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Abstract

Montia linearis is a vascular plant originating from western North America. The expansion of this species has been
observed for several decades. For the first time M. linearis was found in Europe in 1989. Further six populations were
documented by 2004 within the continent: three in Poland, two in Denmark and one in Hungary.

Apart from discovering a new population of M. linearis, we confirmed two out of the three previously known localities
of the species in Poland. All the currently known populations of M. linearis occupied predominantly meadow habitats,
especially intensively managed sites. Some individuals were also found in disturbed sites with bare soil. The studied spe-
cies inhabited soils of various types with broad range of fertility as well as humidity. Montia linearis populations reached
densities up to 87 individuals per 0.04 m? The number of seeds produced by an individual was between 10 and 55 in 90%
of the studied specimens, however much more fertile specimens were also observed.

As the previously presented hypothesis of M. linearis dispersal with rail transport seemed not to be well supported,
the connection between the M. linearis presence and cattle husbandry is considered. It is possible that the species can be
transferred with living animals or manure.

The species was able to survive for at least 26 years within once inhabited site. Further spread of M. linearis within Europe
is highly probable. The aim of the study is to: (i) describe the current state of populations of M. linearis in Poland, (i) provide
information on habitat preferences and biology of the species, (#ii) assess the invasiveness potential of M. linearis in Poland.
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Introduction

At present biological invasions are one of the major
environmental threats, not only to biodiversity, but also to
human economy [1,2]. In Poland 1017 alien plant species
have been observed up to date [3]. Among them, more than
300 are considered to be naturalized alien species introduced
after the year 1492 with different degree of invasiveness. This
number will probably be growing in the future as a result
of new introductions and due to changes of status of other
alien plant species already occurring in Poland. The latter
relates mainly to casual alien plants (for nomenclature see
[4,5]) that will become established.

Casual alien plants constitute the largest group of all
alien plants in Poland - their number is estimated at 511
species [5]. Species with such status in flora do not form
self-sustaining populations. They are not able to persist in
the environment for a longer time (>10 years proposed by
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Richardson et al. [6] or >25 years by Tutin et al. [7]) without
the anthropogenic “supply” of propagules.

However, the status of the species in the flora can change.
This can happen due to the evolutionary change of the
species, environmental changes (e.g., climate change) or
as a result of long-term observations in the case of species
classified firstly as casual alien plant, but in fact creating
self-sustaining populations, which cannot be proven dur-
ing a single observation [5,6]. Unequivocal assignment of
status to the particular species poses many difficulties since
there are no strict borders between “casual — naturalized”
and “naturalized - invasive” species status, as it is rather a
continuum [6]. However, monitoring of non-invasive alien
plants and detection of some population trends towards in-
vasiveness at very early stages could be important, as fighting
an invasion is much easier if it has started at its beginning,
when the invading species is still not common [8].

Montia linearis (Douglas ex Hook.) Greene [syn. Clayto-
nia linearis Douglas ex Hook., Montiastrum lineare (Dougl.
ex Hook.) Rydb.] is an annual, flowering plant belonging
to the family Montiaceae (previously to Portulacaceae [9]).
It has erect, branched or simple stems 2-30 cm tall and
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alternate leaves with linear blades measuring up to 10 cm in
length (Fig. 1). The inflorescence of this species is a raceme
with small, mainly self-fertilized white flowers. The fruit is
a capsule containing up to 3 roundish seeds [10].

The natural distribution of M. linearis includes western
North America, where it naturally grows in moist habitats,
mainly in mountainous areas within a number of habitat
types, including, e.g., meadows, river plains, muddy river-
banks, fields, open woodlands and swales within prairies
[11-13]. In the early 1970s the expansion of M. linearis was
observed on anthropogenically-altered sites and in lower
elevations around the primary range of the species [14]. In
the late 1980s the first cases of long-distance dispersion were
observed in the eastern states of the USA [13,15] as well
as in Europe [16]. Nowadays wild M. linearis populations
outside its native range are known from seven states in the
south-eastern United States [17] and from three countries
in Europe: Poland, Denmark [18,19] and Hungary [20].

The first finding of M. linearis in Poland (and thereby in
Europe) was made near the village of Czachéwek (vicinities
of Gdra Kalwaria near Warsaw) in 1989 [16]. The second
locality was discovered in the valley of the Bug River in
Wyszkéw [21] and the third one was found in 2002 by Birtka
(herbarium KRA) near the village of Krzymosze (in the
vicinity of Siedlce, east-central Poland). Besides the distri-
bution characteristics our knowledge about the ecology of
the species in Poland is still insufficient. The database Alien
Species in Poland created by Institute of Nature Conservation
[22] contains no data on the population dynamics, as well
as on the suggested control methods of the species. Regular

Fig. 1 Flowering Montia linearis, Czachéwek, 2014.04.25. Photo: I. Dembicz.

monitoring of M. linearis and investigation of some aspects
of its ecology are essential to prevent the negative effects of
its possible further expansion.

The main aim of this study was to assess the status and
potential invasiveness of M. linearis in Poland. The assess-
ment was based on the description of a newly discovered
locality of M. linearis in the country, description of the
current state of its populations in all of the known Polish
localities and additional information on habitat preferences
and biology of the species.

Material and methods

The field studies were carried out in early spring 2011
and 2014. In April 2011 a new locality of M. linearis was
discovered on the meadow near Sochocin. Soon after (April
and May 2011) the search for this species was conducted
in two other previously known localities: near Czachéwek
and in Wyszkéw. The species was confirmed to occur only
at the former locality. In April and early May 2014 all the
above-mentioned sites were investigated again. This time the
locality near Krzymosze was also checked. The occurrence
of M. linearis populations was confirmed in three localities:
near Sochocin, Czachéwek and Krzymosze (Fig. 2). All the
sites were carefully searched for the species and the land use
types were noted. All the fieldwork was performed using
GPS receiver.

Within all the investigated localities three to four 16 m?
plots with considerable share of M. linearis were selected
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Fig. 2 Distribution of Montia linearis in Poland: confirmed localities in the vicinities of: Sochocin (a), Czachéwek (b)
and Krzymosze (¢) and unconfirmed (probably extinct) population in Wyszkéw (d). 1 — dense populations of M. linearis;
2 - single individuals of M. linearis; 3 - railway track; 4 - national road; 5 - local asphalt roads; 6 — dirt roads; 7 - wa-
tercourses; 8 — water bodies; 9 - settlements; 10 — wastelands; 11 - fallows; 12 - plowed fallows; 13 - cultivated fields;

14 - meadows; 15 - pastures; 16 — forests/thickets.

(altogether 10 plots). Relevés were taken within sampling
plots using modified Braun-Blanquet scale [23] for coverage
estimations in order to characterize the vegetation types
occupied by the species. The taxa of vascular plants and
mosses were distinguished according to Mirek et al. [24]
and Hill et al. [25] respectively. Syntaxa were described ac-
cording to Matuszkiewicz [26]. In order to investigate the
environmental conditions from each plot a soil sample was
collected (mixed sample from five random places within a
plot, from the depth of 5-10 cm). Subsequently the samples
were air-dried. The sieve analysis (according to the norm
BN-78/9180-11), as well as pH measurements in the water
and in the 1 M KCl solution were conducted. The Ellenberg’s
indicator values [27] were used to obtain the information
about general fertility and moisture of the habitat within
the plots. For each relevé weighted means of the values
were calculated. The ranks of coverage were converted into

percentage scale as follows: 7 = 0.1%, “+” = 0.5%, 1 = 2.5%,
2a = 8.5%, 2b = 18.5%, 3 = 37.5%, 4 = 62.5%.

In eight of the above mentioned plots (Nos. 1-3 and
6-10) all the individuals of M. linearis within six square
0.04 m? subplots were counted to obtain information about
the maximum density of its populations. The subplots were
selected non-randomly - within the highest visible densities
of the studied species. Twelve individuals from each of the
populations were transplanted to an experimental garden
(standard, commercially available horticultural substrate)
and grown in order to estimate the average number of
seeds produced by a single individual. The transplantation
method was considered better than study on site due to the
seasonal ephemerality of the species, the unpredictability of
its phenology (especially the end of flowering) and problems
with its finding in the dense meadow vegetation at the time
of seed shedding at the end of May.
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Results

Characteristics of the current localities

All the studied populations of M. linearis were distributed
within areas used for agriculture (Fig. 2). The size of each
population was estimated at several thousand individuals.
The distribution of M. linearis near Sochocin was strictly
limited to two intensively managed and overseeded meadows
and one pasture, where the studied populations covered
together a total of about 1.4 ha. It should be noted that
near the location of relevé No. 2 (within the pasture) in
2011 there was a large pile of cow manure. In 2014 a dense
stand of M. linearis was observed at that particular place.
The total cover of the population near Czachéwek was
smaller than in the two other localities — about 0.8 ha, but
the species was more dispersed in the landscape. The most
distant individuals from the aforementioned population were
spaced about 500 m from one another. Apart from the three
intensively managed (fertilized with cow manure) meadows
the species also occurred on dirt roads along a cropfield, as
well as within fallows and highly disturbed places (plowed
fallows and places rooted by a wild boar). Near Krzymosze
the individuals of the species were quite evenly scattered on
one intensively managed hay meadow (probably fertilized
with cow manure) in the area of about 1.5 ha. Three smaller
patches with individuals of M. linearis (1-5 m?) were also
observed along dirt roads in the vicinity of that meadow.

Ecology and morphology

In areas with developed vegetation cover M. linearis
occurred within relatively species poor patches of vegeta-
tion from the class Molinio-Arrhenatheretea (Tab. 1). The
differences in vegetation between the localities were not
very pronounced, however some moisture gradient as well
as fertility gradient within the localities could be observed
according to mean Ellenberg’s indicator values (Tab. 2). In
some patches (as within relevés No. 2, 8, 9, 10) M. linearis
coexisted with species typical of the order Agropyro-Rumicion
crispi, while in other sites it co-occurred with species of
more xeric habitats (as within relevé No. 1). Montia linearis
occurred mainly on mineral soil (fine or medium sand and
loamy sand), but in one case it grew on organic substrate
(mineralized peat; Tab. 2). The pH of the soil varied from 4.09
to 7.08 in H,O and from 4.08 to 6.25 in KCl solution (Tab. 2).

The highest density of the individuals within sampling
subplots 0.04 m? was observed in population near Czach-
6wek (Tab. 3). Within Krzymosze population the observed
maximum densities were lower than in Czachéwek (reaching
only about 1/6 of the density noted in the latter population)
(Tab. 3). The number of seeds per single plant (grown in
the experimental garden) varied from 10 to 353 (median =
36.5; Tab. 3), however, more than 55 seeds per plant were
recorded only in case of three individuals. Most of the plants
had 1-6 branches per one individual (mode = 4) but in two
cases within the population from Sochocin the number was
much higher reaching 12 and 25 branches. The potential seed
rain from area of 0.04 m? densely covered with M. linearis
individuals could reach 3175.5 seeds taking into account
maximum measured density of plants (87) and median of
seed production per plant (36.5) as when plants grow in

dense stands they do not produce maximum possible seed
numbers.

Discussion

Ecology and morphology

Our studies indicate that in Poland M. linearis occurs
mostly on intensively used, fertilized hay meadows and pas-
tures. The species occurs across a relatively broad moisture
gradient, both on mineral and organic substrate and tolerates
a wide range of soil acidity and fertility. Probably an extinct
population of this species in Wyszkéw [21] grew on sandy
dry grassland from the association Diantho-Armerietum
elongatae, therefore the ecological amplitude of M. linearis
in Poland may be even wider extending to habitats drier
and poorer in nutrients than those which were described
above. In Denmark the species was found within similar
habitat types: dry and wet meadows [18]. The population
of M. linearis found in 2004 in Hungary near Szeghalom
grew in salt meadow representing the alliance Agrostio
stoloniferae-Alopecuretum pratensis [20], which may indicate
the resistance of this species to periodic submersion, low
aeration of soil and increased salinity of a substrate (Tab. 4).

Semi-natural managed grasslands are thought to be
relatively resistant towards alien plants invasions [28] though
moderate stress caused by management (mowing or grazing)
suppresses predominantly highly competitive invasive plant
species such as alien Solidago species in Europe [29]. In case
of M. linearis the cutting of hay does not harm the species
as the whole flowering and fruiting period of the species
finishes just before the first hay mowing. Moreover, such
management supports the maintenance of the species, by
removing litter and preventing natural succession.

At particular locations the density of individuals of
M. linearis was very high (Fig. 3) but it generally varied
greatly within the area occupied by the studied species. The
observed differences might not result from differences in
the habitat conditions. Perhaps of greater importance was
the competition of M. linearis seedlings with other plant
species, as well as the distribution of propagules of this
annual species.

According to Flora of North America [10] M. linearis is
a highly uniform species. In addition, studies of Hungarian
population showed that the variation of the morphology of
the individual plants within the population was relatively
small and the number of shoots with inflorescences per one
individual always varied from one to three [20]. Our research
indicated that within the studied populations the number
of branches per plant and the number of flowers can vary
and some individuals can produce several times more seeds
and branches than the average (in the extreme case there
were 25 shoots with inflorescences and 353 seeds per one
plant). The ability of this species to self-propagate is rather
small - a mechanism of autochory allows spreading of seeds
to a maximum distance of 2 meters from the parent plant
[30]. However, taking into consideration the results of our
studies the possible “seed rain” within 2 m radius around
a small, dense patch of M. linearis individuals could reach
several thousands of seeds.
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Tab. 1 Relevés with Montia linearis from the studied populations.

Population Sochocin Czachowek Krzymosze
Relevé/plot number 1 2 3 4 5 6 7 8 9 10
Date 2011.05.03 2011.05.03 2014.05.02 2011.05.16 2011.05.16 2014.04.25 2014.04.25 2014.05.11 2014.05.11 2014.05.11
Area of relevé (m?) 16 16 16 16 16 16 16 16 16 16
Slope (°) 2 0 0 0 0 0 0 1 0 0
Aspect (°) 90 - - - - - - 45 - -
Latidude N 52.67760 52.67616 52.67713  51.97013 51.96871 51.96835 51.96666  52.17664 52.17616 52.17435
Longitude E 20.46030 20.46183 20.46005  21.09930 21.10343  21.09991 21.10325  22.47569 22.47493 22.47518
Altitude (m a.s.l.) 100 101 102.5 112 112.5 111.5 112.5 151.2 151.3 152
Management mown grazed mown mown  dirtroad  mown fallow dirtroad dirtroad = mown
Cover total (%) 95 95 90 95 90 100 70 97 95 80
Cover tree layer (%) 0 0 0 0 0 0 0 0 1 0
Cover herb layer (%) 90 90 90 95 90 100 70 97 95 80
Cover moss layer (%) 10 20 1 10 0 20 10 3 1 4
Cover litter layer (%) 10 2 5 5 10 5 90 5 10 3
Cover bare soil (%) 0 0 0 0 10 0 0 3 5 20
Number of species 21 24 25 19 20 16 22 21 16 20
Montia linearis 3 3 2b 3 + 4 3 1 1 1
ChCl. Molinio-Arrhenatheretea
Poa pratensis 3 . 2a 3 3 4 . 2b 1 1
Plantago lanceolata + + 1 + 1 . 2b . . 2a
Rumex acetosa + + + + 1 2b 2a + + 2b
Cerastium holosteoides 2a . 2b . + 1 . + + 1
Alopecurus pratensis + 1 . . + . . . 2a 2b
Holcus lanatus . 3 . . 2a . + . + 2b
Festuca rubra . . . . 1 . 1 . . 3
Phleum pratense 3 . . 3
Trifolium pratense 1 . . + . 1
Poa trivialis . 3
Cardamine pratensis . 2a
Ranunculus acris . 1 . + + . + . . +
ChAIL Arrhenatheretalia
Taraxacum sp. 2b + 1 2a 2b 2a + 1 . +
Trifolium repens . 3 1 1 1 2a . 4
Dactylis glomerata 1 1 2a + + . + + +
Achillea millefolium 2a + 2a . + + +
Leontodon autumnalis . . . . . . 1
ChAIl Trifolio fragiferae-Agrostietalia stoloniferae
Elymus repens . . 1 . . 1
Agrostis stolonifera . 2b . . + . . 3 4 +
Alopecurus geniculatus . . . . . . . 1
Carex hirta . . . . + . . +
Potentilla anserina . . . . + . +
Ranunculus repens . 4 . + 1 . + + 2b 2b
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Tab. 1 (continued)

ChAIL Plantaginetalia majoris

Plantago major . . . . . . . 1

Poa annua + . . . . + . 3

ChAll. Molinietalia

Filipendula ulmaria . r . . . . . . +

Ranunculus auricomus . . . . . . + . . +

ChCl. Koelerio glaucae-Corynephoretea canescentis

Festuca trachyphylla . . 4
Hypochoeris radicata . . + . . + 1
Rumex acetosella . . . . . r +
Others
Alisma plantago-aquatica . 1
Anthoxanthum odoratum . + . . . . 1 . . 3
Capsella bursa-pastoris 1 . + . . . . 1
Cardaminopsis arenosa . . r r . + 1 . . +
Carex nigra . . . . . . 1
Erodium cicutarium . . 1
Galium mollugo . . + . . . . . . +
Luzula campestris + + . . r . 1
Phalaris arundinacea . . . . . . . + +
Polygonum amphibium . . . . . . . r . +
Stellaria media . . + . . . . 1
Veronica arvensis + . 1 + . + . 1
Veronica chamaedrys + + + . . . + . + +
Viola arvensis . . + r
Brachythecium sp. d 2a 2b + 2a . 2b 2a 1 + 1

Sporadic species: Ch. Molinio-Arrhenatheretea: Vicia cracca 8: r; Ch. Arrhenatheretalia: Bellis perennis 2: +; Bromus hordaceus 7: +; Ch.
Trifolio fragiferae-Agrostietalia stoloniferae, Agropyro-Rumicion crispi: Lysimachia nummularia 3: +; Rumex crispus 9: +; Ch. Molinietalia:
Juncus effusus 3: +; Lysimachia vulgaris 4: r; Symphytum officinale 4: +; Glechoma hederacea 4: +; Ch. Nardo-Callunetea: Agrostis capillaris
5: +; Ch. Koelerio-Corynephoretea: Senecio vernalis 2: r. Others: Anthriscus sylvestris 7: +; Carex panicea 3: +; Geranium pusillum 1: +;
Hieracium pilosella 6: +; Juncus articulatus 3: r; Linaria vulgaris 7: +; Luzula multiflora 4: r; Matricaria perforata 2: r; Myosotis stricta 1: +;
Prunus padus a 9: +; Urtica dioica 9: +; Senecio jacobaea 2: +; Veronica serpyllifolia 5: +; V. triphyllos 1: +; Vicia sativa 1: +.

Tab. 2 Habitat properties within the studied plots.

Plot No. 1 2 3 4 5 6 7 ] 9 10
Soil texture LFS ES ES MS MS MS MS LES - LES
pH HO 5.99 5.99 5.95 6.64 6.67 5.59 4.09 7.08 6.15 6.34
pH KCl 4.83 52 421 5.69 5.81 4.08 4.12 6.25 5.49 5.45
SOM (%) 3.87 10.16 2.53 7.92 7.88 5.12 6.66 5.11 76.07 11.42
EIV-N 6.64 5.63 3.80 6.96 7.01 7.21 4.30 5.70 6.48 5.35
EIV-F 5.24 6.35 3.90 5.46 5.72 5.72 5.22 6.25 5.46 6.56

Number of plots as given in Tab. 1. Abbreviations of soil texture: FS - fine sand, LFS - loamy fine sand, MS - medium sand;
other: SOM - soil organic matter content, EIV - average Ellenberg’s indicator values of fertility (N) and moisture (F) of the soil.
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Hypothetical dispersal vectors

According to the hypothesis of Binka [16] rail transport
was a long-distance way of M. linearis seeds spreading in
Europe. In the case of the three initially known localities in
Poland such vector of seeds could be somehow justified, as
these localities were close to the railroad tracks. However, the
next discovered locality of M. linearis in Poland, as well as the
Hungarian and Danish populations were located far from the
railway tracks. The hypothesis presupposed the existence of
populations of the species in other parts of Europe or Asia,
however so far there have been no such reports. Further-
more, the author [16] did not indicate the initial vector of
M. linearis propagules from North America to Europe (or
Asia). Jakab and Molnar [20] provide a more convincing
hypothesis, according to which the seeds of M. linearis were
brought with cattle that was imported from North America
to Hungary in the 1960s. The authors suggested that the seeds
could have been attached to the hoofs of the cows. To date,
all the European stands of M. linearis have occurred only
within agriculturally managed ecosystems. Moreover, the
use of these sites is largely associated with cattle breeding.
Dispersal of the species by cattle was mentioned by Lyshede
[18] in case of one of the Danish populations and described
by Jakab and Molnar [20] for the locality in Hungary. Our
observations on surveyed locations in Poland also support
the hypothesis on association of M. linearis populations
with cattle husbandry (Tab. 4). It is noteworthy that near
the population of M. linearis in Krzymosze there was a large

state farm and nowadays cattle breeding is continued in a big,
modern farm close to the previous one. Both grazing and
application of manure to fertilize the meadows were present
in Sochocin. Manuring was also observed in Czachdwek.
Seed dispersal by cows seems also very probable in the
case of dry sandy grassland, inhabited by the population of
M. linearis described by Ciosek [21] as this type of vegetation
develops as a result of extensive grazing. It is worth noting
that within the researched areas groups of individuals were
observed along the dirt roads used by farmers as access to
the meadows. In addition, the occurrence of the species was
often limited by the borders of specific parcels (Fig. 2). The
collected data support the hypothesis that dispersion and
persistence of M. linearis depends somehow on manuring
and/or grazing. There are no data in literature concerning
the endozoochoric spread of this species, though hard testa,
“streamlined” shape of the seeds and their relatively large
size could constitute a prerequisite for the adaptation to
this type of dispersal. Cattle manure may contain seeds of
many species of plants, some of which retain the ability to
germinate after passing through the digestive tract of cows
[31]. In order to reduce or even eliminate the germination
of such propagules the manure had to be properly prepared
prior to application in the fields, e.g., by composting [32].
However, it was found that in order to kill the seeds with
a thick testa a higher temperature of composting was usu-
ally needed. This requires more treatments and work (e.g.,
aeration and adding water [32,33]). Montia linearis might
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have seeds that are resistant to composting carried out at
lower temperatures or its seeds are distributed with fresh
manure applied to the meadows where the concern about
weed control is much lower than in the case of arable land.
The time of fruiting of the species (the end of May/June)
coincides with the period of the first hay harvest, which could
lead to the seeds being present in the fodder and bedding for
cattle. The presented “dispersion cycle” of M. linearis within
Polish localities is merely hypothetical and for its validation
further research is needed.

We have already indicated the possibility of the species
to spread along dirt roads with machinery and vehicles
that enter the areas inhabited by M. linearis. Such way of
dispersion could result in creating other populations in
the vicinities of the former ones as the same machinery is
often used by other farmers. The role of soil seed bank in
the persistence and dispersal of M. linearis population in the
surveyed locations could not be excluded as well. The closely
related species Claytonia ozarkensis forms only a transient
seed bank [34], but until now no studies on viability of seeds
of M. linearis were published.

Status in the Polish flora and potential invasiveness

Currently, M. linearis is considered to be a casual alien
plant in Poland [35]. In the locality in Czachéwek the popu-
lation of this species has existed for at least 26 years, in the
locality in Krzymosze at least 12 years and the population
near Sochocin has been observed for 4 years. The extinction
of the population in Wyszkéw could be associated with
strong mechanical disturbances, e.g., trampling (mentioned
by Ciosek [21]). Considering the persistence and general
stability of the known populations the status of M. linearis
should be changed to naturalized plant, which follows the
basic criteria mentioned by Richardson et al. [4,6]. However,
the seemingly strict relationship of this species with fairly
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