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ABSTRACT: Spatial structure of Maianthemum biofolium populations in forest phyto-
coenoses and transition zones (ecotones) is usually of an aggregated type. Such spatial
organization of populations conditioned fundamentally by morphological-development
properties of the species. These are: individual growth into polycormones, their internal spatial
structure and dynamics of basic units, growing, regeneration and dying processes of
permanent organs at an individual level and also dominance of vegetative reproduction.
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1. INTRODUCTION

Aggregated type is the dominant one as regards spatial distribution of plants. An
exception are only pioneer species settling on homogenous areas of seaside and inland
dunes or salt pans. One of the three groups of factors conditioning such pattern of
spatial distribution of vegetation are morphological properties of the species, the other
being environmental and social (K e r s h a w 1978).

The aim here has been to show how such morphological-development properties of
species as individual growth into polycormones, their own spatial structure and
internal dynamics of basic units, including dominance of vegetative reproduction,
influence the formation of spatial organization of population.

As an object of investigations Maianthemum biofolium has been chosen as a species
having a broad ecological amplitude, representing perennial plants — the abundant
group of plants in forest ecosystems. Individuals of May-flower in the biological sense
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(polycormones) considerably develop permanent underground organs and multiply
the number of aboveground shoots forming aggregations varying in size and durability
(Czarnecka 1986a). Under natural conditions this species reproduces practically
only vegetatively, despite signs of generative reproduction (production of flowers, fruits
and seeds) and preserved germination ability of seeds under laboratory conditions (B.
Czarnecka — unpublished data).

2. OBJECT OF INVESTIGATIONS, MATERIAL AND METHODS

Between 1980 and 1983 several forest phytocoenoses in the Roztocze National Park
were investigated: upland mixed fir forest [ Abietetum polonicum (Dziub. 1928) Br. et
Vlieg. 1939] and Carpathian beech forest [Dentario glandulosae-Fagetum (Klika
1927) em. Mat. 1964] with their transition zone, subboreal moist mixed coniferous
forest [Querco-Piceetum (Mat. 1952) Mat. et Pol. 1955] and alder forest [Carici
elongatae-Alnetum Koch. 1926] also with a transition zone. Izdebski and
Popiotek (1962) give the floristic, phytosociological and ecological characte-
ristics of the first pair of associations.I zd e b s k 1 (1972) has described conditions in
Querco-Piceetum and Carici elongatae — Alnetum phytocoenoses.

In these two systems of neighbouring phytocenoses research areas have been
chosen (40-60 m long and 10 m wide) within which 2 m wide belt transects were
determined. The transects were divided into squares of a side both 2 and 1 m. The fir
forest had additionally 2 surface areas 20 x 10 m with short transects 10 x 2 m.
Ecotones within all transect replications were determined on the basis of floristic
composition of herb and moss layres and using degrees of floristic similarity between
squares of transects. These coefficients were calculated both according to frequency
and cover degree of species after Serensen’s formula (C e § k a 1968). A detailed
description of research transects can be found in the paper by Czarnecka
(1986D). '

In three successive research seasons (1980, 1981, 1982) maps of all squares in
transects were made in the scale of 1:10 indicating places of attachment of
M aianthemum bifolium, considering as an individual each rooted aboveground shoot
(Rabotnov 1969). On special forms the number of shoots, cover degree of species
examined and of other remaining herb layer components, were recorded. This was
repeated in 1983 but only in the case of squares, on which the density of Maianthemum
biofolium shoots varied greatly in previous years.

The type of spatial distribution of May-flower population was estimated by means
of aggregation coefficient, the so-called Leksis index (Steinhaus 1936, 1947 after
Kwiatkowska and Symonides 1980). For mean population densities
in phytocoenoses and ecotones, standard deviation and confidence intervals were
determined (O kta ba 1976).

The size of M. bifolium individual in the biological sense (polycormone) was
determined on the basis of 54 units collected at the height of vegetation season (II half of
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July) in 1982 1n the close neighbourhood of research transects (Czarnecka
1986a). The analysis of polycormones allowed to distinguish the following develop-
ment stages of aboveground shoots: juvenile (j) — barren shoots without a trace of
bygone year’s shoot; virginal (v) — barren shoots with a trace of bygone year’s shoot or
bygone year’s and older shoot; generative (g) — flowering (fruiting) shoots with a trace
of older shoots; senile (s) — remnants of bygone year’s and older shoots.

Knowing the number of shoots producing leaves, without taking into account
senile shoots (s), one could determine population density expressed by the number of
polycormones per 1 m?.

The plant material collected was used also to estimate vegetative reproduction of
population under different ecological conditions. The measure of effectiveness of
vegetatative reproduction (without regeneration) was considered as: (1) The ratio of the
number of “makings” of next year’s above-ground shoots to the total of this year’s
shoots (1.e. in 1982) assuming that the “makings” of next year’s shoots were only
regenerative buds at the greatest distance from the oldest part of the polycormone.
These buds have always in the nearest neighbourhood short branchings of rhizomes
providing a new increment in the next season (Figs. 1, 2). Such rooted buds with their
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Fig. 1. Maianthemum bifolium individual in the biological sense (polycormone) from Abietetum polonicum
phytocenosis
j — juvenile shoots, v — virginal shoots, g — generative shoots, s — senile shoots, d — regenerative buds
playing the part of vegetative diaspores (“makings” of next year’s aboveground shoots), 1 — juvenile
rhizomes (1 year old), 2 — virginal rhizomes (2 years old), 3 — senile rhizomes (3 years and more),
4 — polycormone number
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Fig. 2. Maianthemum bifolium polycormone from the Querco — Piceetum phytocoenosis. For symbols see
Figure 1

rhizome parts can be treated as equivalents of vegetative diaspores, which disconnected
from maternal plant (e.g. mechanically) can grow on their own; (2) the ratio of the
number of juvenile shoots (j) to shoots of all stages in the bygone vegetation season (1.e.
in 1981).

The regeneration efficiency is measured by the ratio of virginal (v) and generative (g)
shoots to bygone year’s shoots.

The growing efficiency is shown by the ratio of the number of aboveground shoots
of polycormones recorded in 1982 to the number of shoots in the previous vegetation
season, determined on the basis of remains of these organs.

3. RESULAS

3.1. DIFFERENCES IN THE DENSITY AND SPATIAL DISTRIBUTION OF INDIVIDUALS IN
POPULATIONS

The density of Maianthemum bifolium population fluctuats considerably in
particular vegetation seasons from 0.43 + 0.41 individuals per 1 m? in Dentario-glan-
dulosae-Fagetum population (surface B, in 1981) to 102.87 + 20.00 in ecotone
population of Querco-Piceetum and Carici elongatae-Alnetum (surface E, in 1982)
phytocoenoses. In three successive years (1981 - 1983) populations of this ecotone had
the highest density (71.50 + 11.62, 102.87 4 20.00 and 90.87 + 26.93 individual perl m?)
and also that of alder forest (74.45 + 16.45, 85.71 + 12.39 and 58.82 + 9.52 individuals
per 1 m?). Whereas Dentario glandulosae-Fagetum and ecotone populations of beech
and fir forests during the entire period of investigations did not exceed the density of 10
individuals per 1 m? (Table 1, Fig. 3).
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Table 1. Density and distribution of individuals in Maianthemum bifolium populations under different
ecological conditions and successive vegetation seasons
x + L. — mean value and confidence intervals, I < 1 tendency to uniform distribution, I = 1 — random
distribution, I > 1 — aggregated distribution

Number of individuals per 1 m? Aggregation
Replica- coefficient
Year Ecosystem i, ¢2
5 T =1—
X
Querco-Piceetum o 4565 + 8.83 3.50 109.25 16.31
L 61.89 + 12.88 7.50 112.25 17.20
1980] ecotone E, 112 + 875 0.25 2.00 0.69
|, FE, 13.50 F Q.89 12.50 14.50 0.07
Carici elongatae — Alnetum 1), 11.38 + 4.79 0.00 49.00 25.54
D, 412"+ 3.2 0.00 27.00 18.55
Abietetum polonicum A, 729 558 0.00 39.75 15.76
A, 3604 1.71 0.00 8.50 3.44
A, 20.30 + 9.04 3.00 40.00 17.45
A, 28.10C8 699 10.25 53.00 7.54
ecotone B 3.3k . 1.23 0.00 12.00 5.30
E, 278" 867 0.00 725 7 7.4 S
Dentario glandulosae — Fagetum B, 043 + 041 0.00 3.00 250
B 341 + 1.28 0.00 11.00 3.59 |
1981 | Querco — Piceetum s 4645 + 9.20 9.75 118.75 17.41
G 2160 4. .62 4.25 8325 LES2
C. 7475 + 16.45 14.00 130.50 23.23
ecotone E, 12k 4 14 O L= & 245 1.38
E. g . B e § L7 58.50 84.50 2.36
E 16.62° +'"2.56 13.00 20.25 0.49
Carici elongatae — Alnetum B e 7018 0.00 58.50 30.62
I Di; 1045 + 4.10 0.00 43.25 22430 |
D, 6:62 1822 0.00 44.00 30.58
—— f————— ——ere e S
Abietetum polonicum | A, 18.69 + 6.82 0.00 49.00 18.51
' A, 3. 70 5~ 3 TT 0.00 9.75 3.66
H FUOR 25.70 + 17.36 3.50 48.00 9.14
Al 3385 + 8.88 14.25 67.25 10.10
ecotone E, 0.10 4 I8 0.00 22509 11.08
Bs 391 + .0.88 0.00 10.50 2.70
Dentario glandulosae — Fagetum B, 082 + 0.60 0.00 425 212
B, 1803k .. 302 0.00 285 9.66
1982 | Querco — Piceetum B 59.89 + 15.20 14.00 125.50 24.73
Bt 4697 + 10.66 6.00 94.25 20.54
£ SS.7F ¥ 1239 27.50 12325 11.48
ecotone E, B il 0.00 X 5. 1.01
E, 102.87 + 2000 | 80.50 | 125.25 4.87
E. 2425 + 3.13 20.75 27.75 0.50
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Table 1, continued

F | 2 i 4 L 5 l 6 ‘ 7
Carici elongatae — Alnetum 17169 41N I 0.00 82.50 | 39.62
D 9.59-+  2.60 0.00 45.75 18.50
D; .68 + 303 0.00 53.25 36.33
] - - — _T__ T s |
Abietetum polonicum A, 26.19: 4 8.98 0.00 62.00 2292
A, 240 + 1.24 0.00 7.00 2391
A, 33.55 + 945 5.00 58.50 11.55
A, 47.10 ¢+ 13.03 18.50 92.25 15.64
ecotone E, 5.54.4 B11 0.00 30.00 15.47
E. 402 + 094 0.00 10.0 | 3.01
Dentario glandulosae — Fagetum B, 0.68 + 0.50 0.00 3.50 2.22
B, 694 &+ 293 0.00 20.25 9.19
1983 | Querco-Piceetum 4 3350 3k RFY 15:25 69.75 1153
C, 3028 .3 4.8 B 69.25 14.47
Cs 5882 + 952 16.25 88.75 9.88
ecotone E, 0% T e U 0.00 2254 112
E. 90.87 + 2693 60.75 121.00 9.99
B 2200 i+ 201 19.75 24.25 | 0.23
Carici elongatae — Alnetum D, 11.75.7¢ 496 0.00 56.50 26.48
D, 686 2.73 0.00 36.25 14.92
| D, 544 + 457 0.00 38.25 28.53

In all populations, apart from the ecotone of Querco-Piceetum and Carici
elongatae-Alnetum phytocoenoses, the Leksis index indicates an aggregated type of
spatial structure (Table 1). The alder population has especially high coefficients
(14.92 - 35.53) due to the occurrence of Maianthemum bifolium on hillocks rather than
on dry small valleys. May-flower individuals have a highly aggregated type of
occurrence in two kinds of conifereous forest: mixed moist (Querco-Piceetum) and fir
(Abietetum polonicum) but the fluctuations of this coefficient are much greater than in
the alder forest. In the case of moist mixed forest extreme values were 24.73 (replication
C, in 1982) and 9.88 (replication Cj in 1983), whereas of fir forest 22.92 (replication A
in 1983)and 2.77 (replication A, in 1983). Populations of beech forest and the transition
zone between this association and fir forest show much lower values of Leksis index
(Table 1).

Only in the population colonizing the ecotone of Querco-Picetum and Carici
elongatae-Alnetum the spatial structure tends to change in successive years. The
distribution of shoots in a part of biochore is aggregated (replication E,) and in another
one almost uniform (replication E.). Aggregation coefficient for replication E; in the
vegetation season in 1980 showed a tendency for uniform distribution of May-flower
individuals. In consecutive research season it was I > 1, proving the aggregated type of
spatial structure. In 1982 the population discussed showed random type of dispersion
of individuals, whereas in 1983 it was again an aggregated type (Table 1).
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Fig. 3. Differences in the density of “conventional individuals” (shoots) of M. bifolium per 1 m? under various ecological conditions and in successive
vegetation seasons (confidence levels for mean values at 5% level of risking an error)
Replication symbols: A, A,, A;, A, — Abietetum polonicum, B, B, — Dentario glandulosae — Fagetum, C,, C,, C; — Querco— Piceetum, D,, D,, D, —
Carici elongatae — Alnetum, E,, E, — ecotone of Abietetum polonicum and Dentario-glandulosae-Fagetum, E,, E,, E. — ecotone of Querco— Piceetum
and Carici elongatae — Alnetum



198 Bozenna Czarnecka

1980 n=92 FOL TRy 1981 n= 142
L " ..
&« 2 p T o i : !
; i ° ¢ o -..
® o 2 n ¢ : :' i a
B
e tq,
. {
. ] .: °
i - . s *q
L : 3
¢ ¥ ° : o
o ® i o o%
® o >0
» iy L . 'Y of o
o ©® o® .: ® ® %II.. :.‘ °
® L I @ '} ° ::_
@ ®e ® e %, @ o o "
I ° ™ olose °® " k> X
® °
o ® *% o ® ) P A 3:‘
L [ ] P -'.. ® .... ® ® ] . .‘:} L AP l..ﬂ
1982 n=174 1983 n=248
® ® 0 @ r L ®e
& 0)
. ® ® g ® »
“ ® e, A .. ..: ®
e » : " o'* ® : o'¢ * :'. '--:
o %o 2 g e s® @ : ® °
® o e g o0 ©
i ®
. @
. :. ® o* 2 “
[ 2 i:
® ° ¢ 1 ¢ .
ES ®e : o, . . o ™ . < b
& (] 8 2 3 '. e ¢ °®
° e ° °®
... ’ éo ™~ : ¥ ® ..- I‘: ‘
LY ° s
@ 4 o® e °® °
%
s o
¢ i: L X .:’ A | -'..
°s ". . * :;.?’:{. 0:: ° l. :
% ee s Sghitaitilet: 4
ol ® 2

Fig. 4. Distribution of M. bifolium individuals in successive vegetation seasons on a chosen research plot
2 x 2 m in the Abietetum polonicum phytocoenosis
1 — barren individual, 2 — flowering individual

Observation of single plots of a surface area 4 m” in successive years allows to
observe different tendencies for changes in density of shoots and their distribution in
space. For example, a square located in a patch of Abietetum polonicum (Fig. 4)
phytocoenosis shows an annual increase in the number of M. bifolium shoots. Between
1980 and 1983 the number of shoots increased successively by 54%, 23% and 43% as
compared with the previous year, thus giving an over 2.5 times increase of the number
of shoots during that period.

The number of shoots on the plot in the ecotone of Querco-Piceetum and Carici
elongatae-Alnetum (Fig. 5) phytocoenoses increased some 40% during the two first
years to decrease afterwards 13%.
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Fig. 5. Distribution of M. bifolium individuals in successive vegetation seasons on a chosen research plot
2 x 2 m in the ecotone of Querco— Piceetum and Carici elongatae — Alnetum
1 — barren individual, 2 — flowering individual, 3 — fruiting individual

In both cases with the increasing number of shoots the borders between
aggregations consisting of few to several shoots are fading, whereas aggregations of
several tens up to over a hundred of shoots are distinctly separate (Figs. 4, 5).

Analysis of the distribution of M. bifolium shoots along research transects (Figs. 6, 7)
shows that only at densities of 20-40 shoots per 4 m* (fragment of biochore of
Abietetum polonicum, Dentario glandulosae —Fagetum and ecotone between these
phytocoenoses) aggregations on particular basic plots can be distinguished. At
a density exceeding 100 shoots per 4 m? (transect Querco-Piceetum-Carici elonga-
tae-Alnetum and fragment of Abietetum polonicum biochore) the borders of smaller



Table 2. Differences between M. bifolium populations in the vegetative reproduction under various ecological conditions
X + s — mean value and standard deviation

Ecosystem

Abietetum polonicum
Ecotone
Dentario glandulosae — Fagetum

Querco — Piceetum
Ecotone

Carici elongatae — Alnetum

Number of vegetative

-. 1983 : 1982 1982 : 1981 1982 : 1981 1982 : 1981

203
1.80 +
1.60 +

0.57 £

diaspores

3.64
0.75
0.49

090

Effectiveness of
vegetative reproduction

Effectiveness
of regeneration

Effectiveness

of growing
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Table 3. Number of aboveground shoots of M. bifolium polycormones under various ecological conditions X + s — mean value and standard deviation

Juvenile shoots (]) Vlrglnal shoots (v) Generative shoots (g) Senile shoots (s)
Number of shoots *
per per 2 G +v+ g
cent . cent x 3 makx. ook X S min. | max.| per 1 polycormone

X 3
Abietetum polonicum 8 30 $ 0 16 7.3
Ecotone 4 e 4.8
Dentario glandulosae — Fagetum 4 0 1 3.6
Querco — Piceetum 7 0 4 5.4
Ecotone 4 0 3 G
Carici elongatae — Alnetum 2 0 3 3.2

* This value allows to estimate the density of individuals in the biological sense (polycormones) per 1 m? in the M. bifolium
populations.
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aggregations become obliterated and the recorded decreases in number of shoots are
usually on the borders of large aggregations. In both cases the repeatability of
aggregations in successive years is observed (Figs. 6, 7).

3.2. THE ROLE OF THE GROWING OF POLYCORMONES AND OF VEGETATIVE
REPRODUCTION IN THE FORMATION OF SPATIAL STRUCTURE OF POPULATION

The extent of vegetative reproduction depends on the number of regenerative buds
acting as vegetative diaspores, which in turn depend on the size of polycormone
(Figs. 1, 2) and can be different in particular populations (Table 2).

In the season of 1982 the number of equivalents of diaspores per 1 polycormone was
0.57 4+ 0.90 1n population of moist mixed coniferous forest, to 3.37 4+ 3.64 in population
of fir forest. Polycormones of populations of alder forest and ecotone between this
association and moist mixed coniferous forest did not produce in the season discussed
the “makings” of n~xt year’s aboveground shoots (Table 2).

The efficiency of vegetative reproduction expressed by the ratio of the number of
“makings” of next year’s to this year’s shoots (1982) is the highest in Abietetum
polonicum (0.45: 1) and Dentario glandulosae — Fagetum (0.44: 1) populations. Very
low 1s the efficiency of Querco-Piceetum population (0.10:1).

The intensification of vegetative reproduction may change in successive years. The
production efficiency calculated as a ratio of the number of juvenile shoots, present in
1982, to that of bygone year’s was 0.73:1 in beech forest population to 0.85:1 in the
ecotone of beech and fir forests. In Carici elongatae — Alnetum this ratio was much
higher than under conditions of other phytocoenoses and was 0.17: 1.

The efficiency of growing of M. bifolium polycormones, understood as a greater
number of shoots as compared with the previous year, fluctuated between 1.33: 1 in fir
forest population to 3.00: 1 in alder forest population. This means that the numbers of
shoots in all populations increased 1.5-3 times. This increase was also due to
regeneration of already existing shoots, which are a complement of vegetation
reproduction during growing process. In populations of Abietetum polonicum and
ecotone between this forest and Carpathian beech forest, vegetative reproduction
prevails also over the regeneration of polycormones. It 1s the opposite in populations of
Dentario glandulosae — Fagetum and ecotone between Querco — Piceetum and Carici
elongatae — Alnetum. In the population of moist mixed coniferous forest both
procesess are equally strong, whereas polycormones from alder forest phytocenosis
have a 3 times higher number of shoots due in 2/3 to vegetative reproduction (Table 2).

The growth of polycormones is accompanied in successive seasons by changes 1n
spatial distribution of shoots due to dying of old shoots and production of new ones in
some distance from the oldest part of the polycormone (Figs. 1, 2, 4, 5).
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3.3 TWO LEVEL CHARACTER OF POPULATION ORGANIZATION

M. bifolium individuals in the biological sense (polycormones) consist of a number
of aboveground shoots regenerating each year and joined by permanent underground
organs. Rhizomes last 3 and more years (Figs. 1, 2). As regards the number of shoots per
1 polycormone, populations of phytocenoses examined and ecotones differ among
themselves (Table 3). Polycormones of Abietetum polonicum population produce
almost twice as many shoots than individuals living in populations of ecotone between
fir forest and Carpathian beech forest and moist mixed coniferous forest (Querco — Pi-
ceetum) and almost 3 times as much as polycormones of 3 remaining populations:
Carpathian beech forest, alder forest and ecotone between alder forest and mixed
forest.

The number of aboveground shoots producing leaves, with the exception of senile
ones, is a value for estimating population density expressed by the number of
polycormones per surface area unit. This value fluctuates between 3.2 shoots per
1 polycormone in populations of alder forest and ecotone between alder and mixed
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tum in successive vegetation seasons. For symbols see Figures 3, 6

forest to 7.5 shoots in fir forest (Table 3). Because of different proportions of shoots in
particular development stages and especially the high percentage of the oldest (senile)
shoots in individuals of Abietetum polonicum population, differences between this
population and the remaining ones are less distinct than in the case of total shoots of all
stages. This is also reflected by the course of curves illustrating the distribution of
M. bifolium individuals along research transects (Figs. 6, 7). At the level of shoots
neighbouring phytocoenoses differ several times as regards density, sometimes even
upto several tens. At the level of individuals in the biological sense these differences

decrease down to few times.
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4. DISCUSSION

In complex forest ecosystems random and uniform type of spatial distribution of
plant populations is much rarer than the aggregated one(K wiatk ows k a 1972,
Falinska 1979a, Falinska-and Pireznik ow 1983 Mazur
1984 and others). Such organization requires a great heterogeneity of habaitat.

Spatial organization of Maianthemum bifolium population understood as “a way of
distribution of individuals, conditioned by specific biotopic, biocenotic and intrapopu-
lational causes”(Andrzejewski and Symonides 1986)usuallyis of an
aggregated type. The reaction of population of this species to differentiated ecological
conditions is mainly indicated by density, way of dispersion of individuals in the herb
layer is a much less modified element of spatial structure. In the majority of populations
examined May-flower individuals are distributed in an aggregated way. Only the
population of the ecotone of mixed moist coniferous forest (Querco — Piceetum) and
alder forest (Carici elongatae — Alnetum) displays aggregated distribution in the part of
biochore, whereas in the other part it is aggregated to random or almost uniform
distribution. Such type of dispersion of individuals within the population of the same
species has been described as structural-aggregated by Vasilevic (1969). The
recorded population density rise in part of the biochore of the ecotone mentioned is
rarely observed in plants as compared with both neighbouring ecosystems. According
to Falinska (1979b)such increase in the numbers of individuals can be observed
mainly in ecotones of dynamic-developmental type.

In successive vegetation seasons distinct repeatability of aggregations of
M. bifolium shoots is simultaneously accompanied by fluctuations in their density in
particular squares. Thanks to durability of underground organs of polycormones the
same aggregations may occur in a given place of phytocoenosis. But the number of
aboveground shoots consisting of individuals in the biological sense — varies.
M. bifolium belongs to the group of perennial plants having a two-level organization of
population. Individuals of this species, being a “morphologically whole and physically
uninterrupted organism being an ontogenetic unit which may be considered as an
elementary source of phytogenic field”(S m 1 rn o v a etal. 1976) consist of a number
of basic individuals — aboveground shoots with corresponding rhizome segments.
Such basic individuals are considered by H a r p e r (1977) as modules, which can live
on their own after separating from the host plant, but are not individuals in the genetic
sense. R abotnov (1969) has proposed to treat each rooted shoot as a “conven-
tional-individual”, G atsuk et al. (1980) consider such individuals as “partial
shoots”.

Fluctuations in numbers rooted shoots are due to changes in the intensity of
regeneration and decay. These processes are almost simultaneous, but their intensity
varies in particular periods of developmental cycle of polycormones (£ u k a s 1 e-
wicz 1962, Falinska 1984).

Changes in the distribution of aboveground shoots in successive years confirm the
earlier reports that internal spatial structure of multi-schoot and multi-root individuals
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significantly affects the formation of spatial structure of populations of many perennial
plant species (Fali1nska 1982, 1984, 1985).

Internal dynamics of multi-shoot May-flower individuals are illustrated by changes
in numbers and distribution of shoots on single research plots. Annual increase of shoot
numbers observed in a square in a patch of Abietetum polonicum phytocoenosis
confirms high effectiveness of growing of polycormones in this population.

A different tendency is illustrated by a square in the ecotone of Querco — Piceetum
and Carici elongatae — Alnetum phytocoenoses. After 2 years when the number of
aboveground shoots increased due to great effectiveness of polycormone growth, the
dying of permanent parts of individuals prevailed over regeneration. This resulted in
a decrease in the number of May-flower shoots on this plot. Polycormones began to age
and due to this no regenerative buds acting as vegetative diaspores were found on
polycormones of this population in 1982.

M. bifolium, similarly as the majority of perennial plants, does not produce proper
vegetative diaspores. Thus the problem of vegetative reproduction can be examined
assuming that the role of diaspores is taken by buds not participating in regeneration of
already existing shoots but moving away from the centre of “maternal individual” and
occuping new space 1.e. increasing the plant’s home range. Such process gives similar
results as vegetative reproduction, although the number of independent individuals
does not increase. Their number may increase as a result of disintegration of
polycormones of M. bifolium as the oldest rhizome parts become moribund (C z a r-
necka 1986a).

Site-food and meteorological factors modify the efectiveness of vegetative repro-
duction and intensity processes at the level of an individual and indirectly affect the
basic elements of population’s spatial structure — density and way of individual
dispersal. The more heterogenous is the environment, e.g., alder forest phytocoenosis
or ecotone of alder forest and moist mixed coniferous forest, the greater can be the
changes in successive vegetation seasons. However, such life processes as growing,
regeneration and dying of permanent organs of polycormones, their spatial structure
and internal dynamics of basic individuals and dominance of vegetative reproduction
are the morphological development properties of species fundamentally responsible for
the spatial organization of its population.

ACKNOWLEDGEMENTS: The author wishes to acknowledge Ass. Prof. Dr K. Falinska for her
valuable criticism thanks to which the present version of the paper has been written.

5. SUMMARY

Between 1980 and 1983 studies on Maianthemum bifolium populations were conducted in several forest
phytocoenoses of the Roztocze National Park. These were: upland mixed fir forest (Abietetum polonicum)
and Carpathian beech forest (Dentario glandulosae — Fagetum), subboreal moist mixed coniferous forest
(Querco — Piceetum) and alder forest (Carici elongatae — Alnetum) with ecotones of these two pairs of

associations.
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The species examined has a two-level organization of population. May-flower individuals in the
biological sense (polycormones) consist of a number of basic individuals — above-ground shoots connected
by permanent underground organs (Figs. 1, 2). The number of shoots per 1 polycormone may vary under
different ecological conditions (Table 3).

It is described how the spatial organization of population of M. bifolium is formed by individuals
growing into polycormones, their internal spatial structure and dynamics of basic units, dominance of
vegetative reproduction and different intensity of regeneration, growing and dying processes at an individual
level. |

Density of shoots is the element of population spatial structure modified the most by ecological
conditions (Table 1, Fig. 3). But in the majority of populations dispersion has an aggregated character. Only
the population of ecotone of Querco — Piceetum and Carici elongatae — Alnetum phytocoenoses has an
aggregated distribution in part of biochore and in the other an aggregated up to random type or almost
uniform (Table 1). A repeatability of shoot aggregations in successive research seasons due to considerable
permanence of underground organs of May-flower polycormones has been observed. Simultaneously there
are great fluctuations in numbers of shoots within aggregations (Figs. 4 - 7). Such spatial organization of
M. bifolium population reflects largely the different effectiveness of vegetative reproduction, regeneration and
growing of polycormones (Table 2). Particular populations show different tendencies of changes due to
internal dynamics of multi-shoot individuals (Figs. 4, 5) and also under the influence of external factors:

site-food and meteorological.

6. POLISH SUMMARY

Badania nad populacjami Maianthemum bifolium prowadzono w latach 1980 - 1983 w kilku fitoceno-
zach le$nych Roztoczanskiego Parku Narodowego. Byly to: wyzynny jodtowy bor mieszany (Abietetum
polonicum)ibuczyna karpacka (Dentario glandulosae — Fagetum) oraz subborealny wilgotny bor mieszany
(Querco — Piceetum) i ols (Carici elongatae — Alnetum) wraz ze strefami przejScia w obrgbie obu par
zespolow.

Badany gatunek wykazuje dwupoziomowa organizacje populacji. Osobniki ‘konwalijki w sensie
biologicznym (polikormony) sktadaja si¢ z szeregu jednostek podstawowych — pedow nadziemnych, ktore
potaczone sa trwatymi organami podziemnymi (rys. 1, 2). Liczba pgdow przypadajacych na 1 polikormon
moze byé rozna w roznych warunkach ekologicznych (tab. 3).

Okreslono w jaki sposOb rozrastanie si¢ osobnikéw w polikormony, ich wewnetrzna struktura
przestrzenna i dynamika jednostek podstawowych, dominacja reprodukcji wegetatywnej oraz rozne
nasilenie proceséOw odnawiania, rozrastania i obumierania zachodzacych na poziomie osobniczym
ksztaltuja organizacj¢ przestrzenng populacji M. bifolium.

Najbardziej modyfikowanym przez warunki ekologiczne elementem struktury przestrzennej populacji
jest zageszczenie pedow (tab. 1, rys. 3), natomiast sposob dyspersji osobnikow jest w wigkszosci populacji
skupiskowy. Jedynie populacja zasiedlajaca strefe przejscia fitocenoz Querco — Piceetum i Carici elonga-
tae — Alnetum wykazuje w czesci biochory rozktad skupiskowy, w czesci za$ od skupiskowego po losowy lub
prawie rownomierny (tab. 1). Stwierdzono powtarzalno$¢ skupien pedow w kolejnych sezonach badaw-
czych, uwarunkowana znaczng trwatoscia organ6w podziemnych polikormonow konwalijki. Jednoczesnie
obserwuje si¢ wahania liczebnosci pedow w obrebie skupien (rys. 4-7). Taka organizacja przestrzenna
populacji M. bifolium jest w znacznym stopniu odzwierciedleniem rozne; efektywnosci reprodukcji
wegetatywnej, odnawiania i rozrastania polik ormonow (tab. 2). Poszczegolne populacje wykazuja odmienne
tendencje zmian spowodowane wewnetrzng dynamika wielopgdowych osobnikow (rys. 4, 5), jak rowniez
wplywem warunkow zewnetrznych: siedliskowo-pokarmowych i meteorologicznych.
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