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Abstract

The work presents the results of a study on the biodi-
versity of agrocenoses using ecological indices. In order to cal-
culate the measures, phytosociological relevés were made and
exact methods were applied in winter cereals, spring cereals,
tuber crops and stubble fields. The objective of the work was
to compare ecological indices (Simpson’s index of dominance
C, Simpson’s index of species richness D, and Shannon-Wiener
index of biodiversity H’) calculated using the number of plants
and their cover determined based on the degree of presence.
Moreover, correlation analysis was conducted between the indi-
ces computed using the two approaches applied.

The results of the study revealed significant differences
between all the indices calculated using the exact and approxi-
mate methods. In turn, comparisons of the measures computed
for individual crops showed significant differences only for po-
tato crops and winter cereals. No significant differences were
found between the indicators calculated for spring cereals and
stubble fields.

Key words: index of dominance, index of species richness,
index of biodiversity, comparison, agricultural
crops.

INTRODUCTION

Withdrawal of the most vulnerable compo-
nents of nature contributes to a decline in biological
diversity [1,2]. This phenomenon makes it necessary
to search for ways and methods to effectively monitor
these changes.

Evaluation of biodiversity in ecological studies
is usually made at the species level because quanti-
tative and qualitative changes reflect the state of the
environment. They are the focus of many ecological
studies examining forest, meadow, field and waterside

vegetation and evaluating nutrient status and water
contamination levels [3-6].

Over the last decades, segetal communities
have undergone substantial changes due to marked ag-
ricultural production intensification which can reduce
or stimulate biodiversity in cultivated fields. It is com-
mon knowledge that the more diverse species compo-
sition of a community, the less threat it poses [7-9].
Diversity of agrocenoses depends on species richness
as well as number of plants and reciprocal quantitative
proportions between the species.

In order to better capture species diversity in agri-
cultural crops, ecological indices are more and more fre-
quently used to analyze weed communities. In ecologi-
cal studies on plant communities, many scientists use the
Shannon-Wiener index of biodiversity and Simpson’s
index of dominance to assess species richness and re-
ciprocal relationships between species [6,10-12]. These
measures are calculated using a quantitative gravimet-
ric method based on numbers of individual species or
their biomass. In turn, indices calculated in the classical
Braun-Blanquet method are based on cover. The appli-
cation of the exact method is very time-consuming.

Comparison of these indicators computed using
both the aforementioned methods based on research
conducted in the same location will make it possible to
determine the relation between the indicators and an-
swer the question as to the extent of similarity between
the results obtained by means of the two methods ap-
plied.

There is a lack of papers comparing the indi-
ces calculated using both the aforementioned methods
relative to segetal communities.

The aim of this study is to make comparisons
of values of ecological indices (Simpson’s index of
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dominance C, Simpson’s index of species richness D,
and Shannon-Wiener index of biodiversity H’) com-
puted based on the exact and approximate methods.

MATERIALS AND METHODS

This study was conducted in the years 2010—
2012 in private agricultural holdings where traditional
farming methods were used. The farms were located
in Helenow (N 52°6°58” E 22°19°54,4”). Observations
were made in potato crops, winter cereals (triticale),
spring cereals (a mixture of spring cereals), and in
stubble fields. The soils represent either a very good
or good class of agricultural land suitability. Analy-
sis of dominant species of the cropped land has been
presented in a previous paper [13]. Thirty observations
were made for each crop group. To calculate all the
indices, we used:

— phytosociological relevés taken using the wide-
ly applied Braun-Blanquet method from an area
of 25 m?, in the approximate method;

— in the exact method, a 1 x 0.5m quadrat was
thrown twice to fall at random and the results
obtained were added up to produce a compos-
ite sample. Observations by this method were
made at the place where the phytosociological
relevé was made.

The comparison of the values of the indices in
the exact method was based on the number of indi-
vidual species, whereas the approximate method made
use of the cover ratings of the Braun-Blanquet scale (+
-0.1;1-5;2-17.5;3-37.5;4-62.5;5-87.5) [14].

The ecological indices were computed with the
PAST package. Next, they were statistically verified by
means of the Statistica package. The values of the in-
dicators (Simpson’s index of dominance C, Simpson’s
index of species richness D, and Shannon-Wiener index
of biodiversity H’) calculated using both the methods
were compared by means of the independent samples
T test. One-way analysis of variance was carried out to
investigate the effect of crop plants on the difference be-
tween means. Correlation coefficients were computed
to investigate relationships between the indices for indi-
vidual crops according to the methods applied.

RESULTS

This work presents the results of the study com-
paring the values of ecological indices that were calcu-
lated using the two methods. The values of Simpson’s
index of dominance C, Simpson’s index of species
richness D, and Shannon-Wiener index of biodiversity
H’ calculated for all the crops based on the two meth-
ods examined differed significantly. Higher D and H’
values were obtained when the indices were computed
based on the number of weeds, whereas Simpson’s
index of dominance was relatively lower compared
with the cover-based counterpart (Fig. 1). The calcu-
lated coefficient of correlation indicated that there was
a weak relationship between all the indices computed
for all the crops using both the methods (Table 1).

The values of the diversity measures studied dif-
fered depending on crop plants. Analysis of Simpson’s
index of dominance for individual crops revealed sig-
nificant differences for winter cereals and tuber crops,
whereas for spring cereals and stubble fields they were
insignificant (Fig. 2). The correlation between these
indices was significant and positive for winter cereals
and tuber crops when calculated based on the approxi-
mate method (Table 1).

The mean values of the dominance index for
winter cereals and tuber crops were respectively 0.25
and 0.29 when calculated by the exact method, while
for the approximate method they were respectively
0.45 and 0.48 (Fig. 2).

Similar results were observed for Simpson’s in-
dex of species richness (D), as significant differences
were found for winter cereals and tuber crops (Fig. 3).
When this measure was computed using the approxi-
mate method, it was negatively correlated with the ex-
act method (Table 1). The mean D values for winter
cereals and tuber crops were, respectively, 0.74 and
0.71 for the exact method, while for the approximate
method 0.55 and 0.52 (Fig. 3).

The relationships observed for D were also found
in the case of the index of biodiversity (H’) (Fig. 4):
the lowest values, 1.2 for winter cereals and 1.1 for tu-
ber crops, were obtained when calculated based on the
approximate method. Much higher values were for the
exact approach: 1.78 and 1.62, respectively (Fig. 4).

Table 1
Values of correlation coefficients between the analyzed indices by calculation method and crop
Crop groups C D H
Potato crops 0.5030* -0.5030* -0.5531*
Winter crops 0.4942% -0.4942%* 0.5856*
Spring crops 0.1254 -0.1254 -0.0093
Stubble field -0.1899 0.1899 0.0657
All crop groups 0.2324* -0.2324* -0.2635*

* significant at p<0.05
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Fig. 1. Values of diversity indices by calculation method

Explanations: 1 — potato crops, 2 — winter crops, 3 — spring crops, 4 — stubble fields, ab — significant at p<0.05

Average values of index C

0.7
0.6 | 1
0.5 | 1
04 |
values
03}
02}
0.1 . . o1
exact approximate 42
<+
method =4

Fig. 2. Simpson’s indices of species richness (C) by calculation method and crop studied
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Fig. 3. Simpson’s indices of species richness (D) by calculation method and crop studies
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Fig. 4. Shannon & Weiner indices of biodiversity (H”) by calculation method and crop studied

DISCUSSION

Various ecological indicators are used to evalu-
ate biodiversity but it is vital to select them appropri-
ately. In the literature on the subject, more and more
authors seek the most suitable methods to assess the
present state of communities studied [2,15,16].

Weed communities that form in agricultural
crops are also under constant human pressure, which
results in quantitative and qualitative changes taking
place inside them. To analyze these changes, it is nec-
essary to perform a detailed assessment of agrocenoses
and apply more and more precise methods to determine
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their condition. Ecological indices gain popularity in
such analyses.

The species-number approach has been the most
popular in such studies of biodiversity [8].

Biodiversity indices in agricultural studies have
been used to analyze weed infestation and diaspore re-
serves in static experiments. They were usually calcu-
lated using the number of species or biomass [17-20].
According to many authors, biomass is the best meas-
ure of capturing differences in communities [21,22],
but such studies are time-consuming and labor-inten-
sive [23].

Studies to evaluate biodiversity in agricultural
crops employing indices based on cover are much less
frequent [6,9,24,25]. Cover is an easy measure but it is
not always proportional to the energy used by individual
species and does not fully reflect their richness [21,22].
Although the Braun-Blanquet approach is not reliable
when cover is estimated in small areas, the method is
suggested when larger areas are studied [4,5].

Experimental values of biodiversity indices
reported in the literature range between 1.2 and 2.4
[10,20], whereas those calculated based on cover have
usually been lower, ranging from 1.0 to 2.0 [6,25,26].
Unfortunately, the indices cannot be compared direct-
ly, because they refer to different habitat and agrotech-
nological conditions.

The results of the study presented in this pa-
per appear to support this assumption, as the values
of the biodiversity index calculated based on the exact
method were higher compared with the approximate
approach. Such relationships were observed for win-
ter cereals and tuber crops. Differences between the
aforementioned values computed using the exact and
approximate methods may arise from a rough assess-
ment of cover for some ground species when using
the approximate method. Plants of such species have
small biomass and, although numerous, produce small
cover. What is more, many species coexisting with
tuber crops are characterized by large biomass and,
as a result, just one plant produces large cover; due
to this, the values of indices differ for both methods.
Precise determination of cover based on the extended
van der Maarel’s scale [27] would probably eliminate
this problem. Such differences were not found for
spring cereals and stubble fields, which can result from
smaller differences between sizes of individual weedy
species.

CONCLUSIONS

A comparative analysis of the values of eco-
logical indices calculated using the exact and approxi-
mate methods revealed significant differences between
these approaches.

© The Author(s) 2014

The calculated and compared values of the indi-
ces obtained for individual crops revealed significant
differences for potato crops and winter cereals and in-
significant differences for spring cereals and stubble
fields.

A moderate correlation for the indices analyzed
was determined for potato crops and winter cereals,
whereas for spring cereals and stubble fields the cor-
relation was weak or very weak.
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Wplyw zastosowania metody

Scislej i szacunkowej na warto$s¢ wybranych

wskaznikow ekologicznych

Streszczenie

W pracy przedstawiono wyniki badan doty-

czace bior6znorodnosci agrocenoz z wykorzystaniem
wskaznikéw ekologicznych. Do wyliczenia wskazni-
kéw postuzyly zdjecia fitosocjologiczne i badania Sciste
wykonane w uprawach zb6z ozimych, jarych i okopo-
wych oraz na sciernisku. Celem pracy byto poréwnanie
wskaznikéw ekologicznych (dominacji Simpsona C,
bogactwa gatunkowego Simpsona D i bioréznorodno-
Sci Shannona&Weinera H’) wyliczonych na podstawie

Published by Polish Botanical Society



The effect of the application of the exact and approximate methods on values of selected ecological indices 45

liczebnosci 1 pokrycia gatunkéw. Ponadto wykona-
no analizg korelacji badanych wskaznikéw liczonych
W oparciu o porownywane metody.

Na podstawie otrzymanych wynikéw stwierdzo-
no istotne réznice wszystkich analizowanych wskazni-

kéw liczonych w oparciu o metodg Scistg i szacunkowa.
Natomiast poréwnujgc te wskazniki w poszczegdlnych
uprawach stwierdzono istotne réznice dla okopowych
i zb6z ozimych, natomiast w zbozach jarych i na Scier-
niskach takiej zaleznosci nie ma.
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