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Abstract: New data regarding the occurrence of Lindernia procumbens (prostrate false pimpernel) are discussed and its
current geographical range in Poland is given. A comparison of its past and present distribution in Poland indicates an advancement of the distribution limit northwards, which may be caused by climate changes, mostly, by an increased number of
heat waves in the warm half-year. The relationship between the occurrence of the species and specific meteorological conditions, especially, unusually hot and dry summer periods, is analysed using long-term meteorological surveys.

1. Introduction
While the occurrence of vanishing species at new
sites is very rare, it is extremely important for biodiversity preservation and therefore requires attention.
Lindernia procumbens (Krocker) Borb·s, which is
thought to be one of the rarest vascular plants in Central
Europe, represents such species. It belongs to the
connecting Holarctic-Paleotropical element. A few
centres of its occurrence, such as Europe, Western and
Central Asia, Indian Peninsula, Eastern Asia, Indochina
and Malay Peninsulas and Java, are distinguished within
its range. In Europe, the species occurs in scattered localities ranging from Portugal, France, central and
southern Germany, northern Italy, southern Poland and
Danube countries, to southern and central Ukraine
(Meusel et al. 1978; Latowski et al. 1988).
Lindernia procumbens was first collected in Poland
on the bank of the Oder River in DobrzeÒ Wielki (leg.
H. Grabowski 1834, WRSL). However, it was first for-

mally reported from Poland by Pampuch (1840), who
recorded it from the Gniezno Lakeland. Unfortunately,
the site was regarded as uncertain due to the lack of
data concerning its precise location and the lack of herbarium material. The majority of L. procumbens sites
were noted in Poland in the second half of the 19th
century (Latowski et al. 1988). The species was not
recorded in Poland between 1960 and 1985 and was
therefore considered to be rare (Jasiewicz 1981). It was
consequently listed as an extinct and vanished species,
Ex (Zarzycki 1986). L. procumbens was rediscovered
in Poland in the late 1980s. Zajπc & Zajπc (1988) noted
it in the south-western part of the OúwiÍcim Basin. Its
presence was reported from ten other sites in the following years (Popiela & StasiÒska 1994; Wayda 1996;
Banaú & Paul 2000; Spa≥ek 2006).
Lindernia procumbens was included in the national
red data book of plants as critically endangered (CR)
owing to a small number of sites and a high probability that
the species might vanish (Zajπc & Zajπc 2001). It was
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classified as a plant characterised by a considerable
decrease in the number of localities over the last few
decades in ecological studies of indicator numbers of
vascular plants in Poland (Zarzycki et al. 2002). The
plant was considered to be a vulnerable species (VU)
in the latest edition of the national red list (Zarzycki &
Szelπg 2006).
Lindernia procumbens is also treated as a threatened
species in other central European countries, e.g. Germany,
Austria, the Czech Republic and Slovakia (Korneck et
al. 1996; Niklfeld & Schratt-Ehrendorfer 1999;
Proch·zka et al. 1999; Holub & Proch·zka 2000). It is
therefore covered by the Bern Convention and listed in
Annex 4 to Council Directive 92/43/EEC (ÇHabitat Directiveí) as a species that requires strict protection in the
Member States. The estimation of the current threat and
protection methods of its sites and habitats is still needed.
The aims of this study are to examine the relationship between the occurrence of Lindernia procumbens
and specific meteorological conditions and to determine
whether climate changes could be a factor influencing
its range extension.
2. Material and methods
Field investigations aimed at finding new sites of
Lindernia procumbens were carried out in the Oder and

the San River Valleys as well as in the adjacent regions
in 2003-2005. Data collected in 2008 and 2010 were
also taken into account. The distribution was mapped
in the ATPOL cartogram grid covering entire Poland
(Zajπc 1978). Literature data and herbarium materials
deposited in Wroc≥aw University ñ WRSL, Jagiellonian
University ñ KRA and the Polish Academy of Sciences
ñ KRAM were used to study the distribution of
Lindernia procumbens. Herbarium acronyms follow
Holmgren & Holmgren (1998).
Meteorological conditions observed in the years in
which Lindernia procumbens was noted were analysed.
Long-term air temperature and precipitation surveys
from the meteorological station in KrakÛw in the period 1826-2006 were used. Data collected at the station
represent climatic conditions in a considerable area of
Central Europe located below 300 meters above the sea
level (Koøuchowski et al. 1994; Br·zdil et al. 1996;
Domonkos et al. 2003).
3. Results
3.1. The distribution of Lindernia procumbens in Poland
The occurrence of Lindernia procumbens has been
reported from southern Poland, mostly from Lower Silesia (17 historical sites are located near Wroc≥aw). Its

Fig. 1. Distribution and range limit of Lindernia procumbens in Poland
Explanations: ¡ ñ historical locality (noted till 1960), n ñ locality known since the late 1980s, ▲ ñ new locality, ? ñ uncertain locality, ............. ñ historical
range limit (known until 1960), - - - - - ñ present range limit
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northernmost site in BÍdÛw near Krosno OdrzaÒskie
(Strech 1941), which is, at the same time, the only known
site of this species above the latitude of 52oN. L. procumbens had been noted in south-eastern Poland in a
few localities only until 2000. The present localities
extend the distribution of the taxon and markedly shift
its limit northwards (Fig. 1).
A list of the sites of Lindernia procumbens that were
observed in 2003, 2005 and 2008 is given below (letter
symbols correspond to the ATPOL squares 100 km ◊
100 km, each square is divided into 100 square units,
10 km ◊ 10 km, described using numbers): BD83 ñ
oxbow lake along the Oder River, NE of Wojszyn near
G≥ogÛw, 19.09.2003, leg. Z. Kπcki; oxbow lake along
the Oder River, Borkowice near G≥ogÛw, 19.09.2003,
leg. Z. Kπcki; BE08 ñ bottom of a pond, Stawy Kokoty
(Kokoty Ponds) near Nowe Dyminy (NE of ØmigrÛd),
15.09.2003, leg. Z. Dajdok; CD91 ñ bottom of a pond,
Staw Mieszko (Mieszko Pond) Dyminy near Nowe
Grodzisko (NE of Milicz), 25.08.2008, leg. B.
Or≥owska, Z. Dajdok; CE01 ñ bottom of a pond, Stawy
JaskÛ≥cze (JaskÛ≥cze Ponds) near Ruda Milicka (E of
Milicz), 26.08.2003, leg. Z. Dajdok; CE02 ñ bottom of
a pond, Staw TrÛjkπtny (TrÛjkπtny Pond) JoachimiÛwka
near Potasznia (SE of Milicz), 15.09.2003, leg. Z. Kπcki;
bottom of a pond, Staw Niezawodny GÛrny (Niezawodny GÛrny Pond), JoachimiÛwka near Potasznia (SE
of Milicz), 15.09.2003, leg. Z. Kπcki; FF27 ñ alluvium

on a pond bank, Naklik near Leøajsk, 17.09.2003, leg.
A. Michalewska, M. Nobis; FF37 ñ bank of the Z≥ota
River, Kury≥Ûwka near Leøajsk (20 m S of the bridge
over the Z≥ota River), 4.09.2003, leg. A. Michalewska,
M. Nobis; alluvium on the bank of a water-course close
to the Z≥ota River, Oøanna Ma≥a near Leøajsk (100 m E
of the bridge over the Z≥ota River), 4.09.2003, leg.
A. Michalewska, M. Nobis; sandy bank of a watercourse close to the Z≥ota River, Oøanna Ma≥a near
Leøajsk (40 m E of the bridge over the Z≥ota River),
4.09.2003, leg. A. Michalewska, M. Nobis; sandy bank
of the Z≥ota River, Oøanna Ma≥a near Leøajsk (600 m
W of the western edge of the village), 11. 09. 2003, leg.
A. Michalewska, M. Nobis; on the edge of an arable
field, RzuchÛw near Leøajsk (1 km NW of the bridge
over the San River, 26.07.2005, leg. A. Nobis, M. Nobis; FF38 ñ sandy bank of the Z≥ota River, Oøanna Duøa
near Leøajsk (two populations located at a distance of
about 100-150 m from each other), 31.08.2005, leg. A.
Nobis.
3.2. The relationship between the occurrence of
Lindernia procumbens and meteorological conditions
Total precipitation reports show that precipitation
in KrakÛw is diversified and demonstrates considerablefluctuations (Niedüwiedü & Twardosz 2004;
Twardosz 1999). There was a distinctive concentration
of humid summers in the 1840s, at the turn of the 20th

Fig. 2. Long-term variation in total annual precipitation, and incidence of hot and very hot days during warm half-year (May-October) in
KrakÛw in the period 1826-2006 (black-line curve smoothed by 5-year moving average)
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Fig. 3. Distribution of total daily precipitation and maximum air temperature from May to August in KrakÛw (P ñ totals sum [mm], T ñ mean
maximum air temperature [oC])
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century and in the 1960s. At these periods, Lindernia
procumbens was not observed according to literature
data and herbarium data. The 1850s, 1860s, 1980s and
the early 1990s were characterized by a concentration
of dry summers. L. procumbens was recorded by botanists during these periods (Fig. 2).
The analysis of dry periods shows the relationship
between the occurrence of Lindernia procumbens and
precipitation even better than the analysis of total annual
or monthly precipitation alone as relatively high daily
precipitation totals in summer can be connected with
short storms that do not interrupt soil drought due to
strong evaporation. Daily precipitation totals, dry periods and the course of maximum air temperatures (from
May to August) in individual years are good examples
(Fig. 3). L. procumbens was, for instance, noted in 2003.
Precipitation was relatively high from May to August
2003 (274.8 mm) but it mostly consisted of downpours
or short-time rainfalls that were accompanied by high
air temperatures. By contrast, total precipitation between
May and August in 2004 was higher (336.0 mm) and
an exceptionally high amount of precipitation occurred
in the second half of July when air temperature was
considerably lower in comparison with the previous
year. In 2004, the occurrence of L. procumbens was
not confirmed at any of the localities observed in 2003.
In the summer seasons 1993 and 1994, a long-lasting
shortage of precipitation, accompanied by quite high
average maximum daytime temperatures, occurred,
which allowed for the sprouting and development of
the species that was noted by Popiela & StasiÒska (1994)
and Wayda (1996) in both years (Fig. 3).
If total precipitation is high in a particular year, water level will be high not only in rivers but also in water
basins. As a general rule, Lindernia procumbens will
not occur as its typical habitats are flooded. However,
it is interesting that since 1980s, the species has been
noted mainly in anthropogenic habitats, mostly beds of
drained fish ponds (Banaú & Paul 2000; Popiela &
StasiÒska 1994; Spa≥ek 2006, Wayda 1996; Zajπc &
Zajπc 1988). It may be assumed that the occurrence of
L. procumbens is not strictly connected with total precipitation in some cases but with pond-water draining.
Therefore, summer season air temperature values, which
influence the water temperature of an alluvium, are more
important for the occurrence of L. procumbens in anthropogenic habitats than total precipitation. According to
greenhouse research, good sprouting results were obtained when the alluvia were heated up to the temperature of above 35∞C, while sprouting did not occur in the
temperature between 13-25∞C (Lampe 1996). L. procumbens needs a relatively short but very warm period
of vegetation as high temperature is especially required
in the initial phases of plant development. The influence
of temperature on the occurrence of L. procumbens has

been analysed in relation to the different numbers of
hot days (with the maximum temperature above 25∞C;
tmax>25∞C) and very hot days (with the maximum temperature above 30∞C; tmax>30∞C) in KrakÛw. Importantly,
there is a high correlation between the occurrence of
those days in KrakÛw and Prague (Piotrowicz 2003).
Days with tmax>25∞C may occur in southern Poland from
April to October and days with tmax>30∞C from April to
September. The greatest number of such days occurred
in 1834, not only in KrakÛw but also in Prague
(Piotrowicz 2003). L. procumbens was noted in Poland
in that year (in the settlement of DobrzeÒ Wielki near
Opole, leg. H. Grabowski ñ WRSL). An exceptionally
big number of hot and very hot days was recorded in
1983, 1986, 1992, 1994, 2002 and 2003 (Piotrowicz &
Wypych 2006). L. procumbens was recorded in Poland
in most of these years (Fig. 2).
As Fig. 2 shows, a very pronounced concentration
of years with a large number of hot and very hot days
occurred from the late 1840s until the mid 1880s. Approximately ca. half of the reports on the occurrence of
Lindernia procumbens in Poland came from this period.
Frequent discoveries of L. procumbens can be associated with the next concentration of years with quite a
high number of hot and very hot days lasting from the
early 1980s until now. The plant was recorded especially frequently by the present authors in 2003. Records
from 2003 constitute more than a half of the total records
of the species after 1980. Such a numerous occurrence
may have been caused not only by an unusually early
arrival of hot and very hot days (April and May) but
also by record heat waves in July and August which
took place both in Poland and in other parts of Central
Europe.
Lindernia procumbens was not observed in all the
years characterized by a particularly hot and dry summer
season. This is related to the varying intensity of floristic
field research. Despite weather conditions favourable
for L. procumbens, botanical studies were not intensive in Poland, for instance, in the interwar period,
during World War II or in the years following it, and
the plant was not recorded. On the other hand, floristic
studies have a long-standing tradition in southern Poland. The regions where the new finds of the species
are located have been investigated for a long time and
have detailed floristic elaborations. The collection of
L. procumbens by the present authors is therefore not
only the result of a strict goal-directed field research
project.
4. Discussion
Lindernia procumbens is considered to be critically
endangered (CR) in Poland according to Zajπc & Zajπc
(2001). However, up-to-date information on population
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resources does not allow to include the species in the
list of critically endangered plants. A broad range of
habitats occupied by L. procumbens (oxbow lakes,
ponds, river banks, and even arable fields) indicates its
great adaptation abilities. Since this species was not
previously recorded in arable fields in Poland, its
presence in this habitat is highly interesting and may
demonstrate a tendency towards a change in or the
extension of the range of its habitats and phytocoenotic
requirements. A similar tendency has been observed in
the case of Lythrum hyssopifolia, a species with similar
habitat preferences, which, at present, is mainly reported
from anthropogenic habitats and less frequently from
natural ones. The occurrence of L. procumbens in an
arable field in 2005 was not accidental. The plant was
noted there also in the following years (till 2010).
Presence of L. procumbens in such habitats has been
reported from the subtropical part of its distribution area,
where it is a frequent and persistent weed in rice fields
(Young Son & Rutto 2002).
A large number of Lindernia procumbens sites found
in 2003 and 2005 confirms the connection between the
occurrence of the species and weather conditions (warm
and dry summers). The most favourable temperature
and habitat conditions for its proliferation are found in
river valleys. This is consistent with the classification
of the species in the group of river corridor plants in
Central Europe (Burkart 2001). The fact that, until
recently, L. procumbens was reported mainly from
anthropogenic habitats in Poland (Popiela 1997) may
be connected with river flow control and the ongoing

process of river damming. However, the most recent
data imply that the species is found in natural habitats
in the northernmost limit of its overall range when the
water level in the rivers is exceptionally low. The occurrence of L. procumbens on farm ponds is more frequent and less dependant on weather conditions.
Polish and German localities of Lindernia procumbens are the northernmost sites in Europe. Only one
locality is situated above the latitude of 52o (vicinity of
Krosno OdrzaÒskie). The localities of the species
observed in the San and Oder River Valleys in 2003,
2005 and 2008 are considerably moved northwards in
comparison to its previously known localities. Therefore the species may Ñadvanceî northwards and, in effect, extend its range in Central Europe. Presumably, it
might be connected with climate changes, and specifically with a frequent occurrence of heat waves in the
warm half-year. As research within the Prudence project
shows (Prediction of regional scenarios and uncertainties for defining European climate change risks and effects; http://prudence.dmi.dk/), the number of very hot
days (tmax>30oC) will increase both in Poland and other
countries of Central Europe. Moreover, prolonged heat
waves in Poland are considerable: 3 days in 10 years
on average (Kuchcik 2006). If climatological forecasts
are confirmed, it is likely that L. procumbens will occur
more often and it may even Ñadvanceî northwards. The
problem needs further studies. Only monitoring of the
occurrence of L. procumbens over a larger distribution
area for a longer period of time will verify an assumption on the potential extension of its range.
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