
145

UDC 574.5:004(497.11)
DOI: 10.2298/ZMSPN1631145C

D u š a n k a  L j .  C V I J A N O V I Ć 1 * ,  M i l i c a  M .  Ž I V K O V I Ć 1 , 
M a j a  Z .  N O V K O V I Ć 1 ,  A n a  A .  A N Đ E L K O V I Ć 1 , 2 , 
S n e ž a n a  B .  R A D U L O V I Ć 1 ,  D m i t a r  V .  L A K U Š I Ć 3

1 University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, 
Trg Dositeja Obradovića 2, 21000 Novi Sad, Serbia
2 Institute for Plant Protection and Environment, 
Teodora Drajzera 9, 11040 Belgrade, Serbia
3 University of Belgrade, Faculty of Biology, Institute of Botany and ‘Jevremovac’ Botanical Garden, 
Takovska 43, 11000 Belgrade, Serbia
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ABSTRACT: Despite the absence of a centralized national phytocoenological database 
of Serbia, over 16,000 relevés of all vegetation types have been gathered and stored in the 
database “Phytocoenosis of Serbia” as a result of the Project “Habitats of Serbia”. However, 
as the data on aquatic and semiaquatic vegetation comprise only 5% of the collected relevés, 
the aim of this paper is to expand on this, complete the database and present the data on these 
vegetation types in Serbia. The work included the expansion of the existing database with 
the addition of relevant sources, their digitalization, using Flora and Turboveg programs, and 
their subsequent georeferencing, using OziExplorer and DIVAGIS softwares. Consequently, 
the phytocoenological database on aquatic and semiaquatic vegetation in Serbia now stores 
1,720 relevés from 243 phytocoenological tables, collected and published by 24 authors dur-
ing the period of 70 years (1940–2010), with the majority of the relevés collected over the 
last decade (56.40%). PhragmitoMagnoCaricetea Klika in Klika et Novák 1941 (Syn: 
Phragmitetea communis R. Tx. et Prsg. 1942), Potametea Klika in Klika et Novák 1941 (Syn: 
Potametea R. Tx. et Preising 1942) and Lemnetea de Bolós et Masclans 1955 (Syn: Lemnetea 
minoris W. Koch et R. Tx. 1955) have proven to be the most represented classes, while 
ScirpoPhragmitetum W. Koch 1926 (nomen ambiguum) and Salvinio natantisSpirodeletum 
polyrrhizae Slavnić 1956 are associations with the highest number of relevés in the database. 
Accordingly, the most common species (>500 relevés) are Ceratophyllum demersum L. 
subsp. demersum, Lemna minor L. and Spirodela polyrhiza (L.) Schleiden.
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INTRODUCTION 
PHYTOCOENOLOGICAL DATABASES

Vegetation databases have a very wide range of applications, from the 
classical study of vegetation classification to predictive mapping and tests of 
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fundamental ecological hypotheses regarding functional traits, assembly rules 
and biodiversity patterns (Dengler et al., 2008), as well as patterns and pro-
cesses of global change caused by anthropogenic climate warming, land-use 
changes and biotic invasions (Schaminée et al., 2009).

There are over 80 regional, national and local phytocoenological and 
other vegetation databases for the territory of Europe (Schaminée et al., 2009), 
with over 4,300,000 relevés, out of which 1,600,000 have already been digitized 
in the Turboveg format (Dengler et al., 2011). Turboveg represents a standard 
software for the storing of phytocoenological data and is compatible with most 
of the programs used for their subsequent analysis.

With the aim to standardize them and enable the global exchange of data, 
The Global Index of Vegetation-Plot Databases (GIVD) was established in 
2008 as an internet-based platform (Dengler et al., 2011). In addition to the 
traditional phytocoenological relevés, collected following the Braun-Blanquet 
method, GIVD also encompasses other vegetation relevés, ranging in size from 
1 to 1,000 m2. By the end of March 2016, GIVD database has encompassed 
the data from 237 databases, with a total of 3,168,044 relevés. Although a 
centralized national phytocoenological database for Serbia does not exist 
(Schaminée et al., 2009), over 16,000 phytocoenological relevés, of all vegeta-
tion types, were gathered by 2005, as part of the Project „Habitats of Serbia“ 
(Lakušić et al., 2005). The relevés were collected in the form of photocopied 
literature sources and stored in the database called „Phytocoenoses of Serbia“, 
at the Institute for Botany of the Faculty of Biology, University of Belgrade. 
This database does not hold relevés in an electronic form. A framework for their 
digitalization, in the form of Excel files, was prepared as part of the project 
„Habitats of Serbia“. The Excel files contain lists of species, with a degree of 
their frequency from their corresponding phytocoenological tables, information 
on the name of the phytocoenosis, sintaxonomical affiliation, locality and 
gathered sources. The aquatic and semiaquatic vegetation comprises only 5% 
of the relevés in the database, which is far less than their existing number. The 
database lacks primarily the references for the non-rooted floating vegetation.

Bearing in mind the abovementioned facts, the aim of this paper is to 
expand, finalize and present the data on the aquatic and semiaquatic vegetation 
in the database „Phytocoenosis of Serbia“, as well as to digitalize these relevés 
and organize them in a separate database in the Turboveg format.

MATERIAL AND METHODS 
DEVELOPMENT OF THE DATABASE

The database „Phytocoenoses of Serbia“ (Lakušić et al., 2005), has been 
revised and expanded with the relevant references for the aquatic and semia-
quatic vegetation, published until 2010. The phytocoenological data was digi-
talized first in the format of Excel files, subsequently organized in a separate 
database, first using the progam package Flora (Karadžić et al., 1998), following 
by the Turboveg software (Hennekens and Schaminée 2001).
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THE MAPPING OF DATA

The data were georeferenced in the program OziExplorer (OziExplorer 
2009). The distribution maps were produced using the DIVAGIS software 
(Hijmans et al., 2004) and given in UTM map projection. Only those relevés (1,374) 
from the literature which had a precisely defined locality were georeferenced.

RESULTS 
DATABASE FOR AQUATIC AND SEMIAQUATIC VEGETATION

After the revision and data addition, the database of aquatic and semia-
quatic vegetation now holds 1,720 phytocoenological relevés, distributed in 
243 phytocoenological tables, with a total of 395 species, with an average of 
7.63 species per relevé and 13,128 floristic records, while the average number 
of species per table is 19.68.

The database encompasses the relevés published in the period 1940–2010, 
in 38 different sources, by 24 authors (Slavnić 1940, 1956; Janković 1953; Babić 
1955, 1971; Jovanović 1958, 1965; Danon and Blaženčić 1965; Babić and 
Parabućski 1971; Horvat et al., 1974; Parabućski and Pekanović 1980; Rauš et 
al., 1980; Knežević 1980, 1981; Kabić 1985; Vučković 1985; Butorac and 
Crnčević 1987; Knežević and Boža 1987, 1988; Ranđelović 1988, 2002; Gajić 
1989; Stojanović et al., 1990, 1994; Parabućski and Butorac 1994; Butorac et 
al., 1994; Butorac 1995; Ranđelović and Blaženčić 1997; Radulović 2000, 2005, 
2007; Šumatić et al., 2001; Lazić 2003, 2006; Nikolić 2004; Panjković 2005; 
Polić 2006; Stanković-Kalezić 2006; Jenačković et al., 2010; Ljevnaić-Mašić 
2010). The database also holds 26 unpublished relevés (leg.: Vučković Mirjana, 
period 1994–2000).

The highest percent of relevés in the database originated from Ph.D. the-
ses (57.85%), followed by scientific papers (20.29%) and M.Sc. theses (10.23%). 
Among the scientific papers, those published in the Zbornik Matice srpske za 
prirodne nauke (Matica Srpska Journal for Natural Sciences) are predominant 
(Slavnić 1956; Babić 1971; Babić and Parabućski 1971; Knežević 1980, 1981; 
Parabućski and Pekanović 1980; Rauš et al., 1980; Butorac and Crnčević 1987; 
Knežević and Boža 1987), while the Ph.D. theses, M.Sc. theses and final papers 
have mostly been done at the Department of Biology and Ecology of the Fac-
ulty of Sciences, University of Novi Sad (Kabić 1985; Ranđelović 1988; 
Radulović 2000, 2005; Nikolić 2004; Panjković 2005; Lazić 2006; Polić 2006; 
Ljevnaić-Mašić 2010). 

With regards to the time frame of the data in the database, the highest 
percent of the relevés (56.40%) was collected after the year 2000 (Figure 1). 
In the case of data insufficiency, regarding the time of the data collection, the 
year of the publication was considered as relevant.
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Figure 1. The percent of phytocoenological relevés in the database in decades (%)

PhragmitoMagnoCaricetea Klika in Klika et Novák 1941 (Syn: Phrag
mitetea communis R. Tx. et Prsg. 1942), Potametea Klika in Klika et Novák 
1941 (Syn: Potametea R. Tx. et Preising 1942) and Lemnetea de Bolós et Mas-
clans 1955 (Syn: Lemnetea minoris W. Koch et R. Tx. 1955) have proven to be 
the most represented classes, while ScirpoPhragmitetum W. Koch 1926 (no-
men ambiguum) and Salvinio natantisSpirodeletum polyrrhizae Slavnić 1956 
are associations with the highest number of relevés in the database. Accord-
ingly, the most common species (>500 relevés) are Ceratophyllum demersum 
L. subsp. demersum, Lemna minor L. and Spirodela polyrhiza (L.) Schleiden.

As expected, the edificators of the typical communities for the area of 
research are among the most frequent species in the database (Radulović et 
al., 2011). Considering their conservation status (Table 1), out of the total number 
of 395 species recorded in the database, 45 are considered to be of national 
conservation concern – 25 as Strictly Protected (6.3%) and 20 species as Pro-
tected (5.1%). According to the IUCN assessments, 36.7% of the species are 
categorized as being of Least Concern by the Red List database, and two species 
fall into the categories of Near Threatened and Data Deficient (Elatine alsi
nastrum L. and Alisma gramineum Lej., respectively). Furthermore, a high 
frequency of aquatic invasive species in the database, such as Vallisneria spi
ralis and Azolla filiculoides, needs to be highlighted. Complying with the 
Preliminary list of invasive species in Serbia (Lazarević et al., 2012), a total of 
13 species which are considered invasive have been recorded, the majority of 
which (8 species) fall under the category of highly invasive species (Table 2). 
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Table 1. Conservation status of the species in the database

Number of species Percent
Total number of species in database 395

National Conservation Status (NCS) 45 12.7%
 SP – Strictly Protected 25 6.3%
 P – Protected 20 5.1%

IUCN 147 37.2%
 LC – Least Concern 145 36.7%
 NT – Near Threatened 1 0.3%
 DD – Data Deficient 1 0.3%

Table 2. Overview of the invasiveness status of the species from the database

Invasive species (Lazarević at al., 2012) Number of species Percent
Total number of invasive species 13 3.29%
 Highly invasive 8 2.03%
 Sporadically invasive 3 0.76%
 Potentially invasive 2 0.51%

The phytocoenological relevés are spread over 210 localities, at an irregular 
geographical distribution. As high as 87.84 % of the data is concentrated in 
the Pannonian part of Serbia (Figure 2). The regions which were studied the most 
are the area of Apatinsko-Monoštorski Rit, Koviljsko-Petrovaradinski Rit, 
Carska Bara and Stari Begej, and the Vlasina highlands.

Only 6.45% of the relevés contain the data for the soil type, dominated 
by different forms of fluvisol, humogley and solonetz. The date of the collec-
tion of the data is given in 13.31% of relevés, the size of the area in question in 
76.86%, the exact locality in 93.66% of the relevés, while the information on 
the altitude was present in an inconsequential number of relevés. The total 
cover of the relevés was between 20% and 100%, and their area between 3 and 
900 m2.

DISCUSSION

A well designed and complete phytocoenological database enables scien-
tists to perceive the faults and deficiencies in previous vegetation research and 
to direct the future studies accordingly (Bell et al., 2011; Uğurlu et al., 2012; 
Tozer et al., 2010, Radulović et al., 2011). The basic limitation of the aquatic 
and semiaquatic vegetation database formed as part of this study is the dispro-
portionate geographical distribution of the phytocoenological relevés, which 
is not in proportion with the hydrography of Serbia. The vegetation of aquatic 
ecosystems south of the Danube has been isufficiently studied.
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Figure 2. Analysis of the representation of phytocoenological relevés in the database 
per UTM square grid (10 x 10 km)
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From the aspect of the relevance of the database data, all of the used lit-
erature sources can be characterized as the so-called „grey literature“, as they 
generally originate from the scientific papers published in national scientific 
journals, and Ph.D. and M.Sc. theses. Considering the significant time span 
(1940–2010) of the collected data, such a bibliography is excpected. A similar 
relation of sources also exists in the case of the phytocoenological database of 
the Czech Republic (Chytrý and Rafajová 2003), where, in addition to the „grey 
literature“, unpublished relevés comprise a significant portion of the database. 
Regardless of this, all of the data from this database were subjected to some kind 
of a review, and therefore there was no selection done based on their relevance.

Although a certain number of taxa was only listed to the genus level, the 
taxonomical resolution and data quality in the database are satisfactory, and due 
to the selective approach of the authors while collecting the phytocoenological 
relevés, the cryptogamic flora was mostly eliminated. The lack of general data 
necessary for phytocoenological relevés, e.g. sampling year, size of the relevés, 
altitude and soil type, limits the scope of analyses which can be conducted 
based on the given set of data (Chytrý and Rafajová 2003).

With regards to the time frame of the data in the database, the highest 
portion of data was collected during the last three decades, which coincides 
with the period of a rapid transition to the computerised numerical analysis in 
phytocoenology (Podani 1997). An identical trend can be observed in the ex-
ample of the phytocoenological database of the Czech Republic (Chytrý and 
Rafajová 2003).
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ДИГИТАЛНА БАЗА ПОДАТАКА АКВАТИЧНЕ И 
СЕМИАКВАТИЧНЕ ВЕГЕТАЦИЈЕ СРБИЈЕ

Душанка Љ. ЦВИЈАНОВИЋ1, Милица M. ЖИВКОВИЋ1, Maja З. НОВКОВИЋ1,
Aна A. AНЂЕЛКОВИЋ1,2, Снежана Б. РАДУЛОВИЋ1, Дмитар В. ЛАКУШИЋ3

1 Универзитет у Новом Саду, Природно-математички факултет
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2 Институт за заштиту биља и животну средину

Теодора Драјзера 9, 11040 Београд, Србија
3 Универзитет у Београду, Биолошки факултет

Институт за ботанику и Ботаничка башта „Јевремовац”
Таковска 43, 11000 Београд, Србија

РЕЗИМЕ: Иако у Србији не постоји централизована национална фитоцено-
лошка дигитална база, до 2005. године, као резултат пројекта „Станишта Србије“ 
при купљено је и похрањено у базу података „Фитоценозе Србије“, преко 16.000 
фи тоценолошких снимака свих типова вегетације. Међутим, како су подаци о 
аква тичној и семиакватичној вегетацији заступљени у бази са само 5% фитоцено-
лошких снимака, циљ овог рада је допуна ових података, комплетирање базе и 
приказ података о овим типовима вегетације у Србији. Рад је укључио проширење 
по стојеће базе података додавањем одговарајућих референци, уз њихову дигита-
лизацију, применом Flora и Turboveg програма, и након тога њихово геореферен-
цирање, уз примену софтвера OziExplorer и DIVAGIS. Након ревизије и допуне, 
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фитоценолошка база података о акватичној и семиакватичној вегетацији у Србији 
сада броји 1.720 фитоценолошких снимака, из 243 фитоценолошке табеле, прику-
пљене и публиковане од стране 24 аутора, током периода од 70 година (1940–2010), 
при чему је већина фитоценолошких снимака сакупљена током последње деце-
није (56,40%). Најзаступљеније класе у бази биле су PhragmitoMagnoCaricetea 
Klika in Klika et Novák 1941 (Syn: Phragmitetea communis R. Tx. et Prsg. 1942), 
Potametea Klika in Klika et Novák 1941 (Syn: Potametea R. Tx. et Preising 1942) и 
Lemnetea de Bolós et Masclans 1955 (Syn: Lemnetea minoris W. Koch et R. Tx. 1955), 
док су асоцијације са највећим бројем фитоценолошких снимака у бази Scirpo
Phragmitetum W. Koch 1926 (nomen ambiguum) и Salvinio natantisSpirodeletum 
polyrrhizae Slavnić 1956. У складу с тим, најфреквентније врсте у бази (>500 фи-
то ценолошких снимака) биле су Ceratophyllum demersum L. subsp. demersum, Lemna 
minor L. и Spirodela polyrhiza (L.) Schleiden.

КЉУЧНЕ РЕЧИ: акватична и семиакватична вегетација, фитоценолошка 
база података, Србија


