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LAVATERA THURINGIACA L.— A RELICT OF FORMER CULTIVATION ON AN HISTORIC
EARTHWORK IN POLAND: DISTRIBUTION AND REPRODUCTION OF INDIVIDUALS
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Abstract. Lavatera thuringiaca L. (Malvaceae) is considered to be a
relict of medieval cultivation, connected in its contemporary distri-
bution with the remnants of former settlements and anthropogenic
habitats. The paper presents the distribution of L. thuringiaca indi-
viduals on the historic earthwork in Western Poland (Kornik locality
2a)and variation in the selected individual characteristics. In the
years 2001—2004, a total of 323 specimens were recorded. All the
specimens were growing on the earthwork slope with southern expo-
sure. The cessation of agricultural use of the central part of the object
made it possible for L. thuringiaca to colonize the area. The highest
reproduction rate was found for the specimens in the second year of
the study, as at that time the biggest number of generative roots was
recorded. In 2002, the highest mean number of fruits (289) was ob-
served. In the following years this number was smaller, in 2003
amounting to 149 and in 2004 to 141 specimens. Significant changes
were also found in seed size during the four years of observations. The
biggest seeds were observed in the first year of analyses (5.18), while
the smallest in the last year (4.94). In our opinion, on the basis of the
4-year in-situ observations of L. thuringiaca, the life strategy of this
species is not different from that of other perennial plants. Annual
production of generative shoots and a high number of seeds ensure
the persistence of the population of this species on the earthwork and
the possibility of its spread under advantageous conditions.

Introduction

Early medieval Slavic settlement in Central Europe was
connected with the construction of characteristic forti-
fications — fortified towns. They served important
functions in the administrative, legislative and military
structures of their states. Their contemporary remnants,
called earthworks [Polish «grodzisko»], located in iso-
lated sites, are habitats for many interesting plant spe-
cies. Studies on the vegetation cover of these historic
earthworks and on species cultivated in the Middle Ages
were conducted for many years by, among others, Celka
(1999, 2004), Russow (2002) and Kaminski (2006).
Lavatera thuringiaca L. is one of the species grown in
the Middle Ages, currently considered a relict of former
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cultivation. It was used as a medicinal plant, in the pro-
duction of pigments, as an ornamental plant and a food
crop, as well as raw material in the production of ropes
and strings (Celka, 2000). The persistence of L. thuringi-
aca in sites of medieval settlement was a justification for
the initiation of studies on the biology of individuals and
populations of this species. It is the expectation of the au-
thors that an analysis of the distribution patterns of indi-
viduals on the earthworks, the manner of their reproduc-
tion and the number of offspring will facilitate the expla-
nation for the persistence of the population of this taxon
in these medieval sites in space. Our investigations sup-
plement the presently conducted analyses on L. thuringi-
aca and other species of the family Malvaceae carried out
in different research centers worldwide. These refer to
phytosociological studies (Brandes, 2000, 2006), taxo-
nomic analyses (Ray, 2005, 2008), morphological diver-
sification (Celka et al., 2006; Shaheen et al., 2009a,
2009b, 2009c, 2010) and genetic variation (e.g. Alverson
et al., 1999, Tate et al., 2005; Garcia et al., 2009).

Materials and methods

SPECIES STUDIED

Lavatera thuringiaca L. (Malvaceae) is found in a wide belt
extending from the Adriatic Sea to central Siberia. The
northern limit of its range extends roughly along 55° north
latitude. Localities of this species separated from the com-
pact range are scattered in central Europe and southern
Scandinavia. The southern limit of its range is restricted by
the shorelines of the Black Sea, the Caspian Sea and Lake
Aral, and the Caucasus (Hultén, Fries, 1986). This species
is found most frequently in thermophilous grassland com-
munities with Festuco-Brometea and thermophilous rud-
eral communities with Onopordion acanthii (Brandes,
2000; Zarzycki et al., 2002). Lavatera thuringiaca is con-
sidered a rare species in Poland (Zajac, Zajac, 2001) and in
the Wielkopolska region (Zukowski et al., 2001).
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Fig. 2. Lavatera thuringiaca seed with traits subject to examina-
tion. Explanations: / — seed length, 2 — chalaza length, 3 — seed
width, 4 — seed width without chalaza, 5 — chalaza width

Fig. 3. Distribution of Lavatera thuringiaca individuals (/) in the
fortified settlement in Kornik site 2a
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Lavatera thuringiaca exhibits characteristics of root
(rhizophytes) and root-stem perennials (rhizocaulophy-
tes). It forms a large root with numerous lateral roots,
which as a result of dying out of the plant centre with
ageing may lead to the vegetative plant division (Luka-
siewicz, 1962).

OBSERVATION IN THE FIELD

In 2001, a permanent plot for the studies on L. thuringi-
aca was designated on the grounds of a model medieval
earthwork in Kérnik, inssite 2a (western Poland; N52°13'37.2"
E17°06'04.8"; Fig. 1). The earthwork is situated about
23 km to the south-east of Poznan, in the vicinity of an
inlet between lakes Bninskie and Kornickie, on a penin-
sula. The whole archeological complex consists of three
parts: a conical earthwork (Kornik, site 1), the already
mentioned concave earthwork (Kornik, site 2a), and
the adjacent settlement (Koérnik, site 2b). In this area,
colonization proceeded over two periods: from the 6™ to
5% century B.C., in the period of the so-called Lusatian
Culture, and in the early Middle Ages — from the 10 to
13* century A.D. (Zak, 1975; Fogel, 2007).

In total, there were 170 vascular plant species record-
ed on the peninsula. For a long time the inner area of
the concave earthwork (Kornik, site 2a) was under cul-
tivation. It was not until 2003 that all human activity has
been suspended. The earthwork’s embankments are over-
grown mainly by Phragmites australis (Cav.) Trin. ex Ste-
ud., in some places with the high participation of L. thu-
ringiaca. Among xerothermic plants there are such spe-
cies as Asparagus officinalis L., Astragalus cicer L. and
Verbascum Iychnitis L. The group of weeds is represented
by Avena fatua L., Datura stramonium L. and Melandri-
um noctiflorum (L.) Fr. (Elisanthe noctiflora (L.) Rupr.,
Silene noctiflora L.). In a meadow situated between the
earthworks we may find, among others, Carex nemorosa,
Eleocharis uniglumis (Link) Schult., E. palustris (L.) Roem.
& Schult., Triglochin palustris L., T. maritima L., Caltha
palustris L., and Ranunculus acris L. On a pathway besi-
de the earthwork grows the halophytic grass, Puccinellia
distans (Jacq.) Parl.. Apart from L. thuringiaca, Allium sco-
rodoprasum L. is also present in relatively high numbers.

MEASUREMENTS

In 2001 in the study plot, 60 individuals of Lavatera we-
re identified. Thirty of them were juveniles, with only 1—3
stems, the remaining individuals were mature plants with
numerous stems. In 2001—2004, 30 seeds were collect-
ed and the following measurements were taken: seed
length, chalaza length, seed width, and seed width with-
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Fig. 5. Graphic picture of the canonical correlation analysis (CCA)
of seed size-related traits (arrows, traits 1 —6) and traits related to
the number of shoots, flowers and fruits (points, traits 7—10)

out chalaza (Fig. 2). In 2000—2004 the recorded pa-
rameters included also the observed developmental sta-
ges of an individual (generative and vegetative), the
number of flowering and fruiting shoots and the number
of flowers and fruits.

STATISTICAL ANALYSES

The results of measurements were used in the comparative
analysis of individuals in 2001—2004. An analysis of vari-

Analysis of variance (ANOVA) of Lavatera populations
for 10 traits. F values given in boldface are statistically
important level p < 0.01

Trait F

1 — seed length 1.63
2 — chalaza length 7.41

3 — seed width 5.48
4 — seed width without chalaza 11.35
5 — chalaza width 5.55
6 — seed size 3.59
7 — number of shoots 0.30
8 — number of fruiting shoots 1.7

9 — number of flowers 13.59
10 — numebr of fruits 2.78
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ance (ANOVA) was carried out and the results were illus-
trated with diagrams. To identify the relationship between
the analysed features, the Canonical Correlation Analysis
(CCA) was used. All analyses were performed by STATIS-
TICA 7.1 for Windows and CANOCO version 4.

Results
DISTRIBUTION

Most individuals of Lavatera thuringiaca occurred on
insolated southern slopes of the studied earthwork. In
turn, L. thuringiaca has not been found in the central
part of the earthwork, i.e. in the cultivated depression.
In 2003, when this area ceased to be used agriculturally,
the first single specimens of Lavatera appeared (Fig. 3).
A total of 323 specimens were recorded on the earth-
work. They were mostly large plants, several years old
and composed of many shoots.

VARIATION IN SELECTED TRAITS

On the basis of the analysis of variance, the coefficient F
was calculated and the level of statistical significance for
traits 1—5 was established (Table). Statistically signifi-
cant differences were found between the years of the
study. Box-and-whisker diagrams show the average val-
ues of traits in particular years. In the years 2003 and
2004 the mean values of the following traits were lower
than those in the years 2001 and 2002: seed length (trait
1), seed and chalaza width (3 and 4), seed size (6) and
the number of flowers (9) and fruits (10) (Fig. 4).

On the basis of canonical correlation analysis it has
been found that there is a strong positive relationship
between trait no. 10 and traits no. 1 and 5, and between
trait 9 and traits 2, 3 and 4. The number of shoots and
the number of fructifying shoots (traits 7 and 8) do not
depend on other investigated traits. The results were
analysed with the Monte Carlo permutation tests. Their
value amounted to CA=0.06303. The level of signifi-
cance was established at 0.05 (Fig. 5).

Discussion

Our investigations show that the persistence of the pop-
ulation of Lavatera thuringiaca on the studied historic
earthworks is possible due to (1) the ability of individu-
als to ensure relatively high reproduction rates (ex-
pressed by both the number of generative shoots and the
size of seeds produced by these shoots) and (2) the pres-
ence in the population of individuals varying in terms of
their age, with the predominance of large plants, form-
ing many shoots and being several years old.

ISSN 0372-4123. Ukr. Botan. Journ., 2013, vol. 70, Ne 2



Individuals of L. thuringiaca increase the number of
shoots throughout their lives and almost each shoot be-
comes a generative shoot. It is a characteristic life strat-
egy for perennial plants (Falinska, 2004). This makes it
possible for an individual to occupy a once colonized
site over a period of many years. The plants increase
their area of occupancy, which results in their occur-
rence in the population in the form of phytocenoses.
Young individuals are composed of 2—3 shoots, but also
start to reproduce. Earthworks were not mowed and for
this reason specimens found only in the form of leaf ro-
settes were not observed, while it was the case in the
population of another relict of former cultivation, i.e.
Malva alcea L., growing on the earthwork in Daleszyn
(see Celka et al., 2008). The cessation of agricultural
use of the earthwork depression in Kornik site 2a in
2003 resulted in the appearance of juvenile specimens of
L. thuringiaca.

The seed size is treated as an indicator of an adapta-
tion strategy of plants to their living conditions. The
seed size is an indirect measure of a plant’s investment
in generative reproduction. Lavatera thuringiaca pro-
duces a large number of relatively small seeds. A single
Lavatera plant may produce up to 41000 seeds per year
(the individuals in question produced on average 3200
seeds per year).

The distribution of L. thuringiaca individuals on the
fortified structure in question matches the biological
features of the species and displays the cluster pattern.
On sun-exposed southern slopes, Lavatera was observed
also in other fortified settlements in Poland (Ceynowa-
Gietdon, Kaminski, 2004; Towpasz, Kotanska, 2005).
Moreover, spreading of individuals from places of the
species cultivation to neighbouring ruderal and semi-
natural sites has been observed both in Poland and
Ukraine (Celka, 2000; Kagalo et al., 2004; Towpasz,
2006; Shevera et al., 2010).
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LAVATERA THURINGIACA L. — PEJIIKT KOJIMLLIHbOT
KVJIbTYPU HA ICTOPUYHUX TOPOAUILIAX
Y IIOJIbIIL: TOIMUPEHHA TA BITTBOPEHHA OCOBMH

Bun Lavatera thuringiaca L. (Malvaceae) BBaXa€eTbcsl CepeIHbO-
BiYHUM pEJIiIKTOM KYJBTYPH, TTOB’SI3aHUM i3 Cy4aCHUMM 3aJTUIII -
KaMU KOJIMIIHIX MOCeJIeHb i aHTPOMOTeHHMX OCEJIUIN. Y CTaTTi
MOAaHO BiIOMOCTI TIpo TIOIMpPeHHs L. thuringiaca B paiioHi ic-
TopuuHoro 3emsiepoberBa B 3axigHiit [Momemii (Kyphik, 2a) Ta
BapiloBaHHS okpeMux o3Hak. [Tporsrom 2001—2004 pp. BusiBie-
HO 323 Miclie3HaXOMKEeHHST; YCi OCOOMHM POCJIM Ha CXWJTaX MiBICH-
Hoi ekcrio3ulii. [IpunmmHeHHS ClIbChKOTOCTIONAPCHKOTO BUKO-
PUMCTaHHS LIEHTPaJIbHOI YaCTUHM OOCTiIKyBaHOI TepUTOPIi 10-
3BoJIWIIO L. thuringiaca xonoHizyBatu ii. HaitBumuit KoedimieHT
BiITBOPEHHS OYB BiI3HAYEHMI1 B OCOOMH Ha IPYIUid PiK JOCTiIKEH-
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HSI, OCKIJIBKY came Tofi 3a(pikcoBaHO HAMOIIBIIY KiJTbKICTh TeHE-
patuBHUX TaroHiB. Y 2002 p. criocTepiraiacst BACOKa KiJIbKiCTh
wiofiB (289). Y HacTyNHMX poKax 11e YMciio 3MeHmocs iy 2003 p.
3au3wiocs 1o 149, a 8 2004 — no 141. 3HauHi 3MiHU BUSIBIIEH]
TaKOX y po3MipaxX HaCiHHSI MMPOTSITOM YOTUPHOX POKIB CIIOCTEpe-
XeHb. Bemke HaciHHS Bim3HavyeHO B Tiepiiuii pik aHami3y (5,18),
TOJIi SIK MEHIIIe — B OCTaHHil pik (4, 94). Ha Haury mymky, mmio 6a3y-
€TbCSl HA YOTUPUPIYHUX CIIOCTePEXeHHSIX in-situ L. thuringiaca,
SKUTTEBA CTpATETisl BUIY HE Bifpi3HsIacs Bil iHIIMX OGaraTopiy-
HUX pocJivH. PiuHe MMOHOBIEHHS TeHEPATUBHUX MTATOHIB i BUCO-
Ka HaciHHEBA MPOAYKTUBHICTb 3a0€3MeUMIN 30epeXKeHHS TOMy-
JISATIIT IIbOTO BUIY Ha OOPOOJTIOBAHUX 3eMIISIX i MOXKIJIMBICTD OTO
MOILMPEHHSI 3a CIIPUSITIIMBUX YMOB.

Kawuoei caoea: Lavatera thuringiaca, Malvaceae, pesikm
KYAbMUBYBAHHS, 3eMAepOoOCME0, MIHAUBICMb, OioMempisl.
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LAVATERA THURINGIACA L. — PEJIUKT MNPEXHEN
KVJIBTYPbl HA NICTOPUYECKHUX T'OPOAUILAX
B [TOJIBLIE: PACITPOCTPAHEHHUE

Y BO3OBHOBJIEHUE OCOBEM

Lavatera thuringiaca L. (Malvaceae) cuurtaetcs cpeaqHEeBEKOBBIM
PEJIMKTOM KYJIETUBUPOBAHUS, CBSI3AHHBIM C COBPEMEHHBIM pac-
MpeAeeHUeM OCTATKOB OBIBILMX MOCEJICHUI U aHTPOIIOTEHHBIX
MecToobuTaHuii. B cTaThe TIpuBeneHbI JaHHBIE O pacIpoCTpaHe-
HuH L. thuringiaca B pailoHe UCTOPUYECKOTO 3eMITeieusT B 3ara-
Hoii [Tosbiie (KypHuk, 2a) 1 BaprMpOBaHUU OTIEIbHBIX ITPU3HA-
koB. B treuenun 2001—2004 rogoB 66u10 oTMe4YeHO 323 MecTOHa-
XOXKJIEHUST; BCE OCOOM POCIM Ha CKJIOHAX I0XKHOW 3KCITO3UIIMU.
IpekpalnieHne ceabCKOXO3SIMCTBEHHOTO MCIIONb30BAHMSI LIEHT-
paJIbHOM YaCTH UCCIIeMOBAaHHON TEpPUTOPUU TTO3BOIMIO L. thu-
ringiaca xonoHusuposaths ee. HauBbicimii koadduiireHT Bo300-
HOBJIEHMSI ObLT OTMEYEH Y 0c00€eil Ha BTOPOIi TOll MCCAeIOBaHMS,
ITOCKOJIBKY B 3TO BpeMs 3a(hMKCUPOBAHO HAMOOJIbIIIEe YHCIIO Te-
HepaTuBHBIX 1T00eroB. B 2002 1. Ha6M01a710Ch BEICOKOE KOJIMYEC-
TBO 11070B (289). B mocnenyoliye roasl 370 YUCIO YMEHbIIU-
soch 1 B 2003 1. cHu3miock a0 149, a B 2004 — 141. CymiectBeH-
Hble U3MEHEHUsT HAOTI0IaIMCh TAKXKE B pa3Mepax CeMsiH B Teue-
HUE yeTbipex JieT. Bosblime cemMeHa OTMEYEeHbl B MEPBBIA roj
aHaimm3a (5,18), Torma Kak MeHbIlIME — B TocaeqHUi o (4,94).
[To HaeMy MHEHUIO, 6a3UPYyIOLLEMYCSl HAa YETBIPEXJIETHUX Ha-
OntoneHusIX in-situ L. thuringiaca, XU3HEeHHasi CTpaTeTusl BUIa He
OTJIMYAJIach OT APYIMX MHOTOJIETHUX pacTeHUid. [omoBbie BO300-
HOBJICHUS FeHEPATUBHBIX TTOOETOB 1 BLICOKAsI CEMEHHast TIPOIYK-
TUBHOCTb O0ECIIEUMIM COXpaHeHWEe MOMYJISLMIA 3TOrO BHUAA Ha
00pabaThIBa€MBIX 3eMJISIX M BO3MOXKHOCTD €T0 PacIpoCTPaHEeHUST
B GJIATONPUSITHBIX YCJIOBHUSIX.

Knawueewi e caoea: Lavatera thuringiaca, Malvaceae, pe-
AUKM KYAbMUBUPOBAHUSL, 3eMaedenue, USMEHYUBOCMb, OUOMEMPUSL.
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