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A phenological comparison of Rumex longifolius and R. obtusifolius was carricd out in the
Krkonose mountains at three different altitudes. Rumex longifolius proved to be better adapted to
the mountain environment, because of its rapid development during the short growth period, and its
fast resource allocation into reproductive organs. These features may be one of the reasons for its
rapid spread at higher altitudes in Central Europe.
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Introduction

Biological invasions and invasive species, as well as the expansion of native species, have
become issues of growing interest to many scientists during the last decades (Brock et al.
1997, Carey et al. 1996, Prach & Wade 1992, Pysek et al. 1995a etc.)

However, most of the so called “invasive species” are expanding only within new terri-
tories, while they do not attract any attention in the areas of their origin. Estimating the “in-
vading potential” of a species before an invasion actually takes place is a very difficult task
(e. g. PySek 1995b). Which features of an invading species make their invasions success-
ful? Which teatures make them more successtul than the native species? This problem has
been discussed by many authors (di Castri 1990, PySek et al. 1995b etc.).

In some cases, an invasive species is closely related to some native species. In spite of
this, it differs considerably in behaviour, e. g. Heracleum mantegazzianum (process of in-
vasion in the Czech Republic was described by PysSek 1991), Impatiens parviflora (Trepl
1984) and many others. This is also the case of Rumex longifolius, a species alien to the
Czech Republic. The species is closely related to several in higher altitudes non—expand-
ing species, such as R. obtusifolius, R. crispus and others. Rumex longifolius is native to
northern Europe. It has spread intensively during the last decades not only in Europe,
where it has been documented from Scandinavia, Iceland, Russia, the Baltic countries,
Great Britain, France, Germany, Spain, Czech Republic and Poland (Jasiewicz 1964,
Neumann & Polatschek 1974, Jalas & Lindholm 1975, Kubat 1984, Adler 1992, Tutin
1993, Prochazka 1997), but also in South America (Perez-Moreau & Crespo 1972), Can-
ada and Alaska (Neumann & Polatschek 1974).
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In the Czech Republic, the first individuals of this species were found in 1961 (Kubat
1984). Since then, it has spread into many new regions and the number of individuals in ex-
isting localities has also increased. The history of the invasion within the Czech Republic,
particularly in the KrkonoSe mountains, has been documented (Kubatova 1994, Kubinova
& Krahulec 1997) and the invaded plant communities have also been described.

In Central Europe, the distribution of R. longifolius is limited mainly to mountain areas,
it does not occur at lower altitudes. This pattern of distribution is probably caused by spe-
cific characteristics of the species.

To examine the key features facilitating the invasion, research was undertaken to com-
pare it with a closely related species — R. obtusifolius. It is a species with a similar geo-
graphical distribution and anatomy; like R. longifolius, it grows in a variety of man-made
and seminatural habitats, reaches high altitudes, forms individuals of approximately the
same size, with simple root systems, and spreads by seed. Of the other related species, R.
crispus rarely penetrates into mountain regions and requires more ruderal sites. Runiex
alpinus occurs and spreads in the mountains, but creates polycormons and spreads both by
seed and by clonal growth.

For these reasons, R. obtusifolius has been selected as the closest species for compara-
tive analysis. The two species are compared not because competition between them would
be expected, but merely to help point out features facilitating successful and rapid expan-
sion of one of the closely related species.

Material and methods
Species compared

Rumex longifolius DC. (syn. R. domesticus Hartm.) is up to 180 cm tall. Leaves are 20-30
(-40) cm long and 8-10 (-=15) cm broad. Valves are approximately 4-5 (=7) x 5-7 mm; tu-
bercles are absent or on one valve only and smaller than | mm; achenes are 2.5-3 mm long,
brown (Kubat 1990).

Rumex obtusifolius L. is up to 50-100 (=150) cm tall. Leaves are 15-30 c¢cm long and
815 cm broad, cordate at the base. Valves are 2.5-6 mm long and 1.5-4 mm broad; tuber-
cles differ in size and occur on one or on all three valves; achenes are 2.5-3 mm long,
brown (Kubat 1990). Of the four subspecies only R. obtusifolius subsp. transiens was pres-
ent in the localities under study. It is widespread in the KrkonoSe mountains, as well as
R. obtusifolius subsp. sylvestris. R. obtusifolius subsp. subalpinus has been also docu-
mented from the area (Kubat 1990).

Study area

Field work was carried out in three localities in the KrkonoSe mountains. The localities
were selected because both species under examination were abundant within the sites
which made it possible to carry out phenological observations of many individuals from
each locality. The localities differ in altitude, but are close to each other, so that it was pos-
sible to collect phenological data from all three sites within a day.

The lowest situated site was ca. 1000 m above sea level. It was located on margins of an
eroded meadow between the Severka and Bramberk settlements near the town of Pec pod
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Snézkou (50°41'30"N, 15°43'E). The second site (ca. 1200 m a. s. I.) was located in the
meadow Li8¢i louka around the mountain chalet Lyzatska bouda (S0°41'N, 15°42'E) on
the south-east slope of LiS¢i hora mountain. The last site was situated at the summit of the
mountain Cernd hora (50°39'09"N, 15°44'22"E) at the altitude of 1300 m (in fact
1295-1299 m), where the species under study grew along meadow margins, along roads
and on ruderal sites.

The growth period begins at approximately the same time at all three altitudes, because
the lowest site faces north. Snow melts at the beginning of May. The first frosts occur in
November, in cold years even as early as the end of August. Diagrams characterizing the
climate of the studied area were published by Krahulec et al. (1997: 11).

Study of phenology

The populations of R. longifolius and R. obtusifolius were studied during the years
1990-1993.

Biomass production and plant behaviour is influenced by annual climatic variation.
Compared with the average temperature and rainfall in the area, the three years may be
characterised as follows (Anonymus 1990-1993):

The year 1990 started with a warm and dry spring but otherwise had an average growth
period. The year 1991 was very cold with rainfall slightly below average, while 1992 had
average temperatures and little raintall. In 1993, a warm spring was followed by a slightly
cooler June with low precipitation; August and September were unusually cold.

The data for both species at all three localities were collected at least once a month dur-
ing the growth periods, e. g. from April to September. The percentage of individuals in
each phenological stadium was estimated for both species. The phenological phases of the
two species were described as follows:

e basal leaves: only the leaves are developed,

e stem: stem with developing inflorescence growing from the rosette of the basal
leaves, but flower-buds are not yet fully developed,

e flower-buds: the inflorescence is fully developed but there are no open flowers,

e beginning of flowering: the buds are fully developed, some of those located
in the lower part of the inflorescence begin to tflower,

e flowering: mostof the tlowers of the intlorescence are in bloom,

immature achenes: female flowers have turned into achenes, while some male

flowers are still flowering,

e mature achenes:most fruits have ripened.

Allocation of resources

The aboveground biomass of 5-15 plants (depending on the population size) of R.
longifolius and R. obtusifolius was collected from the site on LiS¢i hora mountain (1200 m)
four times during the year 1993. The year had a very warm spring (April, May) with low
precipitation and a humid and relatively cold July (Anonymus 1990-1993). The tempera-
ture increased in the middle ot August and reached values above the 50 year average, but
late summer was very cold and in some localities the first frosts occurred between August
23-29. In September, there were frosts in many places and temperatures stayed well below
average (except the week between September 20-26, which was slightly above average).
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The samples of aboveground biomass were sorted into dispersal units (achene together
with valves), stems and leaves, dried and weighed. Because the achenes were required for
further use for germination experiments the samples were dried up at room temperature.
However, the difference in dry mass between these and the samples dried at 80 °C was only
a matter of some tenths of grams (maximum 4 % of the dry mass of a sample).

Results
Phenological study

Considerable differences in phenology between R. longifolius and R. obtusifolius were
found in all three sites studied. The results are summarized in Fig. 1.

Both species at all sites developed only sterile basal leaves until the end of May.

In June, the differences in the development of the two species within a site, as well as
the differences caused by altitude, became obvious. About 50 % of plants of R. obtusifolius
developed a stem, while the other 50 % remained in the phase of basal leaves. At the same
time, the plants of R. longifolius had fully developed flower-buds and many plants were
flowering at the lowest altitude (1000 m). Almost no plants of R. longifolius at any altitude
remained at the phase of sterile basal leaves.

In July, the differences in the development of the two species became even more pro-
found. The plants of R. longifolius were flowering, many individuals had already devel-
oped achenes and at the altitude of 1000 m, a considerable proportion of them had reached
maturity. At the same time, the plants of R. obtusifolius were flowering or beginning to
flower; at 1300 m a. s. 1., they were still in the phase of flower-buds, inflorescence and
basal leaves.

The majority of individuals of R. longifolius at 1000 m above sea level reached maturity
during August, and almost all plants of this species at all altitudes became mature by the
end of September.

On the other hand, the first mature individuals of R. obtusifolius at 1000 m did not occur
until September. Not all plants reached maturity at the higher altitudes and less than 10 %
of plants produced mature achenes at 1300 m a. s. I.

Resource allocation

The changes in resource allocation of the two species during the year 1993 at 1200 m
above sea level are summarized in Fig. 2.

The dry-mass of fruits of R. longifolius constituted more than one third of the total
aboveground biomass (38.8 %) as early as August, reaching 53.1 % in September. The de-
crease in dry-mass during October was caused by dropping achenes, which had been ma-
ture since the middle of August.

R. obtusifolius produced an enormous photosynthetic apparatus. Leaves and stems to-
gether constituted 87.8 % of the total aboveground biomass in September (19.5 % leaves
and 65.9 % stems). Translocation of resources did not occur until October, when the
dry-mass of fruits reached 36.8 % with leaves and stems decreasing to 15.7 % and 47.5 %
respectively.



Kubinovi & Krahulec: Phenology of Rumex longifolius 345

35 — :] flowers and nuts Rumex longifolius
30 + D stem
?025 = - leaves
@
< 20 1
£
”a o
15 + = i
10 —T
5
(s —
May August September October
1993
35 — [: flowers and nuts Rumex obtusifolius
30 + l | stem
— 25 leave:
5o Hl e
%
< 20
=
>
S
10 -
5
0 - | R
May August September October
1993

Fig. 2. — Changes in biomass allocation in Rumex longifolius and R. obtusifolius at 1200 m (the Lis¢i hora
locality)

The differences in resource allocation of the two species under study were analysed by
Student's t-test and proved to be significant (P < 0.01) for the period between May and
September, while they were not significant in October (P > 0.05).
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Discussion

The length of the growth period plays an important role particularly if there are also tem-
perature or moisture limitations.

R. obtusifolius is widespread in Europe, with its northern limit of distribution running
through Scandinavia. Although the species is better adapted to lower altitudes, it also pen-
etrates into the mountain regions of the Czech Republic. In the KrkonoSe mountains, at the
upper limit of its distribution, R. obtusifolius develops its photosynthesizing apparatus in
summer, when temperature, light intensity and day length are sufficient. The species was
studied in the year 1993, which provided optimal conditions for its fast development. The
spring was exceptionally warm and the growth period started early. However, because of
late flowering due to low June—July temperatures, most of the individuals did not produce
mature fruits. In cold years the species could be even less successful. This phenomenon
has been described by Grime (1979) for Reynoutria japonica in Great Britain.

In the case of R. longifolius, the adaptation to areas with a short growth period and tem-
perature limitation is obvious. The species is native to Scandinavia, where, as in the
KrkonoSe mountains, the number of days in a year with the average temperature exceeding
10 °C is between 90 and 120 (Walter & Lieth 1967). Rumex longifolius does not require
more than 3-4 months to produce ripe achenes with a very high germination rate (up to
95 % — Kubatova 1994) which enables rapid invasion of the species over short distances
and an increase in the number of individuals at the sites.

However, the mechanism of long-distance invasion still remains uncertain.
R. longifolius represents a rather exceptional case of invasion in the Czech Republic, as it
has established itselt and spread mainly at higher altitudes.

Most of the invasive species first spread within warmer regions and subsequently pene-
trate into the mountain areas. Imperatoria ostruthium, Myrrhis odorata and Archangelica
officinalis (all of them originally mountain species) are the only neophytes which occurred
first at higher elevations (submontane to montane belt, 400—1100 m above sea level).
A similar pattern of invasion to that of R. longifolius has been described for Veronica
filiformis (Jehlik 1961, 1998) and Heracleum mantegazzianum (PySek 1991, 1994). How-
ever, unlike the other species mentioned above, R. longifolius has never been planted on
purpose and it has probably been introduced into the mountain regions unintentionally. No
other invasive species is as successful as R. longifolius at and above the treeline.

In the future, the spread of this species into lower altitudes is to be expected, as it has al-
ready been found on some localities situated at lower altitudes (Kubinova & Krahulec
1997). In general, it will be facilitated by flood waters and river courses, which also played
a role in the initial phase of the invasion of H. mantegazzianum (PySek 1994, Pysek &
Prach 1994).

Summary

The results presented in this study provide a comparison of two closely related dock species: Kumiex longifolius,
invasive at higher altitudes, and R. obtusifolius which is less successful at the same altitude. The species were
studied in the KrkonoSe mountains, where R. longifolius spreads extensively, while R. obtusifolius occurs only in
afew sites and is not abundant there. R. obtusifolius may be considered a successful expansive species only at
lower altitudes.
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R. longifolius uses the few months of the growth period effectively. Mature achenes develop as early as three
or four months after the first leaves appear in the spring. From the very beginning of the growth period, consider-
able amounts of resources are allocated to the reproductive organs. These features enable all individuals, at all the
altitudes under study, to produce mature achenes even in cold years.

R. obtusifolius shows the optimum of its distribution at lower altitudes with a longer growth period.
Translocation of resources into reproductive organs occurs in late summer, usually in September. Even then,
fruits constitute a smaller proportion of the total biomass than in R. longifolius. Finally, only a small proportion of
individuals of R. obtusifolius growing in high altitudes produce mature achenes, especially in cold years.

R. longifolius is a species native to northern Europe, so it is adapted better than R. obtusifolius to the short
growth period and low temperatures of the mountain environment.

The features of R. longifolius described may be one of the key factors influencing the rapid invasion of this
species not only in the KrkonoSe mountains, but also in other mountain regions of the Czech Republic and whole
Central Europe.
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Shrnuti

Studie predklada vysledky srovnini fenologie dvou blizee piibuznych druhii §tovik( — ve vysSich nadmorskych
vyskich rychle se siticiho druhu Rumex longifolius a mén¢ tspésncho R. obtusifolius. Druhy byly studoviny
v Krkonosich, kde se R. longifolius Sifi, zatimco R. obtusifolius dosahuje horni hranice svého rozsifeni a zistiva
omezen predeviim na nejblizsi okoli chat.

Fenologie byla sledovina v letech 1990-1993 ve tfech nadmoiskych vySkiach: 1000, 1200 and 1300 mn. m.
R. longifolius vyuziva efektivn¢ kritkou vegetacni sezonu. Nazky dozrivaji jiz po 3—4 mésicich od vyraseni prv-
nich lista. Jiz od poc¢atku sezony predstavuje kvétenstvi zna¢nou &ast celkové biomasy. Viechny rostliny dozri-
vaji ve viech nadmoiskych vyskach, a to i béhem chladnych let.

R. obtusifolius mid optimum svého rozsifeni v nizSich nadmoiskych vyskich s dlouhou vegetaéni sezonou.
Piesun biomasy do generativnich organi nastiva az koncem 1éta, obvykle v ziii, ale i pak predstavuji plody men-
§i ¢ast celkové biomasy nez u druhu R. longifolius. Proto ve vysSich nadmotskych vyskich dozriva jen mala ¢ist
rostlin R. obtusifolius, obzvlasté beéhem chladnéjsich let. V této dobé byva rist ukonéen prvnimi mrazy.

R. longifolius je pivodem ze severni Evropy a je proto Iépe nez R. obtusifolius ptizpisoben kriatké vegetacni
sezoné a nizkym teplotam horského prostiedi.

Popsané vlastnosti R. longifolius mohou byt jednim z klicovych faktort, ktery umoznil rychlou invazi druhu
nejen v Krkonosich, ale i v jinych horskych oblastech Ceské republiky a sticdni Evropy. S velkou pravdépodob-

nosti Ize do budoucnosti ocekavat invazi druhu i do nizsich nadmofskych vysck.
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