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ABSTRACT

The hybrid between Equisetum arvense and E. palustre, E. × rothmaleri, was
found in Finland. Its macromorphological features are presented and compared
with material from the type locality in Scotland. For the first time the
micromorphology of the hybrid is presented through SEM images and compared
with that of several other hybrids within subgenus Equisetum. Based on Finnish
and Scottish material, a revised table of characters is presented and the problem
of reliable determination of the hybrid in the light of the high morphological
variability of E. arvense is discussed.

INTRODUCTION

The three most abundant European horsetail species within subgenus Equisetum are Field
Horsetail (Equisetum arvense L.), Marsh Horsetail (E. palustre L.) and Water Horsetail
(E. fluviatile L.). Between these taxa all three theoretically possible hybrids have been
described from the wild: the long known and frequently occurring E. × litorale Kühlew.
ex Rupr. (E. arvense × E. fluviatile) and the rare hybrids E. × dycei C.N. Page (E.

fluviatile × E. palustre) and E. × rothmaleri C.N. Page (E. arvense × E. palustre).
Although comprehensively characterised by Page (1963, 1973, 1981), these latter

two hybrids are somewhat obscure plants with unclear and unstable morphological
characters, and are difficult to identify and distinguish, both from each other or from
their parental species and E. × litorale respectively. Nevertheless, they have been reported
repeatedly in plant records (e.g. BSBI-News, Watsonia, New Journal of Botany, Irish
Naturalists’ Journal), excursion reports (see Field Meeting Reports, The British
Pteridological Society 1998-2011) or local and national floras (Hutchinson & Thomas,
1996; Øllgaard, 2000; Prelli, 2001; Fukarek & Henker, 2006; Stace, 2010). Most of the
records are from the British Isles and have increased significantly in recent years (see
BSBI maps scheme, Botanical Society of the British Isles, 2012) in comparison with the
data originally published by Page (1997). Scientific publications dealing with E. × dycei

and E. × rothmaleri are comparatively rare and nearly all based exclusively on the
expertise of C. N. Page (Duckett & Page, 1975; Page, 1980; Page, 1985; Page & Barker,
1985; Bennert & Peters, 1986; Jermy et al. 1998; Champluvier 1999; Page et al. 2007).

Taking these facts together with the widespread and common sympatric occurrence
of the parent species one has to conclude that it is very difficult to get a reliable
understanding of the true frequency, distribution, morphology, and biology of E. ×
rothmaleri and E. × dycei.
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Equisetum × rothmaleri has recently been found as a large and probably very old
clone from Finnish Lapland. The authors take this occasion to make some
macromorphological studies on this hybrid. Additionally micromorphology of the hybrid
by means of scanning electron microscopy is presented for the first time and compared
with that of the parental species.

MATERIAL AND METHODS

SEM

Freshly collected shoots were fixed in FAA (100 ml FAA = 90 ml 70% ethanol + 5 ml
acetic acid 100% + 5 ml formaldehyde solution 37%) before being stored in 70% ethanol.
For SEM with AURIGA ZEISS TM the fixed material was dehydrated in FDA
(formaldehyde-dimethyl-acetal) and critical-point dried (CPD 030, BALZERS). CP-dried
material was sputtered with gold-palladium (thickness 5 nm) with a BALTEC Sputter-
Coater SCD 030.

Microphotography and imaging

Spore material was obtained from pressed and air dry fertile shoots by opening the
sporangia and embedding the spores in Corbit-Balsam. The slide preparations were dried
for 24 hours.

Microphotography was done with a digital microscope (KEYENCE VHX 500F).
For Figures 4 and 7 dried and pressed specimens were scanned with a flatbed scanner and
processed using Photoshop Elements (Version 5.0.2, ADOBE 2006).

Plant material

Samples used in this study are listed in Table 1. Individuals of E. × rothmaleri from
Finland have been compared with herbarium specimens from the type locality on the
Isle of Skye (North Ebudes, Scotland) collected by M. Lubienski and living plant material
from the same locality in the private collection of M. Lubienski. Type plant material
from the living collection had been confirmed previously by means of isozyme gel
electrophoresis (PGM [phosphoglucomutase], Bennert & Lubienski unpublished data).

RESULTS

Habitat

At its Finnish locality (Isokuru gorge, Pyhätunturi National Park, Pelkosenniemi,
Sompion Lappi, N 67°00’48.2’’ / E 27°12’56.4’’) E. × rothmaleri forms a huge colony
beside a small stream which runs through the Pyhätunturi massif located in Southern
Lapland. The fell, which is the southernmost in Finland, reaches at its highest peak 540
metres and overtops the surrounding flat landscape. It stretches over 35 kilometres and
consists of very old quartzite rocks eroded by glaciers. Isokuru gorge is a steep, boulder-
strewn valley and the largest and deepest (220 m) of several gorges which cut through
the fell. Over its length the stream forms several ponds and wet Betula pubescens

woodland. Equisetum × rothmaleri occurs within this marshy woodland community at
the south-eastern end of the gorge covering an area of approximately 250 metres long and
a width of 20-30 metres on either side of the small stream (Figure 1). It is associated
with several species of Equisetum including E. fluviatile, E. sylvaticum L., E. pratense

Ehrh. and one of its parent species, E. arvense. Equisetum palustre, the other parent,
could not be found in the gorge, but is extremely abundant in the area and in Finland in
general. Together with E. fluviatile and E. sylvaticum the hybrid is the most frequent
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Taxon Locality Collector / Cultivation

E. arvense Wehrer Mark, Ahaus, NRW, Germany M. Lubienski

E. arvense Waldsee, Metelener Heide, Metelen, NRW, Germany M. Lubienski

E. arvense Nunnensiek, Bielefeld, NRW, Germany M. Lubienski, ML 5

E. arvense Koń, Brodnica, Kujawsko-Pomorskie, Poland M. Lubienski, ML 6

E. arvense Lønsdalen, Saltfjellet, Nordland, Norway M. Lubienski, ML 238

E. arvense Rørvika, Austvågøya, Lofoten, Nordland, Norway M. Lubienski, ML 239

E. arvense Brekkom, Tromsa-Valley, east of Fåvang, Oppland, Norway M. Lubienski, ML 237b

E. arvense Lough Eske, northeast of Donegal, Donegal, Ireland M. Lubienski, ML 253

E. arvense Fiskebøl, Austvågøya, Lofoten, Nordland, Norway M. Lubienski

E. palustre Wehrer Mark, Ahaus, NRW, Germany M. Lubienski

E. palustre Waldsee, Metelener Heide, Metelen, NRW, Germany M. Lubienski

E. palustre Am Vahrenholt, Bochum, NRW, Germany M. Lubienski, ML 8

E. × rothmaleri Kilmaluag, Isle of Skye, North Ebudes, GB (l.c.) M. Lubienski, ML 24

E. × rothmaleri Isokuru, Pyhätunturi, Pelkosenniemi, Sompion Lappi, Finland M. Lubienski, ML 295

Table 1: Plant samples used.
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Figure 1. Habitat at Isokuru gorge with Equisetum × rothmaleri, E. fluviatile, E.

sylvaticum and E. pratense. Photo: M. Lubienski 22-07-2012.

Figure 3. Fertile shoots of E. × rothmaleri.
Photo: M. Lubienski 22-07-2012.

Figure 2. E. × rothmaleri at Isokuru
gorge. Photo: M. Lubienski 22-07-2012.



Equisetum at this site and shoots bearing strobili were abundant (Figures 2, 3).

Macromorphology

In general E. × rothmaleri resembles a slender and shaded E. arvense; traits of E. palustre

are less evident. It therefore can be difficult to separate from E. arvense unless
monomorphic (homophyadic) fertile shoots with strobili on the top are found (Figures 2,
3). At Isokuru gorge coning shoots are present in abundance. These shoots show a great
amount of morphological variation as is to be expected in a hybrid between a dimorphic
(heterophyadic, E. arvense) and a monomorphic (homophyadic, E. palustre) species.
Slender monomorphic fertile shoots terminating in small strobili, similar to those of E.
palustre, are found together with totally unbranched ones (Figure 4). Additionally, small
and stunted shoots with irregular side branching and relatively large strobili can be
observed in July; these resemble dimorphic fertile spring shoots of E. arvense, which
have produced green side branches later in the season (Figure 4). The size of the strobili
varies from 5-10 mm in length, with the smallest strobili being 2 mm long and the largest
15 mm.

All checked strobili contain totally aborted spores (Figure 5a). These are irregularly
shaped, non-chlorophyllous, and without or with irregular elaters in comparison with the
spherical, chlorophyllous and elater-bearing spores of the fertile species (Figure 5b). In
most cases the teeth of the side branches do not spread from the internode above (or
spread just slightly) and show a very small black tip at their apex.

Figure 6b shows a distinct darker ochreole (first sheath of the side branch) in E. ×
rothmaleri, perfectly intermediate between the parents; E. arvense displays a green and
E. palustre a black ochreole.

The first side branch internode of the hybrid is normally twice as long as the
accompanying sheath (very rarely as long as) (Figure 6b), thus resembling E. arvense.
However, in the fertile shoots the first side branch internodes are 1.5 times longer than
the sheath, thus a little shorter than in the sterile shoots.

The sheaths (and sheath teeth) of the main shoot of E. × rothmaleri (Figure 6b) and
E. arvense (Figure 6a) are very similar, but remarkably different from those of E. palustre

(Figure 6c).
The characters of the main shoot transverse section in E. × rothmaleri (size of central
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Figure 4. Morphological variation in fertile shoots of E. × rothmaleri from Isokuru
gorge.
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Table 2: Comparison of the frequency of silica pilulae on the stomata surface of Equisetum × rothmaleri and its parental species (1every stoma
is visible as two subsidiary cells; 2pilulae forming outer ring and row of the stomatal pore in E. arvense and E. × rothmaleri excluded; 3elongated
pilulae forming double row of the stomatal pore in E. palustre excluded). All numbers are approximate, because pilulae are not always well
expressed and are sometimes indistinguishable from those of the outer ring or/and the stomatal pore.

Taxon Sample Number of subsidiary

cells checked1

Number (range) of silica

pilulae per subsidiary

cell2, 3

Average number of silica

pilulae per subsidiary

cell2, 3

E. arvense

Waldsee, Germany
Nunnensiek, Germany

Koń, Poland

Lønsdalen, Norway

Rørvika, Norway

Brekkom, Norway

Lough Eske, Ireland

Ʃ

31
42
36
38
24
28
50

249

(10-)12-20(-28)
(9-)11-19(-27)
(10-)14-24(-29)
(9-)11-18(-21)
(5-)8-15(-21)
(9-)10-15(-20)
(5-)11-22(-33)
(5-)10-20(-33)

16
15
19
15
11
13
16
15

E. × rothmaleri

Kilmaluag, GB
Isokuru, Finland
Ʃ

30
38
68

(11-)17-29(-33)
(14-)20-37(-53)
(11-)18-34(-53)

23
28
26

E. palustre

Wehrer Mark, Germany
Waldsee, Germany
Am Vahrenholt, Germany
Ʃ

34
36
57

127

(25-)37-58(-66)
(41-)44-64(-75)
(24-)34-58(-71)
(24-)37-60(-75)

48
54
46
49



canal and vallecular canals) lie well within the wide range of E. arvense and allow no
reliable separation of the taxa. They are distinctly different from those of E. palustre.
The cross section of the side branches, an important morphological feature in subgenus
Equisetum, shows a usually 4-angled arrangement with prominent ridges and deep
furrows in E. × rothmaleri, thus very similar to E. arvense.

Sterile shoots of E. × rothmaleri (Figure 7d-f) display a more or less tapering overall
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Figure 5. (a) malformed and non-chlorophyllous aborted spores of Equisetum ×
rothmaleri, (b) well-formed, spherical, and chlorophyllous spores of E. arvense.

Figure 6. Stem sheaths of E. × rothmaleri (b) and its parent species, E. arvense (a)
and E. palustre (c), showing black-tipped branch teeth (arrow), brownish-green
ochreolae, long first internode of the side branches and E. arvense-like sheath
morphology in the hybrid.

Figure 7. Shoots of E. × rothmaleri (d)-(f) and its parent species, E. arvense (a)-(c)
and E. palustre (g)-(i).
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E. arvense E. × rothmaleri E. palustre

Size 10-50(-100) cm (20-)40-60(-65) cm 10-50(-100) cm
Fertile shoot (phenology) dimorphic, rarely monomorphic at

disturbed, sandy or arctic-alpine
habitats

monomorphic, variable monomorphic

Fertile shoot (strobilus) 20-40 mm (2-)5-7(-9) mm 15-35 mm

Main shoot (branching pattern) regularly branched regularly branched, sometimes
even unbranched

regularly branched, sometimes
even unbranched

Main shoot (shape) side branches mostly abruptly
ending at the same level and
topped by the main shoot,
sometimes even tapering towards
the apex

side branches mostly tapering
towards the apex, sometimes even
abruptly ending at the same level
and topped by the main shoot

side branches tapering towards the
apex

Main shoot (width of central
canal)

25 to 50% of main shoot diameter
(1/4 to 1/2)

43 % of main shoot diameter (3/7) 17 % of main shoot diameter (1/6)

Main shoot (width ratio central
canal to vallecular canal)

approx. 4 : 1 approx. 3 : 1 approx. 1 : 1

Main shoot (nodal sheath teeth) green with a black apex or
blackish throughout, with a
variable brownish scarious margin

green with a black apex or
blackish throughout, with a
variable brownish scarious margin 

green with a conspicuous upper
black triangle and a distinct broad
whitish scarious margin

Side branches (length ratio of 1st

branch internode to nodal sheath)

2-3 times longer than (rarely as
long as) adjacent nodal sheath 

1.5-2 times longer than (rarely as
long as) adjacent nodal sheath

shorter than adjacent nodal sheath

Side branches (ochreolae) whitish-green (occasionally
brownish-black)

brownish-green usually brownish-black

Table 3: Macro- and micromorphological characters of Equisetum × rothmaleri and its parental species.



L
U

B
IE

N
SK

I &
 D

ö
R

K
E

N
: E

q
u

IS
E

T
u

M
 ×

 R
O

T
H

M
A

L
E

R
I

125

Side branches (teeth) spreading away from the internode
above (occasionally not spreading)

green throughout, rarely with a
small black tip (sometimes
blackish throughout)

not or slightly spreading away
from the internode above

green with a very small black tip,
rarely green throughout

not spreading away from the
internode above

green with a distinct black tip
(1/2-1/3 of the teeth length) and a
scarious margin

Side branches (transverse section) (3-)4(-5) sharp ridges, deep
furrows

4 sharp ridges, deep furrows 5 rounded ridges, very shallow
furrows

Micromorphology of main shoot
internodes

mammilae randomly scattered on
the ridges and furrows

mammilae randomly scattered on
the furrows and forming
inconspicuous crossbands on the
ridges

mammilae transversely aligned
and forming crossbands on the
ridges and furrows

Micromorphology of stomata mostly circular in outline

covered with short globose pilulae

bordered by a ring of fused pilulae

average number of pilulae per
subsidiary cell 15

mostly circular in outline
(sometimes oval)

covered with short globose pilulae

bordered by a ring of fused pilulae

average number of pilulae per
subsidiary cell 26

mostly oval in outline

covered with short globose pilulae
and two rows of bacillary pilulae
at the stomatal pore

ring of fused pilulae absent

average number of pilulae per
subsidiary cell 49

Spores green-chlorophyllous, spherical,
elater-bearing

non-chlorophyllous, irregularly
shaped, without elaters

green-chlorophyllous, spherical,
elater-bearing
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Figure 8. SEM images showing micromorphological features of the main stem
ridges/furrows and stomata of Equisetum arvense (a)-(b) Koń, Brodnica,
Kujawsko-Pomorskie, Poland, E. × rothmaleri (c)-(d) Isokuru, Pyhätunturi,
Pelkosenniemi, Sompion Lappi, Finland, E. × rothmaleri (e)-(f) Kilmaluag, Isle of Skye,
North Ebudes, GB, and E. palustre (g)-(h) Am Vahrenholt, Bochum, NRW, Germany.
Arrows and letters indicate mammilae (m) and smaller pilulae (p).



shoot habit, more like those of E. palustre (Figure 7g-i) than those of E. arvense (Figure
7a-c), in which side branches often all end on nearly the same level, topped by the main
shoot.

Micromorphology

Although many micromorphological features have been used in past studies in order to
assess inter-specific relationships in subgenus Equisetum (e.g. Page 1972), only a few
have turned out to be reliable following more comprehensive investigations (Brune,
2006). We therefore concentrate on two characters: (1) arrangement of mammilae on the
main stem ridges and furrows; (2) arrangement of pilulae on the stomatal apparatus.
According to Page (1972) the term mammilae can be described as rounded or conical
silica projections forming the main topographical surface features (micro-relief) in
contrast to the smaller, hemispherical silica beads, called pilulae, which form the finer
surface sculpturing (see Figures 8a, b).

As can be seen in Figure 8a, mammilae in E. arvense are scattered randomly all over
the ridges and furrows of the main stem and arranged in longitudinal rows. In contrast
E. palustre shows transversely aligned mammilae, arranged in crossband-like structures
on the ridges and furrows (Figure 8g). Collections of E. × rothmaleri from both
provenances investigated here are slightly intermediate in forming inconspicuous
crossbands at least on the ridges (Figures 8c, e), a feature not expressed in any specimens
of E. arvense included in our study.

The stomatal apparatus, especially the arrangement of pilulae on the visible subsidiary
cells, differs remarkably between E. arvense and E. palustre (Figures 8b, h). E. arvense

has circular shaped stomata with few (mean 15 per subsidiary cell, Table 2) hemispherical
pilulae. The pilulae form a characteristic outer ring, clearly separated from the scattered
pilulae on the surface of the subsidiary cells. Equisetum palustre has more or less
elongated shaped stomata with many (mean 49 per subsidiary cell, Table 2) pilulae,
becoming more elongated towards the stomatal pore where they form a characteristic
double row reminiscent of a zip. A separated outer ring of pilulae is totally lacking.

Equisetum × rothmaleri shows stomata generally similar to those of E. arvense and
traits of the typical E. palustre micromorphology are difficult to see. It has scattered
hemispherical pilulae on the subsidiary cells, no double row at the stomatal pore and a
separated outer ring of pilulae which, however, seems to be less clearly separated. A
minor difference from E. arvense is the less circular shape of the stomata. The mean
number of pilulae on the surface of the subsidiary cells is 26 (Table 2).

A synopsis of the macro- and micromorphological characters of E. × rothmaleri and
its parental species E. arvense and E. palustre is given in Table 3.

DISCUSSION

Macromorphology

Plants of E. × rothmaleri from Isokuru gorge were compared with those from the type
locality and with the descriptions given in Page (1973, 1997); in general they are found
to be highly similar in their macromorphology. However, some differences are found
when compared with accounts given by Jermy et al. (1998).

The striking monomorphic shoots of E. × rothmaleri, resembling a slender E. arvense

with strobili on the top, are unique and highly distinctive. They can hardly be mistaken
for the monomorphic ones occasionally found in Nordic or alpine populations of E.
arvense (sometimes named as a separate taxon, E. arvense subsp. boreale (Bongard) Á.
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Figure 9. (above) Equisetum arvense (Koń, Brodnica, Kujawsko-Pomorskie, Poland,
ML 6), showing monomorphic shoot in a disturbed sandy habitat. Photo: M. Lubienski
03-07-1998.
Figure 10. (right) E. arvense (Nunnensiek, Bielefeld, North Rhine-Westphalia,
Germany, ML 5), herbarium specimen (leg. 09-07-1999), showing tapering, sparsely
branched habit, dark ochreolae, short first side branch internodes, non-spreading and
blackish or black tipped branch teeth.
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Löve, see Øllgaard 2000) or those from sandy and disturbed sites (Figure 9). Fertile
shoots of E. × rothmaleri differ distinctly from such atypical forms of E. arvense in their
slender and irregular habit, and in the smaller strobili, as can also be seen in comparison
with forms from British sand-dune habitats (Page, 1997). These markedly small strobili
of E. × rothmaleri (5-10 mm, see Table 3) are a typical feature of the hybrid, and were
also observed at the type locality. They fit well with the size of 4-9 mm published by Page
(1973, 1997) and Jermy et al. (1998). It clearly separates the hybrid from E. arvense (20-
40 mm) and E. palustre (10-35 mm).

A morphological character of E. × rothmaleri, which is inherited from E. palustre, is
the teeth of the side branches that are mostly black-tipped and not (or just slightly)
spreading from the internode above (Figure 6b, see also Page 1973, 1997). The black
tips are very small, distinctly smaller than in E. palustre (a thin scarious margin, as noted
by Jermy et al. [1998] however, was never observed in our Finnish and Scottish material).
This feature is present even in young shoots and also in the type material from the Isle
of Skye (and additionally maintained in cultivation). However, it is not always expressed,
and side branch teeth without black-tips have occasionally been found in E. × rothmaleri.
Further complicating the situation, blackish or blackish-tipped side branch teeth can be
found occasionally in E. arvense, not only later in the season, when summer dryness and
decay are becoming more influential, but also in fresh and young shoots (Figure 10).
Additionally, non-spreading side branch teeth occur sometimes in E. arvense (see Figure
6a & 10), which usually spread from the internode above in the species. Therefore the
diagnostic value of the branch teeth character has to be qualified, owing to the variability
in E. arvense.

This also is the case in the ochreolae character. Although this is very stable in E.
palustre, it is quite variable in E. arvense (black ochreolae are also found), and therefore
unfortunately not very helpful in distinguishing the hybrid from this species.

Oddly enough a further usually stable and good character in the species and hybrids
within subgenus Equisetum, i.e. the length ratio between the stem sheath and its adjacent
first side branch internode, completely fails in E. × rothmaleri. Being usually two to
three times longer than the sheath in E. arvense (Figure 6a) and always shorter in E.
palustre (Figure 6c), an intermediate length ratio of a first side branch internode nearly
as long as the accompanying stem sheath is to be expected in their hybrid. Data given in
literature vary from “1-2 times length of adjacent stem-sheath” (Page 1973, original
description in text), over “< 1-2” (Page 1973, Table 1) and “as long as or longer than
adjacent stem-sheath” (Page 1997) to “as long as or slightly longer” (Jermy et al. 1998).
In the present study we found the first side branch internode to be usually twice as long
as the adjacent stem sheath (very rarely as long as), with slight differences in the fertile
shoots (see above), which is definitely not intermediate between the parents. This is
surprising, because the feature is intermediate, as expected, in E. × litorale (E. arvense

× E. fluviatile) and very useful for separating E. × font-queri Rothm. (E. palustre × E.
telmateia Ehrh.) from E. × robertsii T.D. Dines (E. arvense × E. telmateia) (Dines &
Bonner, 2002) and E. × mildeanum Rothm. (E. pratense × E. sylvaticum) from E. ×
lofotense Lubienski (E. arvense × E. sylvaticum) (Lubienski, 2010). Again the high
degree of variability in E. arvense, where first side branch internodes as long as the
adjacent stem sheath are also found, makes this feature a less useful one. Figure 10 shows
such a puzzling specimen from a clay pit (source ML5, Table 1), which later in cultivation
produced typical non-chlorophyllous, fertile shoots in spring with normal, well-formed
and viable spores, therefore being E. arvense.
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Consistent with Page (1973, 1997) the side branch architecture (transverse section)
and the sheath teeth of the main shoot are very similar to E. arvense. In contrast, data
given in Jermy et al. (1998) seem theoretically to be intermediate and cannot be
confirmed by us.

The cross section features of the main shoot (width of central canal, width ratio central
canal to vallecular canal) also lie well within the range of E. arvense, which is not
adequately taken into consideration by Page (1973).

Concerning the more tapering outline shape of the shoots in E. × rothmaleri in
comparison with those of E. arvense, a high number of overlapping individuals is present
within the hybrid populations (Figures 7c, d).

Taking all facts together it becomes evident that although E. × rothmaleri is quite
similar to E. arvense, there is indeed a certain degree of intermediacy concerning most
macromorphological aspects, but that the extremely high variability of E. arvense makes
most of them useless. A reliable determination of E. × rothmaleri referring solely to
macromorphological characters of the sterile shoot therefore seems to be highly
problematic.

Micromorphology

Micromorphological data of E. × rothmaleri are presented for the first time. They were
obtained from Finnish and Scottish (type locality) plant material and compared with each
other and with those from the parental species of different European provenances (Table
1).

Equisetum arvense and E. palustre belong to two clearly distinct groups of stomatal
micromorphology within subgenus Equisetum. This is tested not only in the present study,
but also corresponding with previously published results (Kaufman et al. 1971; Page,
1972; Hauke, 1978a, b; Geiger, 1981; Levermann, 1999; Dines & Bonner, 2002; Schmidt,
2005; Brune, 2006; Lubienski, 2010; Law & Exley, 2011).

Nevertheless the micromorphology of E. × rothmaleri is at first glance
disappointingly near to E. arvense and reflects the macromorphological situation. The
distinctly different micromorphology of E. palustre might have been expected to give a
unique intermediacy in the hybrid, but characters of that species do not become
immediately apparent.

Only a more detailed study of the micromorphological features disclose certain traits
inherited from E. palustre, such as the transversely aligned mammilae ornamentation of
the ridges and furrows and the pilulae overlay of the stomatal subsidiary cells. However,
the crossbanding pattern in E. × rothmaleri is only slightly expressed and although all
samples of E. arvense investigated in this study consistently showed mammilae randomly
scattered all over the ridges and furrows of the main stem and never arranged in
crossbands, one might presume that there is a greater diversity in E. arvense, which will
come to light in more comprehensive studies. 

On the other hand the silica covering of the stomata seems to be a highly indicative
character, allowing separation of E. × rothmaleri from E. arvense by the significantly
higher density of pilulae per subsidiary cell (Table 2), thus clearly demonstrating the
influence of the E. palustre parent.

However, in general, a strong intermediate micromorphology of the hybrid is
obviously lacking and the influence of E. arvense dominant. The indistinctness of features
of E. palustre is striking. Whether this is the case in all E. palustre hybrids, has to be
proved. Equisetum × font-queri (E. palustre × E. telmateia), however, is no help in
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addressing this question, because of the similar micromorphology of the parents (Page,
1972; Hauke, 1978a, b; Levermann, 1999; Dines & Bonner, 2002; Schmidt, 2005; Brune
2006; Lubienski & Dörken, unpublished data). Our own investigations with E. × dycei

(E. fluviatile × E. palustre) from several European sources (including material from the
type locality) seem to underline the theory that E. palustre micromorphology is weakly
inherited in its hybrids. However, we are not sure of the identity of all our material. Thus
it could be helpful to examine the micromorphology of E. × sergijevskianum C.N. Page
& I.I. Gureyeva (E. palustre × E. pratense), which has been described recently from
Siberia (Page & Gureyeva, 2009).

The dominance of E. arvense micromorphology that is observable in our study of E.
× rothmaleri might fit well with the results of studies on other hybrid combinations within
subgenus Equisetum, such as the nearly invisible parentage of E. sylvaticum in the
micromorphology of the stem ridges of E. × lofotense (E. arvense × E. sylvaticum)
(Lubienski, 2010). However this seems less to be a proof for the dominance of E. arvense,
but rather underlines the weak influence of E. sylvaticum. This is emphasised by the fact
that the characteristic and unique stem ridge morphology of E. sylvaticum is not apparent
in E. × bowmanii C.N. Page (E. sylvaticum × E. telmateia) (Lubienski & Dörken,
unpublished data). Additionally, another E. sylvaticum hybrid, E. × mildeanum (E.

pratense × E. sylvaticum), has stem ridges and stomata different from E. sylvaticum and
very similar to E. pratense (Lubienski, 2010). On the other hand SEM investigations of
the stomata of E. × litorale and E. × lofotense might not add much knowledge to the
question of a potential micromorphological dominance of E. arvense in its hybrids
because of the similarity of the stomata of E. arvense, E. fluviatile and E. sylvaticum

(Page, 1972; Dayanandan & Kaufman, 1973; Hauke, 1978b; Geiger, 1981; Levermann,
1999; Schmidt, 2005; Brune, 2006; Lubienski, 2010; Lubienski & Dörken, unpublished
data). In contrast, the stomatal micromorphology of E. × robertsii (E. arvense × E.
telmateia) and E. × bowmanii (E. sylvaticum × E. telmateia) is clearly intermediate
between the parents (Dines & Bonner, 2002; Schmidt, 2005; Lubienski & Dörken,
unpublished data), thus suggesting a rather complex genetic situation concerning
inheritance of micromorphological patterns within subgenus Equisetum.

CONCLUSIONS

The most reliable characters for distinguishing E. × rothmaleri from its parent species,
especially from E. arvense, are the occurrence of monomorphic, strobili-bearing shoots
containing aborted spores, together with an intermediate stomatal micromorphology.

Determinations based on the macromorphology of sterile shoots or even just sterile
herbarium specimens are unlikely to differentiate satisfactorily. Spore abortion, a highly
diagnostic character in identification of pteridophyte hybrids, should not be neglected in
Equisetum as well. For these reasons E. × rothmaleri has still to be regarded as a very rare
hybrid, despite the abundance and sympatric occurrence of E. arvense and E. palustre.

At its Finnish locality E. × rothmaleri occupies a substantial area within a stabilised
and undisturbed woodland plant community. It seems to be a strong competitor,
maintaining itself for presumably a long time. At the type locality on the Isle of Skye it
grows in a roadside ditch and adjacent marshy fields, where it has been known for nearly
40 years (Page, 1973). This underlines the potential longevity of E. × rothmaleri clones,
and is also attested from other huge and probably very old Equisetum hybrid clones, e.g.
E. × font-queri also on the Isle of Skye in Scotland (Page, 1973) or E. × mildeanum in
the Lofoten archipelago in Norway (Lubienski, 2009).
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