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A B S T R A C T

Flowering ofWolffia arrhiza was discovered for the first time in Germany. This record is also the first observation
of flowers in this species for Central Europe. The locality is described and the plants are photographically
documented. Hitherto, flowering W. arrhiza had never been reported for the whole of Europe, with the only
exception being two records from the 1980s in Istria (former Yugoslavia, South-East Europe). A further report
about alleged flowering plants in the northern forelands of the Caucasus turned out to be erroneous, due to
mistranslation and the wrong citation of an original publication from 1957 in Slovak language.

1. Introduction

The genus Wolffia Horkel ex Schleiden or watermeal includes the
smallest spermatophytes in the world (Daubs, 1965; Fintha, 1979) and
comprises 11 species worldwide (Crawford and Landolt, 1995; Sree
et al., 2016). In Europe,Wolffia arrhiza (L.) Horkel ex Wimm. is the only
native species of this genus. Recent occurrences of the American alien
Wolffia columbiana H. Karst. have been discovered (Schmitz et al., 2014,
2016; Ardenghi et al., 2017; Garve et al., 2017). Records of two addi-
tional alien species have been recently reported in Europe from the
Netherlands (Wolffia australiana (Benth.) Hartog & Plas, native to Aus-
tralia and New-Zealand: NDFF, 2017) and from Bulgaria (Wolffia glo-
bosa (Roxb.) Hartog & Plas, native to the palaeotropic region: Kirjakov
and Velichkova, 2013). Therefore, examination of a number of Wolffia
samples using a stereoscopic microscope was initially done in order to
determine species identity and to find out the current distribution of
native and alien Wolffia species (Schmitz et al., 2016; Garve et al.,
2017). This enabled the detection of flowering specimens during this
examination. While the alien Wolffia columbiana is known to develop
flowers regularly both in its native area in the Americas (Landolt, 1986)
as well as in its introduced range in Europe (Schmitz et al., 2014, 2016),
flowers of Wolffia arrhiza have never been found in Europe before with
the only exception being two records from Istria (former Yugoslavia,
South-East Europe) in the 1980s by Krajnčič (1989).

2. Material and methods

The plant sample was collected by the second author (HK) on 21
September 2016 in Germany, Lower Saxony, district Lüchow-

Dannenberg, 1.5 km NNE Siedlung Prezelle, (Latitude 52.98005 N,
Longitude 11.440662 E). The site was a small pond (Fig. 1) at the edge
of extensively managed grassland in the middle of the Gartow forest,
much frequented by several game species (red deer, fallow deer and
wild boar). The water surface was shaded after 3 pm. The Wolffia plants
grew together with Lemna minor L., Spirodela polyrhiza (L.) Schleid.,
Alopecurus aequalis Sobol., Eleocharis palustris (L.) Roem. & Schult. s. l.,
Glyceria fluitans (L.) R. Br., Potamogeton natans L. and Ranunculus
aquatilis L. agg. Because of slow drying up of the waterbody, a part of
the Wolffia fronds lay on the dried out mud banks at the edge of the
pond. At the time of sampling, they appeared slightly paler than at
other locations ofWolffia in the surroundings. The occurrence ofWolffia
at this site is known since 2015.

The sampled plants were examined with a stereo microscope using
incident and lateral light. Frond size was measured by eyepiece mi-
crometer at 32 × magnification. Species determination followed the
keys of Landolt (1980, 1986, 1994) and Armstrong (2017). Macro
photos were taken with a digital camera (Canon PowerShot SX60 HS
and Raynox MSN 202 macro conversion lens). The pictures were
stacked by means of the software combine ZP (General Public License,
developer A. Hadley).

3. Results and discussion

The plants were identified asWolffia arrhiza by the first author (US).
In contrast to the alien W. columbiana, which also regularly occurs in
Germany, the fronds have a deep green upper surface with more than
fifteen stomata. During examination, it turned out that the sample
contained numerous flowering specimens (Fig. 2). This record is the

http://dx.doi.org/10.1016/j.aquabot.2017.09.001
Received 30 June 2017; Received in revised form 1 September 2017; Accepted 2 September 2017

⁎ Corresponding author.
E-mail address: mail@ulfschmitz.de (U. Schmitz).

Aquatic Botany 143 (2017) 33–35

Available online 05 September 2017
0304-3770/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/03043770
http://www.elsevier.com/locate/aquabot
http://dx.doi.org/10.1016/j.aquabot.2017.09.001
http://dx.doi.org/10.1016/j.aquabot.2017.09.001
mailto:mail@ulfschmitz.de
http://dx.doi.org/10.1016/j.aquabot.2017.09.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aquabot.2017.09.001&domain=pdf


first observation of flowering Wolffia arrhiza for Central Europe.
The frequency of flower formation differs for the various Wolffia

species (Landolt, 1986). The alien Wolffia columbiana, which has been
frequently found in Europe since its first discovery 2013 (Schmitz et al.,
2014, 2016; Ardenghi et al., 2017; Garve et al., 2017), is known to
develop flowers regularly both in its native area in the Americas
(Landolt, 1986) as well as in its introduced area in Europe (Schmitz
et al., 2014, 2016). The Old World species W. arrhiza is distributed in
Europe, Africa, West Asia, and in Rio de Janeiro, Brazil, from where it
has been reported since 1872 (Landolt, 1986). W. arrhiza has been also
found introduced and probably naturalized in California (Armstrong,
1989, 2017). Landolt (1986) states a similar percentage of flowering
plants between 1.5 and 3% in nature for both W. arrhiza and W. co-
lumbiana worldwide. However, flowers of W. arrhiza had only been
reported for Africa (Landolt, 1986), and had never been found in
Europe before, with the only exception being two records from Istria in
the 1980s by Krajnčič (1989). Kandeler (in Hegi 1980) claimed that
flowering W. arrhiza had been found in the northern forelands of the
Caucasus, citing Benková (1957), and Hegi (1980) then again has been
cited similarly by other authors. This citation turned out to be wrong,
basing on a mistranslation of the original text, written in Slovak lan-
guage (Benková, 1957). A current review and translation of the Slovak
text by the native speaker I. Stelzig, Neuss, showed that Benková (1957)
just described a new record of W. arrhiza in Slovakia, but that she did
not find any flowering specimens there, or elsewhere in Europe.

For the two additional introduced species Wolffia australiana and
Wolffia globosa, which are still extremely rare in Europe (Kirjakov and

Velichkova, 2013; NDFF, 2017), flowering has not yet been reported.
Landolt (1986) states a general flowering percentage of< 2% for W.
australiana and 6% for W. globosa in their native area.

The flowering plants of W. arrhiza in Germany were found in
September. Landolt (1986, p. 173) reports the flowering and fruiting
time of W. arrhiza in Africa as April and from September to November.
Krajnčič (1989) found flowering plants of W. arrhiza in Istria in Sep-
tember, which confirms laboratory results thatW. arrhiza are long-short
day plants (Krajnčič and Devidé, 1980,1982). These authors managed
to induce flowering in W. arrhiza by exposing plants after a long day
pre-culture (35–40 days at 16 h light daily) and then at a short day
photoperiodic (2–4 weeks, 8 h light daily). The percentage of flowering
plants in this experiment was, however, very low (0.5–1%).

Botanists who find flowering or fruiting Wolffia plants should keep
in mind that the presence of flowers can occur in both native W. arrhiza
and different alien Wolffia species. This character therefore cannot be
used for Wolffia species identification.
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