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We evaluated the boundaries among Nymphoides (Menyanthaceae) species in Africa, 
a region where the genus has received relatively little attention. We gathered morpho-
logical data from seeds using light and scanning electron microscopy, and we con-
ducted molecular phylogenetic analyses using nuclear sequence data from the internal 
transcribed spacer (ITS) region. Morphological and molecular features distinguished 
six species and affirmed their respective geographic ranges. No African specimens were 
attributable to Nymphoides indica, even though this paleotropical species previously 
had been understood to grow in Africa. We establish the new combination Nymphoides 
senegalensis (G. Don) Tippery, based on an established African basionym, to accommo-
date the specimens formerly identified as N. indica. Phylogenetic analyses resolved two 
distinct clades containing African species. The majority of African species are closely 
related to neotropical species, with which they share similar petal ornamentation. The 
morphologically distinct N. ezannoi shares floral and phylogenetic similarity with spe-
cies from North America and Asia. Results presented here support prior hypotheses 
that allopolyploid species in the Americas may have originated from one or more 
parental lineages in Africa. Seed morphological characters remain some of the most 
reliable features for identifying species, particularly for herbarium specimens lacking 
observable floral characters.

Keywords: aquatic plants, internal transcribed spacer (ITS), molecular phylogenetics, 
morphology, scanning electron microscopy

Introduction

Herbarium specimens are an invaluable resource for plant systematics. In regions of 
the world that are difficult to access, they are often the primary source of morphologi-
cal data that are used for species delimitation. Not all herbarium specimens are equally 
useful, however, and in some plant groups only a few morphological characters are pre-
served in sufficient detail to be taxonomically informative. In the aquatic plant genus 
Nymphoides (Menyanthaceae), species diagnosis historically required observing floral 
characteristics, yet these preserve poorly upon drying (Ornduff 1969). More recent 
taxonomic investigations have determined that many Nymphoides species can be dis-
tinguished using seed morphology (Sivarajan et al. 1989, Chuang and Ornduff 1992,  
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Aston 2003). Seeds are produced abundantly by Nymphoides 
species, and seed morphological characters are robust under 
herbarium storage conditions. Although not present on all 
herbarium specimens, mature seeds nevertheless retain their 
shape and surface features upon drying, and a variety of 
taxonomically useful characters have been extracted from 
Nymphoides seeds (Sivarajan et al. 1989, Chuang and Ornduff 
1992, Sivarajan and Joseph 1993, Aston 2003).

There are approximately 50 Nymphoides species world-
wide, and they grow mainly in tropical latitudes (Tippery and 
Les 2011). Nymphoides species in Africa include narrowly dis-
tributed mainland species (N. guineensis A. Raynal, N. humi-
lis A. Raynal, N. milnei A. Raynal, N. tenuissima A. Raynal) 
and species endemic to Madagascar (N. bosseri A. Raynal,  
N. elegans A. Raynal) (Raynal 1971). Species with more exten-
sive geographic ranges include species restricted to the south  
(N. rautanenii (N. E. Br.) A. Raynal, N. thunbergiana (Griseb.) 
Kuntze) or the north (N. ezannoi Berhaut), and species found 
across a wider range of latitudes (N. brevipedicellata (Vatke) 
A. Raynal, N. forbesiana (Griseb.) Kuntze) (Fig. 1; Raynal 
1971). One of the most widespread Nymphoides taxa in 
Africa is N. indica subsp. occidentalis A. Raynal, a regional 
segregate of a species (N. indica (L.) Kuntze) that otherwise 
grows in tropical latitudes throughout Eurasia and Australia 
(Tippery and Les 2011).

Morphologically, all African Nymphoides species have the 
‘condensed’ inflorescence type, characterized by umbels of 
pedicellate flowers that associate closely with floating leaves 
(Tippery and Les 2011, Tippery et al. 2012). Flowers have 
yellow or white petals that may be glabrous or ornamented 
with sparse or dense hairs (Raynal 1974a, b). Seeds vary in 
number per capsule, size, shape and ornamentation, but 
in general the seeds have been reported to vary minimally 
among species (Raynal 1974a).

Evolutionary relationships have been determined for 
several African Nymphoides species, in the context of larger 
phylogenetic studies of the genus (Tippery and Les 2011, 
Tippery  et  al. 2018). Three species (N. brevipedicellata,  
N. rautanenii, N. thunbergiana) were found to be mono-
phyletic with neotropical species of allopolyploid origin 
(Tippery and Les 2011, Tippery et al. 2018). Interestingly, 
another African species (N. ezannoi) resolved in a different 
clade that included allopolyploid species from temperate 
North America (Tippery and Les 2011, Tippery et al. 2018). 
Nymphoides ezannoi represents the only African species with 
glabrous petals, and this morphological divergence may be 
explained by its rather distant phylogenetic position from 
other African species. The other African species produce 
flowers with densely or sparsely hairy petals, and they also 
are morphologically similar to related plants in the Americas. 
A large number of African Nymphoides species remain to be 
examined using molecular data, in order to derive a more 
comprehensive phylogenetic hypothesis for the genus.

Seed morphology has become one of the most useful traits 
for distinguishing Menyanthaceae species, not only because 
seeds preserve well on herbarium specimens, but also because 
species typically have distinct and minimally variable seeds 

Figure 1. Geographic distribution of Nymphoides study specimens. 
Points represent individual herbarium specimens and are divided 
among separate maps for visual clarity. Ranges for species are 
adapted from Raynal (1971).
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(Sivarajan  et  al. 1989, Chuang and Ornduff 1992, Aston 
2003, Tippery et al. 2008, Tippery and Les 2009). Variation 
in seed morphology has been noted for some of the more 
widespread Nymphoides species, such as N. indica and N. cre-
nata (F. Muell.) Kuntze, but other species show hardly any 
variation, even over wide geographic ranges (e.g. N. auran-
tiaca (Dalzell) Kuntze) (Aston 2003). In Australia, 13 of 17 
species studied (76%) produced seeds with essentially uni-
form morphologies across specimens, and these morpholo-
gies also were unique among the species studied (Aston 
2003). Variation often manifests as differences in ornamenta-
tion, with the same species producing seeds that are smooth 
or covered in tuberculate protuberances in different portions 
of its range (Aston 2003). Features such as seed size and shape 
are somewhat more stable (Aston 2003).

In an ongoing effort to understand the genus comprehen-
sively, this study aims to evaluate Nymphoides specimens from 
Africa, where 13 species are native, and where all taxa are 
endemic (Fig. 1; Raynal 1974b). Although the boundaries 
among African species have been defined previously using 
mostly vegetative and floral characters (Raynal 1974a, b), a 
novel investigation of seed morphology may reveal additional 
features that are useful for identifying species. The pres-
ent study also employs molecular phylogenetic methods to 
explore species boundaries from an independent perspective, 
and compares morphological similarity against phylogenetic 
relationships.

Material and methods

Specimens were identified using a combination of specimen 
label data, seed morphological data, geographical distribu-
tion data, and prior annotations or publications. A number 
of specimens evaluated in this study were verified by Raynal 
(1974b), and these were used as benchmark specimens for 
assigning species names to groups of specimens with mor-
phologically similar seeds (i.e. morphogroups). Differences 
among morphogroups were evaluated qualitatively using 
features of seed shape, size and epidermal ornamentation. 
Species identifications were further validated against species 
ranges that had been established previously (Raynal 1971). 
Only specimens with accompanying seed data were consid-
ered for this study.

Specimen locality data were converted into latitude and 
longitude coordinates using the ‘geocode’ function of the 
‘ggmap’ package (Kahle and Wickham 2013) in the program 
R ver. 3.6.0 (<www.r-project.org>), or by searching local-
ity names directly via Google Maps (<www.google.com/
maps>). If locality descriptions were specific only to a prov-
ince or other large political entity, coordinates were encoded 
for the approximate midpoint of the political entity. Locality 
coordinates were plotted using the maptools package (Bivand 
and Lewin-Koh 2018) in R.

Seeds were collected from herbarium specimens by tak-
ing them from the associated fragment packets or, with the 
permission of lending institutions, by gently removing them 

from mature fruits. Seeds for all specimens were imaged using 
a dissecting microscope. Images were then processed using 
the GNU Image Manipulation Program ver. 2.10 (<www.
gimp.org>) to obtain seed dimensions in pixels, which then 
were converted into metric units using a measurement stan-
dard. After establishing preliminary morphogroups using 
light micrographs, a subset of seeds from each morphogroup 
were selected for electron microscopy. Prior to electron 
microscopy, seeds were sputter-coated with 10 nm of gold 
using a 108 auto Sputter Coater. Electron micrographs were 
taken using a JEOL JSM-6390LV scanning electron micro-
scope (SEM).

Morphological data were plotted in R using the package 
‘ggplot2’ (Wickham 2016). Significant differences among 
morphogroups with respect to seed length, width and the 
length:width ratio were evaluated using analysis of variance 
(ANOVA; R function aov; Fisher 1921) and Tukey’s test 
(function HSD.test in the agricolae package; Tukey 1949, 
Mendiburu 2019).

DNA was extracted from leaf or seed tissue from selected 
herbarium specimens, using the standard CTAB protocol 
(Doyle and Doyle 1987). Polymerase chain reaction (PCR) 
was performed to amplify the nuclear internal transcribed 
spacer (ITS) region using previously designed primers 
(Baldwin 1992, Blattner 1999) and the Titanium Taq DNA 
polymerase, with a 55°C annealing temperature and reaction 
conditions otherwise as described previously (Tippery et al. 
2018). Amplified DNA fragments were purified using the 
ExoSAP-IT enzyme mixture. Sequencing reactions con-
ducted using BigDye, reactions were cleaned using Sephadex 
G-50 beads, and analyses were run on an ABI PRISM 3100 
genetic analyzer.

Sequence chromatograms were edited using the program 
4Peaks ver. 1.8 (Griekspoor and Groothuis 2005), then 
assembled into contigs and aligned manually using Mesquite 
ver. 3.6 (Maddison and Maddison 2018). Sequences newly 
obtained for this study were combined with previously 
reported sequences (Tippery and Les 2011) (Appendix 1). 
Insertions and deletions (indels) were scored for the aligned 
nucleotide matrices using simple indel coding (Simmons and 
Ochoterena 2000) implemented with the program SeqState 
ver. 1.4.1 (Müller 2005).

Aligned sequence data were analyzed using both maximum 
likelihood (ML; Felsenstein 1973) and Bayesian inference 
(BI; Larget and Simon 1999) methods. Following prelimi-
nary analyses that placed all African species in the sibling 
clade to N. minima (F.Muell.) Kuntze, the sequence align-
ment was pared to include only Nymphoides species belong-
ing to this clade (Tippery and Les 2011), and N. minima 
was used as the outgroup. Phylogenetic model selection was 
done with jModeltest ver. 0.1.1 (Posada 2008) under the AIC 
criterion (Akaike 1974). Analyses used the recommended 
GTR model of DNA evolution for nucleotide sequence evo-
lution, and the ‘binary’ or ‘standard’ model for indel data. 
Likelihood analysis was implemented using RAxML ver. 
8.2.8 (Stamatakis 2014), with bootstrap analysis using 1000 
replicates. Bayesian analysis was conducted in MrBayes ver. 
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3.2.7a (Ronquist et al. 2012), with two million generations 
of Markov chain Monte Carlo (MCMC), sampling every 
1000 generations, and the first 25% of trees discarded as 
burn-in. Branch lengths were estimated in MrBayes using the 
simple (uniform) strict clock model.

Results

Seed morphology

Seeds were obtained from 54 Nymphoides specimens that had 
been collected throughout Africa (Fig. 1, Appendix 1), and 
1–6 seeds were examined per specimen. Six morphogroups 
were identified, corresponding to six Nymphoides species in 
Africa and comprising 3–21 specimens each. For the most 
part, species belonging to the various morphogroups were 
easily distinguished using characters of seed shape, size and 
ornamentation. Seed measurement data showed largely over-
lapping ranges of length and width measurements among 
species (Fig. 2). The mean length for N. indica subsp. occi-
dentalis was significantly greater than the same measurement 
for N. brevipedicellata, N. rautanenii and N. thunbergiana, 
although the ranges of values for all four species overlapped. 
Similarly, the mean width measurement for N. indica subsp. 
occidentalis was significantly greater than the mean for  
N. brevipedicellata and N. ezannoi, but with individual seed 
measurements having considerable overlap. The length:width 
ratio was more cleanly differentiated, with N. ezannoi having 
a significantly greater ratio than all other species (i.e. more 
elongate seeds) and only one specimen falling into the corre-
sponding range of N. brevipedicellata. The length:width ratio 
for N. brevipedicellata was intermediate, with a significantly 
different mean than all other species except N. indica subsp. 
occidentalis. Smaller length:width ratios (i.e. more orbicular 
seeds) were observed in N. forbesiana, N. rautanenii, N. thun-
bergiana, and to a lesser extent, N. indica subsp. occidentalis.

Seed ornamentation provided additional characters for 
distinguishing species. The orbicular and laterally compressed 
seeds of N. thunbergiana specimens were entirely smooth 
(Fig. 3A–D), whereas N. brevipedicellata seeds were ellipti-
cal, somewhat compressed laterally, and smooth over most 
of their surface, having only a ring of unicellular bulbous 
protuberances along the seed margin (Fig. 3E–F). Seeds of 
N. indica subsp. occidentalis also were elliptical and later-
ally compressed but were covered throughout with unicel-
lular bulbous protuberances (Fig. 3G–H). Globose seeds 
with evenly spaced, multicellular projections characterized  
N. rautanenii (Fig. 3I–L) and N. forbesiana (Fig. 3O–P), 
with the former species having gently-sloping projections 
with flattened apices and the latter species producing single- 
or multicellular projections extending perpendicular to the 
seed surface. The elliptical and laterally compressed seeds of  
N. ezannoi (Fig. 3M–N) were ornamented with somewhat 
irregular clusters of cells that ranged from low domes to dis-
tinctly perpendicular. Epidermal cell junctions were for the 
most part interdigitate, with the exception of some seeds 

Figure 2. Seed length (top), width (middle) and length:width ratio 
(bottom) for Nymphoides species evaluated in this study. Each point 
represents a distinct specimen. Significance groups, as determined 
by ANOVA and Tukey test, are indicated at the bottom of each 
graph. Box plots show the median, second and third quartiles and 
1.5× the interquartile range. Points are randomly spaced horizon-
tally using the ‘jitter’ function of ‘ggplot’.
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where the cell surface was obscured, potentially by extracel-
lular wax (Fig. 3B, J).

Intraspecific variation in seed morphology was minimal 
for some species and more pronounced in others. Marginal 
bulbous protuberances were observed in all eight specimens 
of N. brevipedicellata, and for the most part these seeds were 
more elongate than the similarly smooth seeds of N. thun-
bergiana (Fig. 2). Seeds of N. thunbergiana, in turn, were 
entirely smooth and mostly orbicular over 22 different acces-
sions (Appendix 1). Nymphoides indica subsp. occidentalis 

was represented by only four specimens, and these showed 
rather large variation in size and ornamentation. Seeds were 
more densely ornamented with bulbous protuberances than 
in N. brevipedicellata, but the protuberances were sometimes 
rather sparse on the broader seed surface (i.e. away from the 
margins). The three specimens of N. ezannoi had seeds that 
were similarly ornamented but with rather broad variation in 
size (Fig. 2). Seed surface projections in N. rautanenii ranged 
from sharp peaks to more gently sloped mounds, but consis-
tently appeared across 10 specimens. Nymphoides forbesiana 

Figure  3. Seeds of African Nymphoides species. (A–B) N. thunbergiana, Story 4988. (C–D) N. thunbergiana, Commerson 280. (E–F)  
N. brevipedicellata, Brummitt 11637. (G–H) N. indica subsp. occidentalis, Breteler 2503. (I–J) N. rautanenii, Rodin 9385. (K–L) N. rautane-
nii, Smith 495. (M–N) N. ezannoi, Hb. Leprieur s.n. L2700997. (O–P) N. forbesiana, Hildebrandt 1995. Scale bars = 500 µm (A, C, E, G, 
I, K, M, O), 50 µm (B, D, F, H, J, L, N, P).
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produced seeds that all had multicellular clusters of protuber-
ances, and these were observed in five specimens.

Molecular data

Complete ITS sequence data were obtained for nine speci-
mens, comprising representatives of all six morphogroups 
(Appendix 1). The aligned DNA sequence matrix contained 
840 nucleotide characters, with 46 indel characters scored.

The phylogenetic analysis supported the monophyly of 
individual species and resolved several independent clades 
(Fig. 4). Nymphoides brevipedicellata and N. indica subsp. occi-
dentalis were monophyletic and closely related to several neo-
tropical species: N. fallax, N. grayana and N. humboldtiana. 
Closely related to these species were a clade containing N. for-
besiana and N. rautanenii, and a separate lineage comprising 
N. thunbergiana. More distantly related to other African spe-
cies, N. ezannoi associated with the North American species 
N. aquatica and N. cordata, and less closely with the Asian 
species N. cristata. Multiple accessions of N. indica subsp. 
indica were together monophyletic, but they were not closely 
related to any plants from Africa.

Discussion

Species identification

Seed features have been recognized as some of the most 
diagnostic traits for distinguishing Menyanthaceae species 
(Sivarajan  et  al. 1989, Chuang and Ornduff 1992, Aston 
2003, Tippery  et  al. 2008, Tippery and Les 2009), and 
Nymphoides species in Africa are no exception. Seeds are con-
siderably variable among species and fairly constant within 
species, and in contrast to many floral characters, seed traits 
are readily observed on herbarium specimens. Not all spec-
imens possess fruiting material, but an evaluation of seeds 
from fruiting plants helps to set the basis for identifying 
other morphological differences and geographic boundaries  
among species.

As reported for Menyanthaceae species elsewhere, seeds 
of African Nymphoides species were found to vary in seed 
ornamentation, with various protuberances resulting from 
the enlargement of seed epidermal cells. Seeds of N. thunber-
giana, uniquely among the African species we studied, were 
found to lack any such protuberances. Outside of Africa, 
entirely smooth seeds occur in the neotropical species N. 
humboldtiana (Chuang and Ornduff 1992, Middleton et al. 
2018) and some populations of the paleotropical N. indica 
subsp. indica (Li  et  al. 2002, Aston 2003). Bulbous, uni-
cellular protuberances characterized the seeds of N. bre-
vipedicellata and N. indica subsp. occidentalis, distributed 
only along the seed margin in the former species and more 
evenly throughout the seed surface in the latter species. 
Similar bulbous protuberances have been observed in the 
North American species N. cordata (Chuang and Ornduff 
1992) and N. fallax (Lobato-de Magalhães and Martínez 

2020), and the northeast Asian species N. coreana (Li et al. 
2002). Clusters of cellular protuberances were found in the 
remaining African species. In N. rautanenii the protruding 
cells are grouped into seed surface extensions with gently 
sloping edges, and this type of ornamentation also character-
izes some seeds of the Australian species N. minima (Aston 
2003). More abruptly emerging cellular clusters are found 
in N. ezannoi and N. forbesiana, and the seeds of these spe-
cies share features with N. beaglensis Aston and N. disperma 
Aston from Australia (Aston 2003), two species that are more 
distantly related to African species than N. minima (Tippery 
and Les 2011). Although superficially similar patterns of seed 
ornamentation appear in different Nymphoides species, there 
is no apparent large-scale phylogenetic pattern that explains 
the similarity. Clearly a wide range of seed surface ornamen-
tation exists in Nymphoides, including forms that are similar 
in distantly related species, as well as many types found only 
outside of Africa.

Nymphoides species in Africa are distinguished rather 
well using a combination of seed ornamentation and seed 
shape, with N. brevipedicellata and N. ezannoi having the 
most elongate seeds, and N. forbesiana, N. rautanenii and  
N. thunbergiana having more orbicular seeds. Outside of 
Africa, Nymphoides species variously have orbicular or elongate 
seeds, and seed shape can be extremely useful for distinguish-
ing species (Sivarajan et al. 1989, Chuang and Ornduff 1992, 
Aston 2003). In this study, seed size was not found to be par-
ticularly useful for distinguishing species, because many spe-
cies have broad ranges of seed size variation, and the ranges 
of variation overlap considerably among species. Similarly, 
epidermal cell junctions, previously documented to be useful 
for discriminating species (Raynal 1974a, b), were not found 
to differ consistently among species. Seeds observed for this 
study predominantly had interdigitate cell junctions, which 
have been noted for a variety of species outside of Africa as well 
(Chuang and Ornduff 1992, Aston 2003).

Previous surveys of African Nymphoides diversity (Raynal 
1971, 1974a, b) rather surprisingly did not portray in detail 
many of the seed morphologies that are documented here. 
Seed size, shape, lateral compression, and epidermal cell junc-
tion type were considered valuable for distinguishing species, 
yet seed ornamentation was regarded as too variable to be 
taxonomically useful (Raynal 1974a, b). Nymphoides thunber-
giana was depicted as having smooth seeds, consistent with 
the current data, whereas other species were described rather 
ambiguously as having verrucose (N. brevipedicellata, N. rau-
tanenii, N. indica subsp. occidentalis) or echinate (N. ezannoi, 
N. forbesiana) cellular ornamentation (Raynal 1974b). The 
electron micrograph data from the current study document a 
more nuanced variation that differs consistently among spe-
cies while being minimally variable within species.

In addition to the species considered in this study, Raynal 
(1974b) also catalogued a number of rare Nymphoides spe-
cies in mainland Africa and Madagascar. No exceptional seed 
morphologies were noted for these additional species, but 
in light of the evidence presented in the current study, their 
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seeds merit a more thorough examination. The rare and sup-
posedly narrowly endemic species may have distinctive seed 
morphologies that have not been documented previously, 
or they may represent local variants of species already doc-
umented here. More intensive sampling would be required 
to determine if these species are truly distinct or represent 
taxonomic synonyms of more widespread species. In this 

investigation, seed characteristics would be very valuable for 
making such comparisons.

Phylogenetic relationships

Nearly all African Nymphoides species examined in this 
study resolved in a large and well-supported clade that also 

Figure 4. Phylogeny of Nymphoides species in Africa, including contextual sequences for species outside of Africa, constructed using data 
from the nuclear internal transcribed spacer (ITS) region. African taxa are shown in boldface type, and all accessions have corresponding 
GenBank accession numbers. Nodal support values show Bayesian posterior probability values and maximum likelihood bootstrap percent-
ages; values less than 0.50 or 50% are given as dashes (–). Support values are omitted for clades of nearly identical sequences belonging to 
the same species.
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contained three neotropical species (Fig. 4). These African 
and neotropical species share many features, including pet-
als with ciliate hairs. The seeds of the neotropical N. hum-
boldtiana are smooth and orbicular (Middleton et al. 2018), 
making them nearly identical to the seeds of N. thunbergiana. 
Bulbous protuberances are found on seeds of the African spe-
cies N. brevipedicellata and N. indica subsp. occidentalis, as 
well as the neotropical N. fallax (Lobato-de Magalhães and 
Martínez 2020). Orbicular seeds with multicellular protuber-
ances characterize N. forbesiana and N. rautanenii, and these 
resolved as closely related. Likewise, the elliptical seeds with 
bulbous, unicellular protuberances found in N. brevipedi-
cellata, N. indica subsp. occidentalis and N. fallax may indi-
cate a phylogenetic pattern to the similarities among closely  
related species.

A close relationship between African and neotropical 
species was suggested previously in molecular phylogenetic 
analyses (Tippery and Les 2011, Tippery et al. 2018), and the 
current study places additional species within the Africa/neo-
tropical clade. Neotropical Nymphoides species were recently 
identified to have allopolyploid origins (Tippery et al. 2018), 
and their close relationship with African species presents 
new evidence that may help identify the ancestral parents of 
their allopolyploid origin. Further examination with molecu-
lar data from nuclear gene regions may help to identify the 
African species that are most closely related to neotropical 
species and therefore with more precision reconstruct the 
allopolyploid origin of neotropical species.

Nymphoides ezannoi, the only African species with pet-
als that are glabrous and entire, resolved in a different clade 
than the other African species examined in this study. In 
the phylogenetic analysis N. ezannoi associated closely with 
other species having similar petal morphology: N. aquatica 
and N. cordata from North America and N. cristata from 
tropical Asia. Curiously, the North American species also are 
allopolyploid (Tippery  et  al. 2018), and their close phylo-
genetic association with the African N. ezannoi presents an 
interesting parallel to the evolutionary history of neotropical 
species. Further study of African species may help to eluci-
date the evolutionary origins of Nymphoides species native to 
the Americas, all of which are tetraploid and allopolyploid 
(Tippery  et  al. 2018). Additional study of African species, 
including phylogenetic analysis using low-copy nuclear 
markers and cytological investigation to determine ploidy 
levels, may reveal further evidence to support the allopoly-
ploid parentage of species in the Americas.

Biogeography

Specimens examined for this study were collected throughout 
mainland Africa (Fig. 1). After identifying specimens using 
their seed characteristics, their geographic distributions fell 
within the ranges that were previously determined for the 
respective species (Raynal 1971). The more southern species 
of N. rautanenii and N. thunbergiana had non-overlapping 
ranges, restricted to the western and eastern portions of 
southern Africa, respectively. Nymphoides ezannoi specimens 

were collected only from the northern dry tropics (Sayre et al. 
2013). The most widespread taxa included N. brevipedicel-
lata, N. forbesiana and N. indica subsp. occidentalis, and these 
taxa were collected across broad and largely overlapping geo-
graphic areas.

Biogeographic origins of African Nymphoides cannot be 
inferred conclusively using existing data, but there definitely 
are close relationships between African species and those in the 
Americas (Fig. 4). The genus likely originated in Australia, and 
several independent dispersal events from Australia to Eurasia 
have been reconstructed (Tippery  et  al. 2018). Because of 
phylogenetic uncertainty, however, it remains unclear from 
which continent the African species originated, and even the 
number of times that ancestral lineages dispersed to Africa. 
Given the morphological and phylogenetic distinctness of  
N. ezannoi relative to other African Nymphoides, we hypoth-
esize that these species groups represent two independent 
dispersal events into Africa. Molecular data from additional 
gene regions for African species, as well as further taxon sam-
pling from African and Eurasian Nymphoides species, may be 
able to resolve biogeographical origins of African species in 
greater detail.

Conclusion

The combination of seed morphology data and molecular 
phylogenetic data have enabled a careful comparison among 
Nymphoides species in Africa, independent of the vegetative 
and floral traits that commonly are used to identify species. 
Specimen identifications based upon seed morphology sup-
port the specimen identities and biogeographic ranges that 
were established previously for African species. Furthermore, 
molecular phylogenetic analysis also supports the distinct-
ness of species and additionally suggests close relationships 
between species pairs that share similar seed morpholo-
gies: N. brevipedicellata/N. indica subsp. occidentalis and N. 
forbesiana/N. rautanenii. The data contained in this study 
document morphological similarity and variability for the 
most widespread species in Africa and establish a context 
against which other African Nymphoides species can be evalu-
ated in the future.

Taxonomic treatment

Nymphoides senegalensis (G.Don) Tippery comb. nov.

Basionym: Villarsia senegalensis G.Don (1837, p. 169).

Based on the same type: Limnanthemum senegalense (G.Don) 
N.E.Br. (Baker and Brown 1904, p. 586).

Type: Senegal, Roussillon s.n. (lectotype, designated here:  
P 00077853, isolectotype: P 00077852).

Taxonomic synonym: Nymphoides indica (L.) Kuntze subsp. 
occidentalis A. Raynal (1974b, p. 418).
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Type: Cameroun, J.Raynal & A.Raynal 9476 (lectotype, des-
ignated here: P 00560983, isolectotype P 00560984).

Nymphoides indica is a widespread tropical species, and 
at one point it was proposed to represent a single, pantropi-
cal species (Ornduff 1969). Recent application of molecu-
lar evidence has supported the segregation of plants in the 
Americas as N. humboldtiana, because although these plants 
are nearly indistinguishable from N. indica morphologically, 
the two species represent phylogenetically independent lin-
eages. In Africa, numerous collections have been identified 
as N. indica, and these also share substantial morphological 
similarity with N. indica in Eurasia and Australia. Raynal 
(1974b) recognized some differentiation and established 
the subspecies N. indica subsp. occidentalis for the African 
plants with affinity to N. indica. Phylogenetic evidence sup-
ports the monophyly of N. indica plants in Australia, India 
and Vietnam, and given the type locality of India/Sri Lanka 
(Marais and Verdoorn 1963), these plants can be consid-
ered to be proper representatives of N. indica. The African 
plants that have been named N. indica, however, are phylo-
genetically distinct and closely related to N. brevipedicellata, 
as suggested previously on the basis of morphology (Raynal 
1974b). There is no name established in Nymphoides at the 
species level for these African plants, but the names Villarsia 
senegalensis G. Don and Limnanthemum senegalense (G. Don) 
N. E. Br. are based upon an African type specimen. We thus 
return the entity formerly described as V. senegalensis to spe-
cies status and provide a name for it in the genus Nymphoides.

There are duplicate specimens of the type collections for 
V. senegalensis and N. indica subsp. occidentalis. In each case 
both duplicates are essentially equivalent and are deposited at 
the same herbarium. We have chosen as lectotypes the speci-
mens that are marginally more complete.
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Appendix 1

Voucher information for specimens studied. Specimens of 
African species have collection locality and herbarium voucher 
data. Where applicable, specimens also have GenBank acces-
sion numbers for ITS sequences. Only GenBank accession 
numbers are given for non-African species. Herbarium acro-
nyms follow Index Herbariorum (<http://sweetgum.nybg.
org/science/ih/>).

Nymphoides aquatica (J. F. Gmel.) Kuntze (JF926294). 
N. astoniae M. D. Barrett & R. L. Barrett (JF926378).  
N. brevipedicellata (Vatke) A. Raynal – Malawi: Kasungu Game 
Reserve, Brummitt 11637 (PRE) (MN081761); Namibia: 
Okavango River, Bethune 105 (PRE) (MN081762); South 
Africa: Beesterkraal, Henderson 966 (PRE); Donkerhoek, 
Theron 2686 (PRE) (MN081763); Ellisras, du Toit 873 
(PRE); Geelhoutkop, Venter 3485 (PRE) (MN173298); 
Pienaan River, White 31538 (PRE); Pretoria, Mauve & 
Reid 5320 (PRE); Zambia: Lake Bangweulu, Renvoize 
5604 (MO) (MN173302). N. cordata (Elliott) Fernald 
(EF173028). N. coreana (Léveille) Hara (MN081766);  
N. cristata (Roxb.) Kuntze (EF17303). N. ezannoi Berhaut 
– Burkina Faso, Madsen 6073 (TUR) (JF926320); Senegal, 
Hb. Leprieur s.n. (L2700997); Sudan, Legagneux s.n. Nov 
1919 (L). N. fallax Ornduff (JF926321). N. forbesiana 
(Griseb.) Kuntze – Botswana: Tsotsoroga, Smith 2024 
(MO); Mozambique: Limpopo River, Gazaland Expedition 
15811 (PRE) (MN081758); Swaziland: Tshaneni, Barrett 
463 (PRE); Tanzania: Mombassa, Hildebrandt 1995 (L); 
Uganda, Dümmer 1029 (PRE). N. furculifolia Specht 
(JF926322); N. grayana (Griseb.) Kuntze (KR080304). 
N. humboldtiana (Kunth) Kuntze (JF926324). N indica 
(L.) Kuntze subsp. indica (EF173039: India; EF173040 

and JF926346: Queensland, Australia; JF926329: Western 
Australia, Australia; MN081765: Vietnam). N. indica subsp. 
occidentalis A. Raynal – Cameroon: Melen, Breteler 2503 
(UC) (MN173299); Senegal, Hb. Leprieur s.n. (L2700753); 
Hb. Leprieur s.n. (L2700754); Parc National du Niokolo 
Koba, Madsen 2994 (MO) (MN081760). N. minima 
(F.Muell.) Kuntze (FJ391925). N. parvifolia (Wall.) Kuntze 
(JF926357). N. quadriloba Aston (JF926364). N. rautanenii 
(N. E. Br.) A.Raynal – Botswana: Chobe National Park, Ellis 
3002 (MO); Kakanaga Island, Smith 1982 (WAG); Mahu 
Pan, Smith 495 (L) (MN081759); Moremi Wildlife Reserve, 
Smith 1938 (MO); Ngamiland, Gibbs Russell 2845 (PRE); 
Zibadianja Lagoon, Gibbs Russell 2151 (MO); Namibia: 
Oshikango, Rodin 9385 (UC); Klein Dobe, Hines 503 
(PRE) (MN173301); Omuramben, Merxmüller & Giess 
2091 (PRE); South Africa: Farm Falkenhain, Giess 15095 
(PRE) (MN173300). N. thunbergiana (Griseb.) Kuntze 
– Botswana, Smith 2595 (PRE); Lake Ngami, Smith 1918 
(PRE); South Africa: Clanwilliam, Rogers 16801 (PRE); 
Durban, Huntley 139 (PRE); Grahamstown, Mauve & 
Wells 28 (PRE); Graskop, Kluge 830 (PRE); Hazeldene 
farm dam, Musil 478 (PRE); Hlabisa, Strey 6552 (PRE); 
Kromme River, Theron 1168 (PRE); Lake Nhlabane, 
Ward & Rajh 11458 (PRE); Merthley Lake, Musil 190 
(PRE) (MN081764); Mpumalanga, Decastro 206 (PRE); 
Okavango Swamp, Story 4788 (PRE); Port Elizabeth, Pagels 
s.n. (CONN) (EF173048); St Lucia Park, Ward 7741 
(PRE); Thathe Vondo Forest, Hemm 328 (PRE); Uitenhage, 
Thode A1086 (PRE); Zautpansberg, Smuts & Gillett 3278 
(PRE); Zimbabwe: Gungunyana, Obermeyer 37490 (PRE); 
Unknown locality, Unknown collector (L2700758); Unknown 
collector (L2700761); Commerson 280 (L2700760);  
Hb. Splitgerber s.n. (L2700762).


