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ABSTRACT

Biomass allocation to anchoring structures in 10 species of aquatic macrophytes in two types of the cool and
humid temperate climate in Europe, subcontionental (NW Poland) and Atlantic (W France), was examined. The
study focused on the weight of anchoring organs in Chara delicatula Ag., Ch. fragilis Desv., Juncus bulbosus L.,
Littorella uniflora (L.) Asch., Luronium natans (L.) Raf., Potamogeton pectinatus L., P. perfoliatus L., P. natans
L. and Ranunculus fluitans (Lam.) Wimm., as well as submerged structures in Hydrocharis morsus-ranae L. The
plants were collected from 10 geographically distant lakes and 2 rivers with a current velocity of 0.3-0.5 m s1. It
was assumed that biomass allocation to anchoring structures in rooting macrophytes depends on the time that me-
chanical forces, which can remove the plants from the occupied area, exert their effect.

It was found that, in the Atlantic and subcontinental climates, the ratio between the biomass of underground
(or submerged) and above-ground structures (U/A index), calculated for the ramets of Chara fragilis, Hydrocharis
morsus-ranae and Ranunculus fluitans, has similar values (p>0.05). Nevertheless, among seven species of Cormo-
phyta, which were anchored in the lake or pond littoral, six (Juncus bulbosus, Littorella uniflora, Luronium na-
tans, Potamogeton pectinatus, P. perfoliatus and P. natans) had higher values of the U/A index in the Atlantic cli-
mate than in the subcontinental type (p<0.05). This can be explained by the lack of ice cover and, consequently,
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a longer time of wave action than in the subcontinental climate.

KEY WORDS: aquatic plants, allocation, anchoring structures, climate.

INTRODUCTION

Populations of inland macrophytes, as well as water bo-
dies in which they occur, have a scattered, island-like (di-
scontinuous) distribution in each dimension of geographi-
cal space (local, regional or continental). What is more, ge-
ographical ranges of most aquatic plants are broad and ge-
nerally cover a few climatic zones (Sculthorpe 1967; Wal-
ter and Straka 1970; Hutchinson 1975; Walter et al. 1975;
Hultén and Fries 1986). Without doubt there are many cau-
ses of such distribution. According to Santamaria (2002),
a limited effect of the climate itself can be one of them.
This is an interesting viewpoint, but it has not been defini-
tively proven yet. The fact that the results of the climate ef-
fect are visible mainly in the disjunctions at the junction of
major climate types, that is tropical, temperate and subarc-
tic (op. cit.), is not a persuasive evidence for the legitimacy
of this claim.

Geographical ranges are a synthetic and static picture of
taxon distribution and result from the application of carto-
graphic analyses of vast expanses of land (Walter et al.
1975). The term ‘climate’ is very general and, as a result,
of little use in detailed ecological or phytogeographical
analyses, such as determination of plants’ life history, their
plastic responses or causes of the variability of the inner
structure of their ranges for example. It is more advantage-
ous to refer to climate components, for instance long-term
mean temperature, than to a climate type or its regional
differences. Water itself additionally complicates the deter-
mination of the influence of climate on organisms, as it re-
duces the effect of air temperature fluctuations on land
(Bowers 1987). Furthermore, water periodically changes
its state of matter even in the same climate type. We think
that, in the cool and humid temperate climate, it is not only
temperature as a climate component but also its derivati-
ves, for example the average length of ice-cover periods
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over the year, that generate changes in plants, which can
lead to permanent modifications of their morphology in the
long term.

Since aquatic plant populations are distributed in an
island-like way, and the climate, through both direct and
indirect effect, differentiates such ‘islands,’ the inner struc-
ture of a range resembles, to put it graphically, a Persian
carpet. Its intricate pattern is the outcome of adaptation in
regional populations, while its rich colours result from pla-
stic responses in local populations. In the subcontinental
temperate climate, biomass allocation to underground
organs in order to maintain the occupied area is one of si-
gnificant adaptations of aquatic macrophytes (Szmeja and
Gatka 2008). We put forward the hypothesis that such
a plant adaptation will be also found in distant populations
from the Atlantic climate. We assume that in rooting aqua-
tic macrophytes biomass allocation to anchoring structures
is regulated by the length of periods of ice-cover on water
bodies. The longer the ice-cover remains, the shorter the ti-
me that wind-induced wave action and hydrodynamic for-
ces, which can remove vegetation from the occupied area,
affect plants.

METHODS

We studied biomass allocation to anchoring structures
(holdfasts, roots, rhizomes and stolons) in 10 species of
aquatic macrophytes, including 9 which have contact with
the substrate (Chara delicatula Ag., Ch. fragilis Desv.,
Juncus bulbosus L., Littorella uniflora (L.) Asch., Luro-
nium natans (L.) Raf., Potamogeton pectinatus L., P. per-
foliatus L., P. natans L., and Ranunculus fluitans (Lam.)
Wimm.) and one pleustophyte (Hydrocharis morsus-ranae
L.). According to the classification of the Earth’s climates
suggested for biogeographical analyses by Walter et al.

TABLE 1. Environmental conditions of aquatic macrophyte occurrence.
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(1975), the plants were collected from two types of the co-
ol and humid temperate climate: (1) subcontinental (9 spe-
cies from 6 lakes and one species from a river in NW Po-
land, region of Pomerania); and (2) marine (NW France),
that is thermally milder, hereafter called ‘Atlantic’ (8 spe-
cies from 4 ponds and shallow lakes in Brittany and 2 spe-
cies in the region of Brenne: P. natans from a pond and R.
fluitans from a river). The samples from Pomerania were
collected in 2005, whereas the ones from Brittany in 2006.
The names of water bodies in which plants were gathered
are given in Table 1.

The study focused on the weight of shoot (or thallus)
with an adjoining anchoring structure. The term ‘ramet’
was used for this structural unit of an individual. Fifty ma-
ture ramets of each species were collected in Poland, and
thirty in France (800 ramets in total). Ramet height (or
length) was measured, and then each ramet was divided in-
to the above-ground and underground (anchoring) part
(Hydrocharis was an exception with the underwater part
stabilizing buoyancy). The plants were dried to constant
weight and weighed. The ratio between the underground
dry weight (roots, holdfasts, rhizome or stolon parts) and
the above-ground one (stem and leaves) is the comparative
measure of biomass allocation to anchoring structures in
ramets (U/A index). The significance of differences betwe-
en the arithmetic means of plant features was tested using
ANOVA, Kruskal-Wallis test (Lomnicki 1999), for
p<0.05.

Owing to the proposed research hypothesis, which assu-
mes that the length of ice-cover periods on water bodies af-
fects biomass allocation to anchoring structures in macro-
phytes, the evaluation of local aquatic environment condi-
tions was limited to the following features (Table 1): pH,
conductivity [uS cm!] and water flow velocity [m s'].
Conductivity was measured by means of an LF 95 analyser
with a Tetra Con 96 electrode, pH using a 320 SET 1 pH-

Feature Pomerania Brittany, Brenne
Mean long-term air temperature [°C] 6.4-6.8 11.2-11.5
Number of days in a year with temperatures above 0°C 275 365
Mean number of days with ice-cover 100 0
Water pH / conductivity [ps cm™'] in lakes [20°C ]
Gteboczko (Chara delicatula) 7.8/97 -
Druzno (Hydrocharis morsus-ranae) 7.9/442 -
Krasne (Juncus bulbosus, Littorella, Luronium) 4.5/48 -
Ostrowite (Potamogeton pectinatus, Chara fragilis) 8.2/219 -
Dybrzk (Potamogeton perfoliatus) 7.9/257 -
Nawionek (Potamogeton natans) 7.6/55 -
Er Varquez (Juncus, Chara delicatula, Ch. fragilis) - 8.4/885
Boulet (Littorella, Juncus) - 8.5/230
Apigne (Potamogeton pectinatus, P. perfoliatus) - 9.2/457
Gannedel (Hydrocharis, Potamogeton natans) - 6.5/230
River flow [cm s71]
Brda (Ranunculus fluitans) 0.3 -
Indre (Ranunculus) - 0.5
Water pH / conductivity [us cm!; 20°C] in rivers
Brda (Ranunculus) 7.4/310 -
Indre (Ranunculus) - 7.7/517
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-meter, and flow velocity in rivers and wave velocity in la-
kes and ponds were determined on the basis of the arithme-
tic mean from three measurements performed on a one-off
basis using a Nautilus C 2000 Sensor flow meter. Such cli-
mate features as mean long-term air temperature [0°C],
number of days with temperatures above 0°C in a year and
the average number of days with ice cover in a year were
taken from the following sources: Walter and Lieth (1967),
Walter et al. (1975), Choinski (1995), Chauris and Hallé-
gouét (2003) and Clément et al. (2003).

RESULTS

Environmental conditions

In both types of the cool and humid temperate climate,
that is subcontinental and Atlantic, the studied plants
occurred in a wide range of aquatic environments which
differed in terms of many features including water pH and
conductivity (Table 1) and, undoubtedly, also oxygenation,
concentration of biogenic substances, thermal conditions,
lighting, morphometry of water bodies, substrate granula-
tion, availability of carbon forms needed for photosynthe-
sis and activity of microorganisms. According to the for-
mulated hypothesis, however, it is not only these factors,
but also climate and its derivatives, that are responsible for
the emergence of certain adaptations of aquatic plants.

In north-west Poland, the mean long-term air temperatu-
re ranges from 6.4 to 6.8°C. Temperatures above zero ge-
nerally continue for 275 days a year, while sub-zero tempe-
ratures for around 90 days (Walter and Lieth 1967). Owing
to the ice cover, wind-induced wave action does not occur
for about 100 days, that is 0.27 of a year. On the other
hand, the climate is milder in western France, especially in
Brittany (Chauris and Hallégouét 2003; Clément et al.
2003). The mean long-term air temperature is 11.2-
11.5°C (Walter and Lieth 1967), and ice cover does not
form in general (Table 1). In western France, the ice-free
period on water bodies is on average 1/4 longer than in
north-west Poland.

Biomass allocation

Chara delicatula: in the population from Pomerania, he-
rafter called ‘the first’, the plant grows to a height of
39.1£10.7 cm. An individual weighs 0.05£0.03 g d.w. (Fig.
1), its above-ground parts 0.04£0.02 g d.w., and its under-
ground parts 0.01£0.006 g d.w. This means that 22.7% of
biomass is located in the substrate and serves the anchoring
function. The ratio between underground and above-gro-
und biomass (U/A index calculated for n=50 individuals)
amounts to 0.36x0.17 (Fig. 2). On the other hand, in the
population from Brittany, hereafter called ‘the second’, the
plant reaches 9.4£3.1 cm and weighs 0.02+£0.02 g d.w. Its
above-ground and underground parts constitute 95.2%
(0.0160.02 g d.w.) and 4.8% (0.0008+0.0001 g d.w.) of
this weight, respectively. The U/A index for n=30 indivi-
duals was calculated at 0.19+0.07, which means that its va-
lue in Brittany is lower than in the population from Pome-
rania. The difference between the compared populations is
significant (p<0.05).

Chara fragilis (Figs 1 and 2): in the first population the
plant is 54.7+10.4 cm high. The individual weighs
0.17+0.07 g d.w., and its above-ground and underground
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parts have a weight of 0.14+0.05 g d.w. (92.4%) and
0.03+£0.02 g d.w. (7.6%), respectively. The U/A index
(n=50 individuals) is 0.23+0.12. In the second population
the plant reaches 34.6x13.4 cm. The individual weights
0.08+0.07 g d.w. Its above-ground parts constitute 94.1%
(0.074£0.07 g d.w.) and underground parts 5.9%
(0.0046+0.003 g d.w.). The U/A index for individuals was
calculated at 0.22+0.13, which means that its value is simi-
lar to the one in the population from Pomerania. The diffe-
rence between the compared populations is statistically in-
significant (p=0.39).

Hydrocharis morsus-ranae (Figs 1 and 2): in the first po-
pulation the ramet weighs 0.61+0.29 g d.w. Its floating
structures (leaves and inflorescences) have a weight of
0.34£0.19 g d.w. (60.6%), and underwater (leaves and sto-
lons) 0.2440.14 g d.w. (39.4%). The ratio between the bio-
mass of underground and above-ground structures (U/A)
was calculated for n=50 ramets at 0.64+0.19. In the second
population ramets are lighter (0.14£0.05 g d.w.). Floating
structures constitute 64.3% (0.09+£0.04 g d.w.), while
underwater structures 35.7% (0.05£0.02 g d.w.) of the
whole weight. The U/A index (n=30) has a value of
0.58+0.31. The difference between the compared popula-
tions is statistically insignificant (p>0.05).

Juncus bulbosus (Figs 1 and 2): in the first population
the individual weighs 0.32+0.23 g d.w. The above-ground
organs have a weight of 0.23+0.16 g d.w. (71.9%), and the
underground ones 0.09+0.03 g d.w. (28.1%). The U/A in-
dex (n=50 ramets) has a value of 0.3920.09. In the second
population the individual is heavier (0.49£0.28 g d.w.) than
in the first one (p<0.05). The ratio between underground
and above-ground structures (U/A index) is 0.50%0.16,
which means that it is higher in the population from Britta-
ny than in the one from Pomerania (p=0.008).

Littorella uniflora (Figs 1 and 2): in the first population
the ramet’s weight is 0.12+0.10 g d.w. The above-ground
and underground organs weigh 0.08+0.04 g d.w. (66.7%)
and 0.04+0.02 g d.w. (33.3%), respectively. The U/A index
(n=125 ramets) was calculated at 0.5710.1. In the second
population the ramet has a weight of 0.07+0.03 g d.w. The
above-ground organs weigh 0.04+£0.02 g d.w. (57.1%) and
underground parts 0.03£0.01 g d.w. (42.9%). The U/A in-
dex (n=30 ramets) amounts to 0.62%0.10, that is its value
in the population from Brittany is higher than in the one
from Pomarania (p<0.05).

Luronium natans (Figs 1 and 2): in the first population
the ramet’s weighs 0.09+£0.03 g d.w. The above-ground
organs have a weight of 0.07+0.02 g d.w. (77.8%) and
underground ones 0.02+0.01 g d.w. (22.2%). The ratio be-
tween the biomass of underground and above-ground
structures (U/A, n=150 ramets) has a value of 0.25+0.06.
In the second population the ramet weighs 0.07+0.03
g d.w. The above-ground and underground organs constitu-
te 63.6% (0.04£0.02 g d.w.) and 36.4% (0.02+0.01), re-
spectively. The U/A index (n=30 ramets) is 0.39%0.08,
which means that it is higher than in the population from
Pomerania. The difference between the compared popula-
tions is highly significant (p<0.001).

Potamogeton pectinatus (Figs 1 and 2): in the first popu-
lation the plant grows to 36.2+15.6 cm and has a weight of
0.18+0.11 g d.w. The above-ground organs contain 88.9%
of its biomass, while the underground structures (rhizome
and roots) 11.1%. The U/A index for ramets (n=50) was



120 BIOMASS ALLOCATION IN AQUATIC MACROPHYTES Szmeja J. et al.

2.4 A

1.8 1
1.6

1.4 7

Ramet weight [g d.w.]
o
1

0.6 1

0.4 1

Ch.del. Ch.frag. Hydroch. Juncus Littor. Luron. P. nat. P.pect P perfo. Ranunc.

Species

Fig. 1. Weight of ramets [g d.w.] of aquatic macrophytes from the subcontinental (white bars) and Atlantic (lined bars) types of the cool and humid tempe-
rate climate of Europe.

Species: Chara delicatula*, Ch. fragilis, Hydrocharis morsus-ranae, Juncus bulbosus, Littorella uniflora, Luronium natans, Potamogeton natans, P. pecti-
natus, P. perfoliatus and Ranunculus fluitans.
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Fig. 2. Biomass ratio between underground and above-ground structures (U/A index) in the ramets of aquatic macrophytes from the subcontinental (white
bars) and Atlantic (lined bars) types of the cool and humid temperate climate of Europe.

Species: Chara delicatula, Ch. fragilis, Hydrocharis morsus-ranae, Juncus bulbosus, Littorella uniflora, Luronium natans, Potamogeton natans, P. pectina-
tus, P. perfoliatus and Ranunculus fluitans.
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calculated at 0.20£0.09. In the second population the plant
is 93.9439.2 cm high and weighs 0.15+0.11 g d.w. The
above-ground organs contain 0.13+0.11 g d.w. (86.7%) of
its biomass, whereas the underground structures
0.02+0.007 (13.3%). The ratio between underground and
above-ground structures (U/A index, n=30 ramets) is
0.31£0.10. Thus in the population from Brittany it is higher
than in the one from Pomerania. The difference between
the compared populations is highly significant (p=0.009).

Potamogeton perfoliatus (Figs 1 and 2): in the first popu-
lation the plant grows to a height of 84.8+21.8 cm and wei-
ght of 1.03+£0.46 g d.w. The above-ground organs weigh
0.9240.51 g d.w. (89.3%), while the underground structu-
res 0.11£0.07 g d.w. (10.7%). The U/A index (n=50 ra-
mets) is 0.13+0.06. In the second population the plant rea-
ches 26.2+13.0 cm and weighs 0.2910.19 g d.w. Its above-
ground organs have a weight of 0.25+0.18 g d.w. (85.3%),
and underground structures 0.04+£0.02 g d.w. (14.7%). The
U/A index (n=30 ramets) amounts to 0.21£0.04, which me-
ans that in the population from Brittany its value is much
higher than in the one from Pomerania (p<0.0001).

Potamogeton natans (Figs 1 and 2): in the first popula-
tion the plant is 173.4+£29.9 cm high and weighs 1.6+0.7
g d.w. Its above-ground organs contain 1.38+0.92 g d.w.
(86.3%), while the underground parts 0.22+0.16 g d.w.
(13.7%). The ratio between the biomass of underground
and above-ground structures (U/A index, n=30 ramets) is
0.12+0.03. In the second population the plant reaches
48.7£11.4 cm, and its weight amounts to 0.62+0.56 g d.w.
The above-ground organs constitute 79.0% (0.49+0.47
g d.w.), and the underground structures 21.0% (0.12+0.05
g d.w.). The value of the U/A index (n=30 ramets) is
0.17£0.04, which means that in the population from Britta-
ny it is higher than in the one from Pomerania. The diffe-
rence between the compared populations is highly signifi-
cant (p<0.00001).

Ranunculus fluitans (Figs 1 and 2): in the first population
the ramets are 32.8+10.7 cm long and weigh 0.37%0.25
g d.w. Their anchoring structures represent 9.3%
(0.034+£0.02 g d.w.). The ratio between the biomass of
underground and above-ground structures (U/A, n=30 ra-
mets) was calculated at 0.10£0.04 (median 0,099; 75% of
cases have the value of 0,10 g d.w.). In the second popula-
tion the ramets are 93.9+29.9 cm long and weigh 1.17+0.59
g d.w. Their anchoring structures constitute 8,5% (0.10£0,03
g d.w.). The U/A index (n=30 ramets) is 0.10£0.03 (median
0,099; 75% of cases weigh 0,13 g d.w.). The compared po-
pulations do not differ in terms of this feature (p=0.23). It
should be mentioned, though, that in the population from
France as many as 75% of cases have a higher value of the
U/A index than in the Polish population (0.13 compared to
0.10). The plant flowers in both populations.

SUMMARY

1. Out of seven aquatic species of Cormophyta which an-
chor themselves in the littoral zone of lakes or ponds, six
(Juncus bulbosus, Littorella uniflora, Luronium natans, Po-
tamogeton pectinatus, P. perfoliatus and P. natans) have
higher biomass ratios between underground and above-gro-
und structures (U/A index) in the Atlantic climate than in
the subcontinental type (Fig. 2).
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2. Three species, Hydrocharis morsus-ranae (floating,
without anchoring structures), Chara fragilis (primarily
aquatic) and Ranunculus fluitans (typically riparian) have
similar U/A index values in both climate types (Fig. 2); the
last two plants occurred in conditions dominated by one
environmental factor.

3. On the basis of the collected data it is impossible to
decide if in primitive hydrophytes, represented by two spe-
cies of Chara, biomass allocation to anchoring structures
changes in both climate types as it does in Cormophyta. It
is recommended that the research is continued on a greater
number of species from this plant group.

DISCUSSION

Water has a high specific heat, low heat conduction and
accumulates much heat. Yet it releases the heat slowly. As
a consequence, the aquatic environment protects macro-
phytes against temperature fluctuations. That is why it is
not an easy task to determine the effect of temperature as
a climatic factor on aquatic plants in their natural environ-
ment. It can be assumed, however, that submerged macro-
phytes are susceptible to temperature fluctuations, as their
surface is devoid of a heat-insulating layer. Their metabolic
and phenological responses prove this assumption (Hut-
chinson 1975; Szmeja 1994a; Wetzel 2001). Nevertheless,
such reactions do not lead to changes in biomass allocation
for example, which means that they do not transform the
plants. This fact does not facilitate the evaluation of the di-
rect climate effect either.

The studies to date indicate that temperature affects the
phenology of local populations (Phillips et al. 1983; Szme-
ja and Bazydto 2005) and the course of physiological reac-
tions (Santamaria and van Vierssen 1997; Pilon and Santa-
maria 2002). It is worth mentioning, however, that submer-
ged macrophytes have varied thermal preferences: most ha-
ve a high thermal optimum, but a certain group, isoetids for
instance, maintain a high rate of photosynthesis also at
a low temperature (Boylen and Sheldon 1976). Such divi-
sion of species into thermally different environments sug-
gests that, according to the theory of natural selection, tem-
perature, as a component of climate, may be a contributing
factor in the selection and speciation of aquatic plants.

The in vivo studies on populations of submerged macro-
phytes focus on the cause and effect relations in the spatial
microscale (e.g. Barko and Smart 1986; Duarte and Kalf
1990; Szmeja 1994a; Keddy et al. 2001; Heegaard et al.
2001; Szmeja and Bociag 2004), and much less frequently
on comparative analyses of such relations in the macrosca-
le, for example in geographically distant populations from
the same climate or from different climatic zones (Phillips
et al. 1983; Jacobsen and Terneusb 2001; Santamaria and
Garcia 2004). Comparative studies of aquatic macrophytes
in the macroscale could become a source of information
on the effect of climate in general or its secondary effect on
life strategies and evolution of this plant group.

The aquatic environment facilitates the studies on the
morphological responses and life history of macrophytes in
a number of ways. This is a consequence of the properties
of water itself, which is 775 times denser than air and 100
times as viscous, due to which the mechanical effect of wa-
ter is much greater than that of air, especially when water
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is in motion (Szmeja 2006). What is more, depending on
temperature, which is a significant climate feature, water is
either a fluid or a solid (ice). In the subcontinental type of
temperate climate, which occurs in north-west Poland, the
mean long-term air temperature ranges from 6.4 to 6.8°C,
sub-zero temperatures most often last about 90 days a year
(Walter and Lieth 1967), and the ice cover which forms on
the surface of water bodies remains there for nearly 100
days. This means that the wind-induced waves fade out and
mechanical disturbances, which can remove shallow-water
macrophytes from occupied areas, are stopped for 0.27 of
a year. On the other hand, in the Atlantic type of temperate
climate, which occurs in western France, especially in Brit-
tany, the climate is milder (Chauris and Hallégou&t 2003,
Clément et al. 2003), and as a result, the ice cover general-
ly does not form (Table 1). In the Atlantic climate the
wind-induced wave pressure on growing aquatic plants la-
sts a quarter of a year longer than in the subcontinental ty-
pe. In climatology, the length of ice-cover periods is not
a feature of climate but its derivative. In ecology, the effect
of this derivative on shallow-water aquatic plants is asso-
ciated with either frost damage (Pearsall 1920; Hutchinson
1975) or the inhibition of the wind-induced wave pressure
(Keddy 1985; Szmeja 1994b).

Our studies indicate that six aquatic species of Cormo-
phyta out of seven had a higher U/A index (biomass ratio
between underground and above-ground structures) in the
Atlantic type of temperate climate than in the subcontinen-
tal type. Distinct differences were found in evergreen isoe-
tids (Juncus bulbosus, Littorella uniflora, Luronium na-
tans), that is the isoetids which stay in contact with the
environment longer in a year than aquatic macrophytes,
which winter in the form of perennation organs. However,
such differences were not recorded in plants without an-
choring structures (floating Hydrocharis morsus-ranae). It
is interesting to note that they were not observed in the ty-
pically riparian Ranunculus fluitans either (Fig. 2), a spe-
cies which occurs in both climate types in rivers with a si-
milar flow velocity (0.3-0.5 m s'!), that is in the environ-
ments with a comparable effect of hydrodynamic forces.

The wave pressure on plants growing in shallow water is
a factor stimulating the transfer of additional biomass to
underground organs (Szmeja and Gatka 2008). It is worth
mentioning that the majority of aquatic macrophytes have
a clonal structure, that is they are composed of ramets,
which serve similar (repetitive) functions in a clone: for
example each of them plays a role in the anchoring of
a plant. In an individual with such a structure, the ancho-
ring success depends on the number of ramets, their ability
to attach themselves to the substrate, and substrate com-
paction. Since the structure of the substrate is unrelated to
climate, like the number of ramets, which is a derivative of
a clone’s age and architecture, the anchoring of a plant de-
pends especially on the ability of ramets to attach themse-
Ives to the substrate. Additional biomass allocation to
underground anchoring structures enhances the plant’s ad-
herence to the substrate, which in turn increases the proba-
bility of its survival and maintenance of the occupied area
(Szmeja 1994a).

All in all, the similar response in most of the studied
Cormophyta, which were collected from various water bo-
dies in two climate types, is not accidental. It can be conc-
Iuded from this response that such environmental factors as

Szmeja J. et al.

lighting or chemical and physical water properties play
a secondary role here. The strengthening of anchoring
structures is probably a way of plants’ defense against the
pressure exerted by hydrodynamic forces, which can root
them out of the substrate.
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