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Abstract: Our objectives were to offer insight into the characteristics of the physical environment in the River Danube 
in Serbia; and to show the relationship between selected environmental factors and the composition and abundance of 
macrophyte species. The macrophyte survey method followed the European Standard EN 14184, applying Kohler’s five-
level descriptive scale. Principal component analysis was carried out to examine the variation in aquatic vegetation, and to 
analyze the effect of environmental variables on the aquatic vegetation, redundancy analysis was used. To build a simpler 
model with fewer explanatory variables, yet sufficiently explaining species variability, forward selection of environmental 
variables was done. Our results confirmed that physical environmental factors significantly influence the establishment and 
structure of macrophyte vegetation, with the level of hydrological connectivity to the main river channel being the most 
important, followed by the transparency of the water column, sediment texture and water-flow velocity. In order to inspect 
the individual relation between best-fitted plant species and each of selected environmental variables, Spearman’s rank 
correlation coefficients were calculated. We have distinguished plant species with preferences to specific combinations of 
analyzed factors. Our results provide a background for future, more specific studies on the macrophyte/habitat relationship.
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INTRODUCTION

The distribution and abundance of aquatic macro-
phytes (large algae, bryophytes and vascular plants), 
as well as other organisms, are governed by their en-
vironment. Physical attributes, like geomorphology, 
sediment, climate, hydrology, are factors inherent to 
the limnology of water bodies being crucial predictors 
of aquatic vegetation. These factors are influenced by 
terrestrial elements of the related watershed, while 
the aquatic plants are also affected by biotic factors 
such as competition, predation and disease [1]. The 
physical niche of a macrophyte is defined by sediment 
and by the conditions defined by the surrounding me-
dium, water. These physical conditions are the most 
important for the establishment of aquatic plants in 
most habitats, and once a plant is established, other 
factors (e. g. nutrient concentration, competition, 
chemical quality, chances of propagation, etc.) can 
vary, even over a wide range, until the plant’s occur-
rence becomes restricted [2]. Among physical factors, 

water flow is the most prominent in running waters. 
In rivers, it is determined by hydrological parameters, 
in turn defining sediment structure (grain size and 
composition), channel type and the development of 
the flood plain [2]. 

Water flow conditions are one of the strongest 
physical environmental factors that determine the 
occurrence of aquatic plants [3]. Thus, its influence 
on aquatic vegetation has been the topic of research 
in many studies [4-17]. Jones et al. [18] confirmed a 
complex relationship between aquatic macrophytes 
and sediment structure. The importance of physical 
environmental factors was also found in other more 
complex studies that dealt with the morphological, 
hydrological, physical and water quality attributes of 
the rivers and composition, abundance and distribu-
tion patterns of aquatic plant species [19-28]. 

These studies showed that aquatic macrophytes 
are highly dependent on the characteristics of their 
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environment and changes occurring in it. Nowadays 
this is particularly relevant because of the EU Water 
Framework Directive (WFD) [29], which includes 
the use of macrophytes as bioindicators, or quality 
elements, needed for assessing the ecological status 
of surface water bodies. Reference conditions for the 
WFD are based on existing river reaches in natural 
or near-natural status. In as much as water bodies 
no longer exist, historical information, modeling ap-
proaches or expert judgment should be used [29,30]. 
In this respect, understanding the relations between 
environmental conditions and aquatic macrophytes 
is of great importance.

In a large international river like the Danube, it 
is impossible to find undisturbed conditions in the 
reference sites after centuries of human modifications 
[31,32], apart from its upper reach, where the river 
is still small and often close to its natural ecologi-
cal status [33]. The overall hydromorphology of the 
Danube River is highly influenced by human-induced 
alterations. The most significant alteration is the in-
terruption of the longitudinal continuity created by 
dams and weirs and the lateral connectivity disrup-
tions caused by loss of floodplains and bank reinforce-
ments [34].

The hydrology of the Danube River section ana-
lyzed in this study is highly impacted by the dams of 
the hydropower system Đerdap I and II. The main 
effects of this interruption in longitudinal continuity 
are attenuated water velocity, increased sedimentation 
and nutrient accumulation, and higher transparency, 
offering favorable conditions for the establishment of 
aquatic vegetation characterized by high abundance 
and diversity [32,35-37]. The frequent changes in wa-
ter level in the reservoirs created after the construc-
tion of the dams contribute to high species diversity 
in accordance with the disturbance hypothesis [38], 
as disturbance maintains high species richness and 
limits competitive exclusion [39,40].

The objectives of this study were to offer detailed 
insight into the characteristics of the physical envi-
ronment in the large alluvial River Danube in Ser-
bia, and to show the relationship between selected 
environmental parameters and the composition and 
abundance of macrophyte species.

MATERIALS AND METHODS

Study area

Of the Danube River’s total length of 2850 km, the 
Serbian reach is 588 km long. It enters the country 
at 1433 river-km (rkm) and leaves at 846 rkm at the 
mouth of the Timok River. The average drop in the 
river course is 24 cm km-1. The section between 1433 
to 1296 rkm represents the border with Croatia, and 
the section to 1075 rkm the border between Serbia 
and Romania. The main tributaries are the Drava (km 
1300, m. a. discharge 622 m3 s-1), Sava (km 1070, m. a. 
discharge 1800 m3 s-1), Velika Morava (km 1105, m. a. 
discharge 206 m3 s-1), Tisa (km 1214, m. a. discharge 
920 m3 s-1), and Tamiš (km 1155, m. a. discharge 104 
m3 s-1). The largest settlements are Novi Sad (popula-
tion 252459, km 1255), Belgrade (1351000, km 1170) 
and Smederevo (64025, km 1116). At rkm 943 and 
863, two dams form part of the largest hydropower 
system on Danube. The first dam, Đerdap I, became 
operational in 1972, and the second, Đerdap II, in 
1984. According to the data of the Serbian Republic 
Hydrometeorological Institute, the decrease in wa-
ter-flow velocity caused by the Đerdap I dam occurs 
upstream, at approximately rkm 1155, during mean 
water level periods, resulting in a run-of-the-river 
reservoir of more than 200 km in length. The section 
of the river between Đerdap I and II represents the 
80-rkm-long reservoir of the second dam [41,42].

Survey of environment and macrophytes

The study was carried out in the section of the Dan-
ube main channel, between rkm 1433 and 846, in 
the oxbows and side-arms with permanent surface 
connection to the main river channel, during July in 
the period of 2012 and 2013. Left and right riversides 
were surveyed separately. The study area was divided 
into 1081 contiguous survey units (SUs), each 1 rkm 
long (in the main channel), or of individual length 
(in side-arms and oxbows). The prevailing type of the 
following environmental parameters was recorded for 
each SU: land use (shading potential and naturalness); 
bank structure (naturalness, gradient and material 
fineness) for the upper littoral, which extends above 
the water level during mean discharge periods; river 
bed sediment (fineness and naturalness), referring to 
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the part of the substrate in the littoral of the water 
body where the aquatic vegetation is growing; the 
level of connectivity of the water body, where the SU 
is, to the main channel (seven levels are predefined, 
the highest, seventh, is the main channel); water-flow 
velocity was estimated close to the macrophyte stands 
in four categories (details are provided in Table 1); 
water transparency was measured with a Secchi disk, 
readings were done in 5-cm intervals, measured values 
were divided into four classes (Table 1).

The macrophyte survey method followed the 
European Standard EN 14184 [43]: in each SU the 
abundance of each macrophyte species was estimated 
according to a five-level descriptor scale (1=very rare, 
2=rare, 3=frequent, 4=abundant, 5=very abundant; 
[19,44] − so called Kohler’s ‘Pflanzenmenge’, i.e. plant 
mass estimates − PME). Plant species were identified 
using standard identification keys [45,48]. Species no-
menclature follows Flora Europaea (http://rbg-web2.
rbge.org.uk/FE/fe.html). The collected plant material 
was pressed and dried and deposited in the Depart-
ment of Biology and Ecology Herbarium Collection 
(BUNS). Only vascular plants were analyzed, while 
obligate helophytes were excluded from this study.

Data analysis

Environmental data was appropriately coded to be 
used in further analyses (Table 1). For the multivariate 
analyses, Kohler’s plant mass estimates (PMEs) were 
transformed using the function y=x3 [49,50]. The cor-
relation between environmental parameters, as well 
as the correlation between environmental parameters 
and macrophyte species, was expressed using Spear-
man’s rank correlation coefficients (STATISTICA 
12.0). The ordination software package CANOCO 
4.5 was used to perform multivariate analyses to de-
scribe basic vegetation patterns and their relationship 
with available environmental data. Out of 1081 SUs, 
135 were excluded from analyses for lack of macro-
phytes. The unconstrained ordination, detrended 
correspondence analysis (DCA), was used to obtain 
a basic overview of the compositional gradients in 
the vegetation data. The length of the first axis was 
2.050, suggesting that a linear ordination method was 
suitable for the analysis. To summarize the variation 
in aquatic vegetation, principal components analysis 

(PCA) was performed. Environmental variables were 
passively projected into the resulting ordination space. 
The direct effect of environmental variables on the 
aquatic vegetation was analyzed using redundancy 
analysis (RDA). The significance of the environmental 
variables was tested using a Monte Carlo permuta-
tion test (full model, 9999 runs). To build a simpler 
model with fewer explanatory variables, yet explaining 
species variability sufficiently, forward selection of 
environmental variables was done in RDA.

RESULTS

The surveyed section of the Danube River was divided 
into 1081 survey units (SUs). Most SUs were in the 
main channel of the river (42.6%, Table 1) and in the 
Đerdap I reservoir (27.0%). An equal share of SUs 
are in the oxbows with the inflow from their lower 
end, and in the side-arms with permanent connection 
to the main channel at both ends (10.1%). Less than 
10% of the SUs are other hydrological connectivity 
types (Table 1). Bank structure along the SUs is mainly 
natural, in flat slopes of fine, predominantly inorganic 
substrate, and in 29.0% of SUs the bank is reinforced 
with stones (rip-rap). The river bed in the littoral zone 
inhabited by aquatic vegetation is of natural, fine, pre-
dominantly inorganic substrate. Water-flow velocity is 
mostly medium, although the percentage of SUs with 
low flow is notably high (26.5%). The land along the 
banks is mostly covered with natural forest vegetation 
with high shading potential. Measured water transpar-
ency ranged between 25 and 150 cm, predominantly 
(39.5% of SUs) between 51 and 75 cm (Table 1).

The strongest correlation was found between 
land-use type naturalness and its shading potential, 
indicating that in most SUs the bank is under natural 
riparian forest (Table 2). High correlation was also 
recorded between flow velocity and the level of con-
nectivity to the main channel (meaning that the flow 
velocity rises as the connectivity to the main chan-
nel increases), river bed sediment fineness and its 
naturalness; and between the slope of the bank and 
its naturalness, where its negative direction indicates 
that steep bank slope is in most cases reinforced with 
materials not indigenous to the SU (e. g. concrete, 
stone blocks, etc.).
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In 946 out of 1081 survey units, aquatic plants 
were recorded. Obligate helophytes were excluded 
from this study, leaving 49 aquatic plant species (Table 
3). The widest distribution has Ceratophyllum demer-
sum, occurring in 56.77% of SUs populated by mac-

rophytes, but the most frequent PME value (Kohler’s 
value) recorded for this species is 1, meaning it occurs 
rarely in individual SUs. The most frequent species in 
the surveyed stretch of the Danube is Potamogeton 
pectinatus. It has a wide distribution, since it is re-

Table 1. Environmental variables.
Habitat factor Abb. Attribute Code [%]

Total number of SUs: 1081

la
nd

 u
se

shading level* LU_shd no 0 18.4
partially 1 11.7
yes 2 69.8

naturalness level** LU_ntr no 0 14.9
partially 1 11.7
yes 2 73.4

ba
nk

naturalness bnk_ntr artificial 0 18.4
natural 1 81.6

flat/steep slope bnk_slp flat 0 44.0
steep 1 56.0

material fineness bnk_fns mega, macro, mesolithal (>6.3cm) 1 29.0
microlithal & akal (0.2-6.3cm) 2 3.5
psammal (0.06-0.2cm) 3 8.7
pelal (<0.06cm) 4 58.7

riv
er

 b
ed

sediment fineness sdm_fns mega-, macro-, mesolithal (>6.3cm) 1 7.9
microlithal & akal (0.2-6.3cm) 2 10.3
psammal (0.06-0.2cm) 3 8.5
pelal (<0.06cm) 4 73.4

naturalness sdm_ntr artificial*** 0 7.3
natural 1 92.7

co
nn

ec
tiv

ity
 le

ve
l cnnctv oxbow, inflow from lower end 1 10.1

oxbow, inflow from upper end 2 2.3
lake with permanent surface connection 3 0.8
secondary channel 4 10.1
reservoir Đerdap II 5 7.0
Đerdap I 6 27.0
main channel 7 42.6

w
at

er

flow velocity flw_vlc stagnant 0 11.0
low flow (<30cm/s) 1 26.5
medium (35-65cm/s) 2 53.6
high (>70cm/s) 3 8.8

transparency trnsp 25-50cm 1 11.7
51-75cm 2 39.5
76-100cm 3 27.3
101-150cm 4 21.5

Abb. − abbreviation; *Shading level of the land-use type along the SU bank is estimated by the observed CORINE land use typology: ‘no’ (0) for CORINE 
codes: 12, 13, 21, 23, 33; ‘partially’ (1) for CORINE codes: 11, 14, 11908; ‘yes’ (2) for CORINE code: 311 (details available on www.midcc.at). **Natural-
ness level of the land-use type along the SU bank is estimated by the observed CORINE land use typology: ‘no’ (0) for CORINE codes: 11, 12, 13, 14, 
11908; ‘partially’ (1) for CORINE codes: 21, 23; ‘yes’ (2) for CORINE codes: 31, 32, 33, 311 (details available on www.midcc.at). ***’Artificial’ sediment 
comprises a high fraction of non-indigenous material. This mixed type of river bottom is present in the reservoirs Đerdap I and II, resulting from the 
flooding of the two impoundments when non-autochthonous sediment material was permanently submersed after the construction of dams. In Đerdap 
I reservoir, this material consists of large stones and rocks originating from former reinforced embankment (e.g. rip-rap). In Đerdap II reservoir bricks 
and other building material are also included. These stones, bricks, concrete blocks, etc. stabilize the near-bank sediment. Spaces between the coarse frac-
tion trap finer sediment carried by the river, or washed down from the new bank, enabling macrophyte species to root and grow in these special habitats.
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corded in 50.85% of SUs populated by macrophytes, 
and its most frequently recorded PME value is 3 − 
frequent. In the floristic composition, there are rare 
and/or protected species important from the conser-
vational point of view: Alisma gramineum, Iris pseu-
dacorus, Nuphar lutea, Nymphaea alba, Potamogeton 
x angustifolius, P. nodosus, P. pusillus, Salvinia natans, 
Stratiotes aloides, Trapa natans, Utricularia vulgaris 
and Zannichellia palustris; Species not indigenous to 
the studied area, Acorus calamus, Azolla filiculoides, 
Elodea canadensis, E. nuttallii, Paspalum paspalodes, 
Vallisneria spiralis. Elodea canadensis, E. nuttallii and 
Paspalum paspalodes show invasive population dy-
namics in the surveyed region. 

To summarize the variation in aquatic vegetation, 
principal components analysis (PCA) was carried 
out. Environmental variables were passively project-
ed into the resulting ordination space. The first two 
PCA axes explain 50.9% of the variability in species 
data. According to post hoc correlation with the first 
PCA axis, the first principal component is correlat-
ed mainly with water transparency (0.27), riverbed 
sediment fineness (0.16) and bank material fineness 
(0.15). Species such as Potamogeton lucens, P. pectina-
tus, P. perfoliatus, P. gramineus, P. nodosus and P. na-
tans tend to have higher probability of occurrence at 
higher water transparency. The second ordination axis 
is negatively correlated with the level of connectivity 
with the main channel (-0.41) and water-flow velocity 
(-0.32), and positively correlated with the bank (0.33) 
and the riverbed material fineness (0.23). Ceratophyl-
lum demersum, Spirodela polyrhiza, Trapa natans and 
Elodea canadensis tend to be more abundant in SUs 
with a lower level of hydrological connectivity with 
the main channel and lower flow velocity, which are 

characterized by banks and a riverbed structured of 
fine, predominantly inorganic material (Fig. 1).

To analyze the effect of environmental variables 
on the aquatic vegetation, redundancy analysis (RDA) 
was used. The first canonical axis explains 6.5% of 
the total variability in the plant species data, while 
the second (4.7%), third (1.30%) and fourth (0.4%) 
axes explain less variability. The amount of species 
variability explained by all canonical axes is 13.5%. 
The explanatory effect of both first and all canonical 
axes was statistically significant (p=0.001), which was 
confirmed by the Monte Carlo permutation test.

To build a simpler model with fewer explanatory 
variables, while at the same time sufficiently explain-
ing species variability, forward selection of environ-
mental variables was done in RDA. According to the 
marginal effects, the level of connectivity to the main 
channel has the strongest independent influence (Ta-
ble 4). It is followed by water transparency, bank mate-
rial fineness, riverbed sediment fineness, water-flow 
velocity, bank slope, riverbed sediment naturalness, 
shading potential of the objects and/or vegetation on 
the banks, bank naturalness and naturalness of the 
land-use type on the bank. According to the condi-
tional effects (i.e. the effects that each variable brings 
in addition to all the variables already selected), the 
order of the environment variables differs slightly (Ta-
ble 4). Six environmental variables were chosen using 
the forward selection: the level of connectivity to the 
main channel, water transparency, bank material fine-
ness, riverbed sediment fineness, its naturalness, and 
water-flow velocity. The RDA model using these six 
variables explains 12.1% of plant species variability 
(Table 4, Fig. 2). The first axis is best correlated with 
water transparency, while the second is best correlated 

Table 2. Correlation between environmental variables.
bnk_fns sdm_fns flw_vlc trnspr cnnctv LU_shd LU_ntr bnk_slp bnk_ntr

sdm_fns 0.33* . . . . . . . .
flw_vlc -0.32* 0.00 . . . . . . .
trnspr -0.25* -0.44* 0.02 . . . . . .
cnnctv -0.15* 0.10* 0.63* -0.16* . . . . .
LU_shd 0.32* 0.14* -0.11* -0.20* 0.00 . . . .
LU_ntr 0.30* 0.05 -0.07* -0.14* -0.02 0.85* . . .
bnk_slp -0.21* -0.32* 0.06 0.30* -0.01 -0.31* -0.28* . .
bnk_ntr 0.04 0.24* 0.04 -0.24* -0.04 0.11* 0.22* -0.54* .
sdm_ntr 0.34* 0.58* -0.13* -0.33* 0.06* 0.09* -0.05 -0.32* -0.06*

*Values statistically significant at p<0.05.
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with water-flow velocity and the level of connectivity 
to the main channel. Thirteen species are best fitted 
with this model. Potamogeton natans, P. gramineus, P. 
nodosus, P. perfoliatus, P. lucens and P. pectinatus are 
typical for SUs with higher water transparency and 
water velocity and coarser material, often artificial, on 
the banks and riverbed. Elodea nuttallii, Trapa natans, 
Ceratophyllum demersum, Spirodela polyrhiza, Oenan-
the aquatica and Paspalum paspalodes are character-
istic for SUs with a low level of connectivity with the 
main river channel, showing slower water flow and 
finer material on the banks and riverbed. Myriophyl-
lum spicatum is positioned between these two species 
groups, occurring in both habitat types (Fig. 2).

To examine the individual relation between 
best-fitted plant species and each of the selected en-

vironmental variables, Spearman’s rank correlation 
coefficients were calculated (Table 5). The obtained 
results support the RDA model (Fig. 2). The level of 
connectivity to the main channel is the environmental 
predictor significantly correlated to all plant species 
that are best fitted to the RDA model. The direction 
of the correlation is negative, indicating that these 
plants tend to be more abundant in the survey units 
in side-arms and oxbows than in the main channel 
of the river. The level of hydrological connectivity 
to the main channel is the most important predic-
tor for Ceratophyllum demersum, Elodea nuttallii, 
Spirodela polyrhiza, Trapa natans, Oenanthe aquatica 
and Paspalum paspalodes. Water transparency is the 
strongest limiting factor for Myriophyllum spicatum, 
Potamogeton gramineus, P. lucens and P. pectinatus, 

Species Abbreviation %SU PME 
mode

Acorus calamus L. Aco cal 2.22 1
Alisma gramineum Lej. Ali gra 0.21 1
Alisma plantago-aquatica L. Ali pla 4.33 1
Azolla filiculoides Lam. Azo fil 11.84 1
Berula erecta (Hudson) Coville Ber ere 1.69 1
Butomus umbellatus L. But umb 36.26 1
Ceratophyllum demersum L. Cer dem 56.77 1
Ceratophyllum submersum L. Cer sub 2.22 2
Elodea canadensis Michx Elo can 11.52 1
Elodea nuttallii (Planchon) 
St John Elo nut 3.81 1

Glyceria maxima (Hartman) 
Holomberg Gly max 4.55 1

Hydrocharis morsus-ranae L. Hyd mor 4.76 1
Iris pseudacorus L. Iri pse 22.41 1
Lemna gibba L. Lem gib 3.07 1
Lemna minor L. Lem min 28.54 1
Lemna trisulca L. Lem tri 8.03 1
Mentha aquatica L. Men aqu 2.33 1
Myriophyllum spicatum L. Myr spi 18.71 1
Myriophyllum verticillatum L. Myr ver 0.63 1
Najas marina L. Naj mar 7.93 1
Najas minor All. Naj min 2.11 1
Nuphar lutea (L.) Sibth. & Sm. Nup lut 3.17 1
Nymphaea alba L. Nym alb 0.74 1
Nymphoides peltata (S. G. 
Gmelin.) O. Kuntze Nyp pel 1.69 1

Oenanthe aquatica (L.) Poiret Oen aqu 2.64 1

Species Abbreviation %SU PME 
mode

Paspalum paspalodes 
(Michx.) Scribner Pas pas 5.81 1

Polygonum amphibium L. Pol amp 4.65 1
Potamogeton x angustifolius 
J. Presl. Pot ang 0.85 1

Potamogeton crispus L. Pot cri 20.61 1
Potamogeton gramineus L. Pot gra 35.52 1
Potamogeton lucens L. Pot luc 38.37 3
Potamogeton natans L. Pot nat 17.86 3
Potamogeton nodosus L. Pot nod 23.26 1
Potamogeton pectinatus L. Pot pec 50.85 3
Potamogeton perfoliatus L. Pot per 35.73 3
Potamogeton pusillus L. Pot pus 5.92 1
Ranunculus trichophyllus 
Chaix ex Vill. Ran tri 0.53 1

Rorippa amphibia (L.) Besser Ror amp 40.49 1
Sagittaria sagittifolia L. Sag sag 8.67 1
Salvinia natans (L.) All. Sav nat 10.36 1
Scirpus lacustris (L.) Sci lac 8.67 1
Sium latifolium L. Siu lat 0.21 1
Sparganium erectum L. Spa ere 3.07 1
Spirodela polyrhiza (L.) 
Schleiden Spi pol 47.46 1

Stratiotes aloides L. Str alo 0.53 2
Trapa natans L. Tra nat 24.52 1
Utricularia vulgaris L. Utr vul 0.53 2
Vallisneria spiralis L. Val spi 5.50 1
Zannichellia palustris L. Zan pal 1.37 1

Table 3. Species list.

%SU − the percentage of survey units where the species was recorded. in relation to the total number of survey units populated by macrophytes; PME 
mode − the most frequent PME value recorded.
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while the occurrence of Potamogeton perfoliatus, P. 
nodosus and Myriophyllum spicatum depends mostly 
on the sediment fineness on the bottom − they prefer 
coarser sediment, while its naturalness is the most 
important factor for Potamogeton natans.

DISCUSSION

The survey of aquatic macrophytes was carried out in 
the Danube River in Serbia. The study was performed 
in river’s main channel and side-arms and oxbows 
with permanent surface connection to the main chan-
nel. The surveyed river section, between rkm 1433 
and 846, was divided into 1081 survey units. In total, 
49 vascular aquatic plant species were recorded in 
946 SUs. In the species composition, both valuable 
elements of natural aquatic habitats and plants not 
indigenous to this region are present, indicating the 
heterogeneity of the complex habitat that represents 
both the refuge for the endangered species, and the 
expansion route for invasive aliens. Relatively high 
species richness, as well as the succession of water 
lilies and pond weeds found in our study site, are 
induced by the specific conditions in the impound-
ments along the Danube [27,36]. The thermophilous 
not indigenous species Azolla filiculoides was also 
found in the Middle and Lower Danube [36,37,51], 
while Vallisneria spiralis is distributed along the Lower 
Danube [36,37]. Elodea canadensis, E. nuttallii and 
Paspalum paspalodes are rapidly spreading along the 
whole Danube, indicating the degradation of natural 
habitats [27,52,53]. According to Janauer and Exler 
[54], Ceratophyllum demersum, Potamogeton pecti-
natus and Butomus umbellatus are the most frequent, 
nearly ubiquitous plant species along whole Danube 
River corridor.

According to PCA results, slightly more than 
50% of the variability in plant species data can be 
explained, and according to RDA, 13.5% of that vari-
ability relates to the physical environmental factors 

Fig. 1. Species-environment biplot diagram from the PCA with 
environmental variables passively projected into the resulting 
ordination space. Environmental variables: LU_shd − land use 
shading, LU_ntr − land use naturalness, bnk_ntr − bank natu-
ralness, bnk_slp − bank slope, bnk_fns − bank material fineness, 
sdm_fns − river bed sediment fineness, sdm_ntr − river bed sedi-
ment naturalness, cnnctv − hydrological connectivity level, flw_vlc 
− flow velocity, trnsp − transparency. Details on environmental 
variables are provided in Table 1. Abbreviations of plant names are 
presented in Table 3. Eigenvalues: PCA-axis 1: 0.336. PCA-axis 2: 
0.173. PCA-axis 3: 0.092. PCA-axis 4: 0.074; variability explained 
by first two axes: 50.9%.

Table 4. RDA − Marginal and conditional effects of environmental variables to variability of macrophyte vegetation.
VIF Marginal Conditional Forward selection

Variable Lambda1 Var. No LambdaA P F step expl. var. 
cnnctv  1.96 0.04 1 0.04 0.001 35.61 1 cnnctv 0.04
trnspr  1.43 0.03 2 0.03 0.001 33.21 2 trnspr  0.07
bnk_fns 1.56 0.03 3 0.02 0.001 21.11 3 bnk_fns 0.09
sdm_fns 3.15 0.03 4 0.01 0.001 13.88 4 sdm_fns 0.10
flw_vlc 1.94 0.02 6 0.01 0.001 12.20 5 sdm_ntr 0.11
bnk_slp 1.93 0.01 9 0.00 0.001 7.29 6 flw_vlc 0.12
sdm_ntr 2.85 0.01 5 0.01 0.003 3.55
LU_shd  2.17 0.01 8 0.00 0.001 5.47
bnk_ntr 2.03 0.01 10 0.00 0.051 2.16
LU_ntr  2.12 0.00 7 0.00 0.010 3.35
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selected for this study. Regarding their marginal and 
conditional effects, the most important are the level 
of hydrological connectivity with the main channel, 
water transparency, bank material fineness, riverbed 
sediment fineness, its naturalness and water-flow ve-
locity.

Many authors consider spatial connectivity along 
rivers and between a river and its floodplain water 
bodies as the most important predictor of aquatic 
plants assemblages, also influencing other physical 
factors − temperature, water-flow velocity, water 
transparency, texture of the sediment [27,55-58]. Our 
study confirmed that the level of hydrological connec-
tivity is the environmental factor with the strongest 
independent influence and highest marginal effect 
on plant species variability, but quite weakly corre-
lated to other factors, except water-flow velocity. The 
next most important predictor is the transparency of 
the water column. Water transparency is closely con-
nected with light availability, which is a limiting factor 
for macrophyte growth. Greater transparency usually 
causes an increase in species richness [59-61]. Some 
studies showed that macrophytes can improve their 
own light climate by enhancing the water transpar-
ency [62-64], making it hard to distinguish the effect 
of water transparency on aquatic vegetation from the 
effect of aquatic vegetation on the water transparency 
in the SUs with very abundant submerged macrophyte 

Table 5. Correlation between selected environmental variables and plant species best fitted to the RDA model.
cnnctv trnspr bnk_fns sdm_fns sdm_ntr flw_vlc

Cer dem -0.46*** 0.17*** ns ns 0.16*** -0.22***

Elo nut -0.22*** ns 0.09** ns ns -0.16***

Myr spi -0.25*** 0.30*** -0.11*** -0.30*** -0.12*** -0.14***

Pot gra -0.11*** 0.30*** -0.28*** -0.21*** -0.24*** 0.12***

Pot luc -0.21*** 0.35*** -0.31*** -0.17*** -0.18*** 0.12***

Pot nat -0.09** 0.19*** -0.36*** -0.22*** -0.42*** 0.18***

Pot nod -0.16*** 0.31*** -0.37*** -0.38*** -0.29*** 0.12***

Pot pec -0.22*** 0.32*** -0.27*** -0.19*** -0.15*** ns

Pot per -0.25*** 0.48*** -0.36*** -0.51*** -0.32*** ns

Spi pol -0.28*** ns -0.07* 0.14*** ns ns

Tra nat -0.30*** 0.16*** -0.11*** -0.13*** ns -0.09**

Oen aqu -0.24*** -0.07* 0.13*** 0.07* ns -0.16***

Pas pas -0.27*** ns 0.10* ns ns -0.16***

Legend: ns = not significant. *, **; *** indicate significance at p <0.5; 0.05; 0.001. respectively.

Fig. 2. Species-environment biplot from the RDA after the forward 
selection of environmental variables. Environmental variables: 
bnk_fns − bank material fineness, sdm_fns − river bed sediment 
fineness, sdm_ntr − river bed sediment naturalness, cnnctv − hy-
drological connectivity level, flw_vlc − flow velocity, trnsp − trans-
parency. Details on environmental variables are provided in Table 
1. Abbreviations of plant names are presented in Table 3. Eigen-
values: RDA-axis 1: 0.061. RDA-axis 2: 0.041. RDA-axis 3: 0.012. 
RDA-axis 4: 0.003; variability explained by first two axes: 10.2%.
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assemblages. Sediment texture along the banks and 
in the littoral zone of the riverbed plays an impor-
tant role in the distribution and abundance of aquatic 
plants. Most of the anchored plant species prefer fine, 
inorganic substrate with high cohesive strength, which 
affects both their growth and species recruitment [65]. 
Other studies confirmed this causality [27,61,66,67], 
but only some dealt with the influence of macro-
phyte morphology and patch structure on sediment 
features [68]. In our dataset, as expected, relatively 
high, negative correlation was recorded between 
water transparency and riverbed sediment fineness. 
Water-flow velocity is the fourth most important fac-
tor that influences macrophyte assemblages. It is best 
correlated with the level of hydrological connectivity. 
Hydrodynamic forces exerted by water movement on 
rooted plants is its main direct effect [69,70], while its 
influence on the photosynthesis and growth through 
the diffusion of gases and nutrients, its role in the 
dispersal of seeds and vegetative fragments, the depo-
sition of fine sediment, or the consecutive erosion or 
burial of the seed bank, are some of its indirect effects 
[65]. Interrelations between aquatic macrophytes and 
water-flow conditions have been the focus of many 
studies [3,10,17,71].

Aquatic plant species coexist along gradients of 
current speed, water depth and sediment texture, since 
they do not have single distributional patterns with 
respect to abiotic factors [17]. In contrast, our study 
revealed that the species Ceratophyllum demersum, 
Elodea nuttallii, Myriophyllum spicatum, Spirodela 
polyrhiza, Oenanthe aquatica, Paspalum paspalodes, 
Potamogeton gramineus, P. lucens, P. natans, P. nodo-
sus, P. pectinatus, P. perfoliatus and Trapa natans were 
found to be best fitted to the RDA model defined by 
individual abiotic factors. More precisely, the level of 
connectivity to the main river channel, being a sig-
nificant factor for all species, particularly governs the 
distribution and abundance of Ceratophyllum demer-
sum, Elodea nuttallii, Spirodela polyrhiza, Oenanthe 
aquatica, Paspalum paspalodes and Trapa natans. 
These species are mainly distributed in water bodies 
with less connectivity to the main river channel, i.e. 
side-arms and oxbows. For Myriophyllum spicatum, 
high water transparency and fine sediment texture 
have the strongest predictive power, while the occur-
rence of pondweeds (Potamogeton gramineus, P. lu-

cens, P. natans, P. nodosus, P pectinatus, P. perfoliatus) 
depends also on the texture of the bank material, and 
they frequently occur in SUs with artificial sediment 
material. SUs characterized by this type of mixed 
material are located in the impoundments Đerdap I 
and II, where permanently submersed, coarse, non-
indigenous material, such as former rip-rap, concrete 
blocks, bricks, etc. contribute to the sediment in the 
riverbed near the banks. In the space between this 
larger material, fine sediment carried by the river, or 
washed down from the present bank, is entrapped. 
Pondweeds are now rooted in these microhabitats. 
Although hydrological connectivity and water-flow 
velocity are correlated factors, connectivity plays a 
much more important role in the distribution and 
abundance of aquatic macrophytes. It appears to be a 
complex factor not exclusively of hydrological features 
in a particular habitat, but also comprises nutrient 
conditions, land-use of the area along the banks, cli-
mate features, type of river navigation and other so 
far untouched characteristics.

The species composition of aquatic macrophyte 
assemblages, with valuable elements of natural aquat-
ic habitats and plants not indigenous to the region, 
brings us to conclusion that the surveyed section of 
the Danube River is a complex habitat for both endan-
gered species and for invasive aliens. Understanding 
the macrophyte/habitat relationship will provide a 
sound background for tackling conservation aspects 
per se. But such information could be of paramount 
importance when dealing with invasive alien species 
and climate change-induced migration of native spe-
cies in the future, as well as in the complete process of 
adapting the Danube River Corridor to Water Frame-
work Directive goals.

Acknowledgments: The study was carried out as part of the re-
search project Bio-sensing technologies and global systems for 
the continual research and integrative ecosystem management, 
project No. III43002 financed by the Serbian Ministry of Educa-
tion, Science and Technological Development.

Conflict of interest disclosure: This manuscript has not been 
published before and is not under consideration for publication 
anywhere else. The publication of this article was approved by 
all authors.



436 Arch Biol Sci. 2017;69(3):427-437

REFERENCES

1. Lacoul P, Freedman B. Environmental influences on aquatic 
plants in freshwater ecosystems. Environ Rev. 2006;14:89-136.

2. Janauer GA. Is what has been measured of any relevance to 
the success of the macrophyte in its particular environment? 
In: Ravera O, editor. Scientific and legal aspects of biologi-
cal monitoring in freshwater. J Limnol. 2001;Suppl. 1:33-8.

3. Chambers OA, Prepas EE, Hamilton HR, Bothwell MI. Cur-
rent velocity and its effect on aquatic macrophytes in flowing 
waters. Ecol Appl. 1991;1:249-57.

4. Gessner F. Die ökologische Bedeutung der Strömungsge-
schwindigkeit fließender Gewässer und ihre Messung auf 
kleinstem Raum. Arch Hidrobiol. 1950;34:159-65.

5. Rath B. 1997. Verbreitung von aquatischen Makrophy-
tenbeständen im Flussbett des früheren Hauptarmes 
der Donau (Szigetköz, Str.-km 1826–1843). Limnol Ber. 
1997;Bd.I(32):227-32.

6. Barrat-Segretain MH, Amoros C. Influence of flood timing 
on the recovery of macrophytes in a former river channel. 
Hydrobiologia. 1995;316:91-101.

7. Biggs BJF. Hydraulic habitat of plants in streams. Regul 
River. 1996;12: 131-44.

8. Bornette G, Amoros C. Aquatic vegetation and hydrology of 
braided river floodplain. J Veg Sci. 1991;2:497-512.

9. Bunn SE, Arthington AA. Basic principles and ecological 
consequences of altered flow regimes for aquatic biodiver-
sity. Environ Manage. 2002;30:492-507.

10. Dawson FH, Robinson WN. Submerged macrophytes and 
the hydraulic roughness of lowland chalkstream. Verh Inter-
nat Verein Limnol. 1984;22:1944-48.

11. Franklin P, Dunbar M, Whitehead P. Flow controls on 
lowland river macrophytes: a review. Sci Total Environ. 
2008;400:369-78.

12. Madsen JD, Chambers PA., James WF, Koch EW, Westlake 
DF. The interaction between water movement, sediment 
dynamics and submersed macrophytes. Hydrobiologia 
2001;444:71-84.

13. Riis T, Biggs BJF. Hydrologic and hydraulic control of mac-
rophyte establishment and performance in streams. Limnol 
Oceanogr. 2003;48:1488-97.

14. Riis T, Suren AM, Clausen B, Sand-Jensen K. Vegeta-
tion and flow regime in lowland streams. Freshwater Biol. 
2008;53:1531-43.

15. Robach F, Eglin I, Tremolieres M. Species richness of aquatic 
macrophytes in former channels connected to a river: a com-
parison between two fluvial hydrosystems differing in their 
regime and regulation. Global Ecol Biogeogr. 1997;6:267-74.

16. Sand-Jensen K, Pedersen O. Velocity gradients and turbu-
lence around macrophyte stands in streams. Freshwater Biol. 
1999;42:315-28.

17. Janauer GA, Schmidt-Mumm U, Schmidt B. Aquatic macro-
phytes and water current velocity in the Danube River. Ecol 
Eng. 2010;36:1138-45.

18. Jones JI, Collins AL, Naden PS, Sear DA. The relationship 
between fine sediment and macrophytes in rivers. River Res 
Appl. 2012;28:1006-18.

19. Kohler A, Vollrath H, Beisl E. Zur Verbreitung, Vergesell-
schaftung und Ökologie der Gefäß-Makrophyten im Fließ-

wassersystem Moosach (Münishner Ebene). Arch Hidrobiol. 
1971;69:333-65.

20. Onaindia M, de Bikuña BG, Benito I. Aquatic plants in rela-
tion to environmental factors in Northern Spain. Environ 
Manage. 1996;47:123-37.

21. Sabbatini MR, Murphy KJ, Irigoyen JH. Vegetation-environ-
ment relationship in irrigation channel systems of southern 
Argentina. Aquat Bot. 1998;60:119-33.

22. Baatrup-Pedersen A, Riis T. Macrophyte diversity and 
composition in relation to substratum characteristics in 
regulated and unregulated Danish streams. Freshwater Biol. 
2009;42:375-85.

23. Thiébaut T, Muller S. A macrophyte communities sequence 
as an indicator of eutrophication and acidification levels in 
weakly mineralised streams in north-eastern France. Hydro-
biologia. 1999;410:17-24.

24. Riis T, Sand-Jensen K. Abundance-range size relationships in 
stream vegetation in Denmark. Plant Ecol. 2002;161:175-83.

25. Kohler A, Schneider S. Macrophytes as bioindicators. Arch 
Hidrobiol. 2003;14 (1-2, Suppl. 147):17-31.

26. Hrivnák R, Oťaheľová H, Jarolímek I. Diversity of aquatic 
macrophytes in relation to environmental factors in the Sla-
tina river (Slovakia). Biologia. 2006;61:413-19.

27. Ot’ahel’ová H, Valachovič M, Hrivnák R. The impact of 
environmental factors on the distribution pattern of aquatic 
plants along the Danube River corridor (Slovakia). Limno-
logica. 2007;37:290-302.

28. Steffen K, Becker T, Herr W, Leuschner C. Diversity loss 
in the macrophyte vegetation of northwest German streams 
and rivers between the 1950s and 2010. Hydrobiologia. 
2013;713(1):1-17.

29. Council Directive 2000/60/EC on Establishing a Framework 
for Community Action in the Field of Water Policy. OJ L. 
2000;327:1-73.

30. Scheffer M, Hosper SH, Meijer M-L, Moss B, Jeppesen E. 
Alternative equilibria in shallow lakes. Trends Ecol Evolut. 
1993;8:275-79.

31. Van Looy K, Meire P, Wasson JG. Including riparian vegeta-
tion in the definition of morphologic reference conditions 
for large rivers: a case study for Europe’s Western Plains. 
Environ Manage. 2008;41:625-39.

32. Birk S, Van Kouwen L, Willby N. Harmonizing the bioas-
sessment of large rivers in the absence of near-natural refer-
ence conditions – a case study of the Danube River. Fresh-
water Biol. 2012;57:1716-32.

33. Janauer GA, Dokulil M. Macrophytes and algae in running 
waters. In: Ziglio G, Siligardi M, Flaim G, editors. Biologi-
cal monitoring of rivers. New York: Wiley; 2006. p. 89-109.

34. Schwartz U, Kraier W. Hydromorphology. In: Liška I, Wag-
ner F, Slobodnik J, editors. Joint Danube Survey 2, Final Sci-
entific Report. Vienna: ICPDR; 2008. p. 32-40.

35. Stevanović V, Šinžar-Sekulić J, Stevanović B. Expansion of 
the adventive species Paspalum paspalodes (Michx) Schrib-
ner, Echinochloa oryzoides (Ard.) Fritsch and Cyperus stri-
gosus L. in the Yugoslav part of the Danube reservoir (km 
1090-1075). Limnol Reports. 2004;35:99-405.

36. Vukov D, Boža P, Igić R, Anačkov G. The distribution and 
the abundance of hydrophytes along the Danube River in 
Serbia. Cent Eur J Biol. 2008;3:177-87.



437Arch Biol Sci. 2017;69(3):427-437 

37. Vukov D, Igić R. The Aquatic Plant Species Diversity in 
Large River Systems. In: Tepper GH, editor. Species Diver-
sity and Extinction. New York: Nova Science Publishers Inc; 
2010. p. 361-81.

38. Connell JH. Diversity in tropical forests and coral reefs. Sci-
ence. 1978;199:1302-10.

39. Huston MA. A general hypothesis of species diversity. Am 
Nat. 1979;113:81-101.

40. Petraitis PS, Latham RE, Neisenbaum RA. The maintenance 
of species diversity by disturbance. Q Rev Biol. 1989;64:393-
418.

41. Sikora A, Ürge L, Miklós D. Hydrology of the river Danube. 
Bratislava: Príroda;1988. 271 p.

42. Gavrilović Lj, Dukić D. Reke Srbije (Rivers of Serbia). Beo-
grad: Zavod za udžbenike i nastavna sredstva; 2002. 208 p.

43. European Standard EN 14184 − Water quality − Guid-
ance standard for the surveying of macrophytes in running 
waters. Bruxelles: Comité Européen de Normalisation; 2014.

44. Kohler A, Janauer GA. Zur Methodik der Untersuchun-
gen von aquatischen Makrophyten in Fließgewässern. In: 
Steinberg Ch, Bernhardt H, Klapper H, editors. Handbuch 
Angewandte Limnologie. Landsberg/Lech: Ecomed Verlag; 
1995. p. 1-22.

45. Fassett NC. A Manual of Aquatic Plants. New York, London: 
McGraw-Hill Book Company Inc; 1940. 382 p.

46. Cook CDK. Aquatic plant book. The Hague: SPB Academic 
Publishing; 1990. 228 p.

47. Felföldy L. Hínár Határozó. Vízügyi Hidrobiológia 18. kötet. 
Budapest: A Környezetvédelmi és Területfejlesztési Minisz-
térium; 1990. 145 p.

48. Preston CD. Pondweeds of the British Isles and Ireland. Lon-
don: Botanical Society of the British Isles (BSBI Handbook 
No. 8); 1995. 352 p.

49. Janauer GA, Heindl E. Die Schätzskala nach Kohler: Zur 
Gültigkeit der Funktion f(y)=ax3 als Maß für die Pflan-
zenmenge von Makrophyten. Verh Zool Bot Ges Osterr. 
1998;137:117-28

50. Melzer A. Aquatic macrophytes as tools for lake manage-
ment. Hydrobiologia. 1999;395/396:181-90.

51. Janauer GA, Steták D. Macrophytes of the Hungarian lower 
Danube valley (1498-1468 river km). Arch Hidrobiol. 
2003;14(1-2, Suppl.147):167-80.

52. Di Nino F, Thiébaut G, Müller S. Response of Elodea nuttallii 
(Planch.) H. St. John to manual harvesting in the North-East 
of France. Hydrobiologia. 2005;551:147-57.

53. Hussner A, Losch AR. Alien aquatic plants in a thermally 
abnormal river and their assembly to neophyte-dominated 
macrophyte stands (River Erft, Northrhine-Wstphalia). Lim-
nologica. 2005;35:18-30.

54. Janauer GA, Exler N. Distribution and habitat conditions of 
the six most frequent hydrophytes in the Danube River cor-
ridor: Status 2002. Limnol Reports. 2004;35:407-11.

55. Pall K, Ráth B, Janauer GA. Die Macrophyten in dyna-
mischen und abgedämmten Gewässersystem der Kleinen 

Schüttinsel (Donau-Fluß.km 1848 bis 1806) in Ungarn. Lim-
nologica. 1996;26:105-15.

56. Amoros C, Bornette G. Connectivity and biocomplexity 
in waterbodies of riverine floodplains. Freshwater Biol. 
2002;47:761-76.

57. Demars BOL, Harper DM. Distribution of aquatic plants in 
lowland rivers: separating the effects of local environmental 
conditions, longitudinal connectivity and river basin isola-
tion. Freshwater Biol. 2005;50:418-37.

58. Ot’ahel’ová H, Valachovič M. Diversity of macrophytes in 
aquatic habitats of the Danube river (Bratislava region, Slo-
vakia). Thaiszia J Bot. 2006;16:27-40.

59. Akasaka M, Takamura N, Mitsuhashi H, Kadono Y. Effects 
of land use on aquatic macrophyte diversity and water qual-
ity of ponds. Freshwater Biol. 2009;55:909-22.

60. Capers RS, Selesky R, Bugbee GJ, White JC. Species rich-
ness of both native and invasive aquatic plants influenced 
by environmental conditions and human activity. Botany. 
2009;87:306-14.

61. Svitok M, Hrivnák R, Kochjarová J, Ot’ahel’ová H, Paľove-
Balang P. Environmental thresholds and predictors of mac-
rophyte species richness in aquatic habitats in central Europe. 
Folia Geobot. 2016;51(3):227-38.

62. Van den Berg MS, Coops H, Meijer M-L, Scheffer M, Simons 
J. Clear water associated with a dense Chara vegetation in 
the shallow and turbid lake Veluwemeer, The Netherlands. 
In: Jeppesen E, Søndergaard M, Søndergaard M, Christof-
fersen K. editors. The structuring role of submerged macro-
phytes in lakes. Ecol Stud. 1998;131:339-52.

63. Hilt S, Henschke I, Rücker J, Nixdorf B. Can submerged 
macrophytes influence turbidity and trophic state in deep 
lakes? Suggestions from a case study. J Environ Qual. 
2010;39:725-33.

64. Furlanetto M. Field evidence of the influence of aquatic 
macrophytes on water quality in a shallow eutrophic lake 
over a 13-year period. Acta Limnol Bras. 2014;26:176-85.

65. Bornette G, Puijalon S. Response of aquatic plants to abiotic 
factors: a review. Aquat Sci. 2011;73:1-14.

66. Hrivnák R, Oťaheľová H, Valachovič M. The relationship 
between macrophyte vegetation and habitat factors along 
middle-size European river. Pol J Ecol. 2007;55:717-29.

67. Hrivnák R, Kochjarová J, Oťaheľová H, Paľove-Balang P, 
Slezák M, Slezák P. Environmental drivers of macrophyte 
species richness in artificial and natural water bodies - com-
parative approach from two central European regions. Ann 
Limnol - Int J Lim. 2014;50:269-78.

68. Sand-Jensen K. Influence of submerged macrophytes on sed-
iment composition and near-bed flow in lowland streams. 
Freshwater Biol. 1998;39:663-79.

69. Denny M. Biology and the mechanics of the wave-swept envi-
ronment. Princeton: Princeton University Press; 1988. 329 p.

70. Vogel S. Life in moving fluids: the physical biology of flow. 
Princeton: Princeton University Press; 1994. 467 p.

71. French TD, Chambers PA. Habitat partitioning in riverine 
macrophyte communities. Freshwater Biol. 1996;36:509-20.


