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Ab stract
Fruc tifi ca tion of Stratiotes aloides L. is very rarely re corded at pres ent. In gen eral, there are only one sex rep re sen ta -
tives in each lake ba sin, which sim ply makes gen er a tive re pro duc tion dif fi cult. The subfossil seeds of Stratiotes
aloides have been found in five lo cal i ties of biogenic ac cu mu la tion in north ern and cen tral Po land.
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IN TRO DUC TION

Stratiotes aloides L. is a spe cies be long ing to the Eurosi-
berian el e ment, whose area of oc cur rence is at pres ent lim ited 
(Palamarew 1979). It is a stenothermal plant (Samuelsson
1934, Burga, Perret 1998, Bennike, Hoek 1999). It oc cu pies
mainly eutrophic slow-flow ing or stand ing wa ters – strongly
shallowed lakes, ox bow lakes and ponds. It grows im mersed
in wa ter, rooted in the sub strate or as a float ing plant (Korna-
towski 1976, 1979). It cre ates com pact plant com mu ni ties
within the lit to ral zone thus con trib ut ing to its fur ther shallo-
wing. It is com monly found in Po land ex cept the moun tains
(Zaj¹c, Zaj¹c 2001).

This is a pe ren nial plant with a short, thick rhi zome and
nu mer ous sto lons. Leaves of Stratiotes aloides L. are lin ear
with char ac ter is tic thorns on the edges. The seeds are elon -
gated, cy lin dri cal in out line, hooked at the base. Elon gated
nod ules in ob long rows and del i cate foveolae can be seen on
the sur face of the seeds as well as a clearly vis i ble rib run ning
along its axis.

The fructifications of Stratiotes aloides L. are cur rently
very rarely ob served in na ture (Cook, Urmi-König 1983,
Smol ders et al. 1995). In one wa ter body usu ally only rep re -
sen ta tives of one sex are found, which makes gen er a tive re -
pro duc tion dif fi cult (Mowszowicz 1973).

In Po land there were re ports on cases of gen er a tive re -
pro duc tion of Stratiotes aloides L. in the 1930s near Gdañsk
and in the ditch drain ing wa ter from the meadow among the
ox bow lakes of the Dniestr River near Mariampol (M¹dalski
1938), and sev eral years ago they were also ob served in
Wielkopolski Na tional Park (¯ukowski et al. 1995).

Stratiotes seeds have been known in Eur asia since the
Oligocene (Mai 1995). Nu mer ous find ings from the Ter tiary
and Qua ter nary sed i ments gave a pos si bil ity to dis tin guish
be tween sev eral ex tinct spe cies and to study changes in their

mor pho log i cal struc ture (Kirchheimer 1957, Dorofeev 1963, 
Palamarev 1979, Velichkevich 1982). Be sides the seeds in
biogenic sed i ments it is also thorns of the edges of leaves that
are found (Bennike, Hoek 1999).

The postglacial his tory of fruc tifi ca tion of Stratiotes
aloides is rather mys te ri ous, be cause in spite of its fre quent
con tri bu tion to the cov er ing of wa ter bod ies its seeds are very 
rarely found in Ho lo cene lake sed i ments (Cook, Urmi-König 
1983, Bennike, Hoek 1999, Tobolski 2000). So far in Po land
they have been re ported only by Polcyn (2003) from Wielko-
polska, from the lay ers of biogenic sed i ments dated to the pe -
riod be tween the 12th and 15th cen tury. There were more fre -
quent re ports from the sed i ments of older Interglacials.
Pol ish fos sil seeds of Stratiotes aloides found in the Eemian
inter gla cial sed i ments were re ported from the sites in:
Dzbanki Koœciuszkowskie (Velichkevich et al. 2005), Góra
Kalwaria (Sobolewska 1961), Szel¹g (Œrodoñ 1956), Szwaj-
caria (Borówko-D³u¿akowa 1975), Tarzymiechy (Œrodoñ
1954), W³adys³awów (Tobolski 1991), and those from the
Mazovian Inter gla cial sed i ments were found in Ciechanki
Krzesimowskie (Brem 1953), and Syrniki (Sobolewska
1956).

RE SULTS

Dur ing the re search on lake and peat bog changes (Ga³ka
2007a, b, Ga³ka, Onuch 2007) in five biogenic ac cu mu la tion
res er voirs lo cated in Tuchola For est Na tional Park, Œwiecie
Land and in Giecz (Fig. 1) fos sil seeds of Stratiotes aloides
were found among nu mer ous plant re mains. Plant subfossils
were ex tracted from sed i ments re trieved us ing an Instorf
drill, and rinsed on the sieves (size 0.25 mm and 0.5 mm).

Al to gether 12 seeds were found (of which four were
dam aged), and sev eral dozen leaf-mar gin spines of Stratiotes 
aloides were iden ti fied (Figs 2, 3).



Site in Tuchola For est Na tional Park (Fig. 1B)

In the neigh bour hood of the east shore of Lake Skrzynka
a dam aged seed in the de tri tus gyttja layer was found at the
depth of 295–290 cm. No Stratiotes aloides thorns were
found. In that layer fos sil re mains of the fol low ing plant taxa
were found: Najas ma rina L., Typha sp., Thelypteris palus-
tris SCHOTT, Carex pseudocyperus L., C. acutiformis
EHRN., Alnus glutinosa (L.) GAERTN. and Betula pube-
scens EHRN.

Mirowice 1 Site in Œwiecie Land (Fig. 1C)

In the layer of fine de tri tus gyttja with silt chang ing up -
wards into coarse de tri tus gyttja eight seeds were found at the 
depth of 120–80 cm (Fig. 2a–f). Two of them were dam aged.
The mea sure ments of the oth ers are given in Ta ble 1. Nu mer -
ous Stratiotes aloides thorns were found. In the same layer
re mains of other aquatic and reed plants were iden ti fied, such 
as: Najas ma rina L., Lemna trisculca L., Lemna mi nor L.,

Ceratophyllum demersum L. S. STR, Potamogeton crispus
L., P. gramineus L., P. obtusifolius MERT. & W.D.J.
KOCH, P. natans L. and oth ers.
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Fig. 1. The sites of oc cur rence of subfossil seeds of Stratiotes aloides L. ana lysed in the pres ent study.

Ta ble 1
Di men sions of Stratiotes aloides L. seeds found in the

pres ent study

Site
Length
(mm)

Width
(mm)

Mirowice 1 9.5 3.1

Mirowice 1 9.4 3.0

Mirowice 1 9.7 2.7

Mirowice 1 8.6 2.5

Mirowice 1 8.3 2.8

Mirowice 1 7.5 2.2

Mirowice 2 7.5 2.2

Giecz 2 7.8 2.4



Mirowice 2 Site in Œwiecie Land (Fig. 1C)

In this site (be tween the vil lages of Mirowice and Wa³-
dowo) one seed in the layer of coarse de tri tus gyttja was
found at the depth of 240–245 cm and thorns at the depth of
200–245 cm. They were ac com pa nied by nu mer ous re mains
of aquatic plants, such as Potamogeton natans L., Cerato-
phyllum demersum L. S. STR, Nymphaea alba L., Nuphar
lutea (L.) SIBTH. & SM., Lemna mi nor L.

Giecz 1 Site, Cen tral Wielkopolska (Fig. 1D)

There is a large biogenic ac cu mu la tion res er voir in the
neigh bour hood of the hill fort of Giecz. In its north-west ern
part one dam aged seed in the de tri tus-cal car e ous gyttja layer
was found at the depth of 74 cm.

Giecz 2 Site, Cen tral Wielkopolska (Fig. 1D)

A strongly trans formed peat bog de vel oped on lake sed i -
ments is sit u ated south west of the hill fort in Giecz. In the de -
tri tus-cal car e ous gyttja, at the depth of 30 cm one Stratiotes
aloides was found (Fig. 2h) to gether with nu mer ous Chara
sp. oo spores and Batrachium sp. fruit.

Re sults of mea sure ments of Stratiotes aloides seeds
found in this re search are shown in Ta ble 1. They are within
the lim its of vari abil ity of Stratiotes aloides L. fos sil seeds
(6.6–9.7 x 2.1–2.7 mm) from the inter gla cial flo ras of Cen tral 
and East ern Eu rope (Velichkevich, Zastawniak 2006).

On the ba sis of palynological anal y sis the sed i ments
with the Stratiotes aloides seeds from Tuchola For est Na -
tional Park are dated to the subboreal pe riod (K. Tobolski,
un pub lished data). All the seeds from the res er voir in Miro-
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Fig. 2. Stratiotes aloides L. seeds. Mirowice 1 (a–f), Mirowice 2 (g), Giecz 2 (h).



wice 1 are of the same age, and the layer where they were
found was es ti mated to the subboreal pe riod (J. Maj, un pub -
lished data). How ever, the seed from Giecz (Giecz 1 Site) is
dated to the late Mid dle Ages (Milecka, Tobolski 2007).

CON CLU SIONS

The fruc tifi ca tion of Stratiotes aloides L. in cen tral Po -
land in the Ho lo cene pe riod was not as rare as it has been sup -
posed. This fact is proved by five new sites were fos sil seeds
of this plant were found. How ever, it is a fact that in the
Eemian inter gla cial and Mazovian inter gla cial sed i ments
Stratiotes aloides L. fos sil seeds are more com mon. Dis pro -
por tion be tween the num ber of sites with Stratiotes aloides
L. fos sil seeds from the Pleis to cene and Ho lo cene pe ri ods is
par tic u larly no tice able if we con sider the num ber of sites
from which the sed i ments were ana lysed for the con tent of
macrofossils. The lim i ta tion of seed pro duc tion by this plant
in the Ho lo cene is clear. How ever, it is dif fi cult to ac count for 
this phe nom e non. It might be at trib uted to the cli ma tic con di -
tions in this inter gla cial or his tory of of Stratiotes aloides L.
spe cies it self. The de pend ence be tween the fruc tifi ca tion of
Stratiotes aloides L. and ther mal con di tions can be no ticed
when ana lys ing fos sil dis tri bu tion of Stratiotes aloides L. in
the sed i ments of the Eemian inter gla cial. In fact, Stratiotes
aloides L. seeds oc cur in biogenic sed i ment ac com pa nied by
the macrofossils of plants with high ther mal re quire ments
(Tobolski 1991).

Ac knowl edge ments

I wish to thank Pro fes sor Kazimierz Tobolski and Jolanta Maj
for giv ing ac cess to the un pub lished re sults of their re search and
Mariusz Onuch for his as sis tance with the drill ing at the site in
Giecz.

REF ER ENCES

Bennike O. Hoek W. 1999. Late Gla cial and early ho lo cene re cords
of Stratiotes aloides. Re view of Palaeobotany and Palynology
107, 259–263.

Borówko-D³u¿akowa Z. 1975. Inter gla cial macroflora from Szwaj- 

caria sed i ments by Suwa³ki (orig i nal: Interglacjalna makro-
flora z osadów Szwajcarii ko³o Suwa³k). Prace Muzeum Ziemi, 
Prace Paleobotaniczne 24, 145–162 (in Pol ish).

Brem M. 1953. Inter gla cial flora from Ciechanki Krzesimowskie
by £êczna. Acta Geologica Polonica 3, 475–480 (in Pol ish
with Eng lish sum mary).

Burga C.A. Perret R. 1998. Veg e ta tion und Klima der Schweiz seit
dem jüngeren Eiszeitalter, Ott Verlag + AG Thun.

Cook C.D.K., Urmi-König K. 1983. A re vi sion of the ge nus Stra-
tiotes (Hydrocharitaceae). Aquatic Bot any 16, 213–249.

Dorofeev P.I. 1963. The Ter tiary flo ras of West ern (orig i nal: Si be -
ria Tretichnye flory zapadnoy Siberii). Izdatielstwo Akademii
Nauk SSSR, Moskva-Le nin grad (in Rus sian).

Ga³ka M. 2007a. Geo graph ical-his tor i cal study of the wet land in
the south-east ern part of Œwiecie Re gion. Prace Zak³adu Bio-
geografii i Paleoekologii Uniwersytetu im. Adama Mickie-
wicza w Poznaniu. Towarzystwo Przyjació³ Dolnej Wis³y.
Bogucki Wydawnictwo Naukowe, Poznañ (in Pol ish with
Eng lish sum mary).

Ga³ka M. 2007b. The dy nam ics of limnic-telmatic changes in the
mouth of Seven Lakes Stream. Prace Zak³adu Biogeografii i
Paleoekologii Uniwersytetu im. Adama Mickiewicza w Poz-
naniu. Bogucki Wydawnictwo Naukowe, Poznañ (in Pol ish
with Eng lish sum mary).

Ga³ka M., Onuch M. 2007. The south ern lake and bur ied swamp de -
pos its (orig i nal: Zbiornik po³udniowy i pogrzebane z³o¿a ba-
gienne) In Grygorowicz A., Milecka K., Tobolski K. (eds), Ar -
chi tec tonic-spa tial and en vi ron men tal ba sis of the re con struc -
tion of early me di eval Giecz de fense as sump tions (orig i nal:
Architektoniczno-przestrzenne i przyrodnicze podstawy
rekonstrukcji wczesnodziejowych za³o¿eñ obronnych Giecza),
113–122. Wydawnictwo Politechniki Poznañskiej, Poznañ (in
Pol ish).

Kirchheimer F. 1957. Die Laubgewächse der Braunkohlenzeit,
VEB Wil helm Knapp Verlag, Halle (Saale).

Kornatowski J. 1976. Dy nam ics of Stratiotes aloides L. de vel op -
ment. Polskie Archiwum Hydrobiologii 23, 365–376.

Kornatowski J. 1979. Turions and off sets of Stratiotes aloides L.
Acta Hydrobiologiczne 21, 185–204.

Mai D.H. 1995. Tertiäre Vegetationsgeschichte Europas. Gustav
Fischer Verlag, Jena, Stuttgart, New York.

M¹dalski J. 1938. Frutiferous spec i mens of wa ter-sol dier Stratiotes
aloides L. in Po land. Acta Societatis Botanicorum Poloniae
15, 245–249 (in Pol ish with Eng lish sum mary).

Milecka K., Tobolski K. 2007. Lakes and swamps in the vi cin ity of
Grodzisk in view of pol len anal y ses (orig i nal: Jeziora i bagna
okolic grodziska w œwietle analiz py³kowych). In Grygoro-
wicz A., Milecka K., Tobolski K. (eds), Ar chi tec tonic-spa tial
and en vi ron men tal ba sis of the re con struc tion of early me di -
eval Giecz de fense as sump tions (orig i nal: Architektoniczno-
przestrzenne i przyrodnicze podstawy rekonstrukcji wczesno-
dziejowych za³o¿eñ obronnych Giecza), 123–135. Wydaw-
nictwo Politechniki Poznañskiej (in Pol ish).

Mowszowicz J. 1973. The na tional wa ter veg e ta tion (orig i nal:
Roœliny wodne krajowe). Wydawnictwo PWN £ódŸ (in Pol -
ish).

Palamarev E.H. 1979. Die Gattung Stratiotes L. in der Tertiärflora
Bulgariens und ihre Entwicklungsgeschichte in Eurasien. Phy -
tol ogy 12, 1–36.

Polcyn M. 2003. Archeobotanical in ter pre ta tion of early Me di eval
subaquatic cul tural lay ers from Ostrów Lednicki i Giecz (orig -
i nal: Archeobotaniczna interpretacja wczesnoœredniowiecz-
nych, podwodnych warstw kulturowych z Ostrowa i Giecza).
Biblioteka Studiów Lednickich, tom IX, Muzeum Pierwszych
Piastów na Lednicy, Lednica – Poznañ (in Pol ish).

Samuelsson G. 1934. Die Verbreitung der höheren Wasserpflanzen

14 M. GA£KA

Fig. 3. Fos sil leaf-mar gin spines of Stratiotes aloides L. Miro-
wice 1 (a–d), Mirowice 2 (e).
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