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Variables affecting DNA preservation in archival
plant specimens!

Kurt M. Neubig,?*W. Mark Whitten,?]. Richard Abbott,’ Savannah Elliott,” Doug-
las E. Soltis,?* and Pamela S. Soltis®

AssTRACT

Although the use of plant DNA in scientific research is now decades old now, we still know very litde 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 herbarium 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 tissues specifically preserved for DNA usage. For herbarium specimens, we used marerials spanning much of
angiosperm phylogenetic diversity to ascertain general trends of DNA degradation over time and to assess whether
different dlades had different rates of “expiration.” Our results indicate different rates of DNA degradation, but for
most samples, no matter the taxonomic group, we were unlikely to recover high-quality DNA after 30-40 years.
Nonctheless, 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 but of approximately the same
age. This analysis showed a very marked difference in DNA quality between the two sets: the well-curated specimens
had excellent-quality DNA while the pootly curated samples had low-quality DNA. For frozen tissues, virtually all
samples had excellent quality, whether storage was at -20° or -80°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 7-12-year-old DNA extracts with new extracts of the same original silica-dried tissues and with
fresh, greenhouse-collecred tissues of the same original material; these comparisons indicated less degradation in the
extracts than in the silica-preserved samples, although the differences were subtle. We also found that 15-year-old
photo-bleached, silica-dried samples still had small amounts of high-molecular-weight DNA. The long-term pres-
ervation of DNA in archival samples remains problematic, but we can best preserve DNA by limiting the factors
that degrade ic. Although the botanical community has been preserving tissues and DNA extracts for a limited
timespan, we can infer some basic conclusions from this and other studies. Recommended best practices are to freeze
tissues and extracts at as low a temperature as possible (e.g., -80°C), but if that is not possible or practical, room
temperature storage of tissues with silica in tightly sealed containers is a viable alternative, at least for the short term.
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INTRODUCTION AND REVIEW

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 songht 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-qualitcy DNA
across a wide range of taxa. Similar techniques
(e.g., CTAB-NaCl gel; FTA 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 facilicies
(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 of
methods for archiving tissues/DNA supple-
mentary to herbarium specimens; 3) a review
of DNA extraction methods for plant tissues
4) a review of tissue/DNA storage; 5) a reviev
of what is known of tissue/DNA storage at dif
ferent temperatures; and 6) a new comparisor
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 ove

time.

1. HErRBARIUM SPECIMENS AS SOURCES ¢
DNA

DNA from herbarium specimens - The phi
osophical debate of using herbarium spec
mens as a DNA resource has been discusst

(Metsger, 1999; Miller, 1999; Mueller, 199
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Wood et 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-qualicy DNA is often subjective and of-
ten depends upon unrecorded details about
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
might be an excellent source of archival 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 highly 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 et al., 2006),
propane burners (Mori, 2011), or solar collec-
tors (Sinnott, 1983) are methods for moving
warm (60-100°C) air through the press and
drying the tissues to crispness within 12-24
hours. Field work in remote, wet habirats
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 protect 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 of storage 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 (Eckens et al., 2008).

Using 454 sequences of amplicons 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 /G 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)/
chloropicrin, used for building/collection fu-
migation) is not harmful to herbarium DNA
(Whiteen et 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 of am-
bient air is well known (Daniel, 1995), stot-
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 (Jansen er 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 chat 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 grades of 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-
culents or 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 of silica used should
be at least 10 times the amount of tssue. Sil-
ica gel 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
by microwaving. Reuse of silica 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

risk of 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 dramartically 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 Horists
(e.g., http://www.deltaadsorbents.com/). Sili-
ca gel works well with thin tissues, but tissues
with thick cuticles or abundant mucilage or
secondary compounds may dry slowly.

Many bortanists 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 chat is both cheaper and
readily available around the world (Carrié and
Rosselld, 2013). Using NaCl provides signif-
icant advantages in remote tropical regions.
Silica gel desiccates tissues faster than NaCl
(Carrié and Rossellé, 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 NaCl and cetylerimethylammonium
bromide (CTAB) (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 alternative to drying tissues
is the use of FTA (FTA™ is an acronym for
fast technology for analysis of nucleic acids;
Whatman, Inc., Clifton, NJ) paper (Lin et al,,
2000; Smith and Burgoyne, 2004; Mbogori
et al., 2006; Rajendram et al., 2006). FTA
paper is thick, adsorbent paper impregnated
with buffers and chemical preservatives that
retard DNA degradation. Tissues are squeezed
or abraded. and the plant juice is adsorbed
onto the paper, followed by air-drving. The
paper can be stored at room temperature or in
a freezer. Samples are cut from the paper for
DNA extraction. This is a rapid and space-con-
servative method, but the quantities of DNA
preserved may be relatively small (compared
to tissue preservation) unless large pieces of
paper are used. Commercially available FTA
paper can be relatively expensive compared to
silica gel. But a cheap and similar alternative
can be made very easily (1 g SDS, 1 ml EDTA
at 0.5M, 3 ml Tris at 1 M, add water to 50 ml
and mix, soak solution onto filter paper, then
dry) for a small fraction of the cost (Klemchin,
2008). These samples, like all others, should
be kept in a cool, dry, dark, oxygen-poor lo-
cation,

RNAlarer — RNAlater is a commercial medi-
um for preserving “all” nucleic acids within a
tissue (Mutter et al., 2004), including DNA as
well as RNA. Its high cost (ca. $1/ml) makes
it an expensive alternative to other methods
unless RNA preservation is required. Long-
term stability of DNA at room temperature
is not well studied, and freezer storage is rec-
ommended.

Alcohols — Simple alcohols are frequently used
as DNA preservatives for animal tissues, but
they have not been effective in plants. Insects
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in particular are frequently 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., 2010). Short-term storage
(less than a year) of plant tissues in almost any
alcohol can yield high-qualitcy DNA (Flour-
noy et al., 1996). However, long-term storage
of many years yields highly degraded DNA,
at least in spinach (Adams and Baker, 2011).
Although isopropanol is the best out of a suite
of different alcohols examined. itis sull medi-
vcre at best (Adams and Baker, 20115 Plant
tissues to be used in developniental or struc-
tural studies are frequently fixed (as spirit col-
lections) in a formalin-glacial acetic acid-etha-
nol mixture {FAA) thac fixes cellular contents
(Simmons, 1995). This mixwre is highly
acidic and hence destructive to DNA (Doyle
and Dickson, 1987; Pyle and Adams. 1989).
However, extractions from formalin-fixed and
parafhn-embedded human tissues have vield-
ed high-qualicy DNA (Shi et al., 2004). Such
success is probably a:tributable to the use of
buffered formalin thar is rapidly removed af-
wr fixation (rather than long-term storage as
for plant tissues). There is some evidence that
ethanol pretrcatment might be useful in some
applications. Soaking tissues in high ethanol
concentrations (70% or higher) and then put-
ting them in silica yields higher quantities o
DNA, probably due to the rapid removal o
water (Akinnagbe et al., 2011). Studies by
Adams et al. (1999) showed that some plant:
(Brassicaceae, Poaceae) have potent DNas
es that are not inactivated by standard DN/
extraction protocols, resulting in degradec
DNA. Pretreatment of fresh tissue with etha
nol prior to extraction increases DNA yields
pethaps due to inactivation of DNases (Ad
ams et al,, 1999).

Acetone — Acetone is a superior preservativ
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to ethanol for insect tissues (Fukatsu, 1999).
We have not found any literature on the pres-
ervation of plant tissues in acetone, but the
flammability, volatility, and toxicity of acetone
make it an unlikely candidate for wide use.

3. MeETHODS FOR DNA EXTRACTION FROM
PLaNTS

Tissue grinding — The first step in preparation
for DNA extraction of fresh or dried tissue is
the disruption 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 rissue. 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;  htep://www.biospec.com/
laboratory_cell_disrupters/), and so cheaper
alternatives, such as reciprocating saws (Al-
exander et al., 2006) or electric drills (Zhang
and Stewart, 2000), have been proposed.

The use of mortar and pestle to hand-
grind tissue 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 of hand pulverization (Gawel
and Jarret, 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
plant DNA extraction is the “modified CTAB
method” (Doyle and Doyle, 1987) that uses

CTAB (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 CTAB 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:

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

o In Saccharum, there is a recipe more or
less similar to a “basic CTAB” solution,
but with polyethylene glycol instead of
CTAB (Honeycutt et al., 1992).

e For Proteaceae, there are suggestions for
modifying CTAB concentration, or the
number of chloroform/isoamyl alcohol

washes (Maguire et al., 1994).

e For Cactaceae, including additives like
sorbitol in the CTAB buffer and addi-
tional chloroform washes remove inhib-

itory compounds (Tel-Zur et al., 1999).

e 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 o the CTAB buffer (Maeda
et al, 2013)</style><style face="ital-
ic”  font="default” size="100%">Sac-
charina</style></title><secondary-ti-
tle>Journal of Applied Phycology</

secondary-title></titles><periodical><-

t
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full-tile>Journal of Applied Phycolo-
gy</full-title></periodical><dates><-
year>2012</year></dates><urls></
urls><elececronic-re-
source-num>10.1007/s10811-012-
9868-3</electronic-resource-num></
record></Cite></EndNote>.

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

e For Dalbergia, adding PVP binds the
phenolic compounds, a high molar con-
centration of NaCl inhibits co-precipita-
tion of polysaccharides and DNA, and
LiCl 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).

e For the diverse secondary compounds
found in many rosids, a modified CTAB-
based protocol was also developed (Soltis
etal., 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 (Cota-Sdnchez et
al., 2006). For raxa 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; Sirkinen et al.,
2012).

Beta-mercaptoethanol is often added
to CTAB 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
plants, animals, and other eukaryotic organ-
isms are reviewed by Knebelsberger and Sto-
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 CTAB 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 of chloroform. Sirkinen et
al. (2012) compared the most commonly used
commercial kits to several variants of CTAB
extraction, measuring DNA yield, purity, and
PCR amplification from the extracted DNA.

from
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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 CTAB extraction com-
bined with silica column binding purifica-
tion gave the best results (Csaikl et al., 1998;
Rohland and Hofreiter, 2007; Sirkinen et al.,
2012).

Telle and Thines (2008) exhaustively com-
pared 19 different extraction methods or kits
and 15 different polymerases, 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; Genelute 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 CTAB + silica column extractions as
measured by the amplification of 300-600-
bp amplicons. 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 of DNases 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
Stoger, 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-

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
ExTrRACTS 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 RooMm-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 FTA 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 et al., 2007)]. Ivanova and Kuzmi-
na (2013) compared Biomartrica 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, Biomatrica, or PVA)
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 Stoger,
2012). Although trehalose might be sufficient
for short-term storage, they recommend Bio-
matrica and Tris-buffered PVA 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 of TE buffer (1f
mM Tris-HCI, 1 mM EDTA, pH 8.0) fc
long-term storage of DNA. DNA is more stz
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 me
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 q1
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



DNA PRrESERVATION IN PLANT SPECIMENS 91

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 play a 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. Whart are the effects of light on DNA
quality of silica-dried tissues (i.e., ef-
fects of photobleaching)?

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

[ATERIALS AND METHODS

uring discussions of DNA and herbarium
ecimens, we realized that collectively we
we sets of hundreds of herbarium specimens
d/or specimens dried in silica gel collect-
up to 30 years ago that might facilitate a
endipitous experiment on the effects of
ecimen preparation and curation on DNA
eservation. These specimens were collected
- a variety of phylogenetic or floristic proj-
s, but their curation history is known in
ficient detail for us to make correlations

between DNA quality, age, and specimen cu-
ration (Appendix 4). To examine the relative
importance of such effects, we extracted DNA
from these sets of specimens 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 (# = 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°C) 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 humidicy 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 (# = 355), Hibisceae (7 =
330, Malvaceae), and Portulaca (n = 40, Por-

tulacaceae).

C. Effect of silica 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 -80°C (7 = 38) freezers to
assess the effects of low temperatures on DNA

quality.

D. Comparison of DNA preservation of or-
chid leaf samples in room temperarure sili-
ca-dried tissues vs, DNA extracts frozen at
-20°C for 7-12 years: Silica-dried samples (12 =
11) 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 directdy
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 glass beads. Extractions utilized a modified
CTAB 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 pellet with 70% ethanol.
Neither RNase treatment nor silica column
cleaning was performed prior to electropho-
resis.

Electrophoresis — Because of cost 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 Hin-
dlIl) 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-
toshop software for basic image cropping and
rotation. GelAnalyzer2010 was then used to
produce a two-dimensional graph of absor-
bance vs. fragment length (htep://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 trace and placed ir into one of these quality

highes

t to lowest quality (Fig. 2). We sub-  categories. These quality scores were used to

jectively scored each sample’s electrophoretic  compare samples in the data analyses.
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Figure 2. Character states of DNA quality as delimited by four aspects in gel electrophoresis imaging. The Arst aspect is the pre
ence of a peak within the HMW region ay indicated by Figure 1. The second, third, and fourth aspects are the relaci
fluorescence at the HMW, 1 kb, and 200 bp portions, respectively, of ¢he total DNA extracts. The lowest-quality samp
is exemplified by image 12 the highest-quality is exemplified by image 24.

Resurrs examples of degradation presented by Adan
and Sharma (2010).

For this study, we define “high-qualicy”

DNA as a sample containing a relatively ~ A) Comparison of the extracts from the
large amount of HMW fragments. Likewise,  differentially curated herbaria (White O:
“degraded” DDNA implies that there is rela-  Plantation vs. Abbott) (Fig. 3) demonstrat
tively licle HMW DNA with a majority of  that method of curation has a large effect «
low-molecular-weight DNA. Our results are DNA quality. The White Oak Plantaric
contingent upon the premise of DNA degra-  samples had 89% of the samples with HM'
dation shifting HMW DNA to low molecular  bands, whereas the Abbott samples had or
weight (Fig. 1G) and are consistent with the  16% of samples with HMW bands.
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) Well curated herbarium B) Poorly curated herbarium
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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-

A) Frozen tissue samples

= HMW hand absent (n = 3)

= HMW band preseat tn = 55)
Tota! sample number = 38
Average age of specimens = 18,1 yvs

= HMW band absent (n = 24)
= HMW band present (o = 39)

= HMW band absent (n = 3)

= HMW band present (n = 55)
Total sample number = 58

Average age of specimens = 18.1 yrs

Exemplar otal DNA extracts:

C) Silica dried tissue samples (in falcon tubes)

e
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ing that storage conditions of the silica-dried
tissues might greatly affect long-term DNA
qualicy.

B) Silica dried tissuc samples (in glass jars)

= HMW band absent (n = {9

= HMW haml present (n = 1)
Tuotal sample number = 20

Average age of specimens = 18 vrs

Excmplar total DNA extracts:

D) Silica dried tissue samples (in plastic bags)

« HIMW band absent (n = 15)
= HMW band present (n = 76)

= 1MW band ahsent (n = 19)

= HMW band present (n = 1)
Total sample number = 20

Average age of specimens = 18 vis

Exempiar total DNA extracts:

D) Silica dried tissue samples (in plastic bags)
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D) Figure 10 shows DNA extracts for a set  middle row shows recent re-extractions of the
of 11 orchid samples. The bottom row shows same 7-12-year-old silica-dried tissues, illus-
extracts from fresh tissue, the top row shows trating a comparison of the first and second
DNA extracts made from freshly silica-dried rows showing degradation of these samples
tissues 7-12 years ago (the total DNAs have over time.

been stored at -20°C since extraction), and the

A) Original DNA extracts (from silica-dried tissues)
that were stored in -20°C for 7-12 years.

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).

{ & e wref

3

C) DNA extracts trom fresh tissues of same material
rown in grecnhouse (collected present day).

Figure 10. Comparison of A) original extracted DNA from silica-dried samples stored ar-20°C, B) secondary extractions from the
same silica-dried samples in present day, and C) freshly collected samples from greenhouse-grown living plant collection
in present day. Size standards are in in lanes 1 and 13 (hyperladder IV and lambda digest, respecrively), identical sample
replicates are in lanes 2-12.
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E) In Figure 11, the effects of photobleaching  samples, some of them still had some HMW
in silica~dried samples are depicted. Although  DNA.
very lictle DNA was recovered from these

A) Exemplar photobleached sample

B) Electrophoretic gel image of photobleached samples

B) Electrophoretic gel image of photobleached 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
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 spectrophotom-
eters include NanoVue UV-spectrophotome-
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
o 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-
thor>Linderoth, T.</author><author>Van-
derpool, D.</author><author>Good, ]. M.</
author><author>Nielsen, R.</author><au-
thor>Moritz, C.</author></authors></con-
tributors><titles><title>Unlocking the vault:
next-generation museum population genom-
ics</title><secondary-title>Molecular  Ecol-
ogy</secondary-title></titles><periodical><-
full-tile>Molecular ~ Ecology</full-title></
periodical><pages>6018-6032</pages><vol-
ume>22</volume><dates><year>2013</
year></dates><urls></urls></record></
Cite></EndNote>.

Many studies have used PCR as a measure
of DNA quantity and qualicy. DNA quality
is estimated by simple success/failure ratios
and the length of the rarget amplicon, with
the assumption that higher-quality DNA is
capable of yielding higher-molecular-weight
amplicons (Erkens et al., 2008; Adams and
Sharma, 2010; Sirkinen et al., 2012; Ivano-
va and Kuzmina, 2013). 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 qualicy. 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 qualicy.

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 of herbarium 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 of collectors 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.
Whereas the White Oak collection was mount-
ed immediately after pressing and drying and
then stored under very tightly controlled
temperature and humidity, the Abbortt 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
humidicy. In the course of this collection’s his-
tory, the specimens were subject to mulciple
pests. Most notably, while in California, one
bundle of specimens became home to a small
family of field mice, who chewed through the
newspapers holding 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 thar give HMW DNA (see Figs. 4-8
and following section), if collection methods
are standardized. These data demonstrate that
the quality of collection and storage of herbar-
ium specimens strongly affects DNA quality,
at least for specimens 15-21 years old.

B) Effects of herbarium specimen age and
leaf succulence 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 Pormulaca
samples of high 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
et 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, Melastomataceae
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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.; Bécquer-Granados et al.,
2003). The cause of this degradation in Me-
lastomataceae is unclear. High success rates of
extraction and amplification from old herbar-
ium specimens of xeric Melanthiaceae, such as
Schoenocaulon, led Zomlefer (2006) to spec-
ulate that physiological adaprations 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°C) 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
-20°C versus colder temperatures.

We presume that nearly all the silica-dried
tissues initially contained high-qualicy 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
tubes), 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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ity. Small Ziploc® bags are not airtight, anc
the silica will eventually equilibrate with at
mospheric humidity. But, most of our sample
from Ziploc® bags were triple sealed in airtigh:
polypropylene boxes with silicone gaskets. So
not surprisingly, the Ziploc® bags performec
the best (Fig. 9D) because of the extra mea-
sures of protection taken, rather than the in-
nate nature of Ziploc® bags.

D) Comparison of DNA preservation of or-
chid leaf samples stored in room tempera-
ture as silica-dried tissues vs. DNA extracts
Jrozen at -20°C for 7-12 years

Comparison of DNA quality in Figure 10
shows that storage of DNA extracts (stored
in TE at -20°C 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 of photobleaching

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 affecc HMW
DNA. This reiterates the findings of Erkens et
al. (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

The wide variety of morphology 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 ec al., 2008). Al-
though very limited, these data indicare 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 et al., 2011; Enda-
ra et 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 FTA 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 (see Appendix 1) and find it to be an ef-
fective way to preserve DNA quality in tissues,
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yet still have them readily available for active
use in the laboratory.

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

Although this and other studies have shown
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 curaror’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? If we store a sample on
FTA 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 of DNA degradation. With global extinc-
tion rates rising rapidly, our herbaria will soon
contain the only remains of many 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.
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DNA PRESERVATION IN PLANT SPECIMENS

Appendix 1. Vacuum bag storage for plant tissue
preservarion

In our combined efforts of storing plant tissues
for many years, we have been concerned with the
storage of plant tissues to maximally preserve DNA
qualicy.

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 rissues that are exposed to
ambient light, atmosphere and moisture quickly
degrade in DNA quality. Storage in vacuum-sealed
bags minimizes moisture and oxygen uprake 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 fic 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
mele and seal the ends. It is preferable to choose
a vacuum bag product with the thickest available
plastic to minimize air infilcration and durabilicy.
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Because the effects of hydration of silica 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 boxes should
be used to minimize exposure to light.

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

Reagents and equipment: CTAB (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 CTAB, 4.0 g; water, to 200 ml); 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, | 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 of steel or zirconia beads. Add
50-100 mg dried tissue. Grind in beater for 1-2
minuces or until tissue is reduced to a fine powder.
2. Add 2-5 pl of Proteinase K and 1.2 m| CTAB
buffer. Vortex.

Or, using Pestle and Morzar:

1. Place 50-100 mg fresh tissue in mortar (about
1.0 cm square of petal or leaf tissue, or equiv-
alent amount of dried tissue; too much tissue
can reduce yield). Add 1.2 ml CTAB buffer
and 2-5 pl of Proteinase K.
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2. Grind cissue with mortar and pesde until tis-
sue is completely homogenized (ignore tough
fibers). Transfer 1.2 m! to a labeled 2.0 ml
tube; vortex.

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

4. In fume hood, add 500 pl of chlosoform/iso-
amyl alcohol, and vortex lighty until a milky
suspension is obtained.

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

6. Using 1000 pl pipet, carefully remove 750 pl
of the aqueous (top) 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 to the aqueous phase
according to the following formula: volume
aqueous phase in ul X 0.04 (e.g., 750 x 0.04
= 30 pl). Add 100% isopropanol according
to the formula: volume aqueous phase in pl
X 0.65 (e.g., 780 x 0.65 = ca. 510 pl). 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-
nighg; this is generally not necessary, although
it might help precipitate very dilure small
fragmencs.

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 withour dis-
turbing peller. Wash pellet with 1 ml 70%
ethanol; close cap and invert tube to wash the
internal surface of tube. Carefully pour off
ethanol (don't lose pellet; centrifuge again if
peller is loose). Repear ethanol wash (if pellet
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is large and mucilaginous, allow to stand in
70% EtOH for 30 minutes with occasion-
al agitation). Drain tube on clean Kimwipe,
and use the 100 pl pipet to remove any excess
ethanol. We have found that drying the pel-
ler under heat is unnecessary; often, the dried
pellet is more difficult to resuspend. The resid-
ual amounts of ethanol do not seem to inter-
fere with PCR, and the wet pellets resuspend
much more rapidly.

4. Resuspend DNA pellet in 200 pl of 1X
Tris-EDTA buffer (TE). Incubate at 65 C for
15 minutes to assure resuspension of DNA;
fingee-flick until peller is dissolved. Store
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 totral 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 10 a
silica matrix in a special rube with chaeoprropic
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 al. (2007) demonstrated chat the columns
can be cleaned and regenerated by washing and
storage in dilute HCl; 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 pl of aqueous
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layer and place in separate labeled tube.

2. Add 750 pl of binding buffer (Qiagen buffer
PB or equivalent); vortex to mix.

3. Add 2 pl 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 pl of 3M sodium acetate; mix and
note change of color. Continue to add 10 pl
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 pl of mixture to clean silica spin
column; spin for 30 seconds ar high speed to
push solution through the column. Discard
flowthrough; 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 pl 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 of wash buffer.

9. Transfer spin column ro a clean 1.5 ml Eppen-
dorf cube. Add 100-200 pl of 1X 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 act 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.: Ethidium 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: 1X 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 pl
pipeter and tips; dams and combs (for casting gel);
ethidium bromide solution, 1%; strip of parafilm;
loading dye; pipeter 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 of NaOH solution to 8.0 by add-
ing boric acid solution to NaOH solution ap-
proximately 1:1.

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

. Prepare agarose gel.

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 pl of EcBr 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 1X SBA buffer as needed to barely sub-
merge gel. Carefully remove the combs.

2. Cutastrip of parafilm and press corners down

onto tray. Pipet 5 pl droplets of loading dye
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onto the parafilm (one drop per sample) and
5 pl of DNA solution to drop of loading dye.
Change tip after each sample to avoid con-
tamination.

3. Ser pipeter to 10 pl. Draw up sample into pi-
peter; load carefully into well (avoid punctur-
ing bortom of well). Repeat for all samples.
Place lid on gel rig and turn on power supply;
power should read 150 volts. Allow to run for
10-30 minutes, noting migration of bromphe-
nol blue dye front. 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 transilluminacor. 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 of extraction, 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-
wm specimens: Elytraria caroliniensis (J.F. Gmel.) Pers. (Acan-
thaceae), Rider 258 (FLAS), 2000, 13, 1, 3, 1, 2; Ruellia car-
oliniensis (J.E. Gmel.) Steud. (Acanthaceae), Rider 95 (FLAS),
1999, 14, 1, 3, 1, 2; Sambucus canadensis L. (Adoxaceae), Mer-
curio & Wagamon 85 (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 & Wagamon 138
(FLAS), 1997, 16, 1, 3, 2, 1; Viburnum obovatum Walter
(Adoxaceae), Rider 37 (FLAS), 1999, 14, 1, 3, 1, 1; Sagittaria
graminea Michx. (Alismataceae), Rider 3 (FLAS), 1998, 15, 1,
3, 1, 1; Sagirtaria lancifolia L. (Alismataceae), Rider 84 (FLAS),
1999, 14, 1, 3, 1, s Liguidambar styraciflua L. (Altingiaceae),
Rider 32 (FLAS), 1999, 14, 1, 3, 2, |; Alternanthera philoxeroi-
des (Mart.) Griseb. (Amaranthaceac), Rider 243 (FLAS), 2000,
13, 1, 3, 1, 2; Amaranthus australis (A. Gray) ].D. Sauer (Ama-
ranthaceae), Rider 267 (FLAS), 2000, 13, 1, 3, 1, 2; Hymeno-
callis crassifolia Herb. (Amaryllidaceae), Rider 225 (FLAS),
2000, 13, 1, 3, 1, 2; Zephyranthes atamasco (L.) Herb. (Amaryl-
lidaceae), Rider 50 (FLAS), 1999, 14, 1, 3, 1, 1; Rhus copalli-
num L. (Anacardiaceae), Rider 281 (FLAS), 2000, 13,0, 0, 0,
1; Rhus copallinum L. (Anacardiaceae), Rider 139 (FLAS),
1999, 14, 1, 1, 1, 2; Toxicodendron radicans (L.) Kuntze (Anac-
ardiaceae), Rider 192 (FLAS), 2000, 13, 1, 1, 1, 2; Toxicoden-
dron pubescens Mill. (Anacardiaceae), Rider 193 (FLAS), 2000,
13,1, 1, 1, 2; Asimina incana (W. Bartram) Exell (Annonaceae),
Rider 60 (FLAS), 1999, 14, 1, 3, 1, 2; Cicuta mexicana .M.
Coult. & Rose (Apiaceae), Rider 137 (FLAS), 1999, 14, 1, 3,
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1, 2; Cicuta mexicana .M. Coult. 8 Rose (Apiaceac), Rider 132
(FLAS), 1999, 14, 1, 3, 1, 2; Eryngitm baldwinii Spreng. (Api-
aceac), Mercurio & Wagamon 10 (FLAS), 1997,16,1,3, 1, I;
Eryngium baldwinii Spreng. (Apiaccae), Proenza 429 (FLAS),
2006, 7, 1, 3, 1, 2; Eryngium baldwinii Spreng. (Apiaceac), Rid-
er 254 (FLAS), 2000, 13, 1, 3, 1, 2; Eryngium yuccifolium
Michx. (Apiaceae), Rider 127 (FLAS), 1999, 14, 1,2, 1, 3;
Osxypolis  filiformis (Walter) Britton (Apiaceae), Rider 161
(FLAS), 1999, 14, 1, 3, 1, 2; Puilimnium capillaceum (Michx.)
Raf. (Apiaceae), Rider 115 (FLAS), 1999, 14, 1, 3, 1, 2; Ascle-
pias connivens Baldwin ex Elliotr (Apocynaceae), Rider 151
(FLAS), 1999, 14, 1, 3, 1, 1; Asclepias lanceolata \¥alter
(Apocynaceac), Rider 108 (FLAS), 1999, 14, 1, 3, 1, 1; Asclepi-
as michauxii Decne. (Apocynaceae), Rider 229 (FLAS), 2000,
13, 1, 3, 1, 1; Asclepias perennis Walter (Apocynaceae), Rider
105 (FLAS), 1999, 14, 1, 3, 1, 1; Hex cassine L. (Aquifoliaccac),
Rider 351 (FLAS), 2001, 12, 1,3, 1,2; Ila:glabm (L) A Gray
(Aquifoliaceae), Mercurio & Wagamon 104 (FLAS), 1997, 16,
1, 3, 1, 2; Hlex glabra (L.) A. Gray (Aquifoliaceac), Mercurio &
Wagamon 2 (FLAS), 1997, 16, 1, 3, 1, 2; flec myrtifolia Walter
(Aquifoliaccac), Rider 5 (FLAS), 1998, 15, 1, 3, 1, 2; llex opaca
Airton (Aquifoliaceac), Rider 182 (FLAS), 2000, 13, 1,3,1,2;
llex vomitoria Aiton (Aquifoliaceae), Rider 188 (FLAS), 2000,
13, 1, 3, 1, 2; Colocasia esculenta (L.) Schott (Araceae), Rider
388 (FLAS), 2002, 11, 1, 3, 1, 1; Peltandma virginica (L.)
Schott (Araceae), Rider 259 (FLAS), 2000, 13, 1, 3, 2, 1; Aralia
spinosa L. (Araliaceae), Rider 221 (FLAS), 2000, 13, 1,3, 1,2
Hydrocotyle umbellata L. (Araliaceae), Mercurio & Wagamon 73
(FLAS), 1997, 16, 1, 3, 1, 2; Sabal minor (Jacq.) Pers. (Arecace-
ac), Rider 270 (FLAS), 2000, 13, 1, 3, 2, 1; Sabal palmetto
(Walter) Lodd. ex Schult. & Schult. f. (Arecaceac), Rider 269
(FLAS), 2000, 13, 1, 3, 2, 1; Serenoa repens (\W. Bartram) Small
(Arccaceac), Rider 274 (FLAS), 2000, 13, 1, 3, 2, \; Washing-
tonia robusta H. Wend|. (Arecaceae), Rider 273 (FLAS), 2000,
13, 1, 3, 1, 2; Yucca aboifolia L. (Asparagaceae), Rider 372
(FLAS), 2001, 12, 1, 3, 1, 2; Yucea gloriosa L. (Asparagaceac),
Rider 328 (FLAS), 2000, 13, 1, 3, 1, 2; Arnoglossum ovatum
(Walter) H. Rob. (Asteraceae), Rider 330 (FLAS), 2000, 13, 1,
3, 1, 2; Baccharis glomeruliflora Pers. (Asteraceae), Rider 180
(FLAS), 1999, 14, 1, 3,1, 2; Baccharis halimifolia L. (Asterace-
ae), Rider 04 (FLAS), 1998, 15, 1, 3, 1, 2; Balduina uniflora
Nutt. (Asteraceae), Rider 157 (FLAS), 1999, 14,1, 3,1, %
Bidens alba (1..) DC. (Asteraccae), Rider 160 (FLAS), 1999, 14,
1, 3, 1, 1; Bidens mitis (Michx.) Sherff (Asteraceae), Mercurio &
Wagamon 162 (FLAS), 1997, 16, 1, 3, 1, ; Bigelowia nudata
(Michx.) DC. (Asteraceae), Rider 167 (FLAS), 1999, 14, 0, 0,
0, 0; Carphephorus corymbosus (Nut.) Torr. 8 A. Gray (Astera-
ceac), Rider 323 (FLAS), 2000, 13, 1, 3, 1, 2; Carphephorus
odoratissimus (J.E. Gmel.) H.).-C. Hebere (Asteraceace), Rider
295 (FLAS), 2000, 13, 1, 3, 1, 2; Chaptalia tomentosa Vent.
(Asteraceae), Rider 16 (FLAS), 1999, 14, 1, 3, 1, 0; Cirsium
horridulum Michx. (Asteraceae), Rider 66 (FLAS), 1999, 14, 1,
3, 1, 2; Cirsium nuttallii DC. (Asteraceae), Rider 217 (FLAS),
2000, 13, 1, 3, 1, 1; Conoclinium coelestinum (L.) DC. (Astera-
ceac), Rider 173 (FLAS), 1999, 14, 1, 3, 1, 2; Coreopsis gladiata
Walter (Asteraceae), Rider 170 (FLAS), 1999, 14,1, 3,1, 2%
Coreopsis gladiata Walcer (Asteraceae), Rider 376 (FLAS), 2001,
12, 1, 3, 1, 2; Coreopsis gladiata Walter (Asteraceac), Rider 381
(FLAS), 2001, 12, 1, 3, 1, 2; Coregpsis gladiata Walter (Astera-
ceac), Rider 379 (FLAS), 2001, 12, 1, 3, 1, 2; Coreopsis nudata
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Nutt. (Asteraceae), Rider 104 (FLAS), 1999, 14, 1, 3,2, 1; El-
ephantopus mollis Kunth (Asteraceae), Rider 333 (FLAS), 2000,
13,1, 3, 1, 3; Elephantopus elatus Bertol. (Asteraceae), Rider 310
(FLAS). 2000, 13, 1, 3, 1, 2; Elephantopus nudatus A. Gray (As-
teraceae), Rider 321 (FLAS), 2000, 13, 1, 3, 1, 1; Erigeron ver-
nus (L.) Torr. & A: Gray (Asteraceace), Rider 55 (FLAS), 1999,
14, 1, 3, 1, 1; Eupatorivm capillifolium (Lam.) Small ex Porter
& Britton (Asteraceae), Mercurio & Wagamon 80 (FLAS),
1997, 16, 1, 2, 1, 3; Eupatorium leucolepis (DC.) Torr. 8 A.
Gray (Asteraceac), Rider 296 (FLAS), 2000, 13, 1, 2, 1, 3; Eu-
patorium rotundifolium L. (Asteraceae), Rider 268 (FLAS),
2000, 13, 1, 3, 1, 2; Eupatorium rotundifolium L. (Asteraceae),
Mercurio & Wagamon 97 (FLAS), 1997, 16, 1, 2, 1, 3; Eupato-
rium rotundifolium L. (Asteraceae), Mercurio & Wagamon 79
(FLAS), 1997, 16, 1, 2, 1, 3; Euthamia caroliniana (L.) Greene
ex Porter & Britton (Asteraceac), Rider 378 (FLAS), 2001, 12,
1,3, }, 1; Gamochacta pensylvanica (Willd.) Cabrera (Asterace-
ac), Rider 233 (FLAS), 2000, 13, 1, 3, 1, 2; Helenium autum-
nale L. (Astcraceac), Mercurio & Wagamon 33 (FLAS), 1997,
16, 1,3, 2, 1; Helenium pinnatifidum (Schwein. ex Nutt.) Rydb.
(Asteraceae), Rider 53 (FLAS), 1999, 14, 1, 3, 2, 1; Krigia vir-
ginica (L.) Willd. (Asteraceac), Rider 204 (FLAS), 2000, 13, 1,
3, 1, 3; Liatris chapmanii Torr. 8 A. Gray (Asteraceae), Rider
344 (FLAS), 2000, 13, 1, 3, 1, 1; Liasris gracilis Pursh (Astera-
ceac), Rider 343 (FLAS), 2000, 13, 1, 3, 1, 2; Liatris pauciflora
Pursh (Asteraceae), Rider 348 (FLAS), 2000, 13, 1, 3, 1, 2;
Liarris spicata (L) Willd. (Asteraceae), Rider 338 (FLAS),
2000, 13, 1, 3, 2, 1; Liatris spicaza (L.) Willd. (Asteraccac), Rid-
er 168 (FLAS), 1999, 14, 1, 3, 1, 1; Marshallia tenuifolia Raf.
(Asteraceae), Rider 154 (FLAS), 1999, 14, 1, 3, 1, |; Marshallia
tenuifolia Raf. (Asteraceac), Mercurio & Wagamon 98 (FLAS),
1997, 16, 1, 3, 2, 1: Mikania scandens (L.) Willd. (Asteraceae),
Rider 172 (FLAS), 1999, 14, 1, 3, L, 1; Mikania scandens (L.)
Willd. (Astcraccac), Mercurio & Wagamon 66 (FLAS), 1997,
16, 1, 2, 1, 3; Oclemena reticulata (Pursh) G.L. Nesom (Astera-
ceac), Rider 81 (FLAS), 1999, 14, 1, 3, 1, 2; Pityapsis gramini-
Solia (Michx.) Nutc. (Asteraceac), Rider 174 (FLAS), 1999, 14,
1, 3, 2, 1; Pluchea foetida (L.) DC. (Asteraceae), Rider 282
(FLAS), 2000, 13, 1, 3, 2, 1; Pluchea odorata (L.) Cass. (Aster-
accac), Rider 327 (FLAS), 2000, 13, 1, 3, 1, 2; Pluchea baccha-
ris (Mill.) Pruski (Asteraceae), Rider 253 (FLAS), 2000, 13, 0,
1, 2, Vs Pluchea baccharis (Mill.) Pruski (Asteraceae), Mercurio
& Wagamon 3 (FLAS), 1997, 16, 1, 2, 1, 3; Prerocaulon pycnos-
tachyum (Michx.) Elliott (Asteraceae), Rider 93 (FLAS), 1999,
14, 1, 3, 2, 1; Prerocanlon virgatum (L.) DC. (Asteraceac), Mer-
eurio & Wagamon 81 (FLAS), 1997, 16, 1, 3, 2, 1; Pyrrhopap-
pus carolinianus (Walter) DC. (Asteraceac), Rider 143 (FLAS),
1999, 14, 1, 3, 2, ); Rudbeckia fulgida Aiton (Asteraceae), Rider
124 (FLAS), 1999, 14, 1, 3, 2, \; Solidago canadensis L. (Aster-
aceae), Rider 345 (FLAS), 2000, 13, 1, 3, 1, 1; Solidago fistulo-
sa Mill. (Asteraceac), Rider 324 (FLAS), 2000, 13,1, 3,2, 1;
Solidugo odora subsp. chapmanii (A. Gray) Semple (Asteraceac),
Rider 304 (FLAS), 2000, 13, 1, 3, 1, 1; Solidago L. (Asterace-
ac), Mercurio & Wagamon 56 (FLAS), 1997, 16, 1, 2, 1, 3;
Solidago stricta Aiton (Astcraceac), Rider 377 (FLAS), 2001,
12, 1, 3, 1, |5 Sonchus asper (L.) Hill (Asteraceae), Proenza 427
(FLAS), 2006, 7, 1. 3, 1, 1; Sonchus asper (L.) Hill (Asteraceae),
Rider 213 (FLAS), 2000, 13, 1, 3, 1, 1; Sonchus oleracens L.
(Asteraceae), Rider 232 (FLAS), 2000, 13, 1, 3, 1, {; Symphyo-
trichum adnatum (Nutt) G.L. Nesom (Asteraceae), Rider 09
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(FLAS), 1998, 15, 1, 3, 1, 2; Ampelaster carolinianus (Walter)
G.L. Nesom (Asteraceae), Mercurio & Wagamon 43 (FLAS),
1997, 16, 1, 2, 1, 3; Symphyotrichum dumosum (L.) G.L. Nesom
(Asteraceae), Rider 382 (FLAS), 2001, 12, 1, 3, I, 2; Taraxa-
cum officinale EH. Wigg. (Asteraceae), Rider 18 (FLAS), 1999,
14, 1, 3, 1, 1; Vernonia angustifolia Michx. (Asteraceac), Rider
147 (FLAS), 1999, 14, 1, 3, 1, 1; Vernonia noveboracensis (L.)
Michx. (Asteraceae), Rider 314 (FLAS), 2000, 13, 1,3, 1, 1;
Youngia japonica (L.) DC. (Asteraceae), Rider 20 (FLAS),
1999, 14, 1, 3, 1, 1; Azolla caroliniana Willd. (Azollaceac),
Proenza 415 (FLAS), 2005, 8, 1, 3, 1, 1; Carpinus caroliniana
Walter (Betulaceae), Rider 31° (FLAS), 1999, 14, 1,3, 1, |;
Bignonia capreolata L. (Bignoniaccac), Rider 57 (FLAS), 1999,
14, 1, 3, 1, 1; Campsis radicans (L.) Bureau (Bignoniaceae), Rid-
er 250 (FLAS), 2000, 13, 1, 3, 1, |; Campsis radicans (L.) Bu-
rcau (Bignoniaccac), Rider 249 (FLAS), 2000, 13, 1, 3. 1, I
Catalpa bignonioides \Walter (Bignoniaceae), Rider 364 (FLAS),
2001, 12, 1, 3, 1, 1; Lepidinm campestre (L.) W.T. Aiton (Bras-
sicaceae), Rider 231 (FLAS), 2000, 13, 1, 3, 1, 1; Tillandsia
bartramii Elliott (Bromeliaceae), Rider 15 (FLAS), 1999, 14, 1,
3, 1, 1; Tillandsia usneoides (L.) L. (Bromeliaceae), Rider 238
(FLAS), 2000, 13, 0, 1, 1, 2; Lobelia floridana Chapm. (Cam-
panulaceae), Rider 88 (FLAS), 1999, 14, 1, 3, 1, 1; Lobelia
glandulosa Walter (Campanulaceac), Rider 179 (FLAS), 1999,
14, 1, 3, 1, 1; Lobelia L. (Campanulaccac), Rider 2 (FLAS),
1998, 15, 1, 3, 1, 1; Lobelia L. (Campanulaceae), Mercurio ¢
Wagamon 30 (FLAS), 1997, 16, 1, 3, 1, 1; Wahlenbergia margi-
nata (Thunb.) A. DC. (Campanulaccac), Rider 239 (FLAS),
2000, 13, 1, 3, 1, 1; Wablenbergia marginata (Thunb.) A. DC.
(Campanulaceac), Mercurio & Wagamon 72 (FLAS), 1997, 16,
1, 3, 1, 1; Celris laevigara Willd. (Cannabaccac), Rider 129
(FLAS), 1999, 14, 1, 3, 2, 1; Canna flaccida Salisb. (Cannace-
ac), Rider 109 (FLAS), 1999, 14, 0, 1, 1, 2; Lonicera japonica
Thunb. (Caprifoliaceac), Rider 371 (FLAS), 2001, 12, 1,3, 1,
2; Lonicera sempervirens L. (Caprifoliaceae), Rider 195 (FLAS),
2000, 13, 1, 3, 1, 1; Helianthemum nashii Britton (Cistaceae),
Rider 209 (FLAS), 2000, 13, 1, 3, 1, 1; Clethra alnifolia L.
(Clethraceae), Mercurio & Wagamon 54 (FLAS), 1997, 16, 1,
3, 1. \; Commelina diffusa Burm. f. (Commelinaceae), Rider
134 (FLAS), 1999, 14, 1, 3. 2, 1; Commelina diffusa Burm. f.
(Commelinaceae), Mercurio & Wagamon 123 (FLAS), 1997,
16, 0, 1, 1, 2; Calystegia sepium (L.) R. Br. (Convolvulaceae),
Mercurio & Wagumon 21 (FLAS), 1997, 16, 1, 3, 1, 1; Calyste-
gia sepium (L.) R. Br. (Convolvulaceae), Rider 82 (FLAS),
1999, 14, 1, 3, 1, 1; Cuscuta compacta Juss. ex Choisy (Convol-
vulaceae), Rider 260 (FLAS), 2000, 13, 1, 3, 1, 1; Jpomoea
cordatotriloba Dennst. (Convolvulaceae), Rider 334 (FLAS),
2000, 13, 1, 3, 1. 1; Cornus florida L. (Cornaceae), Rider 38
(FLAS), 1999, 14, 1, 2, 3, \; Cornus foemina Mill. (Cornaceac),
Mercurio & Wagamon 125 (FLAS), 1997, 16, 1, 3, 1, 1; Junipe-
rus virginiana L. (Cupressaceae), Rider 236 (FLAS), 2000, 13,
1, 3, 1, 1; Taxodinm distichum var. imbricatum (Nutt.) Croom
(Cupressaceae), Rider 216 (FLAS), 2000, 13, 1, 3, 1, 2; Taxo-
diwm distichum (L.) Rich. (Cupressaceae), Mercurio & Wiagamon
22 (FLAS), 1997, 16, 0, 1, 1, 2; Carex complanata Torr, &
Hook. (Cyperaceae), Proenza 432 (FLAS), 2006, 7, 1,3, 2, I;
Carex glaucescens Elliott (Cyperaceae), Mercurio & Wagamon 76
(FLAS), 1997, 16, 1, 3, 1, 2; Carex glaucescens Elliot (Cypera-
ceae), Rider 308 (FLAS), 2000, 13, 1, 3, 1, 2; Carex louisianica
L.H. Bailey (Cyperaceae), Proenza 440 (FLAS), 2006, 7. 1, 3,
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2, 1i Carex Iupulina Muhl. ex Willd. (Cyperaceae), Rider 241
(FLAS), 2000, 13, 1, 3, 2, 1; Carex L (Cyperaceae), Proenza
441 (FLAS), 2006, 7, 1, 3, 1, 1; Carex stipata Muhl. ex Willd.
(Cyperaceae), Rider 210 (FLAS), 2000, 13, 1, 3, 1, 2; Cladium
jamaicense Crantz (Cyperaceae), Rider 153 (FLAS), 1999, 14,
L. 3. 1, 1; Gyperus alternifolius L. (Cyperaceae), Mercurio &
Wagamon 70 (FLAS), 1997, 16, 1, 1, 1, 2; Gyperus croceus Vahl
(Cyperaceae), Rider 275 (FLAS), 2000, 13, 1, 3, 1, 2; Gyperus
involucratus Rottb. (Cyperaceae), Rider 276 (FLAS), 2000, 13,
1,3, 1, 2; Gyperus odorarus L (Cyperaceac), Rider 305 (FLAS),
2000, 13, 1, 3, 1, 2; Eleocharis vivipara Link (Cyperaceae),
Proenza 418 (FLAS), 2005, 8, 1, 3, 1, 2; Fuirena pumila (Torr.)
Spreng. (Cyperaceac), Rider 322 (FLAS), 2000, 13, 1,3, 1, 2;
Rhynchospora careyana Fernald (Cyperaceae), Mercurio & Waga-
mon 119 (FLAS), 1997, 16, 1, 3, 1, 2; Rhynchospora cephalan-
tha A. Gray (Cyperaccac), Mercurio & Wagamon 113 (FLAS),
1997, 16, 0, 1, 1, 2; Rhynchospora colorata (L.) H. Pfeiff. (Cy-
peraceae), Rider 76 (FLAS), 1999, 14, 1, 3, 1, 2; Rbynchospora
inundata (Oakes) Fernald (Cyperaceac), Rider 309 (FLAS),
2000, 13, 1, 3, 1, 2; Rhynchospora latifolia (Baldwin) W.\Y.
Thomas (Cyperaceac), Rider 99 (FLAS), 1999, 14,1, 3, 1, %;
Rhynchospora Vahl (Cyperaceac), Proenza 433 (FLAS), 2006, 7,
1, 3, 1, 2: Rbynchospora tracyi Bricton (Cyperaceae), Rider 318
(FLAS), 2000, 13, 1, 3, 1, 2; Scirpus cyperinus (L.) Kunth (Cy-
peraccac), Rider 292 (FLAS), 2000, 13, 1, 3, 1, 2; Schoenaplec-
tus pungens var. pungens (Cyperaceae), Rider 315 (FLAS),
2000, 13, 1, 3, 1, 2; Cyrilla racemiflora L. (Cyrillaceae), Rider
116 (FLAS), 1999, 14, 0, 1, 1, 1; Drosera brevifolia Pucsh
(Droseraceae), Rider 63 (FLAS), 1999, 14, 0, 0, 0, 0; Drosera
capillaris Poir. (Droseraceae), Rider 103 (FLAS), 1999, 14,0, 1,
1, 1; Diospyros virginiana 1.. (Ebenaceac), Rider 89 (FLAS),
1999, 14, 1, 1, 1, 1; Diospyros virginiana L. (Ebenaceac), Rider
90 (FLAS), 1999, 14, 1, 3, 2, ; Bejaria racemosa Vent. (Erica-
ccae), Mercurio & Wagamon 19 (FLAS), 1997, 16,0, 0, 1, 1;
Kalmia hirsuta Waleer (Ericaceae), Mercurio & Wagamon 90
(FLAS), 1997, 16, 0, 1, 1, 1; Lyonia lucida (Lam.) K. Koch
(Ericaccac), Mercurio & Wagamon 16 (FLAS), 1997, 16, 1, 1,
1, i Lyonia lucida (Lam.) K. Koch (Ericaceae), Rider 35
(FLAS), 1999, 14, 1, 3, 1, Y; Rhododendron canescens (Michx.)
Swecr (Ericaceac), Rider 44 (FLAS), 1999, 14,1, 3, 1, 1; Vac-
cinium corymbosum L. (Ericaceae), Rider 26 (FLAS), 1999, 14,
1, 3. 1, 1; Vaccinium corymbosum L. (Esicaceae), Mercurio &
Wigamon 96 (FLAS), 1997, 16, 1, 2, 1, 3; Vaccinium corymbo-
sum L. (Ericaceac), Mercurio & Wagamon 141 (FLAS), 1997,
16, 1, 2, 1, 3; Eriocaulon decangulare L. (Eriocaulaceae), Rider
264 (FLAS), 2000, 13, 1, 3, 1, 2; Lachnocaulon anceps (Walter)
Morong (Eriocaulaceae), Rider 235 (FLAS), 2000, 13, 1, 3, 1,
2; Lachnocaulon Kunth (Eriocaulaceac), Mercurio & Wagamon
14 (FLAS), 1997, 16, 1, 3, 1, ); Cnidoscolus urens (L.) Arthur
(Euphorbiaceae), Mercurio & Wagamon 71 (FLAS), 1997, 16,
1,3, 2, 1; Sapium sebiferum (L.) Roxb. (Euphorbiaceae), Mercu-
rio & Wagamon 39 (FLAS), 1997, 16, 0, 1, 1, 1; Sapium sebi-
ferum (L.) Roxb. (Euphorbiaceae), Rider 8 (FLAS), 1998, 15,
1, 1, 1, 1; Stillingia sylvatica Gacden ex L. (Euphorbiaceae),
Rider 117 (FLAS), 1999, 14, 0, 1, 2, 3; Amorpha fruticosa L.
(Fabaceae), Mercurio & Wagamon 25 (FLAS), 1997, 16, 1, 1, 1,
2; Amorpha fruticosa L. (Fabaceae), Rider 74 (FLAS), 1999, 14,
1, 3, 1, 2; Baptisia Vent. (Fabaceac), Rider 54 (FLAS), 1999,
14, 1, 3, 1, 1;: Centrosema virginianum (L.} Bench. (Fabaceae),
Rider 126 (FLAS), 1999, 14, 1, 3, 1, 1; Cercis canadensis L.
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(Fabaceae), Rider 42 (FLAS), 1999, 14, 1, 3, 1, I; Coris
canadensis L. (Fabaceae), Mercurio & Wagamon 147 (FLAS),
1997, 16, 1, 1, 1, 1; Crotalaria rotundifolia J.F. Gmel. (Fabace-
ac), Rider 61 (FLAS), 1999, 14, 1, 3, 1, 1; Crotalaria spectabilis
Roth (Fabaceae), Rider I (FLAS), 1998, 15, 1, 1, 1, }; Dalea
carnea (Michx.) Poir. (Fabaceae), Rider 150 (FLAS), 1999, 14,
1, 3, 1, \; Erythrina herbacea L. (Fabaccac), Rider 247 (FLAS),
2000, 13, 1, 3, 1, 1; Galactia elliottii Nutt. (Fabaceac), Mercurio
& Wagamon 83 (FLAS), 1997, 16, 1, 3, 1, 1;: Mimosa quadri-
valvis L. (Fabaccae), Rider 101 (FLAS), 1999, 14, 1,3, 1, I;
Senna obtusifolia (L.) H.S. Irwin 8 Barneby (Fabaceac), Mercu-
rio & Wagamon 77 (FLAS), 1997, 16, 1, 3, 1, 1; Sesbania puni-
cea (Cav.) Bench. (Fabaceae), Rider 79 (FLAS), 1999, 14, 1, 3,
1, 1; Tzphrosia florida (F. Dietr.) C.E. Wood (Fabaceae), Rider
252 (FLAS), 2000, 13, 1, 3, 1, 1; Tephrosia florida (F. Dietr.)
C.E. Wood (Fabaccac), Mercurio & Wagamon 82 (FLAS),
1997, 16, 1, 3, 1, 1; Trifolium repens L. (Fabaceae), Rider 142
(FLAS), 1999, 14, 1, 3, 1, 1; Trifolium repens L. (Fabaceae),
Proenza 436 (FLAS), 2006, 7, 1, 3, 1, 1; Vachellia farnesiana
(L) Wight 8 Arn. (Fabaceae), Mercurio & Wagamon 42
(FLAS), 1997, 16, 1, 3, 2, Y; Acacia pinetorum E). Herm.
(Fabaccac), Rider 6 (FLAS), 1998, 15, 1. 3, 2, ): Vicia acutifolia
Elliotr (Fabaceae), Rider 59 (FLAS), 1999, 14, 1,3, 1, |; Wis-
teria frutescens (L.) Poir. (Fabaceae), Rider 73 (FLAS), 1999, 14,
1, 2, 1, 3; Wisteria sinensis (Sims) Sweet (Fabaccae), Rider 49
(FLAS), 1999, 14, 1, 3, 1, 2; Quercus acutisima Carruth. (Faga-
ceae), Rider 366 (FLAS), 2001, 12, 1, 2, 1, 3; Quercus alba L.
(Fagaccae), Rider 164 (FLAS), 1999, 14, 1, 3, 2, 1; Querus
incana \W. Bartram (Fagaceac), Rider 245 (FLAS), 2000, 13, 1,
2, 2, 1; Quercus laevis Walter (Fagaceae), Mercurio & Wagamon
74 (FLAS), 1997, 16, 1, 2, 2, 1; Quercus laurifolia Michx.
(Fagaceae), Mercurio & Wagamon 87 (FLAS), 1997, 16,1,2,2,
1; Quercus margarertiae (Ashe) Small (Fagaceac), Mercurio ¢
Wagamon 68 (FLAS), 1997, 16, 1, 1, 1, 2; Quercus marilandica
Miinchh. (Fagaceae), Rider 244 (FLAS), 2000, 13, 1,3, 1, §;
Quercus marilandica Miinchh. (Fagaceac), Mercurio & Wagam-
on 132 (FLAS), 1997, 16, 0, 0, 1, 2; Quercus marilandica
Miinchh. (Fagaceae), Rider 288 (FLAS), 2000, 13,1, 2,2, I;
Quercus michauxii Nutt. (Fagaceae), Mercurio & Wagamon 151
(FLAS), 1997, 16, 1, 2, 1, 3; Quercus minima (Sarg.) Small
(Pagaceae), Rider 339 (FLAS), 2000, 13, 1, 1, 1, 1; Quencus
nigra L. (Fagaceae), Mercurio & Wagamon 84 (FLAS), 1997,
16, 0, 1, 1, 2; Quercus shumardii Buckley (Fagaceac), Rider 176
(FLAS), 1999, 14, 1, 3, 2, 1; Quercus L. (Fagaceae), Mercurio &
Wagamon 139 (FLAS), 1997, 16, 1, 3, 1, 1; Quercus virginiana
Mill. (Fagaceac), Rider 183 (FLAS), 2000, 13, 1, 3, 2, 1; Gele-
mium sempervirens (L)) J. St.-Hil. (Gelsemiaceae), Rider 13
(FLAS), 1999, 14, 0, 0, 0, 0; Sabatia decandra (Walter) RM.
Harper (Gentianaceac), Rider 152 (FLAS), 1999, 14, 1,3, 1,
Sabatia decandm (Walter) R M. Harper (Gentianaceae), Meru-
rio & Wagamon 92 (FLAS), 1997, 16, 1, 3, 1, 1; Sabatia brevi-
folia Raf. (Gentianaceac), Rider 162 (FLAS), 1999, 14, 1, 3, 1,
1; Sabatia campanulata (L.) Torr. (Gentianaceae), Rider 119
(FLAS), 1999, 14, 1, 3, 1, 1; Sabatia dodecandra (L.) Briton,
Sterns & Poggenb. (Gentianaceae), Rider 131 (FLAS), 1999,
14, 1, 3, 1, 1; Geranium carolinianum L. (Geraniaceae), Rider
358 (FLAS), 2001, 12, 1, 3, 2, 1; Lachnanthes caroliniana
(Lam.) Dandy (Hacmodoraccac), Rider 144 (F1AS), 1999, 14,
1, 3, 2, 1; Lachnanthes caroliniana (Lam.) Dandy (Haemodors-
ceac), Mercurio & Wagamon 148 (FLAS), 1997, 16,1,3,1, 3;
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Myriophyllum agquaticum (Vell.) Verdc. (Haloragaceae), Rider
391 (FLAS), 2002, 11, 0, 1, 2, 3; Proserpinaca pectinata Lam.
(Haloragaceae), Procnza 431 (FLAS), 2006, 7, 1, 3, 1, 1; Najas
guadalupensis (Spreng.) Magnus (Hydrocharitaceae), Procnza
416 (FLAS), 2005, 8, 1, 2, 1, 3; Hypericum cistifolium Lam.
(Hypericaceae), Mercurio & Wagamon 99 (FLAS), 1997, 16, 1,
1, 1, 1; Hypericum cistifolium Lam. (Hypericaccac), Rider 290
(FLAS), 2000, 13, 1, 3, 1, 1; Hypericum fasciculatum Lam. (Hy-
pericaceae), Rider 199 (FLAS), 2000, 13, 1, 3, 1, 1; Hypericum
gentianoides (L.) Britton, Sterns & Poggenb. (Hypericaceace),
Rider 159 (FLAS), 1999, 14, 1, 3, 1, 2; Hypericum hypericoides
(L.} Cranez (Hypericaceae), Rider 302 (FLAS), 2000, 13, 1, 3,
1, 1; Hypericum microsepalum (Torr. 8 A. Gray) A. Gray ex S.
Watson (Hypericaceae), Rider 198 (FLAS), 2000, 13, 1, 3, 1,
1; Hypericum setosum L. (Hypericaceae), Rider 287 (FLAS),
2000, 13, 1, 3, 2, I; Hypericum tetrapetalum Lam. (Hypericace-
ae), Rider 196 (FLAS), 2000, 13, 1, 3, 1, 1; Hypoxis juncea Sm.
{Hypoxidaceae), Rider 200 (FLAS), 2000, 13, 1, 3, 1, 2; Hy-
poxis juncea Sm. (Hypoxidaceae), Proenza 424 (FLAS), 2006,
7. 1. 3, 1, 2; Iris virginica L. (Iridaceae), Rider 40 (FLAS),
1999, 14, 1, 3, 1, 2; Sisyrinchium atlanticum E.P. Bicknell (Iri-
daceac), Rider 56 (FLAS), 1999, 14, 1, 3, 1, 2; Sisyrinchium
rosulatum E.P Bicknell (Iridaceae), Rider 223 (FLAS), 2000,
13, 1, 3, 1, 2; Jrea virginica L. (Iteaceac), Mercurio & Wagamon
63 (FLAS), 1997, 16, 1, 3, 2, 1; Carya glabra (Mill.) Swect
(Juglandaceae), Rider 370 (FLAS), 2001, 12, 1, 3, 1, 1; Carya
illinoinensis (Wangenh.) K. Koch (Juglandaceac), Rider 78
(FLAS), 1999, 14, 1, 2, 1, 3; Juncus effusus L. (Juncaccac), Rider
21 (FLAS), 1999, 14, 1, 3, 1, 2; Juncus polycephalus Michx.
(Juncaceae), Rider 266 (FLAS), 2000, 13, 1, 3, 1, 2; Juncus L.
{Juncaceac), Mercurio & Wagamon 91 (FLAS), 1997, 16, 0, 1,
1, 2; Juncus L. (Juncaceae), Mercurio & Wagamon 111 (FLAS),
1997, 16, 1, 2, 1, 3; Callicarpa americana L. (Lamiaceae), Mer-
eurio & Wagamon 40 (FLAS), 1997, 16, 1, 3, 1, 1; Hyptis alata
Shinners (Lamiaceae), Rider 141 (FLAS), 1999, 14,1, 3, 1, 1;
Hyptis mutabilis (Rich.) Briq. (Lamiaceae), Mercurio & Wagam-
on 27 (FLAS), 1997, 16, 1, 3, 1, 1; Hyptis mutabilis (Rich.)
Briq. (Lamiaceae), Rider 326 (FLAS), 2000, 13, 1, 3, 1, 1;
Physostegia purpurea (Walter) S.E Blake (Lamiaceae), Rider 100
(FLAS), 1999, 14, 1, 3, 1, 1; Physostegia Benth. (Lamiaccac),
Rider 112 (FLAS), 1999, 14, 1, 3, 1, 1; Rosmarinus officinalis L.
(Lamiaceae), Rider 397 (FLAS), 2002, 11, 1, 1, 1, 1; Salvia ly-
mata L. (Lamiaccac), Rider 207 (FLAS), 2000, 13,1, 3,2, 1;
Salvia lyrata L. (Lamiaceae), Rider 64 (FLAS), 1999, 14,0, 0,
0, 0; Scutellaria arenicola Small (Lamiaceae), Rider 98 (FLAS),
1999, 14, 1, 3, 1, 1; Teucrium canadense 1.. (Lamiaceac), Rider
135 (FLAS), 1999, 14, 1, 3, 1, 1; Teucrium canadense L. (Lami-
aceac), Mercurio & Wagamon 75 (FLAS), 1997, 16, 1,3, 1, 1;
Trichostema dichotomum L. (Lamiaceac), Rider 335 (FLAS),
2000, 13, 1,3, 1, }; Gi camphora (L.) ]. Presl (Lau-
raceae), Rider 75 (FLAS), 1999, 14, 1, 3, 2, 1; Persea borbonia
(L.) Spreng. (Lauraceac), Rider 383 (FLAS), 2001, 12,1, 3,0,
0; Persea borbonia (L.) Spreng. (Lauraceae), Rider 219 (FLAS),
2000, 13, 1, 3, 1, 1; Persea palustris (Raf.) Sarg. (Lauraceac),
Rider 396 (FLAS), 2002, 11, 1, 3, 1, |; Sassafras albidum
(Nutt.) Nees (Lauraceae), Rider 140 (FLAS), 1999, 14, 1, 3,0,
0; Pinguicula caerulea Walter (Lencibulariaceae), Rider 201
(FLAS), 2000, 13, 1, 3, 1, 1; Pinguicula lutea Walter (Lentibu-
lariaceae), Rider 45 (FLAS), 1999, 14, 1, 3, 1, 1; Pinguicula
pumila Michx. (Lentibulariaceae), Rider 10 (FLAS), 1999, 14,
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1,3, 1, 1; Pinguicula pumila Michx. (Lentibulariaceae), Proenza
439 (FLAS), 2006, 7, 1, 3, 1, L; Pinguicula pumila Michx.
(Lentibulariaceae), Rider 394 (FLAS), 2002, 11, 0, 0, 0, O;
Urricularia gibba 1. (Lentibulariaceae), Rider 375 (FLAS),
2001, 12, 1, 3, 1, 1; Usricularia breviscapa Wright ex Griseb.
(Lentibulariaceae), Rider 22 (FLAS), 1999, 14,0, 1, 1, 1; Utric-
ularia subulata L. (Lentibulariaceac), Rider 47 (FLAS), 1999,
14, 1, 3, 1, 1; Lilium catesbaei Walter (Liliaceae), Rider 163
(FLAS), 1999, 14, 0, 0, 0, 1; Lycopodiella alopecuroides (L.)
Cranfill (Lycopodiaccac), Rider 387 (FLAS), 2002, 11, 1, 3, 1,
15 Lycopodiella alopecuroides (L.) Cranfill (Lycopodiaceac), Mer-
curio & Wagamon 95 (FLAS), 1997, 16, 1, 3, 1, I; Lythrum
lineare L. (Lythraccac), Mercurio & Wagamon 120 (FLAS),
1997, 16, 0, 1, 1, 2; Magnolia grandiflora L. (Magnoliaceae),
Rider 123 (FLAS), 1999, 14, 1, 1, 1, 1: Magnolia virginiana L.
(Magnoliaccac), Rider 107 (FLAS), 1999, 14, 1, 3, 1, 1; Hibis-
cus aculeatus Walter (Malvaceae), Rider 125 (FLAS), 1999, 14,
0, 1, 1, 2; Hibiscus moscheutos L. (Malvaceae), Rider 114
(FLAS), 1999, 14, 1, 2, 2, 1; Kosteletzkya pentacarpa (L.) Ledcb.
(Malvaceae), Rider 138 (FLAS), 1999, 14, 1, 3, 1, 1; Pavonia
bastata Cav. (Malvaceae), Rider 149 (FLAS), 1999, 14, 1, 3, 2,
1; Zigadenus densus (Desr.) Fernald (Mclanthiaceac), Rider 86
(FLAS), 1999, 14, 1, 3, 1, 2; Rhexia alifanus Walter (Melasto-
mataceae), Rider 118 (FLAS), 1999, 14, 0, 0, 0, 0; Rhexia
cubensis Griseb. {(Mclastomacaceae), Rider 279 (FLAS), 2000,
13, 1,0, 1, 2; Rbexia lutea Walter (Melascomataceae), Rider 365
(FLAS), 2001, 12, 0, 0, 0, 0; Rhexia mariana L. (Melastomata-
ceae), Rider 121 (FLAS), 1999, 14, 1, 1, 1, 1; Rhexia nashii
Small (Melastomataceae), Rider 284 (FLAS), 2000, 13, 1,2, 1,
3; Rhexia petiolata Walter (Melastomataceac), Rider 313
(FLAS), 2000, 13, 1, 1, 1, 1; Limnobium spongia (Bosc) Rich.
ex Steud. (Menyanthaceae), Mercurio & Wagamon 88 (FLAS),
1997, 16, 0, 0, 1, 2; Morus rubra L. (Moraceae), Mercurio &
Wagamon 135 (FLAS), 1997, 16, 1, 3, 1, 1; Musa acuminata
Colla (Musaceae), Rider 278 (FLAS), 2000, 13,0, 1, 1, 2; Mo-
rella cerifern (L.) Small (Myricaceae), Rider 7 (FLAS), 1998, 15,
1. 3, 2, 1; Myrica heterophylla Raf. (Myricaccac), Rider 392
(FLAS), 2002, 11, 1, 1, 1, I; Aletris lutea Small (Narcheciaceae),
Rider 97 (FLAS), 1999, 14, 1, 2, 1, 3; Aletris obovara Nash ex
Small (Narcheciaceace), Rider 106 (FLAS), 1999, 14,0, 0, 0, 1;
Nymphaea odorata Aiton (Nymphaeaceae), Rider 373 (FLAS),
2001, 12,1, 1, 1, 1; Nyssa ogeche W. Bartram ex Marshall (Nys-
saceac), Mercurio & Wagamon 58 (FLAS), 1997, 16,0, 1, 2, 3;
Nyssa sylvatica Marshall (Nyssaceae), Rider 220 (FLAS), 2000,
13, 0, 0, 0, 1; Chionanthus virginicus L. (Oleaceae). Rider 68
(FLAS), 1999, 14, 1, 3, 1, V; Fraxinus caroliniana Mill. (Oleace-
ae), Rider 72 (FLAS), 1999, 14, 1, 3, 1, 1; Fraxinus caroliniana
Mill. (Oleaceae), Mercurio & Wagamon 24 (FLAS), 1997, 16,
1,3, 2, 1; Fraxinus pennsylvanica Marshall (Oleaccac), Mercurio
& Wagamon 158 (FLAS), 1997, 16, 1, 3, 1, 1; Ligustrum japon-
icum Thunb. (Oleaceae), Rider 214 (FLAS), 2000, 13, 1, 3, 2,
1; Ludwigia leptocarpa (Nute.) H. Hara (Onagraceae), Proenza
417 (FLAS), 2005, 8, 1, 3, 2, 1; Ludwigia maritima RM.
Harper (Onagraceae), Rider 280 (FLAS), 2000, 13, 1,3, 1. I;
Ludwigia peruviana (L.) H. Hara (Onagraccac), Rider 171
(FLAS), 1999, 14, 1, 2, 1, 3; Ludwigia L. (Onagraceae), Mercu-
rio & Wagamon 100 (FLAS), 1997, 16, 0, 1, 1, 1; Ludwigia
virgata Michx. (Onagraccac), Rider 128 (FLAS), 1999, 14, 1,
1, 1, 1; Oenothera laciniata Hill (Onagraceae), Rider 65 (FLAS),
1999, 14, 1, 1, 1, 1; Calopogon multiflorus Lindl. (Orchidaceace),
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Rider 360 (FLAS), 2000, 12.1, 3, L, 2y peatiificr
Chapm. [Ovchiddseesel, Rider 357 (FLAS), 2081, 12, 1, 3. 1.2
Cafgpogen nubergre (L] Brivwon, Sreres 8 Poppenh, (Ovchida-
cegesh, fidee 29 FLASE 1999, 14, 1, 3, 1, % Ohvide diveriomia
(b Aumes {Oirchidacmar]), Ridler 103 (FLAS), 1999, 14, 1, 3. 2,
b Carallorkiza wisteriana Conssd [Orchidacrael, Rider 353
(FLAS], 2000, 12, |, 3, L, 2 Plassmtfens cilfariy (L) EindL. (0s-
chidscrac), Rider 158 [ELASY, 1999, 14, 1.3, 2, §: Spdreradier
pravcer [l 5, Wanon (Orchidacese]l, Mider 67 (FLAS),
L9590, L4 1, & L 0 Seleenrber pevnalis Enpelrm, & A Gray
(Chechidaceas), Bider 97 [FLAS), 1000, 14, 5, 3, 1, 25 Zesive
mmrewevies (L3 Schlon (Orchidecess), fid= JT (FLAS),
1994, 14, 1, 3, 1. 2 Agsfing aplplle (Muaie.) Baf, {Orobancha-
ceae), Rider 347 (FLASEH 2000, 13,1, 3, 3, 1; Apalinir fraicu-
Lnte (Efflons) Raf. (Orebanchacrae), Rsler 542 (FLAS) 2000,
13, 13 L b Agebini feiendaore {Ellioer) Baf, (Orohaeschace-
ach, Mider 62 {FLAS), 1909, 14, 0.3, 2. 15 Agelims seneeea {|E
Ganed | Taf. {Orobeschacesr), Rider 249 (FLAS), 20040, 13, 1,
31 b Oty cormivakess 1 (Oisalidacrac), Bider 208 (FLAS),
20 13,40, 0, 2, 5 Mﬂ" wrrmarir L. tﬁ}tl’ﬂlﬂﬂl‘-
Hicler JRF [FLAS), 2000, 15,0, 1, 1, b Movadarcs smeriram L
[Phytativeanmc]. Merurde o Wigrwar 47 (FLASE 1997, 16,
1, 3, b b Povws cdsusa (Chapm. ex Ergelm) Sarg, (Pinaceas),
SMereserin o GF [FLAS), 1997, 16, 0. 0 0, & Finw
etfiontis Engelim. (Finacear), Mevurio o Wigesar 145 (FLAS),
OO 16, 0, 0, @, 1; Phon gl Waler (Fisacese], Ridee 47
SELASL. 1900, 14,8, 1, 1, 25 Prewr parfarris M. [Piescess),
Rider 356 (FLAS), 2001, 12, 1, 3, 1. 2 Pinar sevoving Michs.
(Pinaeear), Rider 384 (FLAS], 2001, 12, 1, 3, b, J Fin ereda
L. (Finaceac), fider 33 (FLAS), 1999, T4, | & 1, % Broepa
carclipions (Wilke) B L Rob (Mlansgiess), 8ide 145
(FLASY, 1%, 14 1, 3, 0, 1) Bavepd msvenierd {10 Wenst
(Fenmpinscese), Memunie o Wagesan 102 (FLASL 1997, 16,
Lo 3, 1, b3 Liwaria comadenrir .} Dam. Couss. {Plansaginacm-
arl. Risder 39 (FLASY, 1999, 14, 1, 3, 1. |} Mecdralsmia dommi-
rtfa (Walrer) Senall (Pluncapinaceac), Mider 78 (FLAS), 1990,
1, 1,301, & Mivaraswds gouriivents (Waleer) Small (Planng.
instesch, Proroza 38 {FLAS), 2008, 7, 1, 3, b Iz Pleviege
banceobase L {Plintaginacrach, Qi 203 [FLAS), 2000, |3, 1,
¥, b O Plantago mdger L, (Plandegimccan), Rider 47 (FLAS),
P (4. 1.5, 1, ki Punrdgo wégimic L. {Planseginaceae], fia
er M5 {FLASE BHHR 13, 1, L, 3, |; Plasns eochdewraliv 1.
(Fhianacres), Rider #F {FLASL 5909, B4, B, 2 1, 5; Andve
pegorn plomenitur (Walceeh Bristan, Secens & Foggenb, (Poace-
acl, Nider 178 (FLAS), 1999, B4, 1, 3, 1. 2: Arewadinarde gi-
partea (Ealier) Mauhl. Pogcee), Rider 797 [FLAS), 2080, 13,
Lo & be B Arwuasliceari pigentes [Walcer) 3Muhl. {Powcese), Rier
154 (FLAS), 2000, 13, 1, 3, 1, 2; Arundp dewee L (Poaceae),
Procaes 425 (FLAS), 2005, B, 1, 3, 1, 7 Charmandhivm favew
b HO Ve {Peacear), M o Wigames 115 (FLAK),
1997, 06, 1, 3, L 2 Chapmasthivomy Spoanr (L) BLO. Yares (Po-
srcac), Hrnmn'ﬂd'm A7 (FLASE 1997, 06, 1, 4, 6, 1
Charuenniizm aitidan (Baldwin ex Blliser] HUO Yates {Poace-
2}, Mercwris & Wiagnmon 112 {FLASL 1997, 16, I, 3. L. I:
Cleum famicerar Crani {Peammar), Mevuris o Wigamos
Rar (FLASL 1997, 16 1.3, 1. T Cremium sromanicum [Waleer)
Alph, Wood (Poscess), Rider B4 (FLAS), 1999, 14, 1,3, 1, 2:
i werasdicam {Walner) Alph. Wood (Poacess), Mecurs
o Wagamen 78 (FLAS), 1997, 18, 1, 3, [, 3 Dichewthelinm
ovwrwetetrry {Schub) Gould (Posecicl, Merure o Wipons
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0T FLASL BHIF, 16,1, 3, L b Déckamvhelium gebermampen
v, floridinsion {Vasey) Davidse (Poaceae), Mereuric & Wigam-
ou TR (FRASY, 1997, 16, 1, 3. 1, L Disbeanbelizm b
fura (Elliory Goald & CA, Clad {Poaceac), Preenss 436
{FLASE, 2605, R, LaL 2 .ﬂl‘h‘ﬂﬁuunrmhimhin
lionah Gonuld Bc CA. Clark {Poscear], Mirurio o Wgamon 117
{FLAS), 1997, 16, 1. 5, 1, 1; Dichontbelium soabrnsdion (E-
Bhoneh Genbd A2 O Clark (Poecess), Memurne e Wipamew | 15
AFLAS), 1997, 16, 1, 3, 1 & Dicdenskelfum dicknsmum we
sacdplpluem {Trin.) Davidse {Poaceas), Prornzs 434 {FLAS),
2nG, 7,00, 3, 0, 1 Dupisets oiliers (Bere } Kodar (Poaceas],
Rider JO7 (FLAS), 2000, 13, 1, 5, 1, 2. femperstat cplinatrica [L)
Pacusch. (Pracesal, Promae 450 (TLASE, 2006, 7, 1, 3 L §
Lattwm peeensie | (Posocseh, Sider 230 (FLAS), 20040, 13, 1,9,
1. & Ropaium momres: Aliin ex Fliggd (Poacess), Sider 277
(FLASE 2000, 15, L, & 1, 2 Papeium proscar Walter {Poace-
arl, fider 226 (FLAS), 2004, 12, |, 3,0, 0; Fespatir wrils
Savued, {Poaceae), Rider 283 (FLAS), 2000, 13.1, 5, 1, & Prpa-
du wreitler Seeud. (Peacear), Praenzs 479 (FLAS), 3005, 4, 1,
&1 B Cewolrrer parpreens (3chumach.) Morrone (Poceas),
Rider 272 (FLAS], 2000, 13, 1, 3, 1, 2; Folypagon mompelionss
(L) [hef. (Poacrech, Rider 207 (FLASY, 2000, 13, 1.3, 1,
Polypogen mompefionvir (L) Desf. (Posoras), Proemma 407
(FLAS), 2006, 7, @, 0, 0, Ty Seorfamm gipanism {Walver) Per.
(Moaceae), Kider 175 (FLAS), 1999, 14, 1, 5, 1, 2; Serarie parpi-
Mo [Toir} Berguilen (Masreac), Aider J63 {FLAS), 2000, 13,
1. 3, b, 3; Kesaria paveiflord {Fair) Kerguélen (Poscese), Sdera-
riv o Wiagamarn [42 (FLAS), 1997, 16, L 3, L. |y Sorgharems
eliieenid {E2, Mok) Mash (Powcese], Bider 337 (FLAS), 2000,
L5 1, 2 b B Tripearum alacrplaide (L3 L. [Boaceae), Rider 342
(FLAS), 30, 135, 8.3, 1. ; Tripracurm doctyplvider van Harida.
st {Poeer ex Varey) Beal (Poaceas), Rider 248 (FLASE 2000,
Lk 1, 5, b, 35 Himawisprts miliaces (3dicke ) D6l 8 Asch. (Pos-
ooae], Ridee 185 (FLASY, 1999, 14, &, 3, [, 2 Frzsniopeir mile
arra [Michie] Dol & Asch, [Poacee), Rids Ja5  (FLAT,
1998, 14, 1, 3 b 2y Oldax flaridans Bench. {Polemontsceas)
Hider 59 (FLAS], 1999, 14, 0, 0, 0, 1 Aefpals rrurias L (o
Iygelaceac), Rider 369 (FLAS), 2000, 12, 0, 0. 0, & Pelypnle
s Walter (Palygalicen), Bider 368 (FLAS), 2000, 17,1,
3, 1. 2; Polpgonds fuesar L. (Podypalacese), Bider 51 (FLAS], 1999,
14, 1,3, 1, L Palggals fuses L [Polpgataceas), Mercurio o Wi
memon 45 {FLASY, D597, B3, 1, 3, 1. 1 Polppek sesr (o)
DL (Polygafaceae), Rider 23 [FLASY, 1999, 14,0, |, 1, 1; fe
Ipgela moer Elliner (Polygalacese}, fider (46 [FLAS], 1999,
b 1o 3 b 0y Pyl masssset Ellicas (Polygalaceae). Bider J 30
(FLAS), 1959, 14, L, 5, & & Polgals repdli Srooles. &
Chapm. {Polygalacese), Rider 62 [FLAS], 1999, 14,0, 1, I, 1
Pirmpeitis pofppostivisr (Ly EG. Andiewn & Windham [Talp-
podices]), Rider 286 (FLAS), 200317, 1, 3, 1, 2; Pemvedionle
rovebena L. (Pentedesisamch, fider 80 (FLAS), 1999, 14, 1,2, 1,
% Samelar foribandie Kunah {Primslicsse), Provnss 435
(PEAS) 2006, 7,1, 5, 1. B3 Clemiaris erigpa L, {Ranunculscesd),
Merewria o Wapaman 103 (FLAS), 1997, 06, §, 1, |, E; Ola
atir rigpa L. {Hanancabomr), fidbr 83 [FLAS), 1999, 14, 1,3,
. Vi Beaunmii Spddes bMicks, (Ransnoulaceac), Bider 234
(FLAZ), 2000, 13, |, % 1. §; Erirboirps jsponica {Thunh)
Lindt. (Romcess), fider TE7 (FLASY, 2000, 13, L, 5, 2, 5 M
tinia prrifelas (Lam.) B_R. Rebertion & |8, Phipps (Roscese),
Hider J45 (FLAS), 2000, 13, 1, 2, k. % Phetinda pwiflia
(lam,j KR foberrscn & LB, Phippe (Rosaceas), Fider 37
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(FLASY, 199%, 04, 1, 3, 2, 1 Prenw snerivomr Maskall (Rosa-
ol Ridder 352 (FLASY, 2008, 12, 1, 1, [, 25 Promes fevmtin
Buh. (Roscael, Bider 190 (FLAS), 2080, 13, 1, 2 &, T
Prusisi sprating Ehrk, (Bosacese), Merowris o Wpeman 67
(FLAS), 1997, 16, 1, 3, 2, bs Parwr callerpene Deene, (Rosace-
sef, Rider 354 (FLAS), 2001, 12,1, 1, |, % e borvigmin
Mischy, (Bosacean], fider 34 [FLASY, 1999, 14, 1.1, 1, 3 Rosr
pabsris Marchall {Resacenc), Rider 85 (FLAS], 1999, 14,1, 3,
L b N poloreds Manlalt (Rooeme), fide 385 (FLAS),
M0, B8 L3 2, 0 Rabar Pussh {Fecscrs), Rider
M6 {FLAS), 2600, 13, 1, 3, 2, [ Rvber risdalls Micks, (Rosa-
re), Bialer 25 {TLASY, 1999, 14, 1, L, §, 31 Coplurlomtbur seci-
denirfis Lo (Roblacese), Mevurie o Wipamen 35 [FLAS),
FT, 14, 0, k. 2, 3; Disdhis sirgimiana L. [Kubiaceas), Bider
Jrg {FLAS]), 2000, 15, b X 1, §; Hedpetiv procowbens {J.E
Ganel. b Fosberg (Rublaceae), Rider 355 (FLAS), 2001, 121, 3.
2. 1; Miircketla repers L. (Ruhisccaed, fider 18] (FLAS), 2000,
13 R 1 Mepuins dalipide W, Bartram ex Masshall (Salies-
w2ach, fader 215 {FLAS), 20040, 13.1, 3. 2, bx Saliv burdplosice
L {Salicacean), Rider 377 (FLASY, 2000, 13, I, |, 2 3% Kalix
orelinias Mach, Ualicacrae), Meowris o Wigowan [
AFLAS), 1997, 16, 1. L. 1, Iz Safér migne Masshadl (Salicscese),
Rider 48 (FLAS), 1999, 14, 1. 3. 2, 1; Phonademaron feucarpun
{Raf} Heveal & MLC Johsar, (Santadarear), Rider 350 (FLAS),
UL, 12,01, 2 L 3 Arer sl L (apindaceac), fider [
(FLASE, 19, 14, 1, 3, L. 2; Sarmioeie evines Walier {Sammoe-
niacess), M 200 (FLAS), 2008, 13, 1, 3, 2, 1; Sorarenis
minar Walter (Samaceniaceae), Meranio & Wipdmew 93
(FLAS], LS9, 16, 1, A 2, 1; Sewrumw cermuns L {Saurumcsand,
Fider 86 (FLASE 1999, 14, L 3. & 1) Miuer ol |,
Eli (Schimndracess), fider 177 (FLASY, 1999, 14, 1,3, 2, 1;
Sevilee fona-noe L (Smdbesore), Sider 300 (FLASH 265052, 11,
Loa b I Swilae pleaes Waler [Smifacecess), Bider 257
(FLASY, 2000, §3, 1, 3 1, & Seviler bourifolia L. {Smélacacess),
Rider 28 {FLASE 1999, 14, 1, 2 1, 3 Smibec L. (Smilacecess),
Meresaria oF Wagamen J6F (FLAS), 1997, 16, 1, 3, 1, | Selr-
et dimericgau Mill, (Solanacese], Rider 133 (FLAS), 1999,
4, 1. 8, 1, % Soloem capricoider AH. (Solusaceag], Rider 228
AFLAS), 2000, t3, 1, 3, 2, §; Sebaweaw ravolinese L, (Sulisare-
h].ﬁﬂr?ﬂﬂm.lm.ﬂ.hﬂ.i.limwm
L {Solamacear), fider 265 (FLAS). 2000, 13, 1, 5, L3 Pl
prevaums procumbens L {Tetrackandiaorac), B.L Witbur 64537
(FLASY, 1907, b6, 1, % 1, I Gordoanda bavianebes (L} ]. Ellis
(Mieaieac), Merrurio o Wigaman 7 (FLAS), 1997, 16, 1, 2, 1,
5: Mirigronter ciatouder slap, atealimizns (Waloer Arbo [Tiemera-
eeach, Rider 337 {FLASH, 2000, 13, 1, 3, 1, 1; Fipba dasifofir L
{Typhacsac), Rider 110 (FLAS), 1999, 14, 1, 3, 1, % Lfma
airid Micka, (LUlmacee), Mesuris o Wigamon 153 (FLAS),
FR97, 16, 1, 3, 1, 2; Cilrrmer aiier Michs. (Ul maeeac), Bider 363
(FLAS), 2000, £3, E, 3. 2, 013 LV amevicans [ (Ulmacs),
Merruria o Wigrwan 134 (FLAS), 1997, 16, 1, 3, 2. 1; {hrtienr
wer L. {Urdicaornch, Sonink 0 FLAS), 1999, 14, 1, 5, 2, §;
Lawtand deprena Sovall (Verbenacese), Sider 271 {FLAS),
OO0, 8 1, 3,1, B Py woatiffonr (L) Gieene (Verbenaceae),
Fider ZM  (FLASY, 2000, 13, 1, 3, 2, [; Veabs benseobasa L
Virlaceae), Sider 17 (ELAS], 1990, 14, L, 4, 1. 1; Visla patma-
fa L. \Winlecene), Rider 189G (FLAS), 0040, L3, 1, 3, 2, 52 Viedr
Jatosia L. {Vinlacene), Pracnss 437 (FLAS), 2006, 7, 1, 3. 2,
1: Viwla prrkatr L (Vialacese), Mider 39 (FLAS), 1999, 14, 1,
21 Viels primuiytic L (Wiclsoeae), Ride 29 (FLAS),
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T, 1401, 3, L b Viela serewir Wik, (Vickscrae), Mider 14
IFLASL 1990, 14, 1, 3, 1, 1} Viade sarsera "Wilkd, [Viclmeae),
Rider 46 (FLAS), 1999, 14, £, 3, 2, I; Awpprinpris arborea (L]
Kochre (Viceae), Bidver 256 (FLAS), 2000, 13, 1, 8, 1 1,
Firethewovioe quinguefiliz (L) Manch. (Vimceae), Mervaris &
Wigaman 0F (FLAS), 1997, 16, 0, 1, 2, % Vi sntsalic
Michy. (Vieicsac), Rider 203 (FLAS), 2000, 13, 1,0, 1, 2 Vinir
vireerest {Enpelm, ) Enpelm. ex Millardes (Vitserar), Bide 286
(FLASY, 2000, 13,1, 1. b 2 Vish eonundifidia Micke. [Virscr-
ac), fder P30 (TLASE 1509, B4, 0,0, 0, 1 Vier semnadfde
Miche. {Visreae], Bder 307 [FEAS), 2000, 13,1, 1,1, 1; Mins
Mick. (Vicesel, Meure & Wigewes 7
{FLAS) 1997, 16, 0,0, [, 2; Neis L (Myvidaccac), Mermuie 6
Wisgeonsre 12 [FLAS), 1997, 16, D, B 1. Z: Zamia pomila L
(hamiscene), Mider 154 (FLAS), 2000, 13, 1, 3. 1, 2. Abbon
Collection data yet from berbarlum specienens: Afrrmmmibens
piiforervides (Mar.) Griseh. (Amarssihacean), Abbare 5250
(FLAS), 19092 20, O, B, 1, I Fheledewdion probercens Mill,
{Anmanliarmc), Abheer MELZ (FLAS), 1997, 16, 00,0, It
Erpygfass prormtum Musr. ex DO, (Aplecess), Ao 3634
(FLAS), D992, 21, 0L 0, 4, B Pralimrium capitioceurm (Michs )
Raf, {Apiaceac), Abberr I775 (FLAS), 1992 21, @, @, 1, 2;
Peitimanir capilivornm (Miche ) Raf. (Apiacrar), Abbor [ 700
(PLASKL 1992, 20,0, 0,0, 1, T st Mun, ex [0,
{Apiicese], Abborr 3207 FLAS). 1992, 11, 1, 1, I % Aslepiar
pevenmis Walter (Apocyraceae), Albor 3530 (FLASE 1992, 21,
O, 0, |p M povivrcra (Fursh) Chapn, (Agueifiliseeac), Afber
JO7R2 (FLAS), 1997, 16, @, 0, 0, by B corfeerd {Fupsh]
Chapm. (Aquifolisorss), Abbor G583 (FLAS), 5994, 19, 0, T,
0 Lo e L (Aquilinliseese), Ahbare F4188 (FLAS), 2001, 12, 1,
I 2, 3 Hew x msseraear 5. Ha (Anuifoliaceas), Abbor 14087
TFLASY, 200L, LE 0,8, 1, 2 Wolffr odombians M. Kaise, {Ass-
crac), Ablar | PERG (FLAS), 2004, 9. 1, 3. 1, L Anmesnis bid
willii Hook, [Amucarlaceas), AbBar 17936 (FLAS), 1999, 14,
8,0, 1, 3; Butda capitae (Mar) Bees, (Arecaceas), Abberr 6707
AFLAS) 1984, 10, 1, 3, 1, & Aspavegur reteorar [Kursh) Jessap
VAsjrirapacrac], Abbort P2 [FLASY, 1992, 20, 0,0, 0, frAgple
wiusst plarpseseran (L.} Briton, Srerns & Pogpenh, (Asplenizce-
). Abbwrr FUFE (FLAS), 1994, 190, 0, O, 8; Spilentin ap-
poevitifalia (Lam.) DfAscy {(Asteraccan), Abbor 5209 (FLAS),
1998 20, 0, 0, O, 1 Awbroria enifida L [Asemoess), Abbar
14352 [FLAS), 2000, 12, 1, 1. 1, % Coresonls niweesria Mubi,
[Agmrraceac], Abbare 177 (FLAS), 1992, 21,9, 0, |, 2 Frailie
Sebergii Micolson (Asveraceac), Abbar [F0Z {FLAS), 1992 21,
0,14, 0, 1; Gmechasce faivee (Tam,) Cabrer [Asremonss}, Al
dare JROF (FLAS), 1992 20, @, 8, 0, §; Safie surkemi@lls
(Pus) Sweer [Astrracens), Abbanr GE (FLASY, 1994, 19, 0.0,
0, 1; Mdlibawin soendenr (3 WD, {Asseracrae), Abber 5207
(FLASY, 1992, 20,0, 0.0, Iy Dialafcia feoepd A, Ciray {fumerace-
ael, Abbor 770 (FLAS), 2003, 10, £, 3, 1, I; Hrlaforia Syl
A Gy fAsceraceas), Abbare | 7703 (FLAS). 2003, 10,0, 0, 1,
2 Pocheg fecchars (ML) Poiski (Ascrecewe), Alder 3632
{FLAS). 1992, 20, 0, 0, 0, 1; Maweing domerticor Thank. {Be-
beridacaac), Albeir £1368 (FLAS), 05908, 15,0, 00, §; Tocswma
edpasiis (Thunk ) Lindd (Blgnonteeess), dbba 6704 [FLASH,
P9, 19, O, B, 1, 3 Woedwardie sralee (L) T Moore
(Blechneceac), Akkoer 7084 [FLAS), 1954, 19, 0, 0, [ i Lepials
foe wrginicans L. (Brassicaceael, ABborr 1798 (FLAS), 1992,
El, 0,00, 0 L (Bramicacear), Al
HOR2 (FLAS), 1994, 19, 0L 0L 1, 11 Titlandiia rcorsets L.} L.
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[Dvomeliaceas), Albeer 1837 (FLAS], 1992, 21, 0, 0, G, O Eps.
pipfum mogperafem (D) Haw, (Cacacee), Abborr 6703
{FLAS), 1994, 19, 0,0, 0, 0y Lotedia dresfalla M. ex A, D8
(Campanalaceae), Abbare J73 [FLAS), 1907, 16, 1, 1, L %
Triodanis perfillioa (L.} Mbeswwel. [Camspanilacese], Abbotr 6521
(FLAS), 1904, B8, |, 1, 1, 2 Thsdanis perfifiess (1) Miewst.
[Campaneliceie], Aldor God (FLAS), 1994, 19, 1, 1, L 1}
Winhlerbergia muargiaeze (Thush} A, D lfﬁillphﬂhwlﬂ
Abbarr G5 [FEASE, 1594, 19, 0, 0, 0, 15 Waklwbrpic oungpi-
nard { Thumhp A, D, [Campunetaceae), Abber 181 T (FLAS),
TUFY, D, O, B, 0, 1; Munde fupatur L (Caneal b AT
LRI0F (FLAS), 2000, b3, b L 1, 23 Landeens fargraniiidves
Limdl. & Paxion {Caprifcliacesel, Albar § 1364 (FLAS], 1908,
15, 0, 3 Lo 25 Famwpolioc americana (Moo) Fenad ex Walp
{Czrpnphyitacear), Abbeer 655 (FLAS), 1992, 21,1, 3, 1, 3
Meranpetia srecge {Chapm,} Shirmees (Carvephyllacoac], Ao
T80 (FLASY, 1997, 16,0, 0, 1, 2: Mapernus Molim (Cdastra-
cea}, Abbant J2F8 {FLASEH 2004, 9, 1, 3, 2, 1; Lecee L (Cis-
paoens), Ablary IGFT (FLASH 1992 21, 0, 0, U, 1; Loabes 1,
(Clsioecss), Abdedr FE (FEASY, 2008, 00, U, 1, §, 1 fesbieg
L. (Chmgcese), Al P77 (TLASY, 2005, 10, 4, O, O, T; Lk
ot remuifolis Michs {Clsmomae), Abdaer f4580 (FLAS), 20601,
B2, 0,15 1, 2 el eendfaits Tar. & A, Gray {{Clsamace-
oel, Abbat MEOF(FLAS), 1997, 16,0,9, 1, & Cleote alvdfilia
L {Clechracese], Albor M9 (FLAS), 1997, 16, 0,6, 1, 2
lagumouliria moemara (L] CF Gaerm, (Combemsaceas], db-
barr 7792 (FLAS), 2003, 10, 0, 0, 0, I; Morrrmia dinecta
{Jecg.) Hallier £ {Canvalnslaceae], Aldor 3723 (FLAS), 1992,
0 b 1 2 Adelbinde pesidnds L {Cucarbitacess), Abder
AP(FLASY, 190E2, 30,0, 0, 1, 2; fowdporsst abgindana 1, (Cu-
presacescd, Afdear TARY (FLASE, 1992, 21, 6,0, 1, 3 Mo
et givprosrewbaider s & WIC, Cheng (Capresscess), Alsar
TIFET (FLAS), 1908, 15, O 0 0, 1y Croer ofrdmntis L. (Cpoedas
crack, Abbare TRAHE (FLASL 1997, 16, 8.0, 1, 2 Buibapyls
Fumth [Cypamcean], Abbant {7797 (FLASE 2003, 1, 0,0, 1,
3; (o Mubl, o Wil (Uypomcrch, Akbwr
A (FLAS), 1994, 19, 1, 1, 1, 1; Cerer fousices Seldoahr cx
Tld. (Cyperaceae], Al 6700 (FLAS), 1994, 19,0, £ 0, 14
Carec fupeliformeir Sarveel ex Dewey (Cyperwcess), A
3200 {FLASE 1992, 20, B0, [ G L {Cyprracese), Af-
Dare 3647 (FLAS) 1992, 21, 0 0, 1. Z; Ciperne crovmes Vo
{Cypeaceae], Abder 14370 (FLAS), 2001, L2 5, 1, 1, 2 Cype-
ot dirtincene Sumwd. (Cyporacvac], Abbare 26307 (FLAS), 1992,
00, 0 a, 1 Cppene Slionkmin Vahi (Cyperaceas], Al
TeEEhE FLASK 1997, Lo i, @ 0 U Cpperns iria L. (Dypermce-
sa), A 32 12{FLAS]), [993, 28,0, 0. O, |; Proom

ar (Hoach } B Bedws. (Oyperaceac), Ao 3644 [FEAS), 1992,
21,0 0,0y L Chperar saninamenny Koo, {Crperacsae), Al
648 (FLAS) 1992, 21, Q, 0y, & b Eleochanls radicanr [Pair.)
Kumh (Cyperacrae), Afban 14845 (FLAS], 2002, 10, L. 1, 1,
3; Fiwdwiatplis Wahl (Cyperacer), Abbee 3625 (FLAS)L 15992,
EL D B, 1) Pl spuesros Micke. {Cyperaccae], Al
3658 (FLAS), 1992, 21, 0, 0, 1, 2 Kplimge brevifidie Roarh.
{Cyperaceac), Abbary 3614 (FLASY, 1992, 21, 0, 0, 0. 1: Rby-
chopare palprara (L) H. el (Cyperaceae), Abbsn 362
(FLASY 1992, 3, 0, 0, @, i audomara (L} H.
Teiff. (Cypemcese), Abbess 4700 (FLAS), 1992, 21, 0.0, 0, 1
lepnchorpars imerpema (Michx.) ¥Wahl (Cyporeceas). Abder
14374 (FLAS]. 2001, 12, 1, 0, 1, Z: fhpechagpene Vahi (Cyper-

scea), Abbeer 3717 (FLAS), 1992, 20, 0, 0, 0, 1; Ripmchegora
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Vi {Cyperaceae), Abbar: 3033 [FLAS), 1992 30, @, &, 0, §;
Ripnchespors Vah) (Cyperaceae), Abbor 3645 (FLAS), 1992,
210,80, 1; ﬂlﬁau‘h’mmmﬂ)ﬁh’ﬂ.m.]'ﬂrm:rhﬂ.iﬂy-
cillzcens), Abbars FOTOF (FLAS), §007, 14, 0, 1,0, 1 Clifianis
mongptpla (Lam.} Bricos ex Sl.ri;. (Cyrileoeas), Abkar S0
(FLAS), 0994, B9, 0, 4, |, 2; Disgyes pingimisne L. {Ebenace-
sch, Aldour 3207 (FLASE 1O 21, 0, 0, 0, 1; Chimapbils mar-
el 1) Pugsh [Eslcaceac), Abbaer § 1377 (FLASL 1998, 15,0,
i 1, 2 Gigpluosicia diemara (Andnran) A, Gorap {Ericacean), Ab-
detr B (FLAS], L5594, 14, 0, (3 O, §; (raplannis dvamons (Aa-
deewa] A Casy {Ericacme), Al 6685 (FLAS) 1994, 19,0,
ik 0, by Cepleiacis fFomdaee (L] Tode & A Gy (FEricaces],
Abbrr Gold (FLAS), 1994, 19, 0, 0, 0, 14 Lescorber naceeai
(L) A, Gray (Ericacess]), Ao 6687 (FLASE 1904, 19,0, 1,2,
3; Bhodadendan L. {Erkacrae), Abbors G688 {FLAS], 1994, 10,
B 1. 1, % Variniwn arferrum Manhall [Ericaceac), Affes
GG (FLAR), 19, 19, B, 0 0, | Vaeowim oomimite Lam.
[Ericaceac), Abdear b7 (FLASE 1994, 15,0, 0L 10, §; Smabva

W Bapiram cx 'Willd,) Polfard (Ericaceac), Ao
1375 (FLAS), FOOE. T2 0o 0 0, 1; Ereveulye avmpreas
Lam. {Erincaul soewe, Abbare FO7E7 (FLAS), 1997, 16,0, 0,0
1 Lactworawlin [Waleer) Mooy (Brivculaerc), A
bty AG13{FLASY, 1992, 21, 0,4, 0, 1; Spagemamtbun faridul
[Bfichs ) Ruhlend {Briocnilscess), Abdser 8677 (FLAS), 19904,
19,0, 0, 0, 13 Erlrorplun cont Lamn, [Erythrosylecce), Abber
376 (FLASE, 2000, L0, Q. I 2 Acaliple priciees A Geay
{Euphorhiscras], Abbor 3788 [FLAS), 1992, 21, 0 0.0, § Sa-
phartiin fepprrivifilia L (Buphoibiacoact, Afdesr 708 (FLAS)
1992, 21,0, 0, 9, ¥ Crddeecalur sremt {1 Arthr {Euphoshia-
eraz), Abbare 3706 (FLASE 1952, 21, 0, 0, §, & Criog mi-
chieeté 1. Wiehsver (Faphosbiaceag), Abfare 3639 (FLAS),
1992, 30, 0,00 5 apenhapdua Murray [Eupbochi-
cene), Abbar &SR0T (FLAS), 1994, 19, 8, 1, 1, 2: Enpberiaa o
idang Chapm. [Euphorblacene), Abbarr T80 [FLAS), 1997,
16, O, 0, §x Sepdum sebiferwe {L.) Roxh. (Euphoabiscea},
sbbor 3501 (FLAF). 1992, 21, @& 0, 1. 2y Asvorpdar froinse L
(Pabuaceas), Afbeer 3206 (FLASY 1992, 20,0, 0, [, b; Datberpis
erasepiolin (L) Taub. (Fabaccar), Abkar 17707 (FLAS)
2, 10, B L B 2 Dot WHILE (Feducea), Atbar 3718
(FLASE 1992, 28, 1, [, X 5 Lupisiy perenmd 1 (Fabaeceac],
Abbare 08 (FLAS), 1997, 16,0, 1, 2, & Perpasmis pineas
L.} Plerre {Fabaceae], Afdwr J7902 (FLAS)H, 2HH, 10,0,0, L
I Rbpmcbosia eptisoldes [Berrol) Wilbus {Babecess), Ablav
TOFPS (FLAS), 1907, 16, 0, O 0 B Viode seurgfids Ellies
(Fabaceael, dbbort G605 (FLAS), 1994, 19, 0.0, 1, & Cusew
pumils Walior (Fagaceac), Abbesr MORGT (FLAS), 1997, 16,0
O, 4, bz Querces L (Fagaeesa), Abbars 17803 (FLAS), 2003, 1L
0,0, 1, 2 Sabaria (L) Tirer. [semianacrn), Abbamr
FETR (FLASY, 1993, 21,40, O, O, 0y Sebaria {A Gyl
Emall ({Genmlanscess), Abboer A0467 (FLAS), 1902 2040, 0, 0
1; Kobatia grawelifiens (A Giray) Small {Gencianaceae), Abdar
F6ED (FLAS, 1992, 21, 0, 0, @, §; fachmencker mevoliskang
{Lam.} Dendy (Hacmadoracech, Abdarr 10755 (FLAS), 1997,
16, 1. 1, b 1 Lachwanther ceralinisad {Len.) Dandy {Hamms-
doraceae], Abbeir 5633 (FLAS), 1992, 21, 0, 0, 0, T; Proper
minged palaarris L. (Halorgaceie), Abbeer 1767 (FLAS), 199L
2,0, 0010, 13 Eperia dovwiig Plinch, {Hpdrocharizoess), bbby
A7EX(FLAS), 1992, 20, 0, @, |, & Hyperisunt fppericeide [
Crani (Hypericooeae), Abbar G589 (FLAS), 1994, 19,1, 1, 1,
I Higpericum myffruricomnm W Adams & L Bobson {Hypesi.

El;
i
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caczar), Abbeer 3622 (FLAS), 1992, 21, 0, 0, 8, §; Hyperiowm
semaperatom Lam, {Hypericaceae), Abkar S50 (FLAS), 1993,
M0 0,0, 1) Crooss e HE#l (bridacean), Abbesr J 1363
(FLAS), 199, 15, 0, 0, 0, 1; Soser flarsisdy A, Braum {Isociace-
sel, Abbare J8SE0 (ELAS), 2003, 80, 0, 0, 0, 0; Carpr faridans
Sarg, uglandacrae), Abbor 1R0F (FLAS), 2003, 10,0, 0, 1,
3 funzau fuz BLA Curls (Juncaceae), Abbevr 1785
PLASE, 19002, 21 4%, @, 0, U Caboniwabia ached (Weach.} Shin-
sers {Lamiacene), Abbart TEFOF (FLAS), 1997, 86, 1. L 3 X
Calamineka  demtata Crapm, [Lamizerae), Ak [0
TFLASL, 1997, BG, 0L 0L 1, % Coamdiog A, Geay {Lamisooes),
Abbary 1 7706 {FLASEL 2003, 10, B, 8. 1. 14 {Lauracese), Addsir
IR {FLASTE 2004, 9, 1, 1, 1, 1; Limaees flowiabrmaan {Flanch.}
Teed. {Linacese}, Abbare FoFia (PLASY, L1597, 16, Q. 0, b I
w.nﬂdﬂ [Miche.) Persnell [Linderniareae), Afbeir
32014 TFLASY, 1992, 20, U, 0, 8, §; Linderpidr pranddifors Muw.
iLindomizcran), Abbear 3641 (FLASY, 1952, 21, 0, 0, O, 13 M-
rdnlbroegm {Chepm) Shinners (Lindemiaceae),
Abdrr 2652 (FLASE, 1992, 28,0, 0, 0 11 Furnide Zucc. {Loa-
ﬂrl!],ﬂ.“ﬂ#fﬂﬂ[ﬂﬁﬂ.ﬂiﬂ.l.hl.hm,ﬁi-
indete [Walier 45 LB, Ganel) Tor, & A Gray (Loganlscear),
Abbwvr 36106 (FLAS), |W2...1hﬂ..ﬂ'..ﬂ','||..gﬂh“ﬂﬁm
Dy ﬂ}ﬁhm}‘.ﬁﬁﬁ'iﬂl {FLAR), 1992, 21, 0,8, o k;
Cipmppium rirrweum L. (Mahacear), Abbare 3216 (FLAS), 1992,
I, O A% 0, §r Ml amedareah L. {Mdizoed), Al 3500
{FLAS), 1992, 21, 0.0, 1. % Chrrabur paradinur (L} DC. {Me-
mﬁmhrﬁhﬂﬁmﬁmﬁ.mi TL 0L E &
efeinly 7 izt (o} 5.T. Bheke (Myserccac), Ablan
Wﬂm 19912, 71, 0,0, 4, I anbﬁ&mw{ﬂu-l}'udn}
A, Weorad (Maghecizeres), Aldor 1708 (FLAS]), 1997, 16, O,
00 I Dot deeericanag (L) Beenh, & Mook f oo AL
Gray (leaecae], Abdaer 757705 [FLAS), 2003, 80, @, 1, L, I:
Ludinigia peplaider {Kupah) PH. Raven {Onagrceas), Abbar
3200 [FLASK 1992, 28, O, B B, Bz Oeosthaa -!‘ﬂql-il'iﬂq'wﬂr-
{Uinagraceas], Abbetr | 7AGT (FLAS), 2003, 10, 0, 0, O, i:
phigplonum mudficardr L. £ {Ophioglosaes), Abke f2080
(FLAS), 2004, 9, 0,4, 1, 2z Mabemaria repers Buw, (Oechidace-
w2l Abbars 3655 {FLAS), 1992, 20, O, 0L 0, §; Busfmera amer-
s . [(Orohanchaceas), Abbsir 3639 (FLAS), 1997, 20,0, 0,
U.||Mrﬂ'EMFMLWWHummn] Abdaer 18103 (FLASL,
ma, I, 1, k. I,I.MMMM[M
Abbosr 1976T (FLAS) 2005, 8. 0,0, 1, 2; Artrorzia f

MGl Ang) G.L Webosr (Phylunthucess), Abborr 1263
(FLAS), 19935, 18, 0, O, 1, X Rassps cavolivdams (Waler) B.L
ol {Mancaginecess), Ao 2052 (FLASE, 1992, 20, 1. 1, &,
Abdprr Rl {FLAS), 10902 X1, 0, 0, 0, |} Lisuris savadensd
(LY D, Cioars, tﬁnmglwuﬂ..ﬁhdf?gd’ (FLAS), 1952,
b, 0.4, @, B Plosage sigredes L (Plenmaginacess), Abdan
Teos (FLAS), 1992, 28, 0, 9, 0, 1} Seopavis suloir L. {Plancag-
Inacese], Afbar 200G (FLAS), 1992, 20, Oy Oy . 1) Sorparia
MﬁmeMﬁé&*fﬂ;!ﬁ.ﬂEle.lLﬂ,ﬂ.
. 15 Andrwpogan vingimicur L. (Poacrac), Abbas 2673 (FLASL
1992, 21, 0, 1 0, 1; Cenckrs inper M.A. Curely (Poacess),
Abdur 818 (FLAS), 1992, 21,0, 0,8, 1; Cyaalew discrplion (L}
Peis. (Poaceas), Abfar 1819 (FLAS), 1992, 21,0, &, 1, 2; Dy
clumibelium shamaslonche (Tiin,) Freciomann & Lelong (Foace-
), Abbar J 7805 (FLAS), 2003, 10, 1.1, 2 % Ernpwrn Wnlf
ﬂhﬂﬂkdﬁm_ﬁaﬂﬂm.lﬂnlhﬂ‘rﬂ.ﬂ.lrhﬁ!
v, [Foacrae), Abbane TAZF (PLASE 1952, 21, &1, 1. %; Fu-

123

sémcleps Uhesw, (Poacesc), Abbars S (FLASY, 1552, 21,8, 0, 0,
Iy Coleataenia bomgifolid mbp. npdands {Roge ex Mees) Soveng
[Poaceac), Abbart 3620 [FLAS), 1992, 21,0, 0, L:

ieteruse Machy. [Poaceae), Abbedr 3649 (FLAS), 199, 20, (L,
[ 15 Repatunt L. (Poscese), Albeir 361 5 [FLAS], 1952, 21,
0, 4, iz fapadum L. (Poacsash, Abbeer 3647 (FLAS), 1992, 21,
0,8, 0 1 Popaione ol Sreud. (Poscese), Adbban 3507
(FLASY, 1992, 28, O, O, &, 1; Popeluos sagimniom Sw, {Posor-
axl, Abdane 3027 (FLASE 1002, 21,0,0.0, I: ey ATryartd
(L} Mash {Poacme), Albberr 2627 (FLASH 1992, 21, 0,008, 13
Saneria parviflars (Poir) Eergedlen (Poscesel, Al 2203
(FLASEH 1792 20,0, 0, 0, §: Poljgale dewhiai Muo. {Folygals-
ceaed, Albort 14377 (FLAS)H 2000, 12,0, 0,9, 1; Peleels frcar
nata L. (Polygalicesah, bl [4370HFLAS), 3001, 12,0,0, 1,
2; Pedbpgerda furea L., ¢ , Allarr GEFE (FLAS), 1994,
1%, 0,4, @, 1; Podygpats awemallél Toer S A, Geay (Polygalacesc,
Abbart 14373 (FLAS), 2001, §Z 0, 0, 1, % Pelyels paiypama
Wakter | b, Abbarr P37 [FLAS), 2001, [E0, 0,0,
1; Pebpgals werviciliae 1. (Polygalscese), A 4378 (FLAS)
23E, 12, 0,0, 0, B Anrlgeman bprapur Hook, & A, {Polypn-
nacese), Afboie 3786 [FLAS), 1982, 21, 0. 0L I, 1; Enagonums
tomeniommy Micke. (Polyponacese), Ablea JO80F (FLAS)
19597, T, 0 5, 0, 1; Resesr Savraile Baldwin (Pelygonaceas),
Abbarr G553 (FLAS), 1904, 19, 0, 0, 0, 1 Dlefewdraalin wiffor
L. [Rubisceas), Abdars TEH {FLAS), 1992 21,0, 0.0, 1r Rk
ardis demailiemtr Gomes (Fublicsael, Abbwrr 3802 (FLAS)
19z, 2, b, 2 1, 5 Rishasdle Smsilvensir Gomes (Mubiscess),
Abdatr [795 (FLAS), 1992, 21, @, 0, 0, 17 Richendba el L
(Babiaceas), Abder 3803 {FLASY, 1992, 11, L 1, 1, 2; jperms-
coce resmaiy Lam. {Rubiacea), Abbare 1702 (FLASL 1992, 21,
0, 8, 1, 3 Citrew swrantiifalia (Chrinm.} Swings (Rumceas),
Abbetr &711 {FLASL 1994, 19, 1. 3 1, I Aorr sacphiarinum 1.
Sapindacese), Abbarr 11365 (FLAS), 1998, 19, 0.0, 1, & Cax
aliggpermurn haliacadurs L ﬁﬁ:ﬂm.dﬂuﬁﬂlﬂﬂm.
(992, 34, o L 2, 8 Bwcepdir fapamica (Thanb. en Roem. &
Schule.) Dippel [Staphyleacentl, Abbars 14377 (FLAS), 2001,
BE, 0L 0 1. 2 Sorer seseiccwar Laen, (Styracacenc), Ao
GG (FLASL 1994, B9, O, 0 |, 3; Polppeerios prosssbens
{Temachondraceae). Abbant 3542 (FLAS), 1992, 21,1, 3 L. &
Pipla npdiffpra [1-) Grecess (Verhenaceae], Abseer 3635 (FLAS),
V592, 210, 0, 1, b Hpbwdtin Jac, (Violaoess}, didor J0750
{FLAS), 2005, B, 1. 5, 2, 1; Pisds pedlura b (Vickicear], Adbar
FLARS (FLAS), 3004, 12, 0.0, 1. 2 Kwenia americens 1. (X
menlaceae), Abbeir J7E0G (FLAS)E, 2003, 10, L0, b2,

B} Herbariom samples for age discrimination, Ariwina [An-
nonaceas) data set from herbasium specimens Asiming in-
vt W, Barmam) Exell, Antoni-Divwadd wo. (FLAS), 1984, 29,
LA L 5 A fecamn, Armeld o (FLAS), 1941, 72.0.0,1,2: 4
dncama, Batley 35 (FLAS), 1090, 22, 0, 1, |, 3 A, fwcona, Hurd-
mer B0 (FLAS), 1990, X2, 0, 1, X, 3; A dmvawa, Corr 5352
(FLAS) 2001, 12, B L. k. b3 AL invana, Camy EHELAS) 1960,
47, 0. 1. L. 3; A incens, Crely oF Faea @590 (FEAS), 1999,
F,0,0,0, 1; A fecaa, D04y {503 (FLASY, 1967, 46,0,40, 1,
b imeane, Didey P340 (FLAS), 10T, di, 0,40, 0, 13 A, fe
carm, Delaney 3000 (FLASY, 1994, [F, O, 1, b 3 A deors,
Earlep 765 (FLAS), 1988, 25, 1, 3. 1, & A incens, Epedfus 33
(FLAS), 1988, 25, 1. % 1, 2 A, incane, Hannyg o Hiffmans 4
(FLAS), 2007, 6, 1, 3. & §; A inpens, Hleming §R60 (FLAS)
P93, 20, 1, 3, 2, b A doromr, Hersing idi (FLAT), 1992, 20,
1.1, 1, 2 A, inrens, Homby re (FLAS), 1985, 24,0, 1,1, X
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A, imeana, Hume o, (FLASY, 1937, 76, 0,0, 0, 1; 4 sorens.
Krad 2277 (FLAS), 1958, 57,1 04k 1; A, fecana, Kl 700
(FLAS), 1956, %7, 0, 0L 1, Z; A femwnd, .I!'-'-lJ'l'lr e {FLAS)L
1853, 120, 0, @, 0, I: 4. inne, Mﬁfﬂriﬁf {FLAS], 2008, 5.
1.3, B 1A, insawa, Aaegin /003 (FLAS), 1977, 36, 0.0, 0, E;
A iwcana, Margin N (FLAS), 1977, 36,0, 1, 1, 3y A, incawas,
Murrill wn. (FLAS), 1925, 88, 0. 0, I 1; A, invons, P
7D (FLAS), 2003, 11,0, @, 1, 3; A. fmcana, Skean 602
{FEASE §9BS, 28,0, 1, 1, 25 A dweens, Skean [603 (FLAS),
1985, 28, 1, 3. 1. : A dwcens. w4503 (FLAS), 1990, 23, @, 4,
1, 2: A dweara, Voens [ (FLAS), 1993, 10, 1, 3, 1, 35 A, foramr,
e 1732 (FLASE 195%, 54, 0L D, 0% 1; A, invenr, Ward 3447
{FLAS), 1963, 50, 0, 0, 0, 1; A. incene, Tnd 4502 (FLAS),
1965, 45,0, @, 0, 1 A fvedrid, Waed J557(ELAS), 19%%, 4R, 1,
0.4, I1A dncens, Wer d-Admoelds n, (FLAS), 1941, 72, 0,0, 0,
b dreena, Wear & Arnold s w. (F1LAS), 1946, 67, 0,0,0, 1; A
sncang, W oF Armold on (FLASE, 1940, 73, 0, 6, 0, 1: A is-
cama, Wer Lo, (FLASE, 1935 04, 0, 00 @, [ A dacrver, Wigpiu
19728 (FLAS), 1965, 48,0, [, 1, 2|ﬂ.fﬂwﬁﬁi]ﬁl§,ﬂmﬂd’
Wi s (FLAS), D946, 67,0, 1, 1, 23 A WM&
Wi row (FLAS), 93T, 76, 0,0, 0, 1y A. hﬂmm&
Wt o (FLAS) 1935, TR, 0.1, 2, 1 A W.MJ..H.
(FLAS) 1930, 8L 0,0, . A W,Mm FXEER(FLAS),
1966, 47, 0, 1. 2, X A. lougiflhs, Brprm £, (FLAS), 1985, 28,
B 1, 1, 2 o domgifolia, Coutledge 313 (FLAS), 1997, 16, k. 3. 1,
¥ A longifebis, Herring 728 (FLAS), 1992, 21, 0.1, 1. 5 4.
donpifilia, Kabar 59 (FLAS), 2001, 12, 1, 3, 2, 1; A foapifalia,
Hea sw (FLAS), D935, 80,8, 40, b, L2 AL Dapifelis, Marin 10502
(FLAS), 1577, 56,0, 1, 1, bpA. dosgifalio, Marrie § 138 [FLAS),
1977, 36, 0 b, 1, B A damgifille, Ormell o Briclper 20040
I;H.-ﬁﬁl.'lm.zi.l.i.:.l;ﬁ.ﬁmm;:fﬁm’.
I.‘H-B.I5..I.J.Ll:d.h;ﬁh.ﬂnnfﬁqm,lm.il.
L1 LEA bﬁﬁ.mfﬂfﬂ‘mh 1967, 46,101, 2.
LA hﬁih.ﬁdn&imtm. 1576, 3. 8,0, I, & A
Liiggadia, Tan 508 (FLAS), 1990, 23, 1. 1, X 1; A, leegifolie,
Viers 50 (FLAS), 19593, 30, 8, 3, 2, §; A. iocgifalic, Witer nn
(FLAS), 1927, B, 0, 1, 2, %; A fnpifids, Wer o draekd in
(FLAS), 1940, 720 L I, b & lanpifelie, Wimies (9748
(FLAS), 1965, 48, 0.1, . 1 A .I’l'q:ﬂ'iﬁn’. Wilmes rw {FLASH
1945, 68, 0, O, B, 0 A, afewres (WH} Nash, Selge B
(FLAS), 1965, 44,0, 1, 1, 3 A, sbovara, Heleznll 0685 (FLAS),
1979, 34,0, 1, 1, 2 A ofewmie, Balizeldl 876 (FLAS), 1976, 37,
I 1, B 1: AL edossata, Beckoer 2325 (FLAS), 1969, 44,00 1, L.
Ip A sbeweers, Braulley FEAY (FLASY, 1998, 19, 0. 3, 2, L A
obaisana, Sey FA7FT (FLAS), 1943, 68, 0,11, 1, X A, sdooata,
Chriinware 47T (FLAS), 1987, 26, 0, 1, |, 1z A sbosocs,
Chrartmar 351 (FLAS), L9856, 27, 6, 5, L. 1y A sbaara, Chelars
weaw 77 (FLAS) 1986, 27,40, 1, 1, 1; A sbmsana, Chvintoues
527 (FLAS), 1986, 27, @, 1, |, }; A. chevnsr, (hrinweay 599
(FLAS], 1986, 27, 0, . [, 3 A, ehovata, Chrigman 890 {FLAS)
LG, 37 1, 0, 1 A fvesttd, Cosrard 2 (FLASH 1963, 50,
o1, B, 2 A adavads, fuddd 2770 (FLAS), 1980, 55, 0. 3.1, &
A obwvara, Kl 20404 (FLAS) 1956, 57,0, 1, L, 2 A, sbevais,
Mﬂﬂ&wmﬂmjﬂﬁﬂupﬂ.ﬂ. b, 1; A obomrin,
leﬁ-ﬂﬂ'{:ﬂpﬂ-ﬁiﬁn.ﬂ-,]gmﬂﬂ,ﬂ‘ L, ba 1i A, ahovais,
m&m T66EFT (FLAS), 1991, X2, 1, 5, 2, 114 aberersr,
Wlerd 70 (FLAS). 1960, 53. 0, 1, . & A sbowara, Winssn o+
Aol o m. (FLAS), 1939, 74, 0, 1, 1 3; A, obperce, Welber £,
(ELASY, 1336, 77, 0, 0, 1, 3 A sdwcsta, s & Armald pn,
(FLASY, 1844, 67, 0, 0, 1, % A sbovata, S e, (FLAS),
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I9ER, 25, 1, 3, |, 1y A, odeosana, Foma 36 (FLAS), 1957, 51,8,
3. 1. b3 A, prwiffars (Micho.} Dunal, Bickner r.u {FLAS], 1977,
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ARACK, BT, 33,0, 9,0, B M sobenohi Hieroe,, frods 28533
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BT A2 0, L % M arevemriana Brlion, Dispgler 52592
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duel AL Raole., Flarsses 200 (WO, 1992, 19, L L L L W
iz, Maweiguer 3330 (W00, 1989, 22 0, |, 2 3 M me
ciptenre Bl Rob., Palercn 5275 (MO0, 1960, 50,00, 1, 0.2
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3, 1. B; 2 et (e, fadaow 5280 (A0, 8097, 15, 1, 0. L,
ne PedBey, Lanm {8 A0 (MO, 1990, 250, 6, 1, I
i seeunduwew Banks e DO, Mlareesa’ 007 (MO, 2004, 12, 1,
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Careia T3 (MO0, 2000, 15, 1, 5, 1, 2; Meboropa (Chodar)
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3, 1. 3; Mawmine Ruie & Pav, Areaie 370 (MO, 207, 5, 1



128

1,2, Li Monming Hoiz & Pav., Arrepe 2 4802 (MO, 2000, 3, 1,
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oz, Cevdes TAFI0(MO), 2005, 6, 9, 1, B, 1; AL noky
Choder, Rimer 1831 (M), 1995 [7. 1. 3, 1, 1 M aolelfolio
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1., Maabdlen o (0ECH), 2006, 6, 1, 5, 1, 2 M. heirteria, Soman
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miaurinei Engelm. ex CL. Boynoon & Deardis {Asceracaac],
MA (A, 1 1T S L Budherkia wirpurimn Engelin
e C.L. Boynuon & Beadie [Astemose), Uirbarace 115 (LS
(902, 20 1, 3, 1, B Rudbeckls mated A, Grsy {hsppraceael,
Lirbrich 6707 (LA, E990, 28, 1, 3. &, 13 Budbeeiis meabiril A
Gray {Asperac=e), i Grog LSER, 1990, 23, 1L A& L
Rotrcibe witida DNt | Asreraceat)l, [irdanele G655 {LSUL
LT e T R A P Fredbeckia prilsba L. [Asesacesth, Linbyreels
G2 LS, 196D, 24,1, 3 0 I:WWWMW
(Ameresesel, Urbwwch G526 (LS, 1990, 13, 1,3, 1, 1 Siiehi-
wet compenimom Michz. (Asteraceae), Lidmsch GEFE (LSLD,
1aui, 23, 1, 3, b 15 Snelentind wpedalia (L] Made {Asmrace
], Dhebarsch 720 (LSUD, L5904, L1, 5, 1, by Towessnm A Bl
sun (Asteracear], A MAL 200112 0, 3. L ks Chrpetiestie
Fuer. (Asmeranse), NA (HA), 2008, 15 0.3, . B Wriria -
plevicaudis (M=t} Hui. (Asrcravese], Dot G809 (L5LM,
1994, 23, 1, 3, 1, 17 Wenbir Butt. (Asteraceacl, Lol GHOE
LSO, 199, 24, 1, 5, 1, s Gledizsiur priseetehas Lo §Fobaccar),
Uikt 7047 (LS, 1995, L8, 1, & 1, 2 Samfrm allidiow
[Tdue.) Mees (Eausecench, Elebanissh &7 (LSLI, 19740, 23, 8, 3,
1. B: Awbenntran stk (Wb A Geay [ kAckanehbaor-
aeh, A (HA), 1905, 0B L3 L §; Chammetinue Wilkd,
{3delznthiacsel, M (PIA) 1, 1400, 0.4, It Vivmerism pafi-
faricure Durand {heluathiacens, M4 {roA). 1990, T8 1.3 1,
I Figaudennr deenar (Deer} Peenald (Bdelanhiacmel, KA [HNAT,
1995, 18,4, 4, 0, bk Z3 sy [Diesr:) Peenofd {Mviclare
thitaceac), M4 (AL 1995, 18, 1. 5. L. i1 Hpaderns mansrali A
Cieayh 5. Watsom Mclaiithlpoene), MA (54D, 1995, 13,1 R
b Triderse flavs L.} Hitche. {Pecaceac). ol [HAD. 1998, 15, 1,
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3, 1. 3= Frideas e (L) Hicche. {Poac), MA [MAL 1998,
15, 1, 3. 1. 2 Tridem flaveas (L] Hinche, (Poacea], S AR
1998, 45, 1, 3. b b; Trdens arvicrear (Bum. ) Mash {Poacrash, M
{MA], 1998, 15 1, 3, 1, 1; Banvbacplum cleva. bt nobep,
froticamean (A, Gray) Reynel (Rutaceae), NA (NA}, 1996, 15, 1,
5, 1, 2 Silica-dried and in fleon mbes: Aldoanmis L
{Alsmeoesnes|moeac), F22FLASL 1993, I, 1, B 1y
Heplrprawitis Herb, [Amarpllidacese], Fionitl 4 . {FLASE, 1997,
14, 1, L. 1, 1, Zepdyomucher Harb, (Amaryllidscese), Firifo
(FLAZ], 1999, 14, 1. 1, 1, §; Zrpbymncbes Herb. (Amaryllidace-
peh, Pnils o [FLASE 1599, 14, O, 1, 1, | o opase Alson
{Aquifolisceas), Sl en. (MAL 1995, 18, 0, 2, L, 3 Posrpind-
s polpnum L {Berberidaceac], Soln 2502 (MA) 1595, 18, 1.
4, 5. Lz Brevia fenpis §Lam} Ker Gawl, (Celamrace-
wel, Merber au {BIAL, 1995, 18, 1, 8, 1, 1) Gloviowr rgperhe L
{Culddescese), Fommlafr G589 [FLASY, 1997, Fo. @, |, 5. 1 fug-
Gows migne L. (Juglandaceae), Saivis 2530 (MA), 1995, 18, 0, &,
2, % Lt corcetured Walrer [Lifaceac), Zomicler Y67 {FLASY,
199, B, 1, 3, 0, b Awdeetdiesn ot (Waher) A
Gray {Melinghiaceae), MA [FLASGY, 1959, 84,0, 1, 1, [ Amiar-
Hilwm mweritecivry [ Walesr] A Gey {Melandelaceas), &4
[FLASE 1558, 1%, 0, [, 1, 53 Awkascbium maariimc (Wal-
1wr] A Gray (Mchnaliseesel, Pimills o, (FLAS) 19599, 14,4,
1, b 15 Arfarwsiiony precteitavices (Walver) A, Gray (Melandhi-
acsach, Merilla ca, (FLASY, 1990, 14, 00 1, 1, 1; Amicsethinm
mecifosicars (Walter] A Gray {Melanthisceae), Penilla o
(ELASH, 199, 14,0, . 1, 1; Awianchium murissdcam (W
ter] A, Gray [Medanchizorae). Zomigfer 71 (FLAS), 1999, 14,
1%, |, 1; Amiandbinm swocitocia [(Wilee) A Gy {belan-
chisgsess), Wikis 105 (FLASY 1999, 14, 0, 1, b, 1; Chamesliv-
wor duteumn (LY AL Gray (Meanshiscese), Wiebaldr JO770
(FLAS), E999, 4. 1. 3, L. 1 Melolion rifelum Dlem
{Melanthiaomae), WA (FLASE, 1999, 14, 1. 5, §, B Mohoebium
drtifolium [ow, (Mdandhiocese), Wisbadtr on. [FLAS), 1599,
B4, 1. 3, 1, U Aebevntiiom drelphiuer Do, {Melanidviaceac), Pie-
ol e (FLAS), 1999, 14, 1, % 1, 1; Sflomthioe Lreifoliam
Diesr. {Mclasahiacear), Pisrill e (FLAS], 1909, 146, 1L 3. 0. 1)
Melanshiswn parvifiersco (Micke) 5. Wason (Melamhiacese),
Pieeitly o (FLASE 1999, 14, 0, 1, 0, bz Malomthiven poreii-
rum {Bdiche) 5. Waeson [Molanchisceae), Pirille oo (FLAS),
1999, 14,0, 1, 1, 1 Melanthium | {bichor) 5. War-
s {delamdhdaceas], Pirolo co (FLASH 1999, 14,40, 1, 6. It
Melanrkiunr prraforum (Michs} 5 Wanes (Melanthiacesel,
Papeslle s (FLASE, B990, 14,0, 1, 1, 1 Welsbium wigimioes
L. Melandhiscenel, M (FLASY, 19959, 14, 1.3, 1, 1; Miekowtinis
wre efepiuiour L. (Molanchincme), Zvelnfe 0907 [FLAS), 1998,
5.8, 1. 1, Lt Scheemarrlen dibivin (Micke ] Small (Melanchi-
sceac), Fo73 (FLASH 1998, 15,0, 1, 1, b Schamecawlon rece-
sum Srheele {(Melanthisceacl, Sivindi 4712 (FLAS), 1909, 14,
@ 1. 1, b Srhornseandon recisum Schecle (Melanchizorae), S
ark? FH30 (FLASY, 1999, 14, 1 3, 1, |; Sobvrmspsulen fendnumt
Scheele (Metanshisceae), Warnbugran 5255 (FLAS). 1998, 15,
1, 1, L. §; Schwerocaulsn tevameem Scheele (beheahdacear],
Wil T 6 (FLAS), 1999, 14, 1. 3. 1, 7 Sernennbium gromias-
umr (Kor Gawl) Mocong (Melisibiscese), Gholww LIRS
[FLASK 1999, 14, 1, 3 L b Seewavabhivan gramimees (Ker
Gawl.} Morong [ declambiaces], Wakle 308 (FLAS), 1999, 14,
0 b by B Seewamilior gl (Ko Gowl) Mamag

(Mictanchizcrach, Pl o {FLASY, 0900, 04, [, 3, L 1; Tuilk
S mprbriume Bafl (hichisbisoess), Wikidew nn (FLASE
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108, 15, 1, 3 2, 1 Vemiruor sflam Lo (Melasibdacese), K
aebbarel 1n (FLAS), 0909, B4, 1. 3, 1, 1; Vemtrum calffrndz
[lurend {Melenchiaceas, Fosk 100 2% (FLAS), 1999, 14, 1.
1. 1; Veettrue Duarand  (Melamthiaceael, &
Jir 2k PELASE 1995, B4, L5, 1, I3 Vesirar califarniom [
rand [Mirlanthizecse), Sieindd 4985 [FLAS), 1999, 14, 0.3
i Mrlamehinmy parifarnnt (Miche) 5. Warson [Melanthiz
ael, Wbl 307 [PLAS), 1999, 4. 1, 1, 1. 1; Vemstrum
(Metanshizscac), el Soeioh 2 n [FLAS), 1999, 14, 1,30
Virafrwem wiride Aiton (Meamhiaceae), Wpkle 386 (FL?
1999, 04, [, 3, 2, 1; eesos slride Adon (Selanthizos
Wirbalde JOF72 (FLAS), 1999, 84, 1, 3, 1, 1; Molshium &
o7 {19, Bbbins cx Alph. Wood) Bedkin (Melanthisceac). .
(FLASY, D99, 15, 1%, 2, | Melrthinem weadi (], Bubl
ex Alpk. Wood] Bodkin (Melamthiacear), Gihmban oo (FLA
pau, 14, 1, &, b b Sipealers deeiur {Desr) Pernsdd (M
thiaceae), NA (FLAS), 1908, 15, 1, 3, 1, |} Zigecloran alon.
{Desr.) Feenald (Melanihiaoeac), A (FLAS), 1994, 15,6, 1
Vi Higadewsn lgeny Parh Pelanchiscenc), Solmdi 40
[FLASE 2090, 14, B, 1, 1, 1) g acalarms B, (e
M-m tW| !mr l'il- !| k. 1| L H Mﬂf;ﬂ
rrins Mfichur. {hvEelanrhiiacese). Zemdnfer 656 (FLAS], 19494,
1,1, b, 1y Zigadewws elagans Tursh (Mckanchiamac), Md FL
1999, 14, 1.3, 1, 1) Zgademur penemomr per graminmm (i
(0.5, Wakh ex CL Hirche, {hi:|-1rh|-1nt=h Sivdriabi A
(FLAS), 1999, 14, L 2, L & ifcraitbms Ba
(Mefanshizoeae), M [FLAS), 15999, B4, 0, 1, 1, [ Jged
mapeliamensin W J, Hos & Sivinaki (eleathicess), Sinoel
Tomme 510G {FLASH 1999, 14, 1,3, 1, 0 Zigadwur nurthf
Grey) 5. Wanon (Molarabiacsae], Wit A053 (FLAS). 12
B4, b 31, B Figmalonw séreivens (K} |LE Mache. (M
thiacrae), Sfmrsihi 4073 (FLAS), 1590, 14, 1, 3, 2. 11 M
wlba L. {Mraceic), Seln 2978 (MAL 1995 08, | L L X/
tobrcest soserivens L (Phyvolaccacese). Seliiy 3523 (HA), 19
18, 1, 3, b, bz Pt granaislmpaes Michs, [Salicaceas), M
rm (FLAS) 1099, 14, @, 1, ¥, 1; Pepelia grasdioennrr b
{Balimeeac), Pirille s (FLAS), 0999, 14,0, 0, 1, 1; ¥
[Visaorar], Saleir 2500 (MIA), 1995, LA, 0, L. 2, 3. Silkea-d,
by plass jusse Ackvers chrpssacka (G, Mommen) Bindl & Pax
(Dechidacese), Whitien 5031 {FLAS), 1995, B8, 1. 3. |
Benmingis seickymbachidng {Schiie) Dresiter (Cechidaceas),
(FLAS), 1995, 18, @, K. 1, 1; Cirmbhers depemadee Loudan |
chidecrac), Whiteer 23052 (FLAS), 1994, 18,0, 1, 1, §»
wbars pailids Lindi. {Cichsdaceac], NMA (FLAS), 1995, 18,0
B 1i Crffapais parimthesots Rebdh, E {Orchidaceae). Wi
JAF5F (FLASY, 1995, TH, 0, 1, 1, 1 Canposr caaide okl
[Qrchidacrae), Whinen 0532 (FLAS), 1995, 18 0 1§
I_Tg.qpm sharamzh J:llrl}' (Cuchildeceas), Whines 3
{FLASE 1995, I8, O, L. b 1y Gongers evecor Whitees
[LE Benn (Oechidscese), Bamsar 47000 [ {FLAS), 1995, |F
1, B, 14 Grompees il Doduen 8 M, H, ®illams (Ot
acl, Wilirtm 93 1R IFLAS), 1995, 1&,0, 1, 1, 15 Gougend ia
cila Lem, {Orchidareas), Whimes 3240 (FLAS), 1955, (&
1. I.]iﬁmwm.ﬁﬂﬁlm {Chchidace
Whirtem 87145 (FLAS), 1995, 18, 0, 1, 1, §; Eeprfinlla stroy
g 1O Willlems & AH. Heller {Dchishosar], Silk 87
.;msa 1995, 18, 0, U, 0, 0 Kegefele fupperi Manal. (O
dueeaeh, AA (FLAS), 1995, 18, 0, 0. 0, 0; Lurddemanmis B
£ {Ochidiceac), NA (FLAS) 1995, 18,0, I, E 1; fesis
Huak, {Orehidaceas), Wikimen W3 [FLAS) F995, 15,0
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1, 1z Pesrrvarver Rchb. £ [Cachidecess), Wikimen 83047 (FLAS),
19 18 B L L Stendepes prandiffans (Eodd.) Hadl, {Oy-
chidacear), Chare 800 74 (FLAS), [995, 18, 8, 1, 1, §: Sanfoe
Jed wpiriapiia Bichbe, E {Chchadscese), A (FLASY, 1995, 18,
0, b, b, B Kplsdtum colle (Barernan ex Lind]. ) Bolfe (Oechida-
wear), Whineew 3525 (FLAS), 1995, 18, 0,1, [, 1} Xpbbium
enigploe {Hchb. ) Rolle (Oechidacese), Wiines 94384
(FLAS), 1995, 1&.@, 1, I, . Silica-dried in Ziplec bagn
i Lanivatara Waely, [Anucaricms), ok #6570 (MA)
1997, 06, O, 0. O, Oy Balrmaphans | R Posse B G, Podse. (Hala-
mophoraceac], Mambar 702 [BIAY, 1997, b, 4, O, 0, ; Benber
ir felumawndi Flieran, [Beiberidacess), Whimer 3374 [FLASL
JHA, 10, B 3L, 1y Aprente aplells (Mun.) Dershen cs Snisl
(Bermmanriacear), Whinka 2820 [FLAS), 2003, 10, 1, 5§, 4, I3
Ervpars avienica Moo, (Ercecese), Tiregawr ra (A}, 1094,
i 00, 0, By Clibmamir fwies {Micha) K. Koch {Fabacese),
famouy rm (AL 1993 20, 1 % 1 L Sonswie Thoaams
{lremeriaceae], Winwren 2330 (FLAS), 2003, 10, &, Q, 0, o &i-
vr awrrow Pursh {Geossulasiacsae), Brarfeln’ sa. (MAL 20075,
8,1, 3, I, Iz Aglain meridianalis Panpell (*efiaceas), M (BA).
1997, 16, 4, L, 1, 1; Ayreenly O Borg (Myriacear), Whines
AF1) (FLAR), 1005, 10, 1, 3, B, 1; tatifalism
schlor. (0rchidaceas), Wvimes 2849 (FLAS), 2003, [0, 1, 3, I,
1; Crpptaconirwmn debmmawnil (Bohb, B) Gasey (Orchidacese],
Whimew 2335 (FLAS), 2003, 10, 1, 3, |, i Crepiscenreams
Bearh. {Oinchidacear), Wiisten 2322 {(FLAS)H, 2003, 10, 1,3, 1,
1: Crppeeceneraun Berah. (Orchidaceas), Wihinew 2324 (FLAS),
OO 10, 1,3, b, B Crppesomirsn samalon Ames {Orchidoce-
aey, Whicen 2373 (FLASY, 2003, 10, 0. 0, 0 & Cevashilem
mil.-lndl b Senghas (Clechidaceaal, Winittes 2359 (FLAS),
03, B0, 0, 5,00, 1 Opeesetiifiens Kumh (Orchidsecac), Wit
2353 (FLASY, B3, 1oy §, %, 2, 1 Dichers ir Limall,
Hrchidacear), Wiiren 2840 (FLASY, 3003, 10, 1,3, 7, 0 £%-
dlorg Limsd, (Ovchidacree), Thimew 2329 [FLAS), 2003, 10, 1,
3, 1. by Elleawthur suraneiacur (Lindl) Rehib. £ {Onchidacess),
Wihitem 2355 (FLAS]. 2003, 1L B, 2. 3, 1; Epidaudrum L {Ch-
chadacese], Whitees 3330 {FLASE 2003, 10, B 3, 1, §: Goder
drae L (Chebbdserse), Whitn 2345 (FLASL 2003, 100 1, 3.
i, It Epidendrom L. (Cuchidooear), Wiisen 2357 {FLAS),
HEY, B, L. 3, 1, 1; Erpring pomiliz {Hchb, £) MUH. Willizms
B b Chase (Qehichuran), Whitter 2347 (FLAS) 2003,
WL 1.5 8.8 wmmmmmdmh
Wrhitzn 234 (FLAS], 2003, 10, 1, 3, L, §; Koellrmairimid grom
imew (Limdl) Tochb, § [(Opchidacese], Wihinea 2379 lFLF'I.ﬁh
003, 10 B 30 L 1y Ronesrsis mfssrgsnr Dodsan & MLH.
Willzama (Chohidaccacy, Whiren 2370 (FLAS), 2003, 80,1, 3,
1, b Mavilleria wmguntimims Ames. ET. Hishh, 82 C. Schoweinf
[Quchidicede], Whieen 2338 (FLAS), 2003, §0, @, 1, L, 1:
Tpeitlariz di Amen, ET. Hebb, & C, Scdheeinf {0
chiducear), Whimes 2360 [FLAS), 2003, 10, 1. 3, 0, Lr Mawdl
brrin woees (Poepp. & Endl) 1.0, Williams [Orchidapeae),
Wihimem 2306 (FLAS), B0, 00, 1. 3, 1, 15 Moxilloria supes-
arpuiewsir Foldes (Oichidacese), Whinen 2347 (FLAS)L, 2003,
L3, L B Mawdllenda aupanipeients Paldass (O rchidacear),
Wsiarem 3360 [FLASY, 2003, 10, |, 5, 2, 15 M e Balive-
ceaniie 2 Behweind, [Opchidacrae), Whiger 2365 (FLAS), 2003,
M A B0, b Axillaria confina Armes 8¢ 5. Schoeinf, {Oirchl-
daceac), Wikireem 2367 (FLASY, 2003, 10, 1, 3. 2, 11 Mo
rrpprodulion Carnevali & [T, Arevod (Uinchidacrse), Wit
A3 {FLASY, 2008, [0, £, 3, 1, 1; Monlleniy umilese Lindl
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(Opchidiceac), Wiiren 2300 [FLAS), 2003, 10, 1, 3, 8, &=
Marilterie diwalar (G Lodd. ex Lindl) Bohb. §, (Opchidaceas),
Wlirrere 2350 (FLASY, 2003, 10, |, 3, 1, 1; Meafra divsurne
Amez & O, Schweinf. (Dvchidacrar), Whith 2305 (FLASL
2003, 10, 1, 3, |, I Masitlaris apwirams {Schler.) Garay (Cvcki-
daceae], Wiitren 2309 (FLAS), 3003, 10, L, 3, |, 1; Mazillaris
exdirara (Kraenal] C, Schweinl (Onchidaceie), Wikt 7732
{FLAS), 2005, 10, §, 3, 1, 1} Maxvifleriy svaliese (Kraenl.] O
Echwarinf, (Orchidaceae), Whittor 23323 (FLAS), 2005, 10,1 3.
1, 1 Mariteis gty Lodd. {Orchidacsac), Wihisgem 2303
(FLAS], 3003, 10, 1, 3, b B: Seseevrea Samsilndeds (Lindl ) 348,
Banca (Drchidacear), Wiism 2358 {FLASEL 2003, 10, 1,3, 1.
1; Sresereest Leswilabrir (Landl] MLA. Manca {Qrchitacer),
Wiiezen 2372 (FLAS), 2003, 10, 1, 3, §, E; Mevilledis marelidia
Kraenel, (Orchidaceag), Wikimes 2550 [FLASY, 3003, 19, [, 3,
. Lo Masitbaria Lismdl. (Dpckidsorse), Wiines 2907
(FLAS], 2005, 14, |, 3 L, 0 Mavellenis plossinsntens PRac,
Reodr, {Orchidacese), Wi 2204 (FLAS), 2003, 10,1, 3, 1,
s Mawiilaria Robh, [ {Qechadacess), Whimew 2307
(FLAS), 3004, 10, 5, 3, L, | Aawilleria preudserichendeimmisas
Dadson {0 rchidacear], Whinen 2330 (FLAS), 2003, 10, 1. 5.
L. |; Marillrria paudsrrichrmbrissizns Dodson (Orchidaccac),
Whittrn 2335 (FLAS], 2003, 10, 1, 3. 1. Iz ﬁl'-m-!ﬂﬂmﬁw
[ Eroadsual BA. Blanco (Dechiduesar]), Whines 2362 (FLAS),
00, 1o, L5, L b Adewillesde Buse 8¢ Pav. (Onchidacese),
Veindem 2307 {FLASY, 2005, 10, £, 3, 1, §; Masilaria Bise &
Pae [Orechidacese], Whites 2308 (FLAS), 3005, 10,1, 3, 5. 1;
Miuperitfaris Rule & Pav. (Owchidaceas), Wihines 2337 [FLASY
200, 1000, 0, 1, 1) Meeilleeder Bukz B Pae, (Oechidsees),
Weirrer 23058 [FLASE, 20005, 80, B 3, 1, 1 Mosderie Bukz &
Fae. {Orchidaceac), Whiteen 2373 [FLAS), 2008, 10, 1,5, 1. &
Mavilleris trileriy E. Moreen (Orchidocea), Wikinew 2365
{PLASE 2003 10, 1, 2, 1, b Maxillenin udnittemis Dodson (Or-
chidaceag), Whinen 2354 [FLAS), 2003, 10,1, 3. 8, 1; {laridi-
writ adkrereadl {Daodson) ML Chase B BLUH, W5l (Oichida-
cenel, Wikimee 2350 (FLAZ), 2008, 10, 1, 5, 1, 1 Cloeiadfa
strpmniaidy Ermenal., (Orchidareae], Whinen 2345 (FLAS),
003, 1 | 3 L 1 Owcidiuse 5w (Orchidaceas), Wihimes
2351 (FLAS), 2003, 10, b, 3. 1, 1} Oheedatiem S, {Orchidace.
e, Wikiinee 2340 [FLASY, 2009, 10, 1, 5, 1, ) Qwoldioes weln-
mawnnianme {Kbnigen) MW Chase 80 M. Willlars (Oechi-
daceae), Whiren 232§ [FLAS), 2005 10, 1, % 1, L;
Lirmithosephaiur Airmemir Lindd. ox Bench. {Orchidacese), Wi
frar 2375 {FLASH 2003, 10 . 1, B 05 Gmrh:qph.l'u.r&n‘qm‘
Hchb, | {Chrchidacran), Whinew 2370 (FLASL 2003, L0, |, 4,
. I; Omitbarrphbale Hook, (Dirchidarman), Whises 2369
(FLAS), 2003, [0 1, 1, 1, §; Critharspdalm parrsii Dodsan
(Cechidaceec), Whiam 2374 (FLASL 2003, 1ML L 1. 1L 0t
Pachpplrplfum Kuats (Onchicheee), Whiser 3313 (FLAS),
20003, 10, I, 3, 1, 1: Redrigwetia fehmnris Rehb. £ [Orchisds-
weae), Whires 294028 (FLASY, 20035, 10, 1, 3, 1, 1; Frishanerm
anverwiffr (Bongl) Kunth (Orchidacee), Whimes 2853
{FLAS), 2003, 100 1, 8, X L Meradeerpalium rinedrinidn
{Brl:rng. & Grir) Baum.-Bod. ex Meffigan & AV, Bobeov
{HDFH'FI'M]. Plrmkete 4675 [MA)L 19297, 16, L2 0, 50 N4
{Pedocarporrae), Plonker 4683 (NAL 297, 16,0, 4, L
Mpwsinag punifiiia (Banpl)] Eanth (Polygalaceic). Whinen
2IEF(FLAS), 2008, 10, b, 3, 1, 2 Manwind nibperioss Chodar
Whirmew 2350 (FLAS], 2003, 10,0, 0, 1, G As-
sravaewr spdoavd (K. Br) Cosspeon [FToscese), Shoakar 4774
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AbdAR, 1957, 16,0, 1, E. 2.

I¥ Samples for compariian of Beshly collected, new -
iraction of old silic, and arigisal extractions: Sreoe B Br.
{Orchidaceae]), Wilieme A5rF (FLAS), 2001, 12, L L L, It
Heurke B, Br (Ouchidacese), Willemr N5I9 [FLAS), 2013,
0, k5, 1, 8 Cochlrawober fbeififrmiz (Sw) LE Schudrn &
Garay (Drchidivess], Whisen 3025 (FLAS), 2003, 0 0. 3. 2
1 Cohlrarmber [Sw) RE Schuls. B Gary {Th-
chidaceach, Wihirneen 3025 (FLAS), 2005, 8, 1, 3, 1. 1 Maxi-
baria grtinifidia (LEndl) Rehb. £ (Chechidaceae), Wit 2544
CELASH, 2003, 4, 1, % 1, 13 Meeillertir crrnifffia {Lindd} Hehls,
I (Dychidscess), Whirae 2544 (FLAS). 2003, 14, 1, 3, 1, &
Ines A, Blanco {Orchidacear), Whiren 2757 (FLAS), 2004,
%1, 4, L, 1; fee MLAL Blanca {Ochidiceae), Wi 2753
(FLAS), 2013, 0. 1, 3. 1, T MeniBreia Suealtba Lind|. §Crchi-
dacear), Thise 998 (FLAS), 2065, &, 1, 3, 2, 1 Menllaria
Lusepatie Limdl, (Chrchidacme), Whinken 2008 [FLASY, 2013, 4,
b 3, 1. Ve Sfeailtoriee Huie & Pav, (Oechiduocae)h, Wkitter 3230
(FLAS), 2006, 7, 1, 3, 1, b Maxileris Feiz 5 Pav [Orchida-
coacl, Wiktem 3270 (FLASH 2045, 0 &, % L 1 Mermofua
ringeree {Linddl} Sekhe. (Ouchidscese), Wiirsen 2058 (FLAS),
004, 0.0, 1, 1, 1 Mowsolyes riwgenr (Lindl ) S<hler, (Onchs-
daceael, Wiireas 2558 [FLAS), 2003, 0, 1. 3, 1, 1; Qs
Lemswchilwen Baromam m Lindl (Ouchidaccse), Wiliimen 2901
{ELAS), 2005, 8. 1, 3, 1, B3 Oweidivne favachilios Bareman ex
Lisdl. (Oeckidacessh, Whitter 2067 (FLAS) 2013, 0,1, 3. L, It
Srenbgpen enfc Holle (Orchidiceac), Whimen 3244 (FLAS)L
MG, T, 1, 3, L. b Stanheped awferns Rodfe [Chchidacean].

MEUBIG ET AL ©

Wikimen 3244 (FLAS), 2003, 0, b 3. 2, 11 Seawbaper premdif ©
(Lodd ) Lindl. {Ouchidaceae], Whittrm 3052 (FLAS), 200§
I, 3, 1, 1; Serwhapes grendiffora {Lodd ) Lindd. {Orchidaonr, -
Whireem 2072 (FLAS), 200070, 0,1, 5,1, I.;.ﬁm&q,mnnhﬁ;:
Lodd.) LindL, {Orchidacese), Wihimen 3306 (FLAS), 3006, 7
L % 2, 1; Soanhepns orubets (G, Lodid) Lindl (Crechidaces: °
Whinew 5300 [FLASHL 301300 B, 3 1 s Frisex
Haak. {Orchidaceae), Wiideen 3084 (FLAS), 2004, B, 145
bt Srenbgpes dgring Baeman ex Lindl, ﬂﬂr:hl:lil}ﬂﬂ. Wi
B0 (FLASY, 2005, 8, 1, 3, 1, b Seembapes sipring Haresamn
Lindl, {Orchidaceas), Wikines 3007 (FLAS), 2003,0. 1,3, L E

tedearmis Lindl, {Oirchiddaceas), Wihien 2985 (FLAS:
X5, & 0, 5. 1, b Stenbepes prisern Lindl {Orchideoes:
Wihitrem J067 (FLAS), 2003, 0, 1, 3, 1, 1; Tikohapilia susialiar
Tk, F (Opchidacesc), Whimes 2047 (FLASE 2006, T, 1, 3.1
1 Mp;ﬁ:mrﬁﬂwﬁ-:hh.t‘[&thlﬂxmil Hmﬂ.ml"’
(FLASL 20039, 1, 3,1, L.

El Sdliga-dried, phosobleached samples. Crssrum Rich o
Kusiths {Orchiduceae), M 447, 1998, 15,0, 1, 1, B: Camtes 15
Rich. ex Kusth [Ovchidacesel, A0 {3A), 1998, u.:.a:.t%
Cirnareasn Rich, ex Kusis (Dechidacras), N4 (2A), 1998, 140
1, b, 1, by Conaretum Rich, ax Kunih (Cchiducmee), N4 K4 -
998, 15, 1, 3, 1. X Crtsseiror Rich, ex Kienth (Opchidsess’”
B (BOAL 1988, 15, B3, % Gres Rch ex Kunth (U5
chvidzcrmal, S (BAG, 1008, 15, 108, 1, B Gotareiww Fidog
Bunch (Oechidacsc), A4 (MA), 1998, 15, L, L, L2 Gt
Hich. ex Kusab {Orchidaceae), M4 (A, 1998, 15, L5 1L
]
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