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TIPPERY, N. P. (Department of Biological Sciences, University of Wisconsin–Whitewater, Whitewater,
WI 53190), D. H. LES, AND E. L. PEREDO (Department of Ecology and Evolutionary Biology, University of
Connecticut, Storrs, CT 06269). Nymphoides grayana (Menyanthaceae) in Florida verified by DNA and
morphological data. J. Torrey Bot. Soc. 142: 325–330. 2015.—In the genus Nymphoides (floating-heart), at
least six native and naturalized species are known to occur in the USA. Among the native species is
Nymphoides humboldtiana, a species recently confirmed to reach its northern range limit in southern Texas.
Plants similar in appearance to N. humboldtiana have been reported from Florida, where both white- and
yellow-petaled variants have been identified as Nymphoides indica, a paleotropical species. We examined
specimens using molecular (DNA) and morphological data to ascertain correct species identifications for the
Florida plants. Sequence data from nuclear internal transcribed spacer and plastid trnK/matK regions
indicated that Florida plants are not conspecific with N. humboldtiana, and that the white and yellow floral
color variants attributed to N. indica actually represent separate species. We identified the white-petaled plants
as N. indica, a likely escapee from the water garden trade in which the species is commonly grown. The yellow-
petaled plants were identified by molecular data as Nymphoides grayana, and their identification was confirmed
subsequently by morphological data. Nymphoides grayana is native to the Caribbean but was unknown
previously in the USA. Because of the proximity of native N. grayana populations and the absence of this
species in the water garden trade, we conclude that the Florida specimens arrived via a natural range expansion.
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Management of native and exotic species
relies critically upon resources such as accurate

species inventories and identification guides.
The number of species found in any one area

may increase, however, as exotic species become
established or as nearby native species expand
their ranges. Distinguishing between potentially

invasive introductions and natural range expan-
sions is essential for determining whether species

should be controlled or allowed to persist.
Species of Nymphoides Seg. (floating-heart)

are floating-leaved plants with small (0.5–

2.5 cm across), emergent, entomophilous flow-
ers that are borne on lax inflorescences (God-
frey and Wooten 1981, Tippery and Les
2011b). Native species in the USA include
Nymphoides aquatica (J. F. Gmel.) Kuntze (big
floating-heart) and Nymphoides cordata (El-
liott) Fernald (little floating-heart) in the
eastern USA, and Nymphoides humboldtiana
(Kunth) Kuntze (Humboldt’s water snow-
flake) in Texas (Saunders 2005, Tippery et al.
2011). In addition to these native plants, two
nonindigenous Nymphoides species have been
verified using DNA sequence data: Nym-
phoides cristata (Roxb.) Kuntze (crested float-
ing-heart) in South Carolina and Florida, and
Nymphoides peltata (S. G. Gmel.) Kuntze
(yellow floating-heart), found sparsely
throughout the USA and Canada (Jacono
2002).

In Florida, several Nymphoides populations
have been identified as Nymphoides indica (L.)
Kuntze (water snowflake), a paleotropical
species that until recently was regarded as
synonymous with the neotropical N. hum-
boldtiana (Tippery and Les 2011b). However,
the Florida populations are geographically
distant from those identified as N. humboldti-
ana in Texas, leaving open the possibility that
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the former arrived as a result of anthropogenic
introduction. Nymphoides indica features pro-
minently in the water garden trade, and some
cultivated specimens have been verified using
molecular phylogenetic analysis (Tippery and
Les 2011b). Although N. humboldtiana plants
are readily distinguished from N. indica using
molecular (DNA) data, the latter species
contains considerable intraspecific genetic
diversity (Tippery and Les 2011b).

Two floral forms have been ascribed to
the Florida plants identified as N. indica
(Jacono 2002). Plants with white petals and
yellow corolla throats have been collected in
Manatee County (Shuey 2585, FSU172420,
FLAS167731), whereas collections from Or-
ange County (Burks 1168, FSU194500) and
Osceola County (Harris s.n., 20 Apr 1996,
FSU194499) have entirely yellow corollas. The
yellow- and white-petaled variants both pos-
sess dense, ciliate petal hairs, which distinguish
them from all other Nymphoides north of
Mexico (native and exotic) except for N.
humboldtiana, which also has white petals.
Outside of this range, two New World species
have yellow petals: Nymphoides fallax Orn-
duff, a high-altitude Mexican species, and
Nymphoides grayana (Griseb.) Kuntze, which
is native to the Caribbean and South America
(Ornduff 1969; Pott and Pott 2000). Several
African species also have hairy, yellow petals,
including Nymphoides forbesiana (Griseb.)
Kuntze and Nymphoides thunbergiana (Gri-
seb.) Kuntze (Raynal 1974).

In order to identify the Florida Nymphoides
species with ciliate petals, we conducted
a morphological and molecular phylogenetic
analysis of the white-petaled and yellow-
petaled variants. The confirmation of species
identifications for these plants was necessary
for us to determine the geographical prove-
nance of these relative newcomers to Florida,
and to suggest appropriate recommendations
for management.

Materials and Methods. Material was ob-
tained of both white-petaled (Watts s.n., 19
Nov 2010, CONN00111881) and yellow-
petaled (Watts s.n., 19 Nov 2010, CONN001
11882) floral forms of Florida plants initially
identified as N. indica. In addition to pre-
viously published sequences that were re-
trieved from GenBank, we obtained novel
sequence data from the Florida plants, as well
as from botanical garden and herbarium

specimens of N. grayana and N. humboldtiana
(Appendix 1). Extraction, amplification, and
sequencing of DNA followed Tippery and Les
(2011b). Newly generated sequences were
combined with previously published data
(Tippery and Les 2011b). Sequences for the
nuclear internal transcribed spacer (ITS) and
plastid matK/trnK regions were aligned man-
ually in Mesquite ver. 3.01 (Maddison and
Maddison 2014). Nucleotide insertions and
deletions (i.e., indels) were coded using simple
indel coding (Simmons and Ochoterena 2000),
via the program SeqState ver. 1.4.1 (Müller
2005).

Phylogenetic analyses were conducted using
maximum likelihood in GARLI ver. 2.0.1019
(Zwickl 2006) and Bayesian inference in
MrBayes ver. 3.2.3 (Ronquist and Huelsen-
beck 2003). Analyses used the GTR + I + G
model for nucleotide sequence evolution, and
the “standard” model for indel data. Nucleo-
tide and indel data were partitioned in each
analysis but were linked to a single topology.
Nodal support was obtained from 1,000
bootstrap replicates (likelihood) or by sum-
marizing the posterior distribution after run-
ning 2,000,000 generations and discarding the
first 25% of generations as burn-in (Bayesian).
Ten separate runs were conducted in GARLI
for each data set, and the result with the
highest likelihood score was retained. The
Bayesian analyses were run using four separate
chains, with the harmonic mean log likelihood
scores reported. Because a previous phyloge-
netic study of Nymphoides determined that
ITS and matK/trnK were incongruent for some
taxa (Tippery and Les 2011b), we performed
independent analyses of these data.

Morphological characters were assessed on
plants grown in the University of Wisconsin–
Whitewater Biology Greenhouse during
November 2011, which were obtained from
the same source material as that analyzed for
DNA data.

Results. DNA sequence data were newly
obtained for three accessions identified as N.
grayana and one accession of N. humboldtiana,
in addition to the two Florida plants that are
the focus of this study. Newly generated DNA
sequences for ITS and matK/trnK were de-
posited in GenBank under accession numbers
KR080300–KR080309 (Appendix 1). Maxi-
mum likelihood analyses (ITS: 22,322.23,
matK/trnK: 23,794.20) and Bayesian analyses
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(ITS: 22,380.09, matK/trnK: 23,840.55) ob-
tained comparable likelihood scores. Sequences
obtained for white- and yellow-petaled Nym-
phoides from Florida resolved to different
branches on both the ITS and the matK/trnK
trees (Fig. 1). The white-petaled specimen had
no nucleotide or indel differences in either ITS
or matK/trnK to distinguish it from a specimen

of N. indica from India. On the ITS tree, these
two accessions formed a clade with other
specimens of N. indica from Australia. How-
ever, the yellow-petaled plants resolved within
a clade of neotropical species (N. fallax, N.
grayana, N. humboldtiana), which was strongly
supported by both the ITS and the matK/trnK
data. On the ITS tree, the neotropical clade

FIG. 1. Relationships among Nymphoides species, obtained using internal transcribed spacer (left) and
matK/trnK data (right). Focal species from Florida (indicated in boldface text) were analyzed along with
related species. Numbers in parentheses differentiate accessions from the same country (see Appendix 1).
Trees represent the optimal results of maximum likelihood (ML) analyses. Nodal support values are given as
ML bootstrap/Bayesian posterior probability; dashes (–) indicate support , 50% (ML) or , 0.50 (Bayesian).
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resolved to a larger (and also well-supported)
clade containing three African species: Nym-
phoides brevipedicellata (Vatke) A. Raynal,
Nymphoides rautanenii (N. E. Br.) A. Raynal,
N. thunbergiana. On the matK/trnK tree, close
relatives of the neotropical clade included N.
indica, Nymphoides coreana (Léveille) Hara,
and Nymphoides ezannoi Berhaut. On both the
ITS and the matK/trnK trees, N. grayana was
implicated as the species most closely related
to the yellow-petaled Nymphoides from Flor-
ida. Not all accessions identified as N. grayana
were monophyletic, however, with one acces-
sion on each tree being unresolved relative to
other neotropical taxa (Fig. 1).

Greenhouse-grown plants of the yellow-
petaled Nymphoides exhibited several features
that were useful for diagnosis (Fig. 2). Petals
were densely ciliate throughout the petal
margin and adaxial surface. Stamens were
distinctly longer than the gynoecium, with
black anthers bearing yellow pollen. Tufts of
dark orange, glandular hairs alternated with

the stamens in the corolla throat. Two un-
dulate-margined stigma lobes were connected
via an indistinct style to a mostly cylindrical
ovary. Fruits were not produced by green-
house-grown plants.

Discussion. DNA data confirm that the
white-petaled Nymphoides plants in Florida
indeed are N. indica, a species that is sold
commonly in the water garden trade. As has
been the case with many other exotic aquatic
plant species, the initial introduction of N.
indica likely resulted from intentional or
accidental release from cultivation in a water
garden (Les and Mehrhoff 1999). The native
distribution of this species, which is wide-
spread throughout tropical climates, indicates
that it should grow well and persist in Florida.
Nymphoides indica is readily distinguished
from native species in Florida by having
flowers with white petals that are covered in
ciliate hairs (Jacono 2002). The only North
American species (indigenous or nonindige-
nous) that could be confused with N. indica is
N. humboldtiana, another warm-climate spe-
cies also possessing white petals with ciliate
hairs; however, thus far no populations of N.
humboldtiana have been identified in Florida.

Although previously regarded as a floral
form of N. indica, the yellow-petaled Florida
Nymphoides plants most closely resemble N.
grayana in molecular and morphological
characters and should instead be assigned to
this taxon. Two accessions of N. grayana from
Cuba possessed ITS sequences that were
identical to the Florida plant, and one of
these accessions also matched its matK/trnK
sequence (Fig. 1). Cuba represents one of the
nearest localities of Caribbean N. grayana
plants (Ornduff 1969), and it is worth noting
that the species originally was described from
Cuba (Grisebach 1866). One accession on each
tree was resolved inconclusively due to a low
number of phylogenetically informative sites
in the nucleotide alignments. The incomplete
resolution of some N. grayana accessions
likely reflects the characteristically low genetic
distances observed among the neotropical
Nymphoides species, and additional DNA
sequence data might improve the resolution
of these taxa.

Ornduff (1969) recognized three neotropical
Nymphoides species, referring those plants
with white, ciliate petals to N. humboldtiana
(as N. indica). In addition, he distinguished

FIG. 2. Flower of Nymphoides grayana plant
collected in Florida, viewed from above (top) and
from the side (bottom, with some perianth removed).
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two species of yellow-petaled plants by their
geographic ranges and petal morphology.
Occurrences of N. fallax were associated with
higher elevations (1,600 m and above) in
Mexico and Guatemala, whereas the distribu-
tion of N. grayana was believed to extend
throughout the Caribbean (Ornduff 1969).
Ornduff (1969) further characterized N. fallax
by the marginal extensions of its corolla lobes
(i.e., “wings” instead of merely hairs). The
yellow-petaled plants in Florida have the petal
morphology described for N. grayana (Fig. 2),
and their geographic proximity to the Carib-
bean islands further supports the application
of this name to the Florida material.

A close relationship of the neotropical
Nymphoides species to those in Africa was
suggested previously using morphological ev-
idence, such as the shared feature of ciliate
petals (Ornduff 1969). We found strong
support from the ITS data for a clade of
neotropical and southern African species;
however, the matK/trnK data implicated N.
indica as being more closely related to
neotropical species. The inconsistent place-
ment of the neotropical clade reflects a broader
pattern in Nymphoides of phylogenetic in-
congruity between ITS and matK/trnK data
(Tippery and Les 2011b), and this pattern may
reflect past hybridization events, perhaps even
allopolyploid speciation (Stebbins 1950, 1971;
Tippery and Les 2011a, 2011b; Soltis et al.
2014). Nymphoides humboldtiana and N. indica
are differentiated in part by their chromosome
numbers, with the former being tetraploid
(2n 5 36) and the latter diploid (2n 5 18)
(Ornduff 1970). Other neotropical Nymphoides
species (N. fallax, N. grayana), as well as the
African species N. brevipedicellata, are tetra-
ploid (Ornduff 1970), providing further evi-
dence for a potential link between African and
neotropical Nymphoides.

Morphological data have been reported
only sparsely for N. grayana, and here we
provide updated floral data for this taxon. The
original protologue (Grisebach 1866) noted
features that are consistent with the Florida
plant, including a pilose yellow corolla and
a purple coronula (the latter possibly referring
to the darkened hairs we observed in the
corolla throat). The protologue also described
a plant with an elongate style (without
reference to stamens), and this would be exp-
lainable as the long-style morph of a distylous
species (whereas our plant would represent the

short-style morph; Fig. 2). Heterostyly has not
been described explicitly for N. grayana;
however, it is the predominant floral form in
Nymphoides and one found in related species
(e.g., N. fallax, N. humboldtiana, N. thunbergi-
ana; Ornduff 1969; Raynal 1974; Tippery and
Les 2011b).

The recent introduction of N. grayana to
Florida also merits further attention, as it
could signify the natural range expansion of
a species otherwise restricted to Caribbean
islands (Ornduff 1969). Aquatic plants gener-
ally are capable of dispersing over broad
geographic areas, via vegetative or sexual
propagules (Santamarı́a 2002, Les et al.
2003). Although dispersal has not been studied
extensively in Nymphoides, seeds of N. peltata
are known to be buoyant and adhere to
objects at the water surface via hydrophobic
interactions (Cook 1990). Seeds of N. grayana
are variously smooth or tuberculate (Ornduff
1969), with the tubercles possibly conferring
a hydrophobic or adhesive advantage for
dispersal. The proximity to Florida of Cuba
and other Caribbean islands, along with the
existence of a migratory flyway connecting
these localities, further supports the potential
for external seed dispersal by waterfowl
(Figuerola and Green 2002). For the moment
at least, N. grayana clearly has arrived in
Florida and can grow there unaided. Whether
this species persists or expands its range in
Florida, for now we recommend that it be
regarded as a natural element of the flora
there, and thus a new addition to the flora of
the USA.
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APPENDIX 1.

Specimens for which DNA data were newly
acquired during this study. For each accession,
collection locality is followed by voucher number,
herbarium identification number, and GenBank
accession numbers for internal transcribed spacer
and matK/trnK, respectively (n.s.: not sequenced).

Nymphoides humboldtiana—Ecuador: Pichincha:
Quito, Pagels s.n., CONN00098216, JF926376,
KR080307. Nymphoides indica—USA: Florida,
Watts s.n., 19 Nov 2010, CONN00111881, KR08
0303, KR080308. Nymphoides grayana—Bahamas:

North Andros. Correll 49325, MO2783094, KR08
0300, n.s.; Cuba (1): Matanzas: Ciénaga de Zapata:
Maneadero (58 km al oeste de Playa Larga),
22u249370N 81u389360W, Cubr 48997, B100464278,
KR080302, KR080306; Cuba (2): Villa Clara: Santo
Domingo: Carretera de Santo Domingo a Corralillo,
22u399120N 80u179060W, Borsch et al. 5230,
B100487233, KR080301, KR080305; USA: Florida,
Watts s.n., 19 Nov 2010, CONN00111882, KR08
0304, KR080309.
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