

urn compositum Michx. (Asreraceac), (hbscsch 6678 (LSU),

1990, 23, 1, 3, 1, 1; SinaI/ant/sos lives/a/ia (L.) Mack. (Asccracc—

re), Urbatse/s 7020 (LSU(, 1994, 19, 1,3. 1, 1; Th,zescusA. Nel

son (Asreracese), NA (NA). 2001, 12. 1.3, 1, 1; Chr’soc/,rrnnus

Nun. (Astcraceac), Nd (NA), 2000, 13, 1,3, 1, 1; (95’cthia am

plexinrulis (Nutt.) Nun. (Asreraceac), Urbatsch 6809 (LSU),

1990, 23, 1,3, 1, 1; (‘cthia Nun. (Asteraceae), Urbrtsc/’ 6800

(1.SU), 1990, 23, 1. 3, 1, I: G/,y/itsi,s rrirea,zchos L. (Fabace,ic).

Urbane/s 7041 (l.SU), 1995, 18, 1. 3, 1, 2; Sassafras albidurn

(Nun.) Nees (1.auraceae), Urbsrsch 6507(LSU), 1990, 23, 1,3,

I , I ; Amir,zt/sions muscites.yicu,n (Wa! rcr( A. Grac (Melirnsh ace—

Se), Nil (NA), 1995, 18, 1, 3, 1, 1; C’/samae/irium WilId.

(Melanthiaceae), NA (NA), 1999, 14, 0, 0, 0, 1; I1’nicrnrn ca/i—

f/mi/turn Durand (Melanrhiaceae), NA (NA), 1995, 18, 1, 3, I

2; Zsgesdenus ilcasus (De.sr.) Fcrssald (Mclanrliiaceae), I’P4 (NA),

1905, 18, (1, 0, 0, 0; Zrga/ersns i/c? us (Desr.) Fcrnald (Mc(an

rhiaccae(, zMd (NA), 1995, 18, 1,3, 1, I; Zic,rae/cszus ,sutt5//ii (A.

Gray) S. \Vatson (Melanthiaceae), Nil (NA), 1995, 18, 1, 3, 1,

1; The/errs Jlar’us (L.) Hirclrc. (Poaceae), NA (NA), 1998, 15, 1,
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3, 1, 2; TridensJkz’us (L.) Hitchc. (Poaceae), NA (NA), 1998.

15, I, 3, 1, 2; ThicJensfiat’us (L.) Hitchc. (Poaceae), NA (NA),

1998, 15, 1,3, 1, 1; Tridensstrictu5 (Nutt.) Nash (Poaceae), NA

(NA), 1998, 15, 1, 3, 1, 1; Zanthoxylum ciava-herculis subsp.

fruticosurn (A. Gray) Reynel (Rutaceae), NA (NA), 1998, 15, 1,

3, 1, 2. Silica-dried and in falcon tubes: Aistroerneria L.

(Aistroemeriaceac), Zorn/efrr 722 (FLAS), 1999, 14, 0, 1. 1, 1;
Zephvranthcs Herb. (Arnaryllidaceae), Pittillo s. n. (FLAS), 1999,

14, 1, 1, 1, 1; Zephyranthes Herb. (Arnaryllidaceae), Pittitto so.

(FLAS), 1999, 14, 1, 1, 1, 1;ZephyranthesFlcrb. (Amaryllidace

ae), Pitti//o sn. (FLAS), 1999, 14, 0, 1, 1, 1; Ike opaca Anon

(Aquifoliaccae), So1tisin. (NA), 1995, 18, 0, 2, 1,3; I’oa’ophyl

turn pekitut,z L. (Berhcridaccae), Soltis 2522 (NA), 1995, 18, 1,

3, 1, 1; flrexia rnaa’agascariensis (Lain.) Ker Gawl. (Celastrace—

ae), Herbst so. (NA), 1995, 18. 1, 3, 1, 1; G/oriosa sup erba 1..
(Coichicaccac), Zonzlefrr 69 (FLAS), 1997, 16, 0, 1, 1, 1; Jug

tans nigm L. (juglandaceae), Sol6s 2520 (NA), 1995, 18, 0, 1,

2, 3; Lu/urn catesbaci Walter (Liliaceae), Zornlcler 767 (FLAS),

1999, 14, 1, 3, 1, 1; Arnianthium muscitoxicum (Walter) A.

Gray (Melanrhiaceae), P.91 (F1.AS), 1999, 14,0, 1, 1, 1; Amian

thiurn ,nuscitoxicurn (Walter) A. Gray (Melanthiaceae), NA

(FLAS), 1998, 15, 0, 1, 1, 1; Arnianthiurn rnuscztoxjcu?n (Wal

ter) A. Gray (Melanthiaceac), Pitti/lo Sn. (FLAS), 1999, 14, 0,

1, 1, 1; Arnianthiun; inuscitoxicum (Walter) A. Gray (Melantisi—

aceac), Pittillo sn. (FLAS), 1999, 14, 0, 1, 1, 1; Arnianthium

;nuscjtoxjcu,n (Walter) A. Gray (Melanthiaceae), I’ittillo sn.

(FLAS), 1999, 14, 0, 1, 1, 1; Amianthinin muscitoxicurn (Wa!

ter) A. Gray (Melanthiaceac), Zo;nlefer 716 (FLAS), 1999, 14,

1, 3, 1, 1; A,ni,;nt/siu,n ,nuscitoxicum (Walter) A. Gray (Melan—

thiaceae), Wykle3O5 (FIAS), 1999, 14.0, 1, 1, 1; c/sumac/in

urn luteum (I..) A. Gray (Melanchiaccac), Wkbola’t 10170

(FL’.S), 1999, 14, 1, 3, 1, 1; Itfelant/,ium /utfilium Desr.

(Melanthiaceac), NA (PLAS), 1999, 14, 1, 3, 1, 1; Me/anthium
/.rtzflutiuin Desr. (Melan tl0accac), W’/ebole/t s. n. (FLAS), 1999,
14, 1,3, 1, 1; AIeI;,tthiu?n kt(fiitiurn Desr. (Melanthiaceac), Pit—

ti/to sn. (FLAS), 1999. 14, 1, 3, 1, 1; Me/anthiurn laq/hliurn

Dcsr. (Melantltiaccac), P/rd/u sn. (FI.AS), 1999, 14, 1,3, 1, 1;
MeLinthium parviJlorum (Michx.) S. Watson (Melanthiaceae),
Pittilto sn. (FLAS), 1999, 14, 0, 1, 1, 1; Me/anthiurn parv(flo_

rum (Michx.) S. Watson (Mclanrhiaceae), J’itti/lo so. (FLAS),

1999, 14, 0, 1, 1, 1; Me/antIs/urn parv(florum (Michx.) S. Wat

son (Melanrhiaceae), P/tel/la sn. (FLAS), 1999, 14. 0, 1, 1, 1;
Aic/anthium parvijlorum (Michx.) S. Watsoi, (Mclanthiaccae),
Pitti//o sit. (FLAS), 1999, 14, 0, 1, 1, 1; Me/auth/urn mrg;nicum

L. (Melaitthiaceae), NA (FLAS), 1999, 14, 1,3, 1, 1; Me/antI/i-

urn vilginicurn L. (Mclartthiaccae), Zom/4/r 697 (FLAS), 1998,

15, 0, 1, I, 1; Schoenacaulan dubiurn (Miclix.) Small (Melanthi—

acme), T-673 (FLAS), 1998, 15, 0. 1, 1, 1; Schoenocauton teas!

nun; Schtcle (Melanthiaceae), S/vincI/i 4712 (FLAS), 1999, 14,

0, 1, 1, 1; ScJs,enocau/an tc’xa,turn Scheele (Melanthiaceae), Si;’

inski .836 (FLAS), 1999, 14, 1, 3, 1, 1; Schoenocan/on texanurn
Scheele (Mclantbiaccae), W(rthington 28255 (FLAS), 1998, 15.

1, 1, 1 , 1; Schoenocaulon tcxannm Seheele (Melanthiaueae),
1V/’ndt 7016 (FLAS), 1999, 14, 1, 3, 1, 2; Stcnanthiuingrarnine
urn (1/ar Gawl.) Mororig (Melanthiaceac), (i/joLson 12683

(FLAS), 1999, 14, 1, 3. 2, 1; Stenanthiurn gnirnineunz (Ker

Gawl.) Morong (Melantlsiaceae), Wjsk/e 308 (FLAS), 1999, 14.

0, 1, 1, 2; Stenanthiurn grarnineu?n (Ker Gawl.) Morong

(Melanthiace.se), Pitt//to sn. (FLAS), 1999, 14, 1,3,2, 1; Tnt—

hum mscu/aturn Raf. (Melanth iaceae) . Winiten so. (FLAS),

1998, 15, 1,3,2, 1; Yix.,trurn a/burn L. (?.lelanihiace.te), A

st/bach sn. (FLAS), 1999, 14, 1, 3, 1, 1; ((icstru,n cuI/1srnic

Durarid (Melanthiaceac), Roth 1012.; (FLAS), 1999, 14, 1,

1, 1; Veratrum ca1fornicurn Durand (Melanthiaceae), A
1012b (F1.AS), 1999, 14, 1,3, 1, 1; Veratrurn cahjbrnicuio I

rsnd (Melanthiaceae), Sivinski 4985 (FLAS), 1999, 14, 1,3

2; Metinthiurn parviJ/oruin (Michx.) S. Watson (Melanthic
ae), 1Vvkte 307 (FLAS), 1999, 14, 1, 1, 1, 1; 11’rarrum

(Melanthiaceae), Gerald Smith sn. (FLAS), 1999, 14, 1,3,

Femtrum v/ride Aiton (Mclantliiacr.se), (5k/e 306 (FL!

1999, 14, 1, 3, 2, 1; Vcratrurn uinidc’ Anon (Slelantitiace.

Wieboldt 101 72(FLAS), 1999, 14, 1,3, 1, 1; Meiinihiurn is

dii U.W. Robbins cx AIph. Wood) Bodkin (Melanthiaceac),
(FLAS), 1998, 15, 1, 3, 2, 1; Melanthiurn woodii (J.W. Rob1

cx Mph. Wood) Bodkin (Melanthiaceac), Gho/ion sn. (FL!
1999, 14, 1, 3, 1, 1; Zigadenus densus (Desr.) Fernald (Mel
thiareae), NA (FLAS), 1998, 15, 1, 3, 2, 1; Zigadenus s/er

(Desr.) Fern.,ld (Melanthiaceae), VA (FLAS), 1998, 15,0, 1

1; Zgadenus e/egans Putsh (Melanthiaceac), Sit’inski .1

(FLAS), 1999, 14, 1, 1, 1, 1; Zigadenus exa/titus Eastw. (Md
thiaceae), NA (FLAS), 1999, 14, 1. 1, 1, 1; Zigadenusg/abs
outs Michx. (Melatttlnaceae), Zorn/efrr 696a (FLAS), 1999,

1, 1, 1, 1; Z;ade,;us e/cgans PursIt (Melanthiaceac), NA (FL!

1999, 14, 1, 3, 1, 1; Zigadenus venenosus van gisimineus (Ryr

OS. Walsh cx CL. Hitchc. (Mclanthiaceae), Siviuski 4t

(FLAS), 1999, 14, 1, 2, 1, 3; Zigac/cnus ,nicranthus Ea

(Melantltiaccae), NA (F1..AS), 1999, li, 0, 1, 1, 1; Zigadi

mogo//onensis WJ. Hess & Sivinski (Melanthiaceac), Sivinsi

Thnne 5106 (HAS), 1999, 14, 1, 3, 1, 0; ZiLadenus ,zutta//ii

Gray) S. Watson (Melantlriaceae), Wendt 7013 (FL”kS), 11
14, 1, 3, 1, 1; Zigadenus virescens (Kundt) J.E Macbr. (Me’

thiaceae), Sivinski 4973 (FLI/S), 1999, 14, 1, 3, 2, 1;
alba L. (Moraceae), Soltis 2518 (NA), 1995, 18, 1,2, 1,3; /
tolacca americana L. (Pliytolaccaceae), Salt/s 2523 (NA), I’s
18, 1, 3, 1, 1; Popu/us gisudidentata Miclix. (Salicaceac), l’it.

so. (FLAS), 1999, 14, 0, 1, 1, 1; l’opulusgsnndidentata Mir
(Saliraceac), Pitti//o sn. (FLAS), 1999, 14, 0, 1, 1, 1; Viii.

(Vit..ceae), So/tic 2519 (NA), 1995, 18, 0, 1,2,3. ilica-d
in glass jars: Acineta chrysantha (C. Mr.srien) Lindi. & Pa:,
(Orchidaceae), Whitten 95031 (FLAS), 1995, 18, I, 3, I
Benzingia reichenbachiana (Schltr.) DressIer (Orchiclsceae),

(FLAS), 1995. 18, 0, 1, 1, 1; C’irnhaea depenc/ens Loudon
cltidaccac), WI/itten 93152 (FLAS), 1995, 18, 0, 1, 1, 1;
rhaea pa//ida Lindi. (Orchidaceae), NA (FLAS), 19’)5, 18,1.

1, 1; cae/iopsis hyacinehosma Rchb. £ (Orchidaceae), lFisi

93153 (FLAS), 1995, 18, 0, 1, 1, 1; Gongors: cassidea Rtlti

(Orehidaceae), Whitten 90532 (FLAS), 1995, 18, 0, 1, 1
Gongara chocoensis Jenny (Occhidaceae), Whiuts, 91
(FLAS), 1995, 18, 0, 1, 1, 1; Gon0orsi erect.; \Vhittc;t
D.E.fleitn. (Orchidaceae), Bennett 4700-i (FLAS), 1995, Ii’
1, 1, 1; Gonç’ora hintzii Dodson & N.H. Williams (Orchid,
ae), Whitten 93109 (F1.AS), 1995, 18, 0, 1, 1, 1; Gungoist to
cl/i/a Lern. (Orchidaceae), Whitten 3241 (FL5cS), 1995, 11.

1, 1, 1; Googora scaphspharus Rrlib. £ & Warsz. (Dccli idace

Whitten 87145 (FLAS), 1995, 18, 0, I, 1, 1; Kegc/icIL; atm1

sa GO. Williams & A.H. Heller (Orchidaceae), Hi/Is 87
(FlAS), 1995, 18, 0, 0, 0, 0; Kege/ie//a kuppeni MansE (Or
daceae), NA (FT.AS), 1995, 18, 0, 0, 0, 0; Lueds/ernannia Rr

£ (Orchidaceae), NA (FLAS), 1995, 18, 0, 1, 1, 1; Penis,

Hook. (Orchidaceae), U2hitten 90121 (FLAS), 1995, 18, 1,
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1, 1; Pcsc,rtore, Rchb. F. (Orchidaceac), W/,irtc,i 930q1 (FLAS),
1995, 18. (1. 1, 1 1; Stinbopea grtzndf/vra (Lodd.) Lindl. (Or—
chidaceac), (‘/um’9017’1(FLAS), 1995, 18,0, 1, 1, 1; Stanho
pea x)’triuphonl Rhb. C (Ord:idaceae), AH (FLAS), 1995, 18,
0, 1, 1, 1; Xy/obium collLyi (Bateman cx Lindl.) Rolfe (Orchids
ceae), Whitten 2825 (FLAS), 1995, 18, 0, 1, 1, 1; Xylobium Ic
oneoglossuin (Rchb. f.) RoWe (Orchidaccae), Whieten 91384
(FLAS), 1995, 18, 0, 1, 1, 1. Silica-dried in Ziploc bags:
Agarhis inccolara With. (Araucariaceae), Plunkeit 4676 (NA),
1997, 16. 0. 0, 0, 0; Ba/anophoraJ.R. Forst. & C. Forst. (BaJa
nophoraceac), PIunkete47U2 (NA), 1997, 16,0,0,0,0; Berber—
is lebmannu Hieron. (Be:heridaeeae), Whitten 2314 (FLAS),
2003, 10, 1, 3, 1. I; Aptei3a aphylla (Nutt.) Barnhart cx Small
(Burmanniaceac), Whitten 2321 (FLAS), 2003, 10, 1, 3, 1, 1;
Epigata isizeica Maxim. (Eticaceae), Tategama sn. (NA), 1994,
19, 0, 0, 0, 1; (Yadmstis lute,, (Michx.) K. Koch (Fabaceac),
(4astony sn. (NA), 1993, 20, 1, 3, 1, 1; Bonamia ‘ihouars
(Gesneriaceae), Whitten 2320 (FLAS), 2003, 10, 0, 0, 0, 0; Ri
bet aureum I’ursh (Grossulariaceac), Brunfeltl sn. (NA), 2005,
8, 1.3, 1, 1; Aghua mericlionalis Pannell (Meliaccaci, NA (NA),
1997, 16, 0, 1, 1, 1; Myrteo/a 0. Berg (Mvrtaceae), Whiteen
2311 (FiAS), 2003, 10, 1, 3, 1, 1; Qyptocentrwn latifiu’iiim
Scliltr. (Orchidaceac), Whitten 2349 (FL.AS), 2003. 10, 1,3, 1,
I; (2yptoccntrum Islrn,annii (Rchb. C) Garay (Orehidaceac),
Whitten 2325 (FLAS), 2003, 10, 1, 3, 1, 1; Ciypeocentrnni
Benth. (Oi,hidaccae), Whitten 2322 (FLAS), 2003, 10, 1,3, 1,
1; Crypeocenrruin Bends. (Orchidaceae), Whitten 2324 (FLA.S),
2003, 10, 1, 3, 1, 1; cc7ptocentrum atandkyi Ames (Orchidacc
ic), White,’,, 2323 (FLAS), 2003, 10, 0, 0, 0, 0; Cyrtochiluin
.:urcum (LindI.) Senghac (Orehidaceae), Whitte,, 2.354 (FLkS),
2003, 10, 1, 3, 1, 1; (‘rtochilu,n Kuntli (Orchidaceac), Whiteen
2352 (FLAS), 2003, 10, 1, 3, 2, 1; Dichaeapanamensis Lindl.
(Orchidacae), Wbittc’n 2348 (FLAS), 2003, 10, 1,3, 1, 1; Di
c/,aoz Lindl. 3ireliidaccacj, Whieten 2329 (FLAS), 2003, 10, 1,
3, 1, 1; FIhinchus ,zuranriacus (LindI.) Rdb. f. (Ordsidaceae),
Whitten 2355 (FLAS), 2003, 10, 1,2,3, 1; Epidendruns L (Or
chidaceac), Wljitten 2336 (FLAS), 2003, 10, 1, 3, 1, 1; Epii1’n-
drum L. (Orchiiiaueae), White,’,, 2345 (FLhS), 2003, 10, 1, 3,
1, 1; Epic/em/run; L. (Orehidaceac), W%iteen 2,351 (bIAS),
2003, 10, 1, 3, 1, 1; Ec-ycina punsilio (Rchb. C) NI-I. Williams
& MW Chase (Orchidaceae), Whitcen 2341 (bIAS), 2003,
10, 1,3, 1, 1; lonopsis utricularialdes (Sw.) Lindi. (Orchidaceae),
(C/bitten 2346 (FLAS), 2003, 10, 1, 3, 2, 1; Koel/enseeinia gram-
inca (Lindi.) Rchb. C (Orchidaceae), White,’n 2319 (HAS),
2003, 10, I, 3, 1, 1; Ko,mnt:3a rninut(f/ora Dodson & N.H.
Williams (Orchidaccac), Whit,’,”, 2371 (FLAS), 2003, 10, 1. 3.
1, 1; IiIaxdlaria angustissima Ames, FT Hubb. & C. SchweinE
(Orchidaceac), iC/bitten 2338 (FLAS), 2003, 10, 0, 1, 1, 1;
Man/Lena angustissirna Ames, FT. Hubb. & C. Schwcinf. (Or—
chida<e,ce), Whietes, 2361 (FLAS), 2003, 10, 1, 3, 1, I; M,xil
lana atu-es ([‘oepp. & End).) L.O. Williams (Orchidaceac),
White,’,, 216 (FLAS), 2003, 10, 1, 3, 1, 1; Maxillezria auyan—
tepuiensis F,,ldats (Orcl,idaeac), Whieeen 2.347 (FLAS), 2003,
10, 1,3,2. 1; j(IanilLsri,, auvaiscepuiensis Foldars (Oreltidacese),
Whim’,, 2360 (HAS), 2003, 10, 1, 3, 2, 1; MaxilLrria ba/ha
menus C. ScliweinC (Orclsidaccae), Whitten 2365 (FLAS), 2003,
10, 0, 0, 0, 0; Mare//aria confrsa Ames & C. ScltweinE (Orchi
daccac), iC/bitt,’,, 2367 (FLAS), 2003, 10, 1,3. 2, 1; Marl//aria
:r,ptobu/hcn Carnevali & J.T Atwood (Oichidace:ie), Whitten
2300 (FLAS), 2003, 10, 1, 3, 1, 1; !Vhsxi/L5, iucul/aea Lindi.

(Orchidaccae), Whitten 2301 (PLAS), 2003, 10, 1, 3, 1, 1;
Jtlaxi/Lrri,, discolor (C. Lodd, cx 1.indl.) Rchb. F. (Orcindaceac),
Whiteen 2.350 (FLAS), 2003, 10, 1, 3, I, 1; sll:tri//aria diuturna
Ames & C. SchweiccC (Orchidaceac), Whitten 2305 (FLAS),
2003, 10, 1, 3, 1, 1; !iI,,xi/Lsnia equitans (Sch!;r.) Garay (Orchi
daceae), Whitten 2309 (PLAS), 2003, 10, 1,3, 1, 1; ALixil/amia
era/rae, (Kraenzl.) C. SchweinE (Orchidaceae), Wbieecmm 2332
(FLAS), 2003, 10, I, 3, 1, I; Afaxi/lania exaltata (Kraenzl.) C.
SchweinE (Orchidaceae), Whitten 2333 (FLAS), 2003, 10, 1,3.
1, 1; Maxil/aria grad/is 1,odd. (Orclsidaccac), Whittcn 2303
(FLAS), 2003, 10, 1,3. I, 1; £suvcto’a L,e,’iLtbris (Lindl.) MA.
Blanco (Orcludaceae), IC/bitt,’,, 2358 (FI.AS), 2003, 10, 1, 3, 1,
1; Saucier,’, /ae,’i/,thnis (Lindl.) MA. Blanco (Orchidaccac),
Whieten 2372 (FLAS), 2003, 10, 1, 3, 1, 1; Man//aria ,i,,rdois/cs
Kraenzl. (Orchidaceae), Whitttn 2359 (FLAS), 2003, 10, 1, 3,
1, 1; Marl//aria nigrescens Lindl. (Orchidaceac), Whit,’,’,, 2302
(FLAS), 2003, 10, 1, 3. 1, 1; Man//aria phocnicznthcrr Barb.
Rodr. (Orchidaceae), Whit,’,’,, 2304 (FLAS), 2003, 10, 1, 3, 1,
1; Manil/ariaponera,,eha Rchb. C (Orchidaceae), Whitten 2363
(FLAS), 2003, 10, 1, 3, 1, 1; Man//an, pseiuloreichcmsheiinizsia
Dodson (Orchidaceae), Whit,’,’;, 2330 (FLAS), 2003, 10, 1, 3,
1, 1; Mr,xi//ani, psemidoreichenheimmoaia Dodson (Orchidaceac),
Whirr,’,, 2335 (Fl_AS), 2003, 10, 1, 3, 1, 1; Mor,no/yca ,ichii
(Dodson) MA. Blanco (Orchidaceac), Whitte,, 2362 (Fl_AS),
2003, 10, 1, 3, 1. 1; M,tnilL,ria Ruiz & Pay. (Orchidaccac),
Whirr,’,, 2317 (FLAS), 2003, 10, 1, 3, 1, 1; Mvci//ania Rule &
Pay. (Orchidaceae), White,’,, 2,318 (FLAS), 2003, 10, 1, 3, I, I;
Amaxi//aria Ruiz & Pay. (Orchidaccac), Whittt,, 2337 (FL_AS),
2003, 10, 0, 1, 1, 1; /vhrnml/ari,, Ruiz & Pay. (Orchidaceae),
W/;itten 2368 (FLAS), 2003, 10, 1, 3, 1, 1; M,,xil/aria Ruiz &
Pay. (Orclsidaceac), 9/bitten 2373 (FLAS), 2003, 10, 1, 3, 1, 1;
Man//an,, ti-i/aria F. Morren (Orchidaueae), Whit,’,’,, 2366
(FLAS), 2003, 10, 1,3, 1, 1; Man/Lena u’hiteenii Dodson (Or
chidaceae), Wbittc’n 2364 (FI.AS), 2003, 10, 1, 3, 2, 1; Oncidi
no, ad,w,sii (Dodson) MW Chase & N.H. \Villiancs (O,cl,ids
ceae), Whit,’,’,, 2339 (FLAS), 2003, 10, 1, 3, 1, 1; Oncidiun,
obryzatoides Kracn7.l. çOrchidaceae), Whirte,, 2343 (F1.AS).
2003, 10, 1, 3, 1, 1; O,,ridium Sw. (Orchidaeeae), White,’,,
2331 (FLAS), 2003, 10, 1, 3, 1, 1; Oncidi,,m Sw, (Orchidace
ac), White,’,, 23’iO (FLAS), 2003, 10, 1, 3, 1, 1; Oncidiun, welt,
rna,,nia,,um (Koniger) MW Chase & N.H. \Villiams (Orchi
daceae), Whitte,, 2328 (Fl_AS), 2003, 10, 1, 3, 1, 1;
Orsirhocepha/us bicornis I.indl. cx Bent);. (Orchidaccae), Whit
te,, 2375 (FLAS), 2003, 10, 1, 1, 1, 1; Ornithocepha/us krueç’eni
Rchb. C (Orchidaceae), Whitte,, 2370 (FLAS), 2003, 10, 1, 3,
1, 1; Onnithoc,phabcs Hook. (Oreh idaceae), Whit,’,’,, 236’9
(FLAS), 2003, 10, 1, 1, I, I; Ornirhocepha/izssuasezii Dodsori
(Orclcidaceae), White,’,, 23”4 (FLAS), 2003, 10, 1, 1, 1, I;
Pachyphy//um Kunth (Orchidaceae), Whites’,, 2313 (bIAS),
2003, 10, 1, 3, I, 1; Rodniguezia /eh,,,annii Rchb. C (Orchids
ceae), Whiete,, 2342 (FLAS), 2003, 10, 1, 3, 1, 1; Tnichoce,vs
a,tennz/’r (Bonpl.) Kunrh (Orrliidaceae), White,’,, 2353
(FLAS), 2003, 10, 1, 3, 2, 1; Metu/mcrydiumn inlc,rinioid,,

(Brong. & Otis.) Baum.-Bod. cx Melikyan & A.V Bobrov
(Podocarpaceae), P/unkett 4675 (NA), 1997, 16, 1,2. 1, 3; NA
(Podocarpaceac), P/u,,ket,’ 4683 (NA), 1997, 16, 0, 1, 1, 1;
Monnin, cozsj,fii/hz (Bonpl.) Konth (Polvgalaceae). White,’,,
2357 (FI.AS), 2003, 1)). 1,3, 1, 2; M,snnin, subspeciosa Chodat
(Polygalaceae), Whiete,, 2356 (FL_AS), 2003, 10,0,0,0, 0;jl;cr-
ts-o,’axus spicaea (R. Br.) Cornprori (Taxaceae), P/unls’et 472’e
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(NA), 1997, 16, 0, 1, 1, 2.

D) Samples for comparison of freshly collected, new ex

traction of old silica, and original extractions: Brassia R. Br.

(Orchidaceae), Williams N519 (FLAS), 2001, 12, 1, 1, 1, 1;

Brassia R. Bi. (Orchidaceac), Williams N519 (FLAS), 2013,

0, 1, 3, 1, 1; cochleazrhs flthel/ifiirrnis (Sw.) RE. Schult. &

Garav (Orchidaceae), Whitten 3025 (FLAS), 2013, 0, 1, 3, 2,

I; Cchleaiirhc’sfiabcll/rmis (Sw.) RE. Schult. & Garay (Or

rhidaccae), Whitte,i 3025 (FLAS), 2005, 8, 1, 3, 1, 1; Maxil

tori,: ciass(folia (Lindl.) Rchb. F. (Orchidaceac), Whitren 2544

(FLAS), 2013,0, 1, 3, 1, 1; MaxilLiria c:siss(/)dia (Lindl.) Rchb.

f. (Orchidaccac), Whitten 2544 (FLAS), 2003, 10, 1, 3, 2, 1;

Inti MA. Blanco (Orchidaceac), Whitten 2752 (FLAS), 2004,

9, 1, 3, 1, 1; Inti MA. Blanco (Orchidaceac), Whitten 2752

(FLAS), 2013,0, 1,3, 1, 1; Maxillaria luteoalba Lindl. (Orchi

daceae), Whitt,n 2998 (FLAS), 2005. 8, 1, 3, 2, 1; Maxillarza

/utcoalba Lindi. (Orchidaceae), Whitten 2998 (FLAS), 2013, 0,

1,3, 1, 1; Maxil/aria Rujz & Pay. (Orchidaceac), Whitten 3230

çFLAS), 2006, 7, 1, 3, 1, 1; Maxillaria Ruiz & Pay. (Orchids

ceae), Whitte,; 3230 (FLAS), 2013, 0, 3, 3, 1, 1; Mormoiyca

ring:’ns (Liridi.) Schltr. (Orchidaccac), Whitten 2858 (FLAS),

2004, 9, 0, 1, 1, 1; Marmolyca ringens (Lindi.) Schlrr. (Orchi

daceae), Whitt,’,z 2858 (FLAS), 2013. 0, 1, 3, 1, 1; Oncidium
leucacinlun: Batcman cx Lindi. (Orchidaccac), Whitten 2961

(FLAS), 2005, 8, 1, 3, 1, 1; Oucidium leucachilu,n Batcrnan cx

Lindl. (Orchidaceae), Whitte,z 2961 (FLAS), 2013,0, 1,3, 1, 1;
Staihapez anfisrcra Rolfe (Orchidaceac), Whitttn 3244 (FLAS),

2006, 7, 1, 3, 1, 1; Stanhopeaa9fracta Rolfe (Orchidaceae),

lVhitteu 3244 (FLAS), 2013,0, 1,3,2, I; SisuihapeagsundtJ/ors

(Lodd.) Lindi. (Orchidaceae), Whitten 3012 (FLAS), 2005, S.

1, 3, 1, 1; Scanhapea graneliflora (Lodd.) L.i:idl. (Oichidaceac.
Whitten 3012 (FLAS), 2013, 0, 1, 3, 1, 1; Stanhopea aculora (C.
Lodd.) Lindl. (Orchidaceae), Whitten 3306 (FLAS), 2006, -.

1, 3, 2, 1; Stanhopea acuLisa (G. Lodd.) Lindl. (Orcitidacca:.

Whitten 3306 (FLAS), 2013, 0, 1, 3, 1, 1; Stanhapea Frost si

Hook. (Orchidaceac), Whitten 2984 (FLAS), 2005, 8, 1, 3,

1; Stanhopea tigrina Baternan cx 1,indl. (Orchidaceae), Whims

3007(FLAS), 2005,8, 1,3, 1, 1; Stanhopea tigTina Barcmann

Lindl. (Orchidaceoe), Whitt,’n 3007(FLAS), 2013,0, 1,3,
Stanhopei tricornis Lindl. (Orchidaceae), Whitten 2985 FLAS..

2005, 8, 0, 1, 1, 1; Stanhopea tricornis Lindi. (Orchidacesc.
Whitten 2985 (FLAS), 2013, 0, 1, 3, 1, 1; Thchopilia turlaibse

Rchb. E (Oichidaceae), Whitten 2917 (FLAS). 2006, 7, 1,3,1.

1; Thichupilia curia/bat Rclib. F (Orchidacc,w), Whitren 29s

(FLAS), 2013,0,1,3,1,1.

E) Silica-dried, photobleached samples:. Catasetum Rich. a
Kunth (Orchidaceae),N.4 (NA), 1998, 15,0, 1, 1, 1; Citasec’

Rich. ex Kuntli (Orchidaceac), NA (NA), 1998, 15, 1,3,1,

(totasetu,n Ridi. cx Kunrl, (Oicliidaccae), NA (NA), 1998, 15.

1, 1, 1, 1; Catasetum Rich. cx Kunth (Orchidaceac), N4 5A

1998, 15, 1, 3, 1, 2; (totasetum Rich. cx Kuntli (Orchidaccac.
NA (NA), 1998, 15, 1, 3, 1, 2; Citasecunz Rich. cx Kunth 0:-
chidaceae), NA (NA), 1998, 15. 1, 3, 1, 1; Gztasetunz lOt);. is

Kunth (Orchidaceae), Nil (NA), 1998, 15, 1, 1, 1,2; C1zms’.
Rich. cx Kuoth (Orchidaccac), NA (NA), 1998, 15, 1,3,
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