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ABSTRACT

Aquatic vegetation of Hydrochari-Lemnetea and Potametea classes in the Danube-Tisza-Danube hyd-
rosystem (Hs DTD) was studied in 2009—2012, by applying the standard Braun-Blanquet method. The
canal network vegetation comprises 14 associations, with Trapetum natantis and Ceratophylletum demersi
being the most widely distributed. Hs DTD is also a habitat for several important endangered species,
which serve as edificators of the following phytocenoses: Nymphaeetum albae, Nymphaeetum albo-luteae,
Nymphoidetum peltatae, Trapetum natantis, Lemno-Spirodeletum, Salvinio-Spirodeletum polyrrhizae, Lemno-
Utricularietum vulgaris, Potametum nodosi, Myriophyllo-Potametum and Najadetum marinae. In the studi-
ed vegetation, we also found an invasive phytocenosis Elodeetum canadensis that did not have an expand-
ing tendency, and Ceratophyllo demersi-Vallisnerietum spiralis that had this tendency, which made moni-
toring its stands necessary. Physico-chemical analyses of water, conducted at localities in which the
studied phytocenoses thrive, revealed that the development and distribution of most phytocenoses is
closely linked with specific habitat conditions. Among the studied parameters, the most significant for the
phytocenoses differentiation were: pH, alkalinity, COD-MnO,, BODj5, NO;Y NO, , POZi and the concen-
tration of total phosphorus.

Key words: Hydrochari-Lemnetea, Potametea, properties of water, eutrophication, macrophytes.

Until the 18th century, Vojvodina was a
swampy and marshy region. Being the lowest
part of the Pannonian Plain, receiving the
water masses formed in the Alps, Carpathians
and Dinarides, it is characterized as the great-
est hydro network in Europe [MiloSev, 2002].
Due to the dense water flow network and un-
favourable water characteristics, it was ne-
cessary to regulate the water flow regimen,
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which was achieved by the development of the
Danube-Tisza-Danube hydrosystem (Hs DTD).
However, the canal network development re-
sulted in successive disappearance of many
marshes and swamps, together with specific
aquatic and semiaquatic vegetation.
According to the European Water Frame-
work Directive (WFD) terminology, Hs DTD is
an artificial water body that represents a comp-



lex system with respect to its management,
and is of great strategic significance for Ser-
bia [European Commission, 2000]. According to
the WFD, artificial water bodies are required
to sustain positive ecological potential (charac-
terized by negligible changes in the values of
biological parameters of the highest ecological
potential) and adequate chemical status of sur-
face water. Aquatic macrophytes are important
biological elements for the ecological status as-
sessment [WFD, European Commission, 2000].
Aquatic macrophytes are considered one of the
most reliable biological parameters for eutrophi-
cation assessment, since they have an quicker
response to changes in nutrient conditions than
benthic invertebrates or fish, and a slower re-
sponse than phytoplankton, phytobenthos and
macroalgae [Laketi¢ et al, 2013]. In addition to
the findings of numerous studies confirming
that macrophytes are reliable indicators of the
trophic status and other hydro-chemical para-
meters [Papastergiadou, Babalonas, 1993; Szan-
kowski, Klosowski, 1999; Janauer, Dokulil, 2006;
Klosowski, 2006; Otahelova et al., 2007; Pele-
chaty, 2007; Koci¢ et al, 2008; Grinberga,
Sprioie, 2008; Schneider, 2009; Szoszkiewicz
et al, 2010; Lewin, Szoszkiewicz, 2012; Hriv-
nak et al, 2014], it is noteworthy that plant
phytocenoses, besides providing valuable in-
formation about the habitat conditions, can also
reveal the reasons and patterns of the ecosys-
tem changes. In addition to the bioindicative
function, macrophyte vegetation plays a key
role in maintaining the ecosystem functionali-
ty and improving the physico-chemical water
parameters. It also provides the necessary
amount of oxygen for other organisms, serves
as food and shelter for animals, and remedia-
tes the habitat [Schneider, 2007; Lukacs et al.,
2014; Schneider, 2014; Nikoli¢ et al., 2014].
The ecological balance in the Hs DTD, which
is a secondary anthropogenic ecosystem, is very
difficult to establish due to the dynamic chang-
es necessary for operating the canal network.
In addition to the orchestrated changes in wa-
ter level, the presence of 23 dams also con-
tributes to this challenge [Dzigurski et al., 2010].
“Mechanical stress” to which hydrophytes are
exposed in dynamic hydroecosystems reduces
the primary production and can contribute to
narrowing of the ecological amplitude [Schnei-

der, 2007]. Moreover, rapid eutrophication, ca-
used by the intensification of agriculture, ur-
banization and industrialization, is an additional
factor contributing to the greater instability
[Dzigurski et al.,, 2013]. Hence, instead of suc-
cessions that have existed for thousands of
years and have resulted in valuable phyto-
cenoses complexes, the anthropogenic eutrophi-
cation effects, caused by significant amounts
of nutrients that are rapidly introduced into
the ecosystem, can be noted after only a few
decades of the canal operation [Hummel, Ki-
viat 2004; Baleviciene, Balevicius, 2006]. In-
creasing nutrient quantity favors biodiversity
only to a certain extent; however, further in-
crements, due to the disappearance of most
stenovalent organisms, result in loss of biodi-
versity [Kremser, Schnug, 2002; Schaumburg
et al., 2004; Scheffer, Van Nes, 2007; Koci¢
et al., 2008; Grinberga, Spriodie, 2008]. R. Hriv-
nak et al. [2007] noted that human influence —
namely, water pollution, water regimen regu-
lation and presence of dams — is instrumental
in the changes of the macrophyte structure
and distribution.

The aim of this work is to analyze the cur-
rent state of the vegetation diversity in the
secondary aquatic ecosystem, in the light of
the changed water quality conditions of wa-
tercourses in this part of Europe that have
been observed in recent decades. The paper will
present: 1) floristic structure of the identified
aquatic phytocenoses; 2) definition of basic
physico-chemical parameters that influence
vegetation development; 3) detection of threate-
ned and endangered species that have found
refuge in this fragile anthropogenic ecosystem,
as well as invasive species that threaten the
conservation of its biodiversity.

MATERIALS AND METHODS

Studied region. The study was conducted
in the Hs DTD canal network, in Backa (Voj-
vodina, Serbia). Vojvodina (44°39'15.04” and
46°10’11.32” north latitude, 18°°50715.00” and
21°3327.82” east longitude) is located in the
southern part of the Pannonian ecoregion. Al-
though moderate continental climate predomi-
nates in the region, the massifs of the sur-
rounding Carpathian Mountains in the east, the
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Alps in the west and Dinarides in the south-
west cause the climate to take a more pro-
nounced continental character than the gene-
ral geographic location alone would entail. More-
over, owing to Mediterranean influences from
the direction of the Adriatic Sea that reach
the region through the Dinarides, the climate
in Vojvodina can be characterized as highly
heterogeneous [Lali¢ et al.,, 2011].

The Danube-Tisza-Danube hydrosystem is
one of the largest hydroecosystems in Europe.
In Backa, the network comprises nine canals
between Danube and Tisza, with the total
length of 421 km (Fig. 1). There are 23 sluices
on the main Hs DTD canal network, which
were built as independent structures, or in
combination with locks within a hydro-knot,
which helps to regulate the canal water level.
Hs DTD is important in the agricultural deve-
lopment of Vojvodina and the region. Its pur-
pose is multifaceted, comprising acceptance and
channeling of international waters (waters
flowing from the territories of other countries);
receiving and removing water from the draina-
ge systems of agricultural lands and other
types of land; providing water for irrigation
systems, ponds, farms, industry and commu-
nities; receiving, implementing and diluting the
wastewater coming from industrial buildings,
farms and villages; providing navigation chan-
nels for vessels of 200 to 1.000 t carrying ca-
pacity; flood protection; fishing, recreation and
tourism [Savi¢ et al., 2013].

Plant communities. Phytocenological stu-
dies were conducted from 2009 to 2012, in the
period of maximum vegetation growth (June
to September), using the Braun-Blanquet
method. Field studies were conducted from
small boats or, at sites where this was not pos-
sible, from the shore using simple, yet effica-
cious hooks and rake-type devices, designed
by J. Blazenci¢ and Z. Blazenci¢ [1991]. The sur-
faces from which phytocenological recordings
were taken ranged from 5 to 25 m® In each
phytocenosis (on the relevé area) water samp-
les were taken for physico-chemical analyses.
The samples were collected at the same time
as the releves were performed (June — Sep-
tember). Each year the survey was only car-
ried out at the peak of the growing season to
ensure the comparability of the data.
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Fig. 1. The Danube-Tisza-Danube hydrosystem’s
canal network

The syntaxonomic review of the studied
vegetation was adjusted according to the R. So6
method [1973]. All videos were registered in a
phytocenological synoptic table, in which level
of presence (I-V), number and coverage (+,
1, 2, 3, 4, 5) were given for each species. Un-
der the “Results” heading, the description of
the identified phytocenoses was given, includ-
ing synonyms, characteristic species of the
association, characteristic group types, ecolo-
gy, conservation status and invasion status.
Characteristic groups comprise association and
plant species edificators with the degree of
presence IV and V, corresponding to species
present in 60—80 % and 80—100 % of the ima-
ges captured, respectively.

Under the “Conservation status” heading,
the species that are on the Red List of Threa-
tened Species for Europe [IUCN, 2013] and
have the Least Concern (IUCN LC) status were
listed, along with species that are protected in
Serbia [Radulovi¢ et al, 2012], namely those
given the National Conservation status — Strict-
ly Protected (NCS-R) and National Conserva-
tion status — Protected (NCS-R). In this work,
plant species invasion status was determined



Table 1

Synoptic table of the plant communities of the Hydrochari-Lemnetea class in Hs DTD in Backa

Phytocenoses

LS

SS CD HM LU

Number of species

17

17 18 21 18

Characteristic species of the association of the alliances Lemnion minoris, Ceratophyllion and Hydrocharition

Spirodela polyrrhiza (L.) Schleid.

Lemna minor L.

Salvinia natans (L.) Allioni
Ceratophyllum demersum L.
Hydrocharis morsus-ranae L.

Utricularia vulgaris L.

Iv:l IV:] Itl V1*5
v*2 o \a 1+t
V1—4 H+ Ivil Hil
IViZ V4—5 V+—2 Iviz
v*! 12 A& =t

Il V3—4

Characteristic species of the alliances Lemnion minoris, Ceratophyllion and Hydrocharition, the order

Lemna gibba L.

Lemna trisulca L.

Vallisneria spiralis L.
Elodea canadensis Rich
Potamogeton pectinatus L.
Myriophyllum spicatum L.
Trapa natans L.

Sagittaria sagittifolia L.
Potamogeton crispus L.
Najas marina L.
Potamogeton perfoliatus L.
Stratiotes aloides L.

Nymphaea alba L.

Muyriophyllum verticillatum L.

Nuphar lutea (L.) Sm.
Potamogeton lucens L.
Potamogeton fluitans Roth.
Polygonum amphibium L.
Phragmites communis Trin.
Lycopus europeus L.

Typha angustifolia L.

Sparganium ramosum Huds.

Glyceria maxima (Hartm.) Holm.

Rumex hydrolapathum Huds.

Hydrocharietalia and the class Hydrochari-Lemnetea

It It I+
I+ I+ Itl

Accessory species

v*! It It
" It I
" ! I
mt v*! ! v*2
! ! 1112 i
I I I
I I I
I+t I+ It It
Il
" " I I
I+ 111
IIil I+ Il
1
o
I+
It
!
Il
Il
Il
I+

N o t e. Associations: LS — Lemno-Spirodeletum, SS — Salvinio-Spirodeletum polyrrhizae, CD — Ceratophylletum
demerst, HM — Hydrocharidetum morsus-ranae, LU — Lemno-Utricularietum vulgaris.

in accordance with the List of invasive species  to 2012) during the growing season (June, July,

in AP Vojvodina [IASV, 2013].

August and September). The water samples

Physico-chemical parameters. In the sec- were taken from the surface layer (up to 0.3 m
tions of the canal where the investigated as- depth) in the canal sections where the exis-
sociations were identified, water samples were tence of phytocenoses was previously ascer-
collected annually 4 times per year (from 2009  tained. Basic physical and chemical properties
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Table 2

Synoptic table of the plant communities of the Potametea class in Hs DTD in Backa

Phytocenoses PN EC MP NM (63% NA NL NP TN

Number of species 19 15 21 11 17 12 18 15 20

Characteristic species of the association of the alliances Batrachion fluitantis, Potamion and Nymphaeion

Potamogeton fluitans L. y3s mt =3

Elodea canadensis Rich It Vi It I+ I It
Muyriophyllum spicatum L. v*2 jiig V=3 i v*2 wv*2 IV I v*!
Potamogeton lucens L. I 14 8

Najas marina L. v*2 mt it v3s 1*! I I It
Vallisneria spiralis L. I+t It I v3s v+l v+t *t
Ceratophyllum demersum L. vl v*! V=3 V2 V=2 V=3 V3 vt v*2
Nymphaea alba L. 1+t I it V3ot ot It
Nuphar lutea (L.) Sm. It A II1*! It
Nymphoides peltata Hill. I+t I I v
Hydrocharis morsus-ranae L. 1+t v*! 1+t v*! I v*! v*2 v*2
Trapa natans L. it i It i I+t I It vt v3s

Characteristic species of the alliances Batrachion fluitantis, Potamion and Nymphaeion, the order Potametalia and

the class Potametea

Ranunculus circinatus L. v*2 ! 2

Potamogeton perfoliatus L. I 3 I I I I ot 1*!
Potamogeton crispus L. It I3 I I+ It It
Muyriophyllum verticillatum L. I

Potamogeton pectinatus L. ! I*° I I+ !
Polygonum amphibium L. It I It

Accessory species

Salvinia natans (L.) Allioni it wt it I+t v*2 v+t I+t
Sagittaria sagittifolia L. i 1*! I m I
Lemna trisulca L. I v*! i I " r* mr* I
Lemna minor L. I AV i I " I It v It
Spirodela polyrrhiza (L). Schleid. I i I+t I =2 I =3 v+ v*!
Sparganium ramosum Huds. I

Utricularia vulgaris L. I " 3 I I
Lemna gibba L. I

N o t e. Associations: PN — Potametum nodosi, EC — Elodeetum canadensis, MP — Myriophyllo-Potametum,
NM — Najadetum marinae, CV — Ceratophyllo demersi-Vallisnerietum spiralis, NA — Nymphaeeetum albae, NL —
Nymphaeetum albo-luteae, NP — Nymphoidetum peltatae, TN — Trapetum natantis.

of water were determined using standard me-
thods [APHA, 1995]. The following parameters
were monitored: temperature, pH value (with
a pH-meter), alkalinity, chemical (COD MnO,)
and biological (BODj5) oxygen demand, and nu-
trient content (NH,, NO,, NO,, PO; and
total phosphorus).
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The data required for the chemical water
analysis, pertaining to the aforementioned pa-
rameters, were processed using the STATIS-
TICA 7.0 software. The significance of differen-
ces between the investigated phytocenoses, in
relation to the water parameters analyzed, was
established via ANOVA and Fisher LSD test.



RESULTS AND DISCUSSION

Syntaxonomic survey and description
of aquatic plant communities

Hydrochari-Lemnetea Oberd., 1967
Hydrocharietalia Riibel, 1933
Lemnion minoris W. Koch et Tx. ex Oberd,
1957
Lemno-Spirodeletum W. Koch, 1954, Miiller
et Gors, 1960
Salvinio-Spirodeletum polyrrhizae Slavnic,
1956
Ceratophyllion Den Hartog et Segal, 1964
Ceratophylletum demerst (So6 27) Hild, 1956
Hydrocharition Riibel, 1933
Hydrocharidetum morsus-ranae Van Lan-
gendonck, 1935
Lemmno-Utricularietum vulgaris Sod, 1928

Potametea Tx. et Prsg., 1942
Potametalia W. Koch, 1926
Batrachion fluitantis Neuhiusl, 1959
Potametum nodost Soy (1928) 1960, Sega, 1964
Potamion W. Koch, 1926 emend. Oberd, 1957
Elodeetum canadensis (Pign., 1953) So6, 1964,
Passarge, 1964, Westhoff, 1969
Muyriophyllo-Potametum Soo6, 1934
Najadetum marinae Fukarek, 1961
Ceratophyllo demersi-Vallisnerietum spiralis
Lazi¢, 2006
Nymphaeion Oberd., 1956
Nymphaeetum albae Vollmar, 1947
Nymphaeetum albo-luteae Nowinski, 1928
Nymphoidetum peltatae (Allorge, 1922) Oberd.
et Miiller, 1960
Trapetum natantis Miiller et Gors, 1960
Lemmnion minoris W. Koch et Tx. ex Oberd,
1957. This phytocenosis represents free-floating
duckweed aquatic plant communities. They are
capable of rapid regeneration and are present
in artificial water flows (in addition to natural
waters), where the influence of anthropogenic
factors is intense. Sudden changes in the Hs DTD
water levels induce water mass movement,
which results in parts of the stands being torn
off. The stands are, thus, sometimes found, in
the form of fragments, on the surface of deeper
canal sections, as a part of other phytocenoses.
Lemmno-Spirodeletum polyrhizae (see Tab-
le 1, col. LS)
Synonyms: Lemno-Spirodeletum polyrhizae
Koch, 1954; Lemno-Spirodeletum Slavni¢, 1956;

Spirodeletum polyrhizae Kehlhofer ex Tiixen
et Schwabe in Tiixen, 1974; Lemno-Spirodele-
tum W. Koch, 1954.

Characteristic species of the association:
Lemna minor, Spirodela polyrrhiza.

Characteristic group: L. minor, S. polyrrhiza,
Ceratophyllum demersum.

Ecology: The stands are present in the form
of small islands, mostly formed in shallow
water in the absence of strong currents (along-
side semiaquatic vegetation, in the vicinity of
land reclamation facilities). Optimal conditions
for the development of this phytocenosis in the
Hs DTD include hypertrophic water, low alka-
linity and high nitrate levels (1.03 mg/l), as
well as dissolved (0.44 mg/1) and total (1.21 mg/1)
phosphorus (Fig. 2).

Conservation status: L. minor: IUCN-LC.

Salvinio-Spirodeletum polyrrhizae (Tab-
le 1, col. SS)

Synonyms: Spirodelo-Salvinietum natantis
Slavni¢, 1956; Salvinio natantis-Spirodeletum
polyrhizae Slavni¢, 1956; Lemno-Salvinietum
natantis Miyawaki et Tiixen, 1960; Lemno mi-
noris-Salvinietum natantis (Slavnic, 1956) Ko-
rneck, 1959.

Characteristic species of the association: S. po-
lyrrhiza, Salvinia natans.

Characteristic group: S. polyrrhiza, S. natans,
Vallisneria spiralis, L. minor, C. demersum, Hyd-
rocharis morsus-ranae.

Ecology: This pioneering phytocenosis fa-
vors sunlit places, protected from the wind,
where the water is shallow and calm (Table 3).
The stands often form long strips alongsi-
de semiaquatic vegetation. Optimum deve-
lopment of this phytocenosis is achieved in
the second half of the summer, when the
stands sometimes cover the entire canal width.
The habitats in which the stands are formed
are hypertrophic and warm, with a pH abo-
ve 8, lower alkalinity, high nitrate, nitrite and
phosphate levels (total phosphorus 1.58 mg/1)
(Fig. 2).

Conservation status: S. natans: IUCN-LC;
NCS-SP.

Ceratophyllion Den Hartog et Segal, 1964.
This phytocenosis includes submerged ve-
getation formed in the deeper parts of the
watercourse. In the study area, only C. de-
merst was present.
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Ceratophylletum demersi (see Table 1,
col. CD)

Synonyms: Ceratophylletum demerst Coril-
lion, 1957; Ceratophylletum demersi Eggler,
1933; Ceratophylletum demersi den Hartog et
Segal, 1964; Potamo-Ceratophylletum demersi
Hild & Rehnelt, 1965.

Characteristic species of the association:
C. demersum.

Characteristic group: C. demersum, Myrio-
phyllum spicatum, S. polyrrhiza.

Ecology: This phytocenosis is dominant in
deeper canal sections, where it sometimes forms
dense “underwater meadows”. In the period of
maximum growth, these stands make the canal
impassable for boats. Less frequently, in those
parts of the canal where the water flow is
slightly faster and floating vegetation is poorly
developed, these stands form a narrow strip
alongside emerged vegetation. Optimum growth
conditions are found in eutrophic water, with
lower nitrite values (0.04) and the pH level of
7.86 (see Fig. 2).

Hydrocharition Riibel, 1933. The phyto-
cenoses of this alliance form large free-float-
ing macrophytes. They are predominantly found
in shallow canal sections that are in the ad-
vanced stages of terrestrialization.

Hydrocharidetum morsus-ranae (see Tab-
le 1, col. HM)

Synonyms: Hydrocharito-Stratiotetum Kru-
seman et Vlieger, 1937; Hydrocharito morsus-
ranae-Nymphoidetum peltatae Slavnié, 1956,
Lemno-Hydrocharitetum morsus-ranae (Oberd.,
1957) Pass., 1978.

Characteristic species of the association:
H. morsus-ranae.

Characteristic group: H. morsus-ranae, L. mi-
nor, S. natans, S. polyrrhiza, C. demersum.

Ecology: This two-layered phytocenosis is
floristically rich (21 species). Although it be-
longs to floating, rootless vegetation type, in
shallow water (about 0.3 m), rooting of H. mor-
sus-ranae species sometimes occurs. A suitab-
le place for its development is shallow, slow-
flowing water with a muddy bottom; howe-
ver, it can also be found at depths up to 1 m
(see Table 3). Stands developed in the form
of islands of 2—3 m diameter often create mo-
saics with other floating plant communities.
Conditions for their optimum development are
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found in eutrophic waters with high BPKj
(6.09) and ammonium ion (0.81 mg/1) values (see
Fig. 2).

Lemmno-Utricularietum vulgaris (see Tab-
le 1, col. LU)

Synonyms: Utricularietum vulgaris Passar-
ge, 1961; Lemno minoris-Urticularietum vul-
garis Sod (1928) ex Pass., 1964

Characteristic species of the association:
Utricularia vulgaris, Lemna minor.

Characteristic group: Utricularia vulgaris,
L. minor, C. demersum, M. spicatum.

Ecology: From the syngenetic perspective,
this phytocenosis is the final member in the
chain of the smallest flowering aquatic vege-
tation representatives. The stands were noted
only at three sites, where they developed in
close proximity to reed beds, interspersed
among their sparse stands. Stands occur in
mesotrophic, warm waters (25.6), with pH
values of 8.14, and low nitrate and nitrite le-
vels (see Fig. 2).

Conservation status: L. minor: IUCN-LC;
U. vulgaris: IUCN-LC; NCS-P.

Batrachion fluitantis Neuhiusl, 1959. This
alliance comprises phytocenoses dominated by
submerged hydrophytes, adapted to fluctuat-
ing water conditions. Roots or rhizomes of these
plants are attached to the waterbed, and their
trees are resilient and long.

Potametum modosi (see Table 2, col. PN)

Synonyms: Potametum denso-nodosi de
Bolos, 1957

Characteristic species of the association: Po-
tamogeton fluitans.

Characteristic group: P. fluitans, M. spica-
tum, Najas marina, C. demersum, Ranuncu-
lus circinatus.

Ecology: Optimal conditions for the deve-
lopment of this association are central, dee-
pest canal sections (3.0—3.5 m), where impacts
of water currents are significant (see Table 3).
In some locations of the studied ecosystem,
the stands that were widespread at a small
number of sites, covered the entire canal width.
Hypertrophied water, lower temperatures and
pH (7.46), and high values of dissolved phos-
phorus and nitrite (0.73 mg/1), are optimal for
the formation of the studied stands (see Fig. 2).

Conservation status: P. fluitans: ITUCN-LC;
NCS-SP.
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Fig. 2. Significance of differences between the studied phytocenoses compared to the analyzed water
properties (ANOVA).

Associations: PN — Potametum nodosi; EC — Elodeetum canadensis; MP — Myriophyllo-Potametum; NM — Najadetum
marinae; CV — Ceratophyllo demersi-Vallisnerietum spiralis; NA — Nymphaeeetum albae; NL — Nymphaeetum albo-
luteae; NP — Nymphoidetum peltatae; TN — Trapetum natantis. Vertical bars denote 0.95 confidence intervals

Potamion W. Koch, 1926 emend. Oberd.,
1957. The alliance combines submerged aqua-
tic plant communities. Submerged ecomorphs
predominate, followed by species with vege-
tative organs that are partly submerged and
partly above water surface, and species with
only flowers rising above the water surface. In
the studied stands, this included species of the
genera Potamogeton, Myriophyllum, Najas and
Elodea.

Elodeetum canadensis (see Table 2, col. EC)

Synonyms: Elodeetum canadensis Eggler,
1933; Helodeetum canadensis Eggler, 1933; Elo-
deetum canadensis Pignaatti, 1953; Elodeetum
canadensis So0, 1964.

Characteristic species of the association: Elo-
dea cancdensts.

Characteristic group: Elodea canédensis, C. de-
mersum, H. morsus-rance, S. n¢tans, Lemn¢ tri-
sulca, L. minor.

Ecology: This neophyte community, whose
edificator is an invasive species E. cancdensis,
is characterized by limited distribution, and
develops in shallow, calm canal sections and
bays, in close proximity to the emersal vege-
tation. During the summer season, at the time
of intensive development, these stands reach
water depths of 1.0—-1.5 m, where they form
islands several meters in diameter. These stands
are found in slightly eutrophic waters, charac-
terized by low temperature, pH (7.4), and alka-
linity. However, the nitrite values (0.11 mg/1)
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recorded in this case are the highest compared
to all other investigated plant communities (see
Fig. 2).

Invasion status:
(IASV 2013).

Myriophyllo-Potametum (see Table 2,
col. MP)

Synonyms: Potamogetonetum lucentis Hueck,
1931; Ceratophyllo-Potamogetonetum lucentis
Hueck (1931) ex Pass., 1964 subass. myriophyl-
letosum Pass., 1994.

E. canédenisis: invasive

Table 3

Ordering plant communities following
a water depth gradient

Mean depth Vegetation unit

Up to 0.5 m Lemmno-Utricularietum vulgaris
Lemno-Spirodeletum
Salvinio-Spirodeletum polyrrhizae

Uptolm Hydrocharidetum morsus-ranae

Up to 1.5 m Elodeetum canadensis
Ceratophyllo demersi-Vallisnerietum

spiralis

Up to2m Najadetum marinae
Nymphaeetum albae
Nymphaeetum albo-luteae

Up to 25 m Nymphoidetum peltatae
Trapetum natantis
Myriophyllo-Potametum

About 3.5 m Ceratophylletum demersi

Potametum nodosi




Characteristic species of the association: Po-
tamogeton lucens, M. spicatum.

Characteristic group: P. lucens, M. spica-
tum, C. demersum.

Ecology: This floristically rich (21 species),
relatively stable submerged community, con-
sisting mainly of rooted hydrophytes, deve-
lops on muddy waterbed, in deeper canal sec-
tions (up to 3 m). Although it favors slower
water flow, it tolerates water current impacts
very well. In the canal network, these stands
form small islands. The water in which the
stands are found is hypertrophic, characteri-
zed by lower temperature, pH (7.49) and nit-
rite values, and high nitrate (1.12 mg/l) and
dissolved phosphorus (1.00) values (see Fig. 2).

Conservation status: P. lucens: IUCN-LC.

Najadetum marinae (see Table 2, col. NM)

Synonyms: Najadetum marinae Libbert,
1932; Najadeto-Potametum acutifolii Slavnic,
1956; Potamo-Najadetum Horvati¢ et Micevski
in Horvati¢, 1963; Najadetum marinae Philip-
pi, 1969.

Characteristic species of the association:
N. marina.

Characteristic group: N. marina, C. demer-
sum.

Ecology: This floristically poor community
(11 species) is found a few meters away from
the shore, in deeper canal waters (up to 2 m).
Significant proliferation of this phytocenosis
along the banks of the Jegricka canal, along
which the Slatinski pastures stretch, is condi-
tioned by the adaptation of the edificator
N.marin¢ to the increased salt concentration
in water. Stands occur in slightly eutrophic wa-
ters, with higher temperature, pH (8.08) and
alkalinity values (see Fig. 2).

Conservation status: N. marina: IUCN-LC.

Ceratophyllo demersi-Vallisnerietum spi-
ralis (see Table 2, col. CV)

Characteristic species of the association:
Vallisneria spiralis, Ceratophyllum demersum.

Characteristic group: V. spiralis, C. demer-
sum, M. spicatum, H. morsus-ranae.

Ecology: This invasive association is dom-
inant in the canal sections with steep and land-
scaped banks, on which emersal vegetation has
not developed. The stands are found a few
meters from the shore, in water depths of 0.5—
1.5 m, with muddy waterbed. This associati-

on is found in hypertrophic (total phosphorus
1.35 mg/1) water with pH 7.76 (see Fig. 2).

Invasion status: V. spiralis: invasive (IASV
2013).

Nymphaeion Oberd., 1956. Aquatic float-
ing vegetation of this alliance includes the lar-
gest and the most attractive flowering species
(Nymphaea alba, Nuphar lutea, Trapa natans
and Nymphoides peltata).

Nymphaeetum albae (see Table 2, col. NA)

Synonyms: Nymphaeetum albo-luteae No-
winski, 1928 subass. nymphaeetosum.

Characteristic species of the association:
N. alba.

Characteristic group: N. alba, C. demersum,
M. spicatum.

Ecology: This two-layered, species-poor
(12 species) association is developed only on the
section that forms a natural depression and is
used as a pond, in water depths of 0.5—-2 m
(see Table 3). This section is characterized by a
large riverbed width and water level fluctua-
tions of low intensity. Optimal conditions for
the development of this phytocenosis are me-
sotrophic, hot waters, of a greater pH (8.17)
and alkalinity, and low nitrite and nitrate va-
lues (0.10 mg/1) (see Fig. 2).

Conservation status: Nymphaea alba: IUCN-
LC; NCS-SP.

Nymphaeetum albo-luteae (see Table 2,
col. NL)

Synonyms: Nymphaeo-Nupharetum luteae
Nowinski, 1928; Myriophyllo-Nupharetum
Koch, 1926 ex Hueck, 1931; Nupharo luteae-
Nymphaeetum albae Tomaszewicz, 1977.

Characteristic species of the association:
N. alba, N. lutea.

Characteristic group: N. alba, N. lutea, C. de-
mersum, M. spicatum, V. spiralis, H. morsus-
ranae, S. natans.

Ecology: This is the most developed and stab-
le floating rooted vegetation in the study area,
where it forms a narrow border strip towards
emersal vegetation, or a very wide strip that
reaches the middle of the canal. For their op-
timum development, these characteristically
two-layered stands require water depths of
1.0—2.5 m. Mesotrophic, warm water, with high
ammonium ion values and low nitrite values
(0.20 mg/1) are optimal for the development of
these stands (see Fig. 2).

399



Conservation status: N. alba: IUCN-LC;
NCS-SP; N. lutea: IUCN-LC; NCS-SP.

Nymphoidetum peltatae (see Table 2, col. NP)

Synonyms: Nymphoidetum peltatae (AlL,
1922) Bellot, 1951; Trapo natantis-Nymphoide-
tum peltatae Oberdorfer, 1957; Nymphoidetum
peltatae Oberdorfer et Miiller in Miiller et Gors,
1960; Polygono-Nymphoidetum van Donselaar
et al, 1961.

Characteristic species of the association:
N. peltata.

Characteristic group: N. peltata, T. natans,
H. morsus-ranae, C. demersum, V. spiralis, L. mi-
nor, S. polyrrhiza, S. natans.

Ecology: The stands were found only on two
sites, at a significant distance from one ano-
ther, in water depths of 0.5—2.5 m. Numerous
characteristic group species (8 types) contribute
to the heterogeneous structure of these stands.
Low values of abundance and coverage of sub-
merged plants in these stands confirm a sig-
nificant impact of ass. Nymphoidetum peltatae
on the reduced growth of submersed macro-
phytes [Larson, 2007]. These stands are found
in mesotrophic waters with higher alkalinity
values (see Fig. 2).

Conservation status: Nymphoides peltata:
IUCN-LC.

Trapetum matantis (see Table 2, col. TN)

Synonyms: Trapetum natantis Karpati, 1963;
Ceratophyllo-Trapetum natantis Miller et Gors
(1962) ex. Pass., 1992; Trapo natantis-Nymphot-
detum peltatae Oberdorfer, 1957.

Characteristic species of the association:
Trapa niitans.

Characteristic group: T. niitans, H. morsus-
ranie, S. polyrrhiza, C. demersum, M. spicatum.

Ecology: This phytocenosis dominates in the
floating vegetation of the Hs DTD canal net-
work. For optimal development, these stands
favor central, deep parts of the canal (about
3 m), where water fluctuations are frequent;
nonetheless, they can also be found in calm
and shallow sections (about 0.5 m). They form
a nfrrower or a wider belt and, in some pla-
ces, cover the entire canal width. In deeper
waters, in the absence of competition with
other floating plants, these stands indepen-
dently form a lush belt. At lower depths, they
typically create a layer of floating vegetation
with the communities Nymphaeetum albo-luteae,
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Hydrocharidetum morsus-ranae, Salvinio-Spi-
rodeletum polyrrhizae and Lemno-Spirodeletum
[Dzigurski et al, 2013]. They favor highly eut-
rophic water, characterized by high nitrate le-
vels (1.12 mg/1) (see Fig. 2).

Conservation status: T. natans: IUCN-LC.

The vegetation formed within the Hs DTD
canal in Baka region comprises 14 associations
belonging to the classes Hydrochari-Lemnetea
and Potametea and alliances Lemnion minoris,
Ceratophyllion, Hydrocharition, Batrachion flui-
tantis, Potamion and Nymphaeion. The rich
macrophyte vegetation is in various stages of
development, i. e., succession series. Orches-
trated water regimen does not allow the habi-
tat conditions to stabilize, and tighter cenotic
relationships among hydrophytes to form; thus,
in some sections of this dynamic ecosystem,
pioneering phytocenoses alternate with the sta-
bilized ones, forming vegetation mosaics. The
most widespread aquatic communities of the
investigated area are Trapetum natantis and
Ceratophylletum demersi.

Physico-chemical water parameter analysis
(see Fig. 2) revealed that the formation and dis-
tribution of phytocenoses is significantly af-
fected by pH, alkalinity, COD, BOD;, NO;
NO,, PO, and total phosphorus (ANOVA,
p < 0.001), as well as temperature and NH,
(ANOVA, p < 0,05).

At lower water temperatures (mean values
in the range between 23 and 24 °C), the com-
munities Elodeetum canadensis, Potametum no-
dosi and Muyriophyllo-Potametum develop.
Overall, phytocenoses of the Potamion alliance
form at lower water temperatures, which is
understandable considering that this vegeta-
tion favors deeper canal sections (see Table 3).
In the habitat of the phytocenoses Lemno-Utri-
cularietum vulgaris, Nymphaeetum albae, Salvi-
nio-Spirodeletum polyrrhizae, Najadetum mar-
inae and Nymphaeetum albo-luteae, the highest
temperatures were recorded (exceeding 25 °C).

The pH values in all plant communities are
within the limits (6.5—8.5) of the “good ecolog-
ical status” of artificial water bodies [Sl. Glas-
nik RS, 2012]. Low pH (below 7.5) was recorded
at the localities where the stands Elodeetum
canadensts, Potametum nodost and Myriophyl-
lo-Potametum developed. Higher pH (slightly
above 8) was recorded in the habitats of the



associations Nymphaeetum albae, Lemno-Utri-
cularietum vulgaris, Salvinio-Spirodeletum
polyrrhizae and Najadetum marinae (see Fig. 2).
In the study conducted in Romania, Gh. Col-
dea et al. [1997] reported pH 7—8 for the same
phytocenoses. On the other hand, the values
pertaining to Nymphaeetum albae in Poland
were consistent with our results [Szankowski,
Klosowski, 1999].

The highest mean values of total alkalinity
were measured in the stands Nymphaeetum
albae, Nymphoidetum peltatae and Najadetum
marinae (above 3 mmol/l) and the lowest (be-
low 2.2 mmol/]) in Elodeetum canadensis, Lem-
no-Spirodeletum and Salvinio-Spirodeletum
polyrrhizae (see Fig. 2). In contrast to our find-
ings, for the Elodetum canadensis phytoceno-
sis, that developed in north-eastern Poland,
S. Klosowski [2006] reported higher values of
water alkalinity.

With respect to COD-MnO,, which is used
to estimate the quantity of dissolved organic
matter in water, the phytocenoses Nymphae-
etum albae and Najadetum marinae were cha-
racterized by the highest values of this pa-
rameter relative to the other communities.
COD-MnO, values in these two communities
exceeded 11 mg/l, indicating their occasional
exposure to water laden with organic matter.
The lowest average COD-MnO, values were re-
corded in habitats of the stands Trapetum
natantis and Ceratophyllo demersi-Vallisnerie-
tum spiralis. BOD; results generally indicated
the “good ecological status” (below 6 mg/1) for
the category of artificial water bodies [Sl. Glas-
nik RS, 2012] at most localities in which the
studied association developed. Habitats of the
associations Nymphaeetum albo-luteae and Hyd-
rocharidetum morsus-ranae were notable ex-
ceptions, whose high BOD; values are gene-
rally due to organic pollution caused by the dis-
charge of untreated industrial wastewater ef-
fluents and leaching from agricultural land.

In terms of eutrophication, it is necessary
to analyze the water nutrient content. In the
water samples analyzed in this study, all forms
of mineral nitrogen were detected, with the
nitrate form being most abundant. Nitrate con-
centration in all stands was lower than the
3.00 mg/1 limit, which defines the “good eco-
logical status” for artificial water bodies [SL

Glasnik RS, 2012]. The lowest nitrate content
was measured in habitats of the stands Nym-
phaeetum albae and Lemno-Utricularietum vul-
garis, and the highest in Trapetum natantis and
Muyriophyllo-Potametum. High nitrate levels
were found at the sites favored by Trapetum
natantis in the streams of neighboring Croatia
[Koci¢ et al,, 2008]. The analysis of water nit-
rite content revealed that the development of
phytocenoses of the alliance Nymphaeion and
Hydrocharition favored lower nitrate content.
The associations Elodeetum canadensis, Myrio-
phyllo-Potametum, Salvinio-Spirodeletum polyr-
rhizae and Potametum nodost favored the wa-
ter richer in these compounds compared to
other stands.

Ammonia content below the 0.2 mg/1 thresh-
old was recorded at localities where the stands
Lemmno-Utricularietum vulgaris, Nymphaeetum
albae, Ceratophylletum demersi, Najadetum
marinae and Nymphoidetum peltatae developed
(see Fig. 2). In the remaining stands studied
here, the ammonium was above the threshold
value of the “good ecological status”, indicat-
ing impaired quality of water in which they
developed. A. Koci¢ et al. [2008] also detected
high ammonium values for Croatian water
flows, especially in habitats of the Najadetum
marinae association.

The high content of dissolved phosphorus
measured in water with the stands Myriophyl-
lo-Potametum (1.00 mg/1) and Potametum no-
dosi (0.73 mg/1) differed considerably with other
stands, where much lower content was record-
ed. Total phosphorus in habitats of the stands
Lemmno-Utricularietum vulgaris, Nymphaeetum
albae, Nymphaeetum albo-luteae and Nymphoi-
detum peltatae did not exceed the 0.30 mg/1
limit [Sl. Glasnik RS, 2012], which defines the
“good ecological status”. Other plant communi-
ties developed at the sites where total phos-
phorus content exceeds this value, reaching
2.22mg/1 for the Myriophyllo-Potametum
stands. According to the OECD [1982] direc-
tive, the total phosphorus value in the phyto-
cenoses Nymphaeetum albae, Nymphaeetum
albo-luteae, Nymphoidetum peltatae and Lem-
no-Utricularietum vulgari defines their habitat
conditions as mesotrophic.

The results of other studies indicated meso-
trophic conditions in the habitats of Nymphae-

401



etum albae [Papastergiadou, Babalonas, 1993;
Klosowski et al., 2011], Nymphaeetum albo-
luteae [Baleviciene, Balevicius, 2006; Chytry et
al, 2011], Nymphoidetum peltatae [Papaster-
giadou, Babalonas, 1993; BaleviCiene, Ba-
levicius, 2006] and Lemmno-Utricularietum vul-
garis [Chytry et al, 2011]. M. Szankowski and
S. Klosowski [1999] highlighted that the stands
of Nymphaeetum albo-luteae in Poland deve-
lop in a wide range of habitat conditions, and
K. Szoszkiewicz et al. [2010] found that, in Eng-
land, Wales and Scotland, these stands favor
eutrophic conditions. Phytocenoses that formed
in eutrophic waters in the study area included
Ceratophylletum demersi, Hydrocharidetum
morsus-ranae, Elodeetum canadensis, Najadetum
marinae and Trapetum natantis.

The eutrophic status is confirmed by the lite-
rature data reported for Hydrocharidetum mor-
sus-ranae [Schneider, 2009; Dzigurski et al,
2013; Sykora, 2006], Elodeetum canadensis [Ba-
leviciene, Balevitius, 2006; Chytry et al,, 2011],
Najadetum marinae [Chytry et al, 2011] and
Trapetum natantis [Szankowski, Klosowski,
1999; Schneider, 2009; Lukacs et al., 2009;
Chytry et al., 2011]. For the dominant subver-
sive phytocenosis Ceratophylletum demersi, in
addition to several studies that confirm our
findings [Dimopoulos et al., 2005; Lacoul,
Freedman, 2006; Nikoli¢ et al.,, 2007; Lukacs
et al., 2009; Chytry et al., 2011], there is a
number of works suggesting that low total
phosphorous content is optimal for its deve-
lopment [Koci¢ et al, 2008]. High total phos-
phorous content levels in the stands Lemno-
Spirodeletum, Salvinio-Spirodeletum polyrrhizae,
Potametum nodost, Myriophyllo-Potametum and
Ceratophyllo demersi-Vallisnerietum spiralis
characterized their habitat conditions as hyper-
trophic. K. V. Sykora [2006] also noted that phy-
tocenoses of the Lemnion minoris alliance de-
velop in the waters with hypertrophic status.
Similarly, L. Kufel et al. [2012] indicated that,
for their optimum development, species belong-
ing to the family Lemnaceae require the wa-
ters characterized by high total phosphorous
content. Analysis of physico-chemical water
parameters at localities where the studied phy-
tocenoses were found, revealed that their de-
velopment is usually associated with specific
habitat conditions. The values of water parame-
ters at most localities are a consequence of
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anthropogenic influence on the eutrophication
process and the advancing succession process-
es, despite these aquatic ecosystems being rela-
tively “young”. Diversification of aquatic vege-
tation is, to some extent, affected by other
habitat parameters that were not analyzed in
this study, but nonetheless affect the forma-
tion of such a heterogeneous and rich vegeta-
tion both directly and indirectly (canal depth
and width differences, water flow velocity,
navigation intensity, orchestrated changes in
water levels, presence of over 20 locks, dif-
ference in canal age, ranging from 50 to 200
years, etc.) [Dzigurski et al, 2014, 2015].

Endangered and invasive plant species

In the aquatic vegetation of the Hs DTD
canal network, several endangered species are
present. According to the Red List of Threa-
tened Species for Europe, the Least Concern
status [IUCN 2013] was given to Nymphaea
alba, Nuphar lutea, Nymphoides peltata, Trapa
natans, Lemna minor, L. gibba, L. trisulca, Najas
marinaa, Polygonum amphibium, Potamogeton
crispus, P. fluitans, P. lucens, P. pectinatus,
P. perfoliatus, Sagittaria sagittifolia, Salvinia na-
tans, Spirodela polyrhiza, Typha angustifolia and
Utricularia vulgaris. In Serbia, N. alba, N. lutea,
P. fluitans, S. natans and U. vulgaris have the
National Conservation status — Strictly Pro-
tected [Radulovi¢ et al,. 2012]. Some of these
endangered species analyzed in this study com-
prise the phytocenoses Lemno-Spirodeletum,
Salvinio-Spirodeletum polyrrhizae, Lemno-Utri-
cularietum wvulgaris, Potametum mnodosi, Myri-
ophyllo-Potametum, Najadetum marinae, Nym-
phaeetum albae, Nymphaeetum albo-luteae, Nym-
phoidetum peltatae and Trapetum natantis.

On the other hand, in terms of the degree
of the threat that invasive species pose to the
aquatic vegetation biodiversity, freshwater eco-
systems are among the most sensitive [Thie-
baut, 2007]. Large rivers, such as Danube and
Tisza flowing through this region, are the main
corridor for plant species invasion.

In the studied region, from the “List of
invasive species at the Vojvodina territory”
[IASV 2013], Elodea canadensis and Vallisne-
ria spiralis were identified. For Hungary, as a
part of Pannonian ecoregion that also comprises



Vojvodina, B. A.Lukdcs et al. [2014] there were
also noted an invasive species V. spiralis and
an alien plant E. canadensis. In Hs DTD, the
aforementioned species are edificators of the
phytocenoses Elodeetum canadensis and Cera-
tophyllo demersi-Vallisnerietum spiralis. A neo-
phyte association Elodeetum canadensis was
found at only two localities, and did not ap-
pear to exhibit proliferative tendencies. Thus,
it does not presently pose a threat to the bio-
diversity of this ecosystem. A reduction in in-
vasiveness was also noted for Elodea canaden-
sts in other European habitats [Barrat-Segre-
tain, Elger, 2004]. On the other hand, Cerato-
phyllo demersi-Vallisnerietum spiralis was noted
at a significant number of localities, and has
a tendency to proliferate, indicating that moni-
toring these stands in necessary.

CONCLUSIONS

Despite significant anthropogenic pressure
due to accelerated eutrophication and orchest-
rated water regimen, macrophyte vegetation
in this secondary ecosystem is very rich and
heterogeneous. Here, vascular macrophytes, in
particular, play an invaluable role in maintain-
ing water quality and the necessary amount
of oxygen, and contribute to phytofiltration
and phytoremediation, acting as a protection
against erosive effects. In addition, as many
endangered and vulnerable species have found
refuge in Hs DTD, monitoring of their distri-
bution and ecology is necessary. R. Hrivnak
et al. [2014] also indicated that artificial aqua-
tic habitats are characterized by higher biodi-
versity compared to their natural counterparts;
hence, they can provide appropriate environ-
mental conditions for the survival of macro-
phytes. For these reasons, in order to preserve
aquatic vegetation, arrest negative environ-
mental trends in this fragile ecosystem and
achieve the “good ecological status” for this
canal, it is necessary to maintain adequate
water flow and water quality.
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