
RHODORA, Vol. 118, No. 974, pp. 235–242, 2016
�Copyright 2016 by the New England Botanical Club
doi: 10.3119/15-30; first published on-line May 2, 2016.

NOTE

NEW RECORDS OF ELATINE AMBIGUA (ELATINACEAE),

A NONINDIGENOUS NORTH AMERICAN SPECIES

AARON J. ROSMAN

Department of Natural Resources and the Environment,
University of Connecticut, Storrs, CT 06269

HAMID RAZIFARD
1

Department of Ecology and Evolutionary Biology, University of Connecticut,
Storrs, CT 06269

1Author for correspondence; e-mail: hamid.razifard@gmail.com

GORDON C. TUCKER

Department of Biological Sciences, Eastern Illinois University,
Charleston, IL 61920

DONALD H. LES

Department of Ecology and Evolutionary Biology, University of Connecticut,
Storrs, CT 06269

Elatine L. (waterwort) is a genus of aquatic flowering plants with

about 25 species worldwide (Tucker 1986). Fourteen of the species

occur in the New World, including two nonindigenous species (E.

ambigua Wight and E. triandra Schkuhr), which both have a

cosmopolitan distribution and are thought to be of Asian origin

(Mason 1957; H.R., unpublished data). According to herbarium

records, the New World populations of E. ambigua have been reported

only from California, but E. triandra has a wider distribution ranging

from southern Canada to the USA, Mexico, and Brazil. In the New

England area, E. triandra has been reported from Connecticut, Maine,

and Massachusetts. This species also has been reported from the USA

states of Alabama, Arizona, California, the Carolinas, Colorado,

Georgia, Louisiana, Minnesota, Nebraska, Nevada, New Jersey, New

York, North Dakota, Oklahoma, Pennsylvania, Texas, Utah, Virginia,

and Wisconsin. Considering that both of these species are common

weeds of rice fields (DiTomaso and Healy 2007; Moody 1989), rice

farming may have been responsible for their initial introduction. Where

rice farming does not occur, it is feasible that the popularity of both E.
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ambigua (H.R., unpublished data) and E. triandra (De Wit 1964) as

aquarium plants could have contributed to their spread.

Elatine ambigua and E. triandra are very similar morphologically,

and are distinguished mainly by the presence of a recurved flower stalk

in the emersed form of E. ambigua (Tucker and Grissom 2012). The

submersed forms of the two species are nearly indistinguishable from

one another based solely on morphological characters (H.R., pers.

obs.), although E. ambigua sometimes has slightly longer leaves (Figure

1). The highly reduced morphology of Elatine makes it difficult to

designate conspicuous taxonomic characters in this group. As a result,

Elatine species typically exhibit fewer morphological differences than

those of other angiosperm genera.

Similar to other Elatine species, E. ambigua and E. triandra are

extremely under-represented among herbarium collections that have

been made in recent decades. We tested several populations of these

species (Table 1) using three genetic markers (ITS, rbcL, and trnK/

matK) to evaluate the delimitation of E. ambigua and E. triandra as

separate species. Our sampling included both dry herbarium specimens

and freshly collected material for which we made voucher specimens

that were deposited at CONN. This comparison included Asian,

Australian, European, and North American populations of the two

species. We were not able to include the herbarium specimens of E.

triandra collected in Maine and Massachusetts (housed at, e.g., GH and

NEBC) due to their antiquity or lack of sufficient plant material for DNA

extraction. One accession of E. minima (Nutt.) Fisch. & C.A. Mey.

served as the outgroup for our analyses.

We extracted DNA from both fresh and dry material following the

method proposed by Doyle and Doyle (1987). We followed the

procedures described in Les et al. (2008) to obtain the sequences of

ITS, matK/trnK, and rbcL. All the sequences obtained in this study

were submitted to Genbank (accession numbers provided in Table 1).

We aligned the sequences using MAFFT version 7 (available from

http://mafft.cbrc.jp/alignment/server/) with a gap opening penalty of

2.5. Preliminary analyses recovered the same two clades of taxa

regardless of the DNA partition used. Consequently, we combined

the sequences of the three regions and analyzed the full dataset using

PAUP* (Swofford 2002) with the following settings: starting trees

were obtained by step-wise addition using tree-bisection reconnection

(TBR) as the branch-swapping algorithm; the maximum number of

trees was set to 100,000; and polytomies were allowed. We calculated

bootstrap support (BS) values using PAUP* by conducting 1000

bootstrap replicates with settings similar to those of the MP analyses,
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Figure 1. A phylogenetic tree (right) drawn using PAUP* based on the
combined ITS, rbcL, and trnK/matK data. The numbers above nodes are the
parsimony bootstrap support values. Only bootstrap values above 50% are
presented. The boldface accessions represent records newly reported in this
paper. On the right, images of Elatine ambigua and E. triandra (from dry
herbarium specimens) are provided for comparison. The scale bars are provided
for both the phylogenetic tree and the plant images.
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except with 10,000 trees for each bootstrap replicate (maxtrees

¼10,000). The accessions with missing data in ITS region (Table 1)

were excluded from the BS calculations to avoid reduction in

bootstrap values due to missing data. The combined matrix of the

aligned data was deposited in TreeBASE (study number 18438;

available at http://purl.org/phylo/treebase/phylows/study/TB2:S18438?

x-access-code¼ee6bf4447afe7b72691128c7fefe3a95&format¼html).

The results are summarized in Figure 1. Our molecular data

indicated that Elatine ambigua and E. triandra are separable by four

differences in the ITS alignment (sites 131, 186, 258, and 562), two

differences in the trnK/matK alignment (sites 298 and 457), and one

difference in the rbcL alignment (site 1078). Also, the molecular survey

uncovered six specimens of E. ambigua, which previously had been

misidentified as other Elatine species. These corrected reports represent

the first record of E. ambigua for Finland, four new state records in the

USA (i.e. Connecticut, Massachusetts, South Carolina, and Virginia),

and one new state record in Australia (Table 1; Figure 1). All of these

records were identified previously as E. triandra, except for the

Australian record, which was identified as E. gratioloides A. Cunn.

We annotated all of these collections, as well as other accessions

included in our study, using the identification indicated by the

molecular results.

Little is known about the introduction history of Elatine ambigua or

E. triandra. The proximity of the Finnish and Australian populations

of E. ambigua to agricultural sites, especially rice fields, implicates rice

farming as a means of introduction for E. ambigua in those regions.

This also is the case for most North American populations of E.

ambigua, with the exception of records from the northeastern USA (i.e.,

Connecticut and Massachusetts), which represent areas where rice

farming does not occur. For these localities, it is more plausible that

aquarium disposal and/or fish stocking served as their original means

of introduction, although supportive evidence currently is lacking and

further evaluation of this question is necessary.

A field survey of Elatine ambigua conducted in Wachusett Reservoir

in Boylston (Worcester County, Massachusetts) found several popu-

lations growing within the reservoir. We also observed that E. ambigua

achieved a much larger population size than many of the other aquatic

plant species and dominated most of the shallow areas of the reservoir.

Being so abundant, this species clearly limits the growth of native

species such as E. minima. In Wachusett Reservoir, E. minima

populations are much smaller both in patch size and in the total

number of individuals than the E. ambigua populations. At least in this
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case, it seems that the introduction of E. ambigua has negatively
impacted some of the native plant populations within the reservoir.
Thus, we recommend more extensive studies of this species to elucidate
whether it should be considered as an invasive species in the USA.
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