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Abstract

Aldrovanda vesiculosa L., widely known as the waterwheel plant, is a rare aquatic plant that holds the

status of a globally endangered (EN) species. Extant populations of A. vesiculosa are rare in Europe and

there are only few sites left in the Balkans. In Macedonia, the species was last recorded in 1980 and ac-

cording to many researchers the plant was considered as extinct in the area. In this paper, we present

the recent finding of Aldrovanda vesiculosa and new data on its distribution in Macedonia, including an

assessment on the specific habitat type and evident threats.
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Introduction

Aldrovanda vesiculosa L. is a rare aquatic carnivo-
rous plant that historically inhabited a wide variety of
wetland habitats throughout Europe (Adamec 1995,
Breckpot 1997), Asia, Africa and Australia (Cross 2012).
Due to the decline in its natural habitat throughout its
otherwise patchy distributional range, today A. vesicu-
losa is a rare “treat” and holds the status of a globally
endangered (EN) species (Cross 2012). Extant popula-
tions of A. vesiculosa are rare in Europe (Adamec 1995,
1997, Breckpot 1997, Cross 2012) and there are only
few sites in the Balkans (Breckpot 1997, Cross 2012).
However, the number of localities with extant popula-
tions is “on the rise”. Previously considered as extinct,
the waterwheel plant was rediscovered in Serbia
(Tomovi¢ et al. 2009) and Prespa Lake in Greece (Cross
2012). Generally, those areas known to sustain extant
A. vesiculosa populations in the Balkans are mostly
managed and protected areas like: “Srebarna” and
“Dragoman Marsh Complex” (Bulgaria); the “Zasavica”
Special Nature Reserve (Serbia) and Prespa Lake, all

listed as Ramsar sites (The Ramsar convention on wet-
lands 2017). Still, promotion and application of conser-
vation measures within protected areas, without taking
into account the landscape-scale effects over the intrin-
sic properties of wetland habitats, do not always suc-
ceed in sustaining those sensitive and vulnerable popu-
lations (as exemplified by the recent extinction of pop-
ulations in the Obedska Bara Special Nature Reserve in
Serbia, Cross 2012).

In Macedonia, the species was first registered by
Micevski (1963) as part of the association Lemneto-
Spirodeletum polyrrhizae W. Koch 1954 subass. al-
drovandetosum (H-ic & Micev. 1960) H-ic & Micev.
1969. It is a very rare community known to be present
only on one location in the littoral zone of Prespa Lake -
below village Dolno Perovo (Micevski 1963, 2001). The
plant was recorded in the shallow water fringed by
common reed (Phragmites australis) beds, forming
complex with other floating vegetation typical for this
community (Spirodela polyrrhiza, Lemna minor, Salvinia
natans, Hydrocharis morsus-ranae, Utricularia austra-
lis). Its presence was legitimately last recorded in 1980,
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also by Kiril Micevski (MKNH 5857-5859; 5863-5867).
Though A. vesiculosa was selected as an A (ii) species
for appointing Prespa Lake littoral zone as an Important
Plant Area (Melovski et al. 2010) according to many
researchers the plant was considered as extinct in the
area (Talevska et al. 2009, Angelova et al. 2014, Bra-
janoska et al. 2014).

In this paper, we present the recent finding of Al-
drovanda vesiculosa at the known locality of village
Dolno Perovo and new data on its distribution in Mace-
donia, including an assessment on the specific habitat
type and evident threats.

Material and methods

Study area

The Prespa Lakes’ watershed is located in the cen-
tral-western part of the Balkan Peninsula and encom-
passes the Greater Prespa Lake that lies on the border
of Macedonia, Greece and Albania and the Lesser Pres-
pa Lake shared between Greece and Albania (Fig. 1).
The Prespa Lakes’ basin hosts unique habitats with in-
ternational conservational importance (UNDP 2010,
Wagner and Wilke 2011, Albrecht et al. 2012). Also, the
Prespa region provides for 69 rural areas out of which
44 are in Macedonia (Perennou et al. 2009a). The main
occupation of the local population inhabiting Prespa
Lakes watershed is agriculture and the agricultural ac-
tivities are most intensive in Macedonia, where 72% of
the land is used for agricultural purposes. Macedonian
part of Prespa region is known for apple production
which is also the main source of income for generations
as the region provides near 68% of the total apple pro-
duction in the country (State statistical office of the
Republic of Macedonia 2012). Intensive agriculture
along with tourism and medium-size industrial enter-
prises contribute to overall environmental pressure.
The continuous and intensive anthropogenic pressure
led to increased eutrophication of the Prespa Lake
(Krsti¢c 2012, Petrovska et al. 2014) and triggered a
“chain reaction” of ecosystem deprivation.

The unique twist of natural and anthropogenic
attributes of the region caught the attention of a num-
ber of international donors and agencies (MAVA foun-
dation, GEF, UNDP, SDC, KfW, GIZ) followed by imple-
mentation of various project that aimed to face the
environmental challenges. Starting with the trilateral
protected area

agreement for establishing a

“Declaration on the creation of the Prespa Park and the
Environmental Protection and Sustainable Develop-
ment of the Prespa Lakes and their surroundings”
signed in 2002, a number of NGOs committed for joint
efforts to protect the Prespa Lakes watershed
(Maragou and Mantziou 2000; Society for the Protec-
tion of Prespa et al. 2005). In 2010 another trilateral
agreement “Agreement on the protection and Sustain-
able Development of the Prespa Park Area” (EU 2011)
revived the “worn hopes” for transboundary conserva-
tion and sustainable management of the Prespa Lakes.
In 2014, the Ohrid-Prespa area was declared as a trans-
boundary UNESCO biosphere reserve. This internation-
al designations draw further attention to the im-
portance of sustaining and managing the existing na-
tional categories of protected sites in the Prespa re-
gion. Particular attention is paid to Nature Park
“Ezerani” where numerous conservation activities are
foreseen (MES 2012, Ceroni 2013, Angelova et al. 2014)
in order to sustain and improve the state of this wet-
land ecosystem. Recognizable by the large surface of
reedbeds, Ezerani hosts a complex of plant communi-
ties and a great diversity of animal species, especially
birds. The importance of reedbeds lies in its heteroge-
neity and the linking habitats of immersed, floating or
submersed vegetation within (Angelova et al. 2014).

A decade of conservational activities and awareness
raising has strived towards a measurable improvement
of the overall integrity of the Prespa ecosystems
(Perennou et al. 2009a, 2009b; Sekovski 2017). The
Prespa region is still a pilot area for implementation of
numerous conservational activities with joint trans-
boundary efforts (PrespaNet 2017) to sustain and fur-
ther improve the ecosystem of Lake Prespa.

Field surveys

The sites for detailed research were selected in ac-
cordance with the available historical information on
the species range and distribution (Micevski 1963) and
its habitat requirements (Adamec 1995, 1997, Breckpot
1997). In 2016 Prespa Lake shoreline was checked
through continuous movement and the sites where A.
vesiculosa was present were marked with a GPS point.
The presence of A. vesiculosa was also expected in oth-
er localities in NP “Ezerani” and its immediate vicinity
but due to the thick impassable belt of reed those sites
could not be assessed. In 2017, the same localities visit-
ed a year before, were re-checked.
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Figure 1. Distribution of Aldrovanda vesiculosa L. along Prespa Lake littoral in Macedonia including a general geo-

graphical representation of both Greater and Lesser Prespa Lakes

Laboratory work

Plant specimens were identified in accordance with
Flora of the Republic of Macedonia (Micevski 1985,
1998, 2001) and Flora Europaea (Tutin et al. 1972,
1980). Plant nomenclature followed The Euro+Med
PlantBase (Euro+Med 2006). The habitat types in which
A. vesiculosa can be found, or is associated with, in
Prespa were listed with reference to EUNIS (Davies et
al. 2004). Taxon vulnerability was discussed in accord-
ance with the data provided under the IUCN Red List of
threatened species (Cross 2012) and assessed accord-
ing to the guidelines of IUCN (2012). Collected speci-
mens are stored in Herbarium Melovskiorum (MKMEL
11593, 11594).

Results and discussion

In 2016 abundant populations of A. vesiculosa were
recorded in four sites within NP “Ezerani” and its im-
mediate vicinity, and in one site Nakolec (Fig. 1, Tab. 1).
The A. vesiculosa plant was observed in patches of shal-
low water arranged in-between the lake and the reed-
bed, mainly along the abandoned boat passages among
the reeds, formerly used by fishermen in the area (Fig.
2). Also, the sites were always in the mere vicinity of
the inflow of an intermittent lowland rivulets and
streams. The A. vesiculosa population creates a com-
plex with other floating or submersed plants, mainly:
Hydrocharis morsus-ranae and Salvinia natans, includ-
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ing other free-floating and rooted submerged vegeta-
tion of nutrient-rich waterbodies (Najas marina subsp.
major, Lemna minor, Utricularia australis, Ceratophyl-
lum demersum, Myriophillum spicatum, Potamogeton
perfoliatus).

Generally, it was observed that the preferred habi-
tat of A. vesiculosa in Prespa Lake is very diverse and
includes various floating or submersed plant communi-
ties that are fringed by reedmace—common reed Scirpo
—Phragmitetum association. Considering this, it can be
presumed that A. vesiculosa presence should be ex-
pected on few more localities along the strip of the
most representative reedbeds along Prespa Lake shore-
line (as assessed by Nikolov et al. 2012, elaborated in
Angelova et al. 2014) - Nature Park Ezerani, Pretor,
Nakolec and Shtrbovo (Fig. 1). Total reedbed area along
the Macedonian shore of the lake was assessed to be
3.2 km? (Nikolov et al. 2012) and this area could be
considered as potential Area of Occupancy (AOO) of A.
vesiculosa.

Though A. vesiculosa is mostly observed to accom-
pany other plants, it prospers only as long as the plant
community remains open. On the sites where Hydro-
charis morsus-ranae has dominant coverage, A. vesicu-
losa was absent. In general, A. vesiculosa is “sensitive
to competition with filamentous algae and vascular
aquatic plants that form denser stands” (Adamec 1997)
and when in microhabitat of Hydrocharidetum morsus-
ranae Langendonck 1935, A. vesiculosa specimens are
suppressed (Kaminski 1987).

The habitat types in which A. vesiculosa can be
found, or is associated with, in Prespa are listed under
the C1.2 : Permanent mesotrophic lakes, ponds and
pools and C1.3 : Permanent eutrophic lakes, ponds and
pools with reference to EUNIS (Davies et al. 2004). Spe-
cifically: C1.222 Floating Hydrocharis morsus-ranae
rafts; C1.225 Floating Salvinia natans mats; C1.226
Floating Aldrovanda vesiculosa communities; C1.32
Free-floating vegetation of eutrophic waterbodies and
C1.33 Rooted submerged vegetation of eutrophic wa-
terbodies. Details on the localities and the observed
habitat threats are recorded in Tab. 1.

Figure 2. Typical A. vesiculosa habitat along Prespa Lake littoral (a) and A. vesiculosa L. (b)
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The A. vesiculosa sites were re-visited in 2017 and it
was noted that the number of sites was reduced. It was
observed that there is a decrease of water level, as a
result of typical fluctuations for Prespa Lake, most
probably caused by natural variations in rainfall
(Perennou et al. 2009a). The water level reduction re-
sulted with reduction in available habitat and may have
led to change of ecological parameters and increase of
nutrient concentration on sites. In that direction, on a
long-term, climate change could also be identified as a
potential threat. Organic and solid waste disposal and
abandonment of traditional fishing practices
(encroachment of existing boat passages among the

reeds) in exchange of intensive fishing on more availa-

ble and open sites, as use of nets and motor boats,
could also be indicated as relevant contemporary
threats.

The current presence of A. vesiculosa in the Prespa
Lake littoral may be a “yield” of the joint conservation
efforts and awareness rising in the Prespa Lake water-
shed. Wetland restoration and improved management
of the Nature Park “Ezerani” in addition to the marked
improvement of physical-chemical parameters in the
Prespa Lake as stated in Sekovski (2017), may have al-
lowed for Lake Prespa again to meet the ecological
requirements of A. vesiculosa as described in (Kaminski
1987; Adamec 1995, 1997).
appearance of A. vesiculosa on the Macedonian part of

Following, the re-

Table 1. Locality specifics and observed habitat threats on all sites visited along Prespa Lake shoreline in 2016 and

2017.

Locality Coordinates Threats

Sir Han X 20.941638 Most eminent threats were agriculture/organic waste disposal and solid waste discharge

Y 41.003149 In terms of species abundance, the habitat condition in 2016 could be assessed as more
favorable than in 2017, mainly due to the observed decrease of water level and subse-
guent change of environmental parameters.
Ezerani X 20.980713 No significant threats were recorded but solid waste disposal was observed in the mere
(Dolno Y 41.002819 vicinity of the locality.
Perovo) In terms of species abundance, the habitat condition in 2016 could be assessed as more
favorable than in 2017, mainly due to the observed decrease of water level and subse-
guent change of environmental parameters.
Ezerani X 21.038710 Most eminent threats were agriculture/organic and solid waste disposal and intensive
(Asamati) Y 40.992300 fishery (use of nets and motor boats). In terms of species abundance, the habitat condi-
tion in 2016 could be assessed favorable. In 2017 the A. vesiculosa presence was not rec-
orded.
Ezerani X 21.046914 Most eminent threats were agriculture/organic and solid waste disposal and intensive
(Asamati) Y 40.986007 fishery (use of nets and motor boats). In terms of species abundance, the habitat condi-
tion in 2016 could be assessed favorable. In 2017 the A. vesiculosa presence was not rec-
orded.
Krani X20.941653 Most eminent threats were solid waste disposal and wastewater discharge and tourism.
Y 41.003178 A. vesiculosa presence was not recorded.

Pretor X 21.061495 Most eminent threats were solid waste disposal and wastewater discharge and tourism.
Y 40.969747 A. vesiculosa presence was not recorded.

Nakolec X 21.095974 Most eminent threats were agriculture/organic waste disposal and fishery (use of nets
Y 40.889005 and motor boats).

In terms of species abundance, the habitat condition in 2016 could be assessed as more
favorable than in 2017, mainly due to the observed decrease of water level and subse-
qguent change of environmental parameters. The presence of A. vesiculosa is also ex-
pected toward the bordering locality of Metileec (below village Dolno Shtrbovo). Due to
the thick impassable belt of reed, the site could not be accessed without boat.
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Prespa Lake could be a result of re-germination of
dormant seeds. Still, the mechanisms regulating A. ve-
siculosa germination in its natural environment remain
unresolved (Cross et al. 2016) and in the case of Prespa
Lake, re-inhabiting by dispersal should also be consid-
ered. In this context it is worth noting that A. vesiculosa
was too re-discovered on the Greek side of Prespa Lake
in 2011 (Cross 2012). Considering that Prespa Lake is an
interconnected system the plant may have been dis-
persed by the natural water flow or by birds - known to
have an important role for short distance spread of A.
vesiculosa (Breckpot 1997).

Considering the natural vulnerability of Prespa Lake
ecosystem sensitive to lake level oscillations and an-
thropogenic impacts constant monitoring of the A. ve-
siculosa population is needed in order to detect the
actual causes of fluctuation of its population in num-
bers and sites.

In view of its limited distribution in the country and
following its global conservation status as endangered
(EN), as the fact that A. vesiculosa has been regarded
as critically endangered throughout most of Europe
(Cross 2012), it is suggested that the species is placed in
the group of critically endangered species (CR) within
the territory of Macedonia under B2(a,c) and/or C2(b)
criteria (IUCN 2012).

Furthermore, this paper encourages complementa-
tion and revision on data deficiency and a joint regional
detailed assessment of the species distribution in order
to provide an objective insight into the national and
regional threat status of this species.
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MoBTOopHO oOTKpMBawe Ha Aldrovanda vesiculosa L. v HOoBM nopaTtouu 3a Hej3uHaTa
anctpubyumja Bo Penybamka MakegoHuja

JaHuena JosaHoBcKa, Maja MnageHoBa, EneHa MwuHoBa, HaTtanmja MenoBscKka, J/bynuo
MenoBcku

BoaeHuuapueto (Aldrovanda vesiculosa L.) e peTKO akBaTMYHO pacTeHWe Koe Mma cTaTyc Ha rnobasHo 3arposeH
Bua (EN). MpupoanuTte nonynaumm Ha A. vesiculosa ce peTku Bo EBpomna, a HEj3BMHOTO pacnpocTpaHyBakbe Ha
BanKaHOT e orpaHNYeHo Ha HEKOJIKY SIokanuTeTn. Bo MaKkeaoHwuja, BUAOT nocaeaeH nat 6un peructpmpad so 1980
roguHa, a cnopeg MHOry UCTPaXyBayuu BOAEHMYApPYETO Ce CMeTasNo 3a ucyesHaTo. Bo TpyaoTt ce guckytupaat
HajHOBUTE nNoJAaTOUM 3a pacnpocTpaHyBakeTo Ha A. vesiculosa Bo MakegoHuja, cneunduyHMOT TMN Ha
KMBEA/IMLLTE U eBUAEHTHUTE 3aKaHW. BoaeHwuyapuyeTo e perncTpupaHo Ha MeT JIOKA/JIMTETU MO AOJIKMHA Ha
KpajbpexkHMoT nojac Ha MNpecnaHckoTo Esepo. Oa 2016 ao 2017 roanHa 3abenerkaHo e HamanyBake Ha 6pojoT Ha
JIOKaNUTETU U NPOMEHM BO BMAOBMOT COCTaB Ha 3aeAHuuuTe Ha cnobogHo-nnoBeyka u GaOTaHTHA BereTauuja.
Mmajkn ja npeaswa npupogHaTa paHAuMBocT Ha [lpecnaHcko E3epo M aHTPOMOreHWoT MPUTUCOK BP3 OBOj
€KOCUCTEM, HEOMXOAEH e NOCTOjaH MOHUTOPUHI Ha nonynauujata Ha A. vesiculosa co uen pga ce eBnaeHTMpaat
BUCTUHCKUTE MPUYUHK 33 GayKTyaLmja BO NonyiauuMmTe Ha BOAEHUMYAPYETO BO OAHOC HA BPOjHOCT M SIOKanUTETU.
Co ornes Ha orpaHuyeHaTa AuUCTpuOyuMja Ha BoAeHMYapyeTo Bo MaKegoHMja, NpUTOA MMajKM ro npeasua
Hej3MHWUOT rnobaneH cTaTyc Ha Kako 3arposeH sug (EN), Kako v Toa geka A. vesiculosa uma CTaTyc Ha KPUTUYHO
3arposeH Bug, (CR) HM3 noronemunoT aen oa 3emjute Bo EBpona, ce npeanara oBoj BUA A Ce BKAYYM HA IMCTATa Ha
KPUTUYHO 3arposeHn Buaosu (CR) Ha Teputopujata Ha MaKkegoHuja cnopeg Kputepmymute B2 (a, c) n/van C2 (b)
(IUCN 2012). BoegHo, HeONXoAHa e 3aeAHUYKA pPernMoHasHa AeTasiHa NPOoLEeHKa 3a NocTojHaTa AucTpMbyumja Ha
BOAEHMYAPYETO, KaKO M HaAZOMNOJIHYBakbe W peBU3Mja Ha HEeZOCTUroT Ha MoJaToum co uen da ce obesbean
06jeKTUBEH YBUA BO HALMOHAHUOT U PETMOHANHNOT CTATyC HA 3arpo3eHOCT Ha 0BOj BUA,
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