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Abstract: The aim of this work is to define the intraspecific differentiation of maritime populations of Bolboschoenus maritimus
(L.) Palla in Poland on the basis of the inflorescences and pollen grains parameters. In the investigated maritime populations of
B. maritimus, both the representative of B. maritimus var. maritimus and B. maritimus var. compactus were occurred, yet B.
maritimus var. compactus was less frequent component of the vegetation. The dependence between the size of pollen grains
and the distinguished varieties of this taxon has not been noticed. The number and the length of the peduncles of the inflorescence,
the ratio of the number of sessile spikelets to pedunculate spikelets, the number of pedunculate spikelets, the ratio of length of
sessile spikelets to the length of pedunculate spikelets are the parameters which most clearly distinguish B. maritimus var.
maritimus from B. maritimus var. compactus. A higher differentiation of analysed parameters of inflorescences was observed
for B. maritimus var. compactus.
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1. Introduction

Bolboschoenus maritimus (L.) Palla (=Scirpus
maritimus L.) is a cosmopolitan species, which grows
along sea shores and in more or less saline inland lo-
calities. In Europe B. maritimus occurs in coastal areas,
excluding the north-west shores of the Scandinavian
Peninsula, and inland it ranges from western France to
the Ural Mountains (HultÈn & Fries 1986). B. maritimus
is a very variable species. The differences are marked
in the spikelet size, number of stigmata, fruit shape and
inflorescence structure. On the basis of these parameters
such ranks of taxa as forms and varieties (Ascherson &
Graebner 1902-1904; Koyama 1962; Reichgelt 1956;
Øukowski 1969; Rutkowski 1998), subspecies (Dostal
1989; DeFilipps 1980; Hroudova et al. 1998) and even
species (Egorova 1976) were distinguished.

The aim of this work is to define the intraspecific
differentiation of Polish maritime populations of B.
maritimus on the basis of inflorescences and pollen
grains parameters. Two varieties are recognized within
the species of B. maritimus, that is: B. maritimus var.
maritimus and B. maritimus var. compactus (Hoffm.)

Egorova (=Scirpus maritimus L. var. compactus
(Hoffm.) Meyer, Scirpus compactus Hoffm., B.
maritimus (L.) Palla subsp. compactus (Hoffm.) Hejny,
B. compactus (Hoffm.) Drobov).

2. Material and methods

The biometric investigations were performed on the
material of 18 samples of B. maritimus from the fol-
lowing localities of the Polish coast: 1 ñ åwinoujúcie,
2-3 KarsibÛr, 4 ñ Wolin, 5 ñ DziwnÛw, 6-7 Niechorze,
8 ñ Unieúcie, 9-10 Rowy, 11 ñ £eba, 12 ñ Kuünica, 13
ñW≥adys≥awowo, 14 ñ Puck, 15 ñ Mechelinki, 16 ñ Kπty
Rybackie, 17 ñ Suchacz, 18 ñ Nowa Pas≥Íka. The fol-
lowing parameters of inflorescences and pollen grains
were selected to the analysis: 1 ñ length of the peduncles
of the inflorescence; 2 ñ mean length of the peduncles
in the same inflorescence; 3 ñ length of pedunculate
spikelets; 4 ñ mean length of pedunculate spikelets in
the same inflorescence; 5 ñ length of sessile spikelets;
6 ñ mean length of sessile spikelets in the same inflo-
rescence; 7 ñ number of peduncles of the inflorescence;
8 ñ number of pedunculate spikelets of the inflorescence;
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9 ñ number of sessile spikelets of the inflorescence; 10
ñ ratio of number of pedunculate spikelets to number
of peduncles in the same inflorescence; 11 ñ ratio of
length of sessile spikelets (mean length) to length of
pedunculate spikelets (mean length) in the same inflo-
rescence; 12 ñ ratio of number of sessile spikelets to
number of pedunculate spikelets in the same inflores-
cence; 13 ñ length of pollen grains; 14 ñ width of pol-
len grains; 15 ñ ratio of length to width of pollen grains.

The measurements of pollen grains were made with
the use of the microscope linked with the computer,
applying the LUCIA 3.5 program for a computer
analysis of microscope image, while the measurements
of inflorescences parameters (1-6) were made with the
use of the ruler. From each sample 30 inflorescences
and 50 pollen grains were randomly collected for the
analysis.

The data obtained as a result of the measurements
were evaluated statistically with the use of the Statistica
program (StatSoft Inc. 1997). The data were analysed
using agglomerated grouping by the method of closest
neighbourhood on the basis of Euclidean distances,
illustrated by the dendrogram. Also the Principal Compo-
nent Analysis (PCA) was conducted. For all parameters
of each sample the basic statistical characteristics were
calculated.

3. Results

The pollen grains of B. maritimus are single, oval or
pear-shaped; mean length of pollen grains amounts
47.24 µm, width 29.05 µm and the ratio of length to
width 1.66. The ranges of the variability of the
parameters of pollen grains staid within the limits of
the following scales: for length from 32.41 µm to 65.70
µm; for width from 18.25 µm to 42.98 µm; for ratio of
length to width 1.03 to 2.71. The least variable parameter
is the length of pollen grains; the obtained coefficients
of variation for this parameter range from 4.13 to
12.09%. The dependence between the size of pollen
grains and the distinguished varieties of this taxon has
not been noticed.

In the investigated maritime populations of B.
maritimus both the representatives of B. maritimus var.
maritimus as well as B. maritimus var. compactus were
found, although B. maritimus var. compactus occurred
more rarely (7 samples).

The analysis of the dendrogram (Fig. 1), constructed
on the basis of data for all 18 samples of inflorescences
parameters, permits to ascertain the existing differen-
tiation between samples. In the dendrogram two groups
can be distinguished. One group was made of samples
1, 3, 8, 10-15 and 17. This group, beside the samples
which are the representatives of B. maritimus var.
compactus, includes also the samples representing the

other variety. These are the samples: 11, 15 and 17.
The other group includes the samples 2, 4-7, 9, 16 and
18. This group comprises the representatives of only B.
maritimus var. maritimus.
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Fig. 2. Plot of the first and the second principal components, result-
ing from the PCA of 18 samples of inflorescences parameters of
Bolboschoenus maritimus (I ñ the samples of B. maritimus var.
maritimus, II ñ the samples of B. maritimus var. compactus)

The Principal Component Analysis was used with
the aim to confirm the existing interpopulational rela-
tionships observed by the method of agglomerated
grouping, after the reduction of a number of initial
parameters. On the basis of PCA, the parameters which
were correlated with the first three principal components
(r>0.70) were chosen. These parameters differentiate
the populations and explain the variation most
completely. The first principal component explained
54.10%, the second 21.07% and the third 15.36% of
the total variance of parameters. The first principal
component was determined by the most parameters of
inflorescences, e.g.: 1, 2, 3, 4, 7, 8 (negative correlation),
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Fig. 1. Dendrogram of 18 samples of Bolboschoenus maritimus,
constructed on the basis of the analysed inflorescences parameters
(the numbers of samples of B. maritimus var. compactus were un-
derlined)
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11, 12 (positive correlation); the second principal
component was negatively correlated with parameters
5 and 6; and the third principal component was also
negatively correlated with the parameter 10. The plot
of the first and the second principal components,
resulting from the PCA of 18 samples in terms of B.
maritimus inflorescence parameters, was presented in
Fig. 2. It confirms the observed dependence with the
method of agglomerated grouping; only samples 11,
15 and 17 had a different position. The received image

shows the differentiation of material into two groups.
The first group comprises samples belonging to B.
maritimus var. maritimus. The second group consists
of 7 samples of B. maritimus var. compactus.

Bolboschoenus maritimus var. maritimus is repre-
sented by the following samples: 2, 4, 5, 6, 7, 9, 11, 15,
16, 17, 18 and B. maritimus var. compactus by samples:
1, 3, 8, 10, 12, 13, 14. The separate distribution of the
varieties on the Polish coast was not observed. The
representatives of both varieties, growing in small
distances from each other, were even observed in the
same locality (KarsibÛr, Rowy).

In the Fig. 3, arithmetic means of the inflorescences
parameters of B. maritimus var. maritimus and B.
maritimus var. compactus were presented. The number
and the length of the peduncles of the inflorescence,
the ratio of number of sessile spikelets to pedunculate
spikelets, the number of pedunculate spikelets, the ratio
of length of sessile spikelets to the length of pedunculate
spikelets are the parameters most clearly distinguishing
B. maritimus var. maritimus from B. maritimus var.
compactus. The parameters of inflorescences show the
higher variation in comparison with pollen grains
parameters. The obtained coefficients of variation range
widely. The higher differentiation of analysed inflo-
rescence parameters of B. maritimus var. compactus
versus B. maritimus var. maritimus was observed.
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Fig. 3. Arithmetic means of the inflorescences parameters of
Bolboschoenus maritimus var. maritimus (1) and B. maritimus var.
compactus (2)
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