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TEMPORAL AND SPATIAL DISTRIBUTION OF MACROPHYTES
IN THE GRUZA RESERVOIR (SERBIA)
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Abstract — A survey of aquatic macrophytes in the Gruza Reservoir (Serbia) was conducted during the period 2007-
2008. Detailed data on the actual condition of macrophytes were established and compared between four parts of the
reservoir. The distributions of most aquatic macrophytes of the Gruza Reservoir are heterogeneous, with different values
of the MMT and MMO indices and low values of the distribution ratio. Quantitative analysis indicates that the greatest
diversity and abundance of species can be found in those parts of the reservoir with the shallowest water and greatest

indentation of the shoreline.
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INTRODUCTION

Macrophytes as primary producers have an impor-
tant role in maintaining the stability of dynamic
equilibrium, nutrient cycling, sedimentation pro-
cesses, and biofiltration in aquatic ecosystems
(Wetzel, 1983). They are also valuable as indicators
of water quality.

Although their presence is regulated by water
quality, water depth, and substrate characteristics,
morphometric characteristics of reservoirs on the
whole show better correlations with vegetation
structure than any measured chemical parameters
(Heegaard et al., 2001; Mikeld et al., 2004). Favorable
morphometrical conditions make quick colonization
possible in still water (Neiff, 2000). A high level of
macrophyte development and especially overgrowth
of emerged plants cause eutrophication of reservoirs
(Wetzel, 1983; Moss, 1990).

We investigated macrophytes in a lowland eutro-
phic reservoir, one whose water quality supports
development of this vegetation, but whose different
habitat characteristics along the shoreline cause dif-
ferent distribution of macrophytes. Knowledge of
the diversity, composition, abundance, and habitat
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preference of macrophytes provides important infor-
mation about the ecological status of this aquatic
ecosystem and makes it possible to predict possible
changes in ecosystem quality.

MATERIAL AND METHODS

The Gruza Reservoir was formed in 1985, in the
central region in Serbia, at an elevation of 238 m
above sea level. The flooded area had a well-devel-
oped pedological substrate and represented one of
the most fertile regions of Serbia. The lake is 10 km
long and 0.2-1.5 km wide, with surface area of 934
ha. Oscillations of the water level comprise 3-5 m.
Maximum depth of the water is 31 m near the dam,
whereas two thirds of the reservoir are shallow (3-9
m).

Field work was carried bimonthly from
September to July during the period 2007-2008.
Macrophytes were surveyed in four parts of variable
length (A, B, C, and D in Fig. 1), depending on veg-
etation distribution patterns, morphometric char-
acteristics of the reservoir, water depth, and human
impact. Part A of the shoreline is 1 km and lies next
to both sides of the dam. Its banks are steep, unin-
dentend, naked, and rocky, with great depths occur-
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Fig. 6. Distribution diagram of macrophyte populations in 2003.

ring just off shore. The maximum depth is 31 m.
Part B has a somewhat more indented and less steep
shoreline, and the water is less deep. The maximum
depth here is 21 m. In part C, the shoreline is shallow,
muddy, and indented, with maximum depth of 9 m.
Part D has a shallow muddy shoreline surrounded by
agricultural fields, with a very gently-sloping littoral
and maximum depth of 3.5 m.

Every homogeneous shoreline stretch with mac-
rophyte colonization was investigated by the transect
method. Plants growing on the shore and in water
to a depth of 5 m were collected (with a grapple)
and determinated according to Javorka and Shapody
(1979).

Because several phytocenological areas are cov-
ered by the transect method, this paper gives a syn-
thetic view of the presence of species of aquatic mac-
rophytes during the period of investigations. The
relative abundance was evaluated using a five-point
scale (Kohler and Schneider, 2003) as follows: 1 -
very rare, 2 - infrequent, 3 - common, 4 - frequent,

and 5 - abundant, predominant. The obtained data
form the base for a mathematical model with: relative
plant mass (RPM) for each species; cumulative RPM
for growth forms; mean mass indices for all macro-
phytes in total stretches (MMT); mean mass indices
for stretches with their occurrence (MMO); and the
distribution ratio (d) (Pall and Janauer, 1995). These
data sets are used to describe quantitative relation-
ships of aquatic macrophyte vegetation.

The Serenson similarity index S (Schwerdtfeger,
1975) was used to calculate the degree of similarity
between populations of macrophytes today and at
the time of earlier investigations, based on the results
of Veljovi¢ et al. (1986).

RESULTS

The main physical, chemical (Table 1), biological
(chlorophyll a, zooplankton), and microbiological
parameters (Ostoji¢ et al., 2005) indicated that the
reservoir’s water belongs to the eutrophic category.

Table 1. Average annual values of some physical and chemical wa-
ter characteristics of GruZa Reservoir, Serbia (Ostoji¢ et al. 2005).

Water characteristics

Temperature (C°) 14,2
Disolved oxygen (mg1") 4,99
Conductivity (uS cm!) 363
pH 7,84
KMnO, consump. (mg 1'!) 23,53
Total P (ug 1) 0,06
Nitrates (pg 1) 0,51
Nitrites (ug1?!) 0,01
NH,* (ugl?) 0,22
Ca?* (mg 1) 51,5
Mg?** (mg 1) 27,3
Saturation % 445
Secchi depth (m) 1,1
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Table 2. Floristic composition of the macrophytes in the four parts of the GruZza Reservoir. For A, B, C and D - see Material and Methods.
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Plant species Abbrevation year Parts of Reservoir
A B C D
Submerged
Ceratophyllum demersum L. Cer dem %ggg J_r T J_r T
C. submersum L. Cer sub ?ggg J_r T J_r T
Myriophyllum spicatum L Myr spi %ggg J_r T J_r T
M. verticillatum L. Myr ver ?ggg J_r T J_r T
Najas marina L. Naj mar ?ggg J_r T ] _
P . . 2008 - + + +
otamogeton crispus L. Pot cri 1986 } _ + +
P. pusillus L. Pot pus ?822 i ] 1 -_F
Veronica anagallis-aquatica L. Ver ana %ggg i T T T
Veronica beccabunga L. Ver bec %ggg ) i I :
Floating
Lemna gibba L. Lem gib %ggg i i I :
Lemna minor L. Lem min %ggg ) ) I I
Polygonum amphibium L. Pol amp %ggg : T J_r +
Potamogeton fluitans L. Pot flu %ggg i i jrr 1
Emerged
Alisma plantago- aquatica L Ali pla %ggg ) T jrr 1
Butomus umbellatus L. But umb %ggg i ) J_r +
Glyceria fluitans (L.) R. Br. Gly flu %ggg i i !
Heleocharis palustris (L.) RBr Hel pal %ggg ) i jrr 1
Iris pseudacorus L. Iri pse %ggg i + J_r +
I 2008 - + + +
ycopus europaeus L Lyc eur 1986 - + + -
Lycopus exaltatus L. Lyc exa %ggg ] ! ! !
Lythrum salicaria L. Lyt sal %ggg i N jrr !
Mentha aquatica L. Men aqu %ggg ] K ! !
Mentha spicata tomentosa Urv. Men spi %ggg : + J_r +
Oenanthe aquatica (L.) Poir Oen aqu %ggg i + J_r +
Phragmites australis Trin. Phr aus %ggg : ] J_r +
Scirpus silvaticus L. Sci sil %ggg : jrr !
Shoenoplectus palustris L. Sho pal %ggg i + +
Typha angustifolia L Typ ang %ggg i jrr +
o 2008 - - + +
Typha latifolia L. Typ lat 1986 - - * .
Serenson index for parts of Reservoir in % 11,1 3.4 45,7

Serenson index for whole Reservoir in %
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Fig. 2. Relative plant Mass (RPM) of aquatic macrophytes in the Gruza Reservoir as a fraction of all macrophytes.

The indicated status of the reservoir is reflected
in the presence and composition of macrophytic
vegetation. In accordance with the eutrophic sta-
tus of the reservoir, eutrophic species are domi-
nant. Macrophytes such as Potamogeton crispus,
Phragmites australis, Ceratophyllum demersum, and
C. submersum belong to a set of species which indi-
cate highly eutrophic waters (Kohler and Schneider,
2003).

Data on the actual condition of aquatic macro-
phytes were established and compared between four
parts of the reservoir (Table 2).

Thus, in part A next to the dam (Fig. 1, Table 2)
— where banks are steep, unindented, and naked and
where great depth occurs just off shore — submerged
species are represented by few species, while floating

and emerged species are not present. In this part,
macrophytes were not recorded in 1986 (Veljovi¢ et
al., 1986).

Part B (Fig. 1, Table 2) - whose shoreline is
somewhat more indented and less steep, and where
the water is less deep — has more recorded species,
but still small coverage. Ceratopyllum demersum and
Polygonum amphibium are dominant here. In 1986
there existed very poor macrophyte vegetation. Low
values of the Serenson similarity index indicate that
there are great differences between the earlier and
current state of macrophytes, which over 22 years
settled this unfavorable area.

In the zone of submerged vegetation in the next
part of the reservoir (part C in Table 2 and Fig. 1),
Myriophyllum spicatum (which builds underwater
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Fig. 3. Mean mass indices (MMT, MMO) calculated for all aquatic macrophytes in stretches with their occurrence (MMT, empty column)

and total stretches (MMO, dark column) in the GruZa Reservoir.

meadows here to a depth of 4 m) is the dominant
species, followed by Ceratophyllum demersum and
Potamogeton crispus. This part has an indented, shal-
low, and muddy shoreline. The zone of floating plants
contains Polygonum amphibium as a dominant spe-
cies. The zone of emerged plants is the richest in spe-
cies. The most dominant is Mentha aquatica in shal-
low parts. Values of the Serenson similarity index
(Table 2) show a high degree of similarity between
the two times of analysis.

Part D (Fig. 1, Table 2) — whose shoreline is shal-
low, muddy, indented, and surrounded by agricul-
tural fields, with a very gently-sloping littoral - is
rich in species and coverage, both at the present time
and in the past, and values of the Serenson similar-
ity index indicate that there are small differences be-
tween the earlier and current state of macrophytes.

Myriophyllum spicatum is the most common sub-
merged species and together with M. verticillatum
builds underwater meadows. Less frequently and
in the deep water other submerged species are also
present, but shallow water does not permit massive
development of these species. Floating vegetation is
represented by the dominant species Polygonum am-
phibium. Heleocharis palustris, Mentha aquatica, and
Lycopus exaltatus are the most common emerged
species. Values of the Serenson similarity index
(Table 2) indicate that there are small differences be-
tween the earlier and current state of macrophytes.

Our survey showed that the highest percentage
of RPM was recorded for Polygonum amphibium,
Myriophyllum spicatum, Ceratophyllum demersum,
and Heleocharis palustris (Fig. 2). The cumulative
RPM is 51.77% for emerged species, 33.33% for sub-
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distribution ratio (d)
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Fig. 4. Distribution ratio (d) of aquatic macrophytes in the Gruza Reservoir.

merged species, and 14.90% for floating species.

The MMT and MMO values are low for most
plant species, indicating that the species occur in
small populations (Fig. 3). The MMT and MMO val-
ues are levelled and low for the species Ceratophyllum
demersum, C. submersum, Myriophyllum spicatum,
and M. verticillatum because these species are pres-
ent with low plant masses in all surveyed sections (a
homogeneous distribution pattern).

In this case, the distribution ratio (d) in Fig. 4
has a value of 1. For the Gruza Reservoir as a whole,
the distributions of most aquatic macrophytes at the
present time are heterogeneous, with different MMT
and MMO values and a low value of the distribution
ratio (Figs. 3 and 4).

DISCUSSION

Although prior to formation of the Gruza Reservoir

the terrain lacked swamp vegetation, macrophytes
there developed very quickly after the reservoir’s
creation. Already in the first year after its formation,
the entire shallow and muddy littoral was overgrown
with macrophyte vegetation, most extensively in the
inlets (Veljovi¢ et al., 1986).

The quickness and manner of this colonization
corresponded to data published for the Kis-Balaton
Reservoir (Herodek, 2001) and for the Yacireta
Reservoir (Neiff et al., 2000) and show that the first
changes in the flora occurred very quickly, while in
recent years changes in vegetation structure seem to
be much slower. Because of this, the high value of the
Serenson similarity index for the Gruza Reservoir as
a whole (Table 2) shows a high degree of similarity
between the two times of analysis. Comparison with
results from the period 1999-2002 (Topuzovi¢ and
Pavlovi¢, 2004) shows that there are no differences
in species diversity.



MACROPHYTES IN THE GRUZA RESERVOIR, SERBIA 295

It is known that eutrophic conditions support
the growth of vascular aquatic plants (Carbinier et
al., 1990). The high species diversity of macrophytes
in the Gruza Reservoir is also a consequence of the
diversity of habitats on the banks of the reservoir,
mainly morphometric characteristics of the shore-
line, its slope, water depth, and pollution by nutri-
ents (Wetzel, 1983; Heegaard et al.,, 2001; Irfanullah
and Moss, 2004). There is a pronounced poverty of
species with small coverage in the part of the lake
next to the dam, which has the form of a gorge with
steep rocky banks that are virtually naked and where
great depth occurs just off shore and poor physi-
cal conditions rather than water quality might be
responsible for restricting biodiversity. The greatest
diversity and RPM of species can be found in parts
of the lake with the shallowest water and greatest
indentation of the shoreline, where nutrients are
constantly leached into it.

Our results on the significance of morphomet-
ric characteristics of the reservoir for macrophyte
development correspond to the data of Neiff et al.
(2000), Heegaard et al. (2001), and Irfanullah and
Moss (2004). Mikela et al. (2004) came to the con-
clusion (based on investigation of the diversity and
community structure of macrophyte vegetation in
50 lakes in Finland) that morphometric character-
istics of lakes on the whole show better correlations
with vegetation structure than any measured chemi-
cal parameters.

Although today increased numbers of species
are present in the Gruza Reservoir as a whole, no
significant increase of abundance and mass is dis-
cernible because frequent fluctuations of the water
level limit their development (Tarver, 1980; Hellsten
and Riihimdki, 1996). This is especially important
for emerged plants, which are richest in diversity
and whose death followed by accumulation of dif-
ficultly soluble lignin and cellulose leads to creation
of anaerobic conditions in the sludge, thereby con-
tributing to the process of eutrophication. Because
of this, the presence of macrophytes is not exces-
sive, and they are still a desirable component of
the reservoir for regulation of the development
of phytoplankton and Cyanobacteria, competition
with algae for nutrients, and biofiltration of the large

influx of allochthonous nutrients. The macrophytes
accumulate nutrients, excluding them from the bio-
geochemical cycle for a certain period, during which
they can be removed from the system by harvesting.
Macrophyte harvesting provides the best possibil-
ity for the removal of nutrients (Engel, 1990; Moss,
1990; Heegaard et al., 2001). This is important and
advisable for the Gruza Reservoir, 2/3 of which are
surrounded by cultivated fields.

Together with other measures, monitoring of
further development of macrophytes and their reg-
ulation are needed for conservation of the Gruza
Reservoir. This is very important primarily because
of the reservoir’s significance as a source of water
supply for settlements.
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BPEMEHCKA N1 ITIPOCTOPHA IMCTPUBYIIMJA MAKPO®UTA
AKYMYTAIIMJE TPYKA (CPBUJA)

MAPVIHA TOITY3OBIU'R, IPATAHA ITABJIOBI'h n A. OCTOJII'h

Wncmumym 3a 6uonoeujy u exonozujy, Ilpupoono-mamemamuuxu daxynmem, 34000 Kparyjesar, Cpbuja

Y pamy cy Ipe3eHTOBaHU pe3yATaTH WUCTpa-
XIBamba IIPOCTOPHE ¥ BPeMEHCKe AMCTpuOyIuje
aKBaTMYHMX MaKpouTa y eyTpopHOj aKyMyIanm-
ju Ipyxa, Bpmenux tokom 2007. m 2008. romm-
He. JleTa/bHM TOJALM IpOydYaBama ofgHOca u3Meby
aucTpubyluje, AuBep3uTeTa M Mace Makpoduta
¥ eKOJIOLIKMX YCTIoBa cpefyHe (mmpe cBera Mopdo-
METPMjCKUX KapaKTepUCTUKa obarne, fyOyHe Bofe
M yTHUI3ja INOJyTaHATa), BPIIEHUX AYX YeTUPU
pasmmunTa fena akymynanuje, ymopebenm cy ca
pannjum ucrpaxusamyuma (Veljovi¢ et al., 1986),
a Serenson-oB MHJEKC CIMYHOCTY je KopuinheH 3a

ofpehuBame cTemeHa cmyHOCTM M3Mehy momysa-
nuja Mmakpodura. luctpubynuja Behnne makpodn-
Ta akyMmynanuje Ipyka je xeTeporeHa, ca cpefibuM
macenuMm mupekcuma MMT n MMO pasmmuntux
BPEHOCTY VI HYICKUM BPEHOCTVIMA OJHOCA AUCTPH-
oynuje. [leo akymynanuuje y3 6paHy KapaKkTepuiie ce
CTEHOBUTOM Y CTPMOM 063a/I0M, BEJIKOM IyOMHOM,
MaJIIM YIUIMBOM IIOTyTaHaTa ¥ Ma/lMM AVBeEp3MUTe-
tToM Makpodura. Hajpehn gusepsurer u 6pojHOCT
BPCTa Ha/lasy Ce Y JIeJIOBMMA Ca IUIMTKOM BOJIOM,
pasybeHoM 06anmoM ca mocra pykaBalia ¥ CTaJTHUM
JIOTOKOM HyTpMjeHaTa ca OKOJTHMX II07ba.



