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Abstract

The Lakes Amvrakia and Ozeros (W. Greece) belong to the western chain of Greek wetlands running
along the coast of the Ionian Sea. They are both natural lakes belonging to the Natura 2000, Site of Community
Importance (pSCI) and are characterized by high ecological value. Wet meadows are typical habitat types of
these wetland ecosystems which are in contact with rural ecosystems which they interact with. Due to the high
conservation value of these habitat types, in the framework of this study the flora of the wet meadows was
recorded and a floristic analysis concerning chorology, life forms and habitat preferences was made. A total
number of 152 taxa was found in the wet meadows of both lakes from which only 47 taxa were common. The
families with the greatest number of species were Fabaceae (22 taxa), Asteraceae (14 taxa) and Poaceae (9 taxa)
for the wet meadow vegetation of the Lake Amvrakia and Fabaceae, Poaceae (17 and 13 taxa, respectively) for
the Lake Ozeros. In both lakes the prevalence of the Therophytes is evident, while the life forms of
Chamephytes and Aquatics were absent from the Lake Amvrakia. From the results of the canonical
correspondence analysis among species, sampling plots and selected environmental variables, a clear separation
between species and sampling plots was found, presenting strong correlation with specific edaphic parameters
(pH, CaCO;, EC, Pyisen, Total N, SOC and NO3). These edaphic properties, as a result of natural and
anthropogenic interventions, seem to play an important role in the wet meadows plant species distribution
pattern.
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Introduction

Wetlands in the Mediterranean basin are of particular importance from an ecological point of view.
They support many animals and plant species of high conservation values while at the same time they offer the
opportunity for numerous human activities. They also provide a unique habitat for many rare species whose
development depends on the seasonal or permanent flooding. Land use changes coming from human activities
cause a significant degradation of wetlands worldwide (Zorrilla-Miras er al, 2014) affecting their structure and
function and leading to their degradation (Galatowitsch eral, 1998).

Nowadays one of the main impacts to the wetlands and consequently to the wet meadows is the drainage
and the conversion of these areas to cultivated land, causing a disturbance on the functions of the ecosystems
due to the intensive agriculture and the livestock presence. The consequent changes in land uses promote an
increase in nutrient load causing at the same time a decrease in rare plants in the wetland communities
(Ellenberg 1988; Moore et al, 1989). In Greece, a severe degradation took place in Lake Stymfalia during the
last decades due to agricultural activities in the surrounding areas (Papastergiadou ez a/, 2007).

Ozeros and Amvrakia are two lakes with great ecological value belonging to the western chain of Greek
wetlands and running along the coast of the Ionian Sea. Despite the fact that they are nearby, they present
significant differences in their water depth, trophic state, scasonally water level fluctuation and land uses. At
the Lake Amvrakia a significant part of the periodically flooded areas and wet meadows is lost every year and,
in these areas, agricultural activities have been developed. In particular, in the northern part of the lake, this
transformation has been particularly pronounced over the years. These land use changes in combination with
the intensification of agriculture, signal the homogenization of the landscape leading to the reduction of plant
species diversity (Lougheed eral, 2008; Triantafyllidis ez a/, 2020). In addition, land use changes affect the soil
which is a constantly evolving system with spatial and temporal variation of its properties, affecting in turn the
plant species distribution pattern. Previous, knowledge on the flora and the vegetation of the two examined
lakes originates from Haldscy (1894, 1901-04), Bornmiiller (1928), Koumpli-Sovantzi (1983) and Zervas er al.
(2019), but they do not focus on the wet meadow species diversity. The aims of the present study were to: a) to
record the plant species diversity in these two wet meadows, b) to compare the wet meadows plant species
composition and the data concerning chorology, life form, status data and habitat preferences between the two
lakes with different geomorphological characteristics and water status and ¢) to explore the impact of the
different land uses between the two lakes and the influence of the main edaphic properties to the plant species
richness.

Materials and Methods

Study area

Lake Amvrakia (38°45'N, 21°10'E) belongs to the European Ecological Network Natura 2000, Site of
Community Importance (pSCI), GR 2310007. It is located S km North of the Lake Ozeros with a surface area
of 14 km? and a maximum water depth of 50 m. Lake Amvrakia is a deep mesotrophic lake (Chalkia er a/,
2012), which belongs to the sulphate type, having the highest concentration of sulphates among the Greek
lakes (Overbeck et al, 1982; Zacharias er al, 2002), which derive from extensive gypsum sediments especially
in its western banks. The drainage area is about 112 km?, and supplies the lake with water, while there are strong
water level fluctuations due to high evaporation rates, especially during the summer, and the irrigation of the
surrounding agricultural area. These variations usually result to the drainage of the shallower northern part of
the basin in certain periods/years and, consequently, to the fluctuation of the surface area of the lake. The
isolation of Lake Amvrakia from the other lakes of the region, along with the existing special physicochemical
characteristics and geomorphology, has resulted to the presence of endemic species of phytoplankton
(Danielidis er al, 1996), and differences to the zooplankton community (Chalkia et a/, 2012).
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Lake Ozeros (38°39'N, 21°13'E) is a shallow lake with a maximum depth of 5.6m, a surface area of
10.1 km? and a closed drainage basin of 59 km?* (Zacharias er a/, 2002). It belongs to the European Ecological
Network Natura 2000, Site of Community Importance (pSCI), GR 2310008, according to Directive
92/43/EEC. At the south-cast side it is connected with the river Acheloos via a technical canal, through which
the river overflows to the lake. Moreover, small torrents around the lake supply the lake with water. The
significant amounts of fertilizers due to agricultural activity in combination with the waste of a large number
of small livestock industries, have probably drove the lake to eutrophication with adverse effects on biodiversity
(Chalkia and Kchayias, 2013).

Until 2006, the main cultivation around Lake Amvrakia was tobacco, which develops in low fertility
soil in mountainous or semi-mountainous regions like the prefecture of Actoloakarnania. However, the
application of the Common Agricultural Policy (CAP) reform in relation to tobacco cultivation, resulted to
an 80% reduction of the tobacco production in Greece and, specifically, 100% reduction in the prefecture of
Actoloakarnania. As a result, tobacco producers turned to other cultivations such as vegetables, olives, corn,
aromatic plants and biological cultivations (Thomatou et a/, 2013).

The differentiation of the two ecosystems in terms of land uses, in a zone of about 1 km from the shore,
the Corine Land Cover database and the open-source QGIS version 3.12.3-Bucuresti geographic information
system (Quantum GIS Development Team, 2020) were used and the results are shown in Figure 2. In Lake
Ozeros a distinct zone between the shore of the lake and the permanent irrigated areas was observed giving the
taxa of the wet meadows the opportunity to develop. On the contrary in Lake Amvrakia the zone of inland
marshes is absent, as the non-irrigated arable land expands to the shore of the lake, according to the Corine
Land Cover data and field observations by the authors.

Dara collection

In the framework of this research, the plant species of the wet meadows’ vegetation zone in the Lakes
Ozeros and Amvrakia were collected from April 2019 to October 2020 and the data concerning the
presence/absence, life forms and habitat preferences were recorded. In particular, plant species diversity was
recorded in sampling plots of 500 m? in places where wet meadows occurred around the lakes, seasonally
flooded for about six to eight months (Figures 1 and 2).

During the collection of plant species, soil samples were taken in each sampling spot, using the zigzag
soil sampling method.

Distribution map of the sampling plots of the lakes
Ozeros and Amvrakia
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Figure 1. Distribution map of the sampling plots of the Lakes Ozeros and Amvrakia
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Figure 2. Distribution map of the sampling plots and the different land uses around the Lakes Ozeros and
Amvrakia

[according Corine Land Cover database and the open-source QGIS version 3.12.3-Bucuresti geographic information
system (Quantum GIS Development Team, 2020)]

Data analysis

Plant specimens were identified mainly according to Tutin er a/ (1968-80, 1993). Plant nomenclature
follows Dimopoulos et a/ (2013, 2016). Plant species are listed in alphabetical order in terms of Families,
genera, species and subspecies into the major taxonomic groups. In addition, for each plant species data
concerning of chorology, life form, status data and habitat preferences were used according to Dimopoulos er
al (2013, 2016). In total, five (5) main chorological elements (Widespread, Mediterranean, Greek endemic,
Balkan and Allien) and 6 main life forms (Therophytes, Hemicryptophytes, Phanerophytes, Geophytes,
Chamaephytes and Aquatic) were used in this study. Furthermore, five sub-categories were used for the
classification of taxa in terms of habitat preferences (Freshwater habitats, Agricultural and ruderal habitats,
Xeric Mediterranean phrygana and grasslands, Woodlands and scrub, Temperate and sub-Mediterranean
grasslands).

Soil samples were air dried, then crushed and sieved through a 2-mm sieve. Particle size distribution was
carried out using Bouyoucos’s method (1962). The soil texture of samples was defined according to USDA
particle-size classification diagram (Soil Science Division Staff, 2017). In saturated paste, electrical conductivity
(EC) and soil pH (McLean, 1983; Rhoades, 1982) were measured. Total calcium carbonate (CaCOs)
equivalent was determined by using Bernard calcimeter. Soil organic matter (SOM) was determined by the
method Walkley-Black (Nelson and Sommers, 1982), while SOM concentrations were converted to SOC as
follows: SOC = SOM x 0.58 (Mann, 1986). Available P (Py;sep,) was measured according to Olsen (1954).
The total N was estimated using the Kjeldahl method (Bremmer and Keeney, 1966) and in particular Kjeldahl
distillation unit (model UKD 130 by Velp). The determination of NO3 was performed in 1:10 water-extracts.
The extracted solutions of NO3 were analyzed by Dionex-1500 Ionic (Kosma et al, 2009).

Statistical analysis
Canonical Correspondence Analysis (CCA) performed by the CANOCO software version 4.5 (ter
Braak and Smilauer, 1998) was used for exploratory data analysis and mainly to assess the effect of
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environmental factors on plant species distribution pattern. Monte Carlo significance test (499 random
permutations) was used to assess the statistical significance of the relation between the plant species and the
selected environmental variables. Step-wise analysis through forward selection was used to test the significance
and strength of the explanatory variables of each variable group, holding ecach time one of them constant as
covariates. Descriptive statistics were used to describe the soil properties. Non-parametric analysis of variance
(Kruskal Wallis Test) was used to identify significant differences on soil properties between Amvrakia and
Ozeros Lakes. Correlations among soil properties were determined using Spearman’s rank correlation (Proc
CORR, Spearman) procedure. Statistical analysis was carried out using the SPSS statistical package version 20.

Results

Flora

Field research on the wet meadows of the Lakes Ozeros and Amvrakia revealed a total number of 152
taxa from which one (1) was Pteridophyte and 151 were Spermatophyta belonging to Angiosperma. Plant
species which were recorded in the wet meadows vegetation of both lakes belong to 102 genera and 35 families
(Table 1). The number of taxa per family, is presented in Figure 3. The family with the highest number of
species in Lake Ozeros was Fabaceae (17 taxa), followed by Poaceae (13 taxa) and Apiaceae, Asteraceae with 8
taxa cach one. In the wet meadows of the Lake Amvrakia, Fabaceae was the richest family numbering 22 taxa,
followed by Asteraceae (14 taxa) and Poaceae (9 taxa). From a floristic point of view, the wet meadows of Lake
Ozeros were slightly richest since they include 103 taxa compared to Lake Amvrakia with 96 taxa, while 47
plant taxa were common in both areas. The above results were used in order to establish the similarity between
the two lakes using the Serensen similarity index. This index was preferred over others, as it gives greater weight
to taxa that are common in the two ecosystems, rather than to taxa found in only one of them (Bobo er a,
2006). The value of the similarity index determined is 0.47, showing that the two lakes do not present high
similarity in terms of floristic diversity.

Table 1. Taxa collected in the wet meadows of the Lakes Amvrakia and Ozeros from April 2019 to October
2020, where (A1-A9 and O1-O8) and represent the sampling plots in which each taxon occurred and (-)
= absence. In addition, data related to status (St), chorology (Chor.), Life-form (L.f), and habitat (H)

preferences are also shown.

- . Lakes
Families/Plant species St Chor. | Lf | H Amvrakia | Ozeros
| PTERIDOPHYTA
Equisetaceae
Equisetum ramosissimum Desf. N/N w G F Al A2 -
SPERMATOPHYTA
ANGIOSPERMA - DICOTYLEDONES
Apiaceae
Berula erecta(Huds.) Coville N/N \\4 G F o1
Daucus carota L. subsp. carota N/N W H Agr A2 01
Daucus gurtatus Sm. subsp. guttatus N/N M Th X Al o1
Helosciadium nodiflorum (L.) W.D.J. Koch N/N w Aq F O/:)E)SOSG
Hydrocotyle vulgarisL. N/N N4 Aq F 03
Ocnanthe pimpinelloidesL. N/N W H F 02,03,07
Oenanthe silaifolia M. Bieb. N/N w H F © 10(6)12)(8))
Tordylium apulum L. N/N M Th | Agr Al
Torilis arvensis (Huds.) Link N/N w Th | Agr A2,A5,A7
Torilis nodosa (L.) Gaertn. N/N w Th | Agr Al A2, A3, A4 06,07
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1 . Lakes
Families/Plant species St Chor. | Lf | H Amviakia | Ozeros
Asteraceae
Anthemis arvensisL. N/N \\4 Th | Agr AS 02,03,05
Anthemis austriacaJacq. N/N \\4 Th | Agr A2
Anthemis chiaL. N/N M Th | Agr A9
Cichorium intybusL. N/N W H Agr A6 06,08
Cirsium creticum (Lam.) d'Urv. N/N M H F o gé o7
Crepis rubral. N/N M Th T A3, A4, AS
Crepis sancta (L.) Bornm. N/N \\4 Th | Agr Al
Ditrrichia viscosa (L.) Greuter N/N M H Agr A3, A4, A7 02,03,05
Erigeron bonariensisL. Al Al H Agr A2
Filago eriocephala Guss. N/N M Th X A7
Helminthotheca echioides (L.) Holub N/N M Th | Agr - 03,06
Matricaria recutita L. N/N \\4 Th | Agr A2
Pulicaria dysenterica (L.) Bernh. N/N \\4 H F As 01,03
Scolymus hispanicusL. N/N W H Agr A6
Sonchus asper (L.) Hill N/N w Th F Al
Symphyotrichum squamatum (Spreng.) G.L. Nesom Al Al H F A5, A9 o1
Xanthium spinosum L. Al Al Th | Agr - 06,07,08
Boraginaceae
Cynoglossum columnac Ten. N/N M Th | Agr AL A2,A9
Cynoglossum creticum Mill. N/N W H Agr A3,A6
Echium plantagineum L. N/N W Th | Agr A8 oL 827 0.
Heliotropium halacsyi Riedl N/R G/E Th | Agr A2
Mpyosotis arvensis (L.) Hill N/N w Th | Agr Al A2, A4
Mpyosotis ramosissima Rochel N/N w Th | Agr - 02,03,08
Brassicaceae
Capsella bursa-pascoris (L.) Medik. N/N \\4 Th | Agr AL A7 01,02
Hirschfeldia incana (L.) Lagr.-Foss. N/N \\4 Th | Agr Alj\gzj\‘giy’

Rapiscrum rugosum (L.) All. N/N \\4 Th | Agr A3

Al A2, A3, A4,
Rorippa sylvestris (L.) Besser N/N W H F As, Ai‘;Z AS, 01,02,04
Campanulaceae
Campanula ramosissima Sm. N/N M Th | Agr - 03
Caryophyllaceae
Arenaria serpyllifolia L. N/N \\4 Th T Al A2, A3, A6
Cerastium glomeratum Thuill. N/N \\4 Th | Agr - 02
Petrorhagia prolifera (L.) P.W. Ball & Heywood N/N w H Agr - 06,07
Polycarpon tecraphyllum (L.) L. N/N w Th | Agr - 03
Silene gallica L N/N \\4 Th | Agr - o1
Silene nocturnaL. N/N M Th | Agr A2, A4, A5, A7
Silenc ungeri Fenzl N/R B H T A6
Spergularia bocconei (Scheele) Gracebn. N/N \\4 Th | Agr Al
Convolvulaceae
Calystegia sepium (L.) R. Br. subsp. sepium N/N \\4 H F - 02,04
Dipsacaceae
Knautia integrifolia (L.) Bertol. N/N M Th | Agr Od (();8 o7
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Lakes
Families/Plant species St Chor. | Lf | H
P Amvrakia | Ozeros
Euphorbiaceae
Euphorbia helioscopiaL. N/N w Th | Agr Al
Fabaceae
Bituminaria biruminosa (L.) C.H. Stirt. N/N w H Agr A3 06,08
Galega officinalis L. N/N w H Agr AL ‘:47 ‘2; A6
Lathyrus sphacricus Retz. N/N W Th Agr A3 o1
Lotus angustissimus L. N/N w Th F AL Aé.\;\s, A7
Lotus tenuis Willd. N/N w H F Al A8 (8)15 (())27 (())?;
Medicago lupulinaL. N/N w Th | Agr 01
Medicago minima (L.) Bartal. N/N W Ch | Agr 03, (())68 o7,
Medicago orbicularis (L.) Barral. N/N w Th | Agr 06,07
Medicago polymorphaL. N/N w Th | Agr AL Azj\?l Ad 02,06,08
Medicago rigidula (L.) All. N/N w Th | Agr A3,A9
. . 7. Al A2, A3, AS, 01,02,03,
Melilotus indicus (L.) All. N/N \\4 Th A6 A7 A9 os
Trifolium angustifolium L. N/N w Th T A3, A6.A9
Trifolium campestre Schreb. N/N w Th T AZ A,ng, A7 06,07,08
Trifolium fragiferum L. N/N w H Al
Trifolium nigrescens Viv. N/N M Th | Agr A2,3,A7,A9 01
Trifolium patens Schreb. N/N w Th F Al A2
Trifolium pratenseL. N/N w H Agr Ad
Trifolium repensL. N/N w H F Al A4, A6 o 10(7)20(8)3
Trifolium resupinatumL. N/N W Th Agr Al A2, A4 oL (())68 07,
Trifolium scabrum L. N/N w Th T A3,A5,A6,A7 04,06
Trifolium scellacum L. N/N M Th T Al A6
Trifolium tomentosum L. N/N M Th Agr AL ?\2 i; Ad ot (())?; s
Trifolium vesiculosum Savi N/N w Th | Agr 02,03
Trigonella corniculata (L.) L. N/N M Th | Agr Alj\gi‘;i’\gi
Vicia lutca L. subsp. lutca N/N M Th | Agr A4, A6, A7 o3 (8); o6
Vicia villosa Roth subsp. villosa N/N w Th Agr A3 01,03
Gentianaceae
Blackstonia perfoliara (L.) Huds. N/N w Th F 06,07,08
Geraniaceae
Erodium cicutarium (L.) L'Hér. N/N \\4 Th | Agr Al
Geranium brutium Gasp. N/N B Th F A2
Geranium dissectum L. N/N w Th F 04,08
Geranium rotundifolium L. N/N w Th | Agr Al
Lamiaceae
Calamintha nepeta (L.) Savi N/N w H Agr A6 02,05
Lycopus europacus L. N/N w H F 02,04,06
Mentha aquaticaL. N/N w F ot (())25 3.
01,02,03,
Mentha pulegium L. N/N M H F AL ﬁi f; A6 04, 8:,07,
Mentha spicata subsp. condensata (Briq.) Greuter & Burdet N/N M H F Al A2, A3, A7
Prunella vulgaris L. N/N w H W/S ot (())37 o5
Stachys palustris L. N/N w H F 02
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Lakes
Families/Plant species St Chor. | Lf | H
P Amvrakia | Ozeros
Teucrium scordium subsp. scordioides (Schreb.) Arcang, N/N W H F Ad 04,05
Lythraceae
Lythrum hyssopifoliaL. N/N w Th F - 02,04,05
Lythrum junceum Banks & Sol. N/N w H F o (8)2 o7
Lythrum salicaria L. N/N w H F o2 (())35 Ok
Malvaceae
Malva sylvestris L. N/N w H Agr AS, A6
Onagraceae
Epilobium hirsurumL. N/N w H F - 01,07,08
Orobanchaceae
Bellardia viscosa (L.) Fisch. & C.A. Mey. N/N \\4 Th F - o1
Papaveraceae
Papaver rhoeasL. N/N w Th Agr Al A3, A6 02,07
Plantaginaceae
Plantago afraL. N/N M Th X A2,A3,A9
Al A2,A3, A4,
Plantago lagopusL. N/N M Th Agr A7, A8 A9
01,02,03,
Plantago majorL. N/N w H F 04,05,07,
08
Polygonaceae
Polygonum aviculareL. N/N w Th F Al 02,03,08
Persicaria lapathifolia (L.) Delarbre N/N \\4 Th F A3,A7,A9 oz 83 o5
Rumex conglomeratus Murray N/N w H F A4 (())26 (())i (()))8
Rumex crispusL. N/N w H F 04
Rumex obtusifolius L. N/N w H F AS
Rumex palustris Sm. N/N w Th F Ad ASI'\?G' A7,
Portulacaceae
Portulaca oleracea aggr. N/N w Th Agr A3 MA‘Z;S’ A7, 01,02
Primulaceae
01,02,03,
Anagallis arvensisL. N/N w Th Agr Al,A2,A3,A5 04,05,06,
07,08
Asterolinon linum-stellatum (L.) Duby N/N M Th X Al o1
Ranunculaceae
Ranunculus muricatus L. N/N w Th F A2,AS
Ranunculus sardous Crantz N/N w Th F 02 (())35 Ol
Ranunculus trichophyllus Chaix N/N w Th F A2, A6
Rosaceae
Portentilla reptans L. N/N w H F AL AZAQS' A7,
Rubus sanctus Schreb. N/N w P W/S - 04,06
Rubiaceae
. . 01,04,05,
Galium debile Desv. N/N M H F 06.07.08
Galium clongatum C. Presl N/N w H F - 02,03
Sherardia arvensis L. N/N w Th Agr Al A2 02,03
Solanaceae
Datura stramonium L. Al Al Th Agr ot (()))7 o6
Veronicaceae
Veronica acinifolia L. N/N w Th | Agr - 03,05
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Lakes
Families/Plant species St Chor. | Lf | H
P Amvrakia | Ozeros
Veronica anagallis-aquatica L. N/N w H F AL A2 04
Verbenaceae
Phyla nodiflora (L.) Greene N/N w H F Al A2, A4, A7 (())16 (();; (())58
. . Al, A2, A3, A4, 01,03,04,
Verbena officinalis L. N/N w H F A5, AG.AT 0s
3 Al, A2, A3, A4, 01,02,04,
Virex agnus-castus L. N/N w P F A5, A6, A7 06
| ANGIOSPERMA - MONOCOTYLEDONES
Alismataceae
Alisma plantago-aquatica L. N/N w Aq F 04,05,08
Cyperaceae
Carex distans L. N/N W H F 01,03,07
Carex hirtaL. N/N w G F Al 02
Carex otrubacPodp. N/N w F 01,(())/2, 0.
Al, A2, AS, A6,
Cyperus fuscusL. N/N w Th F A7 A8 A9 02,03,04
02,03,04,
Cyperus longus L. N/N w G F 05,06,07,
08
Scirpoides holoschoenus (L.) Sojik N/N w G F 020(; 3();)4
Juncaceae
Juncus bufoniusL. N/N w Th F A7,A9
Juncus fontanesii]. Gay N/N W G F Al,A2,A9 04
Juncus inflexusL. N/N w G F © 10(6)/2)(7))
Orchidaceae
Anacamptis laxiflora (Lam.) R.M. Bateman & al. N/N w G F 02,04,08
Serapias vomeracea (Burm. £.) Briq. N/N w G X 03
Poaceae
Agrostis stolonifera L. N/N w H F AL A3 02(’)2/:’)?5’
Alopecurus myosuroides Huds. N/N w Th Agr 02,08
Alopecurus rendlei Eig N/N w Th F 04 (()))7 0.
Arundo pliniL. N/N B P F 01,04,07
Bromus madritensis L. N/N w Th | Agr Al -
Cynodon dactylon (L.) Pers. N/N \\4 G Agr A3, A4 03, (())/; 05,
Digitaria sanguinalis (L.) Scop. N/N W Th | Agr 02,04,08
Echinochloa crus-galli (L.) P. Beauv. N/N w Th | Agr 0/2)(7) )();)6
Hordeum murinum L. N/N w Th | Agr A4 02,03,08
Lolium perenncL. N/N w H Agr A2 -
02,03,04,
Paspalum distichum L. Al Al F 05,06,07,
08
Phleum subularum (Savi) Asch. & Graebn. N/N M Th X A4 -
Phragmites australis (Cav.) Steud. N/N w G F A2,A3,A4 (())26 (())3 (())f;
Poa annuaL. N/N w Th | Agr Al A4 02,04,05
Poa infirmaL. N/N M Th | Agr A2 -
Poa trivialis L. N/N w H | F P
Setaria verticillata (L.) P. Beauv. N/N w Th | Agr 06,08
Typhaceae
Typha domingensis Pers. N/N w G F 04

Abbreviations: in terms of status N/N: Native / Non Range-Restricted, Al: Alien / Established, N/R: Native / Range-Restricted, in
terms of chorology Chorology Al: alien, W: widespread, B: Balkan, M: Mediterrancan, G/E: Greek endemic, in terms of life-form
Th: Therophyte, H: Hemicryptophyte, G: Geophyte, P: Phanerophyte, Aq: Aquatic, Ch: Chamaephyte, and in terms of Habitat
preferences F: Freshwater habitats, Agr: Agricultural and Ruderal habitats, X: Xeric Mediterranean Phrygana and grasslands, W/S:
Woodlands and scrub, T: Temperate and sub-Mediterrancan Grasslands
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Figure 3. Number of taxa per family collected in the wet meadows of the Lakes Amvrakia and Ozeros from
April 2019 to October 2020.

Considering the life forms, the prevalence of the Therophytes is evident in the wet meadows of both
lakes followed by the Hemicryptophytes and Geophytes (Figure 4). The highest number of Therophyte species
was recorded in Lake Amvrakia. The wet meadows of the Lake Ozeros presented higher number of taxa of the
remaining life forms, while Chamephytes and Aquatics were not found in Lake Amvrakia.

A comparison of the biological spectrum (as the ratio of the life forms of species to the total number of
species in both lakes) (Table 2), with the normal biological spectrum prepared by Raunkiaer is given in Figure
5. It is obvious that the Therophytes in both lakes present very high values compared with the values of the
Raunkiaer’s normal spectrum, while the corresponding difference in Hemicryptophytes is limited. In addition,
the percentage composition of the Geophytes in the wet meadows of the Lake Amvrakia had the same value
with the normal spectrum, in contrast with Lake Ozeros where the percentage of the Geophytes is twice as
much. Finally, the percentage of the Phanerophytes and Chamephytes is very low in comparison with the
Raunkiaer’s normal spectrum revealing the low contribution of these life forms in both ecosystems.

Five chorological units were revealed and the total number of plant species in each one is shown in Figure
4. The only Greek endemic taxon (Heliotropium halacsyi) was recorded in Lake Amvrakia, while also 2 Balkan
taxa (Silene ungeriand Geranium brutium) were observed. One (1) Balkan taxon (Arundo plini) was observed
in Lake Ozeros, while two (2) and four (4) alien taxa were recorded in the Lakes Amvrakia and Ozeros,
respectively. Despite their small participation in the two lakes, these invasive alien plant species prefer nutrient-
rich and sunny sites presenting a threat to the diversity of native species (Zelnik, 2012; Perzanowska er al,
2019).
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Figure 4. Life forms classification and chorology of taxa in the wet meadows of the Lakes Amvrakia and
Ozeros
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Figure 5. Percentage composition of life forms in the wet meadows of the Lakes Amvrakia and Ozeros
Life form groups: Th = Therophytes, H = Hemicryptophytes, P = Phanerophytes, G = Geophytes, Ch =
Chamaephytes, Aq = Aquatic
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Table 2. Life-form classification and biological spectrum of the wet meadows of the Lakes Amvrakia and
Ozeros comparing with Raunkiaer’s normal spectrum

. Number of species AT O e Raunkiaer’s Normal
Life form group (%) S (%)
Amvrakia Ozeros Amvrakia Ozeros peetrum

Therophytes (Th) 61 48 63.54 46.60 13
Hemicryptophytes (H) 29 36 30.21 34.95 26
Phanerophyte (P) 1 3 1.04 291 46
Geophytes (G) 5 12 5.21 11.65 6

Chamaephytes (Ch) - 1 - 0.97 9

Aquatic (Aq) - 3 - 291 -

Total 96 103 100.00 100.00 100

The distribution of plant species of the wet meadows according to the habitat preferences revealed that

in the Lake Ozeros the taxa of the freshwater habitats were the most common followed by those of agricultural

and ruderal habitats with 54 and 42 taxa, respectively. The opposite was recorded in Lake Amvrakia where the

taxa of the agricultural and ruderal habitats were 51, followed by 33 taxa which were common in freshwater

habitats (Figure 6).
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Figure 6. Conservation status and habitat preferences of taxa in the wet meadows of the Lakes Amvrakia

and Ozeros
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Edaphic properties

Except for the clay content which presents higher mean values in the wet meadows of the Lake Ozeros
compared to Lake Amvrakia, no significant differences were observed in the soil properties between the two
lakes (Table 3). However, a wide range of values (e.g., pH values from 6.2 to 8.2, Py;sep concentrations from
11.0 to 42.8 mg kg™') was observed for all soil properties (Table 3), showing a high spatial variability of these
elements in the study area. Spearman correlation of the soil properties in the study area among correlated
variables (Table 4) showed that the concentrations of the nitrates (NO3-N) present significant positive
correlation (p <0.01) with soil EC values, while the concentrations of the available phosphorus (Pg;sen) were
negative correlated (p <0.01) with the CaCO;sand the soil pH values.

Table 3. Soil fertility status of agricultural land across the perimeter on Ozeros and Amvrakia lakes,
Western Greece

Ozeros lake Amvrakia lake Total study area

Edaphic properties min meanz S.D. max min meant max

pH 6.20 7.10+0.43 8.10 6.30 7.14+0.71 8.20 7.11+0.57
ECdSm™! 0.14 0.89+0.49 2.47 0.30 0.93+0.33 1.68 0.91£0.42
Sand (%) 23.5 36.3+6.10 46.2 26.5 37.8+8.96 46.0 37.0+5.60
Silt (%) 216 34.6+4.89 407 26 | 3534418 | 410 34.9+4.58
Clay (%) 22.0 29.2+4.89* 39.0 18.0 26.445.18* | 38.4 28.0+5.17
Total CaCO- (%) 0.10 334352 9.28 000 | 473+570 | 164 3.94+4.61
SOC (gkg™1) 325 11.6+3.58 22 162 | 102+2.66 | 142 11.0+3.26
Total N (g kg~ 1) 071 1.16+0.28 179 073 | 1124029 | 176 1.14£0.28
NO; — 7.30 10.6+2.26 18.5 6.70 11.0+2.23 17.0 10.8+2.24
Poyon (mg ke 1) 11.0 18.5+5.09 30.8 725 | 19.148.44 | 42.8 18.7+6.71

* Indicates significant differences at significance level P<0.05 between values in rows for each parameter between lakes.

Table 4. Spearman correlations among soil properties of total study area (Scori)

pH EC Sand Silt Clay | Total CaCO3 | SOC | Total N NO; Polsen
pH 1.00
EC -0.07 1.00
Sand 0.03 | -0.24 1.00
Silt - 0.20 -.520" 1.00
Clay 4867 | 0.15 -485" -3317 1.00
Total CaCO4 .897" 0.03 -0.01 -3617 363" 1.00
SOC 346" 0.11 -0.07 -0.21 4507 260 1.00
Total N -270" | 0.13 -0.16 347" 0.05 -244 0.17 1.00
NO; — N -0.11 | .538" -342" 264 0.20 -0.02 0.07 0.09 1.00
Poisen - 002 | 0.15 0.13 -394" -709" -352" 0.08 -0.08 1.00

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Ordination

In order to reveal the main edaphic parameters which, influence the development of the taxa in the wet
meadows vegetation in each lake, the results of the soil analysis were correlated with the plant species
presence/absence data using the Canonical Correspondence Analysis (CCA). The results of the CCA analysis
among taxa, sampling plots and environmental variables are shown in CCA biplots (Figures 7 and 8). Table 5
shows that axes 1 and 2 represent the greatest amount of explanatory values (42 and 29%, respectively). CCA
analysis of the sampling plots, species and environmental variables based on the first two axes, explains the
22.1% of the variance (inertia) of species data and the 34.3% of the variance in the weighted averages of the
species with respect to the environmental variables (Table 5).
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The environmental variables in the biplot graphs are represented by arrows, the length of which is
proportional to the rate of change into the direction of the maximum change of these variables across the
diagram (ter Braak, 1987). Among these environmental variables, the longest arrows are represented by NO;-
N, Total N, CaCO; and pH, followed by those of Pyisep, sand, SOC, EC and clay (axis 1: Sand, SOC, Clay
and Total N and axis 2: Nitrate, pH, EC and CaCQO:).

Along axis 1 the 39%, 32%, and 30% of the species composition are explained by the Total N, sand and
SOC respectively while the clay explains a lower (24%) percentage (Table 5). In addition, alongaxis 2, the 55%
and 48% of the species composition are explained by the CaCOs and pH, respectively, followed by other
variables such as NO3-N, Py;sen, and EC which explain the 40%, 33% and 18%, respectively (Table 5).
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Figure 7. CCA ordination diagram with sampling plots (bullets) and environmental variables (pH, EC,
Sand, Silt, Clay, CaCOs-, SOC, Total N, Nitrate, Pyjger,) (arrows)
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Figure 8. CCA ordination diagram with taxa (bullets) and environmental variables (pH, EC, Sand, Silt,
Clay, CaCOs-, SOC, Total N, Nitrate, Pyjser) (arrows)
Explanations: Full names of taxa are given in Table 1.
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Table 5. Correlations of environmental variables (pH, EC, Sand, Silt, Clay, CaCOs-, SOC, Total N,
Nitrate, Ppsen) With the first two CCA axes

Environmental variables Axis 1 Axis 2
pH 0.04 048
EC 0.17 -0.18
Sand 0.32 -0.14
Sile 0.11 -0.01
Clay -0.24 0.07
CaCO; 0.18 0.55
SOC -0.30 -0.01
Total N -0.39 -0.04
Nitrate -0.02 -0.40
P osen -0.01 -0.33
Eigenvalues 0.42 0.29
Species-environment correlation 0.90 0.98
Cumulative percentage variance:
(i) of species data 13.0 22.1
(ii) of species-environment relation 20.2 34.3
Total inertia: 3.225
Sum of all eigenvalues: 3.225
Sum of all canonical eigenvalues: 2.095

Eigenvalues of the ordination axes and sum of all unconstrained Eigenvalues (total inertia) for CCA analysis.

The CCA biplot ordination diagrams between sampling plots and environmental variables reveal a clear
distribution among sampling plots in the two lakes (Figure 7). Almost all the sampling plots in Lake Ozeros
are grouped mainly in the left part of the diagram strongly correlated with the Total N, SOC and clay. An
exception is observed in Ozeros 2 and Ozeros 3 plots which seem to be correlated, the first one with the electric
conductivity (EC) while the second one (Ozeros 3) is strongly correlated with the soil nitrates (NO5-N), and
the available phosphorus (Py;sen ). The rest of the sampling plots in Lake Amvrakia are grouped in the right
part of the diagram creating two distinct subgroups. The first one is located in the upper right part of the
diagram strongly correlated with the soil pH and the CaCOj3 content, while the other group is located in the
bottom right part of the ordination diagram correlated mainly with the soil electric conductivity and the sand
content.

From the second CCA biplot ordination diagram between species and environmental variables a clear
distribution among species which appeared in only one of the two examined lakes was observed (Figure 8). On
the left part of the ordination diagram the species which were identified in the wet meadows of the Lake Ozeros
were grouped, presenting a strong correlation with Total N, SOC, clay, NO3-N and Pygey,. In contrast, taxa
which were identified only in the wet meadows of the Lake Amvrakia were grouped on the right part of the
diagram and they present a strong correlation with soil pH, CaCOj3, sand, silt, and EC. The rest of the species
which were identified in the wet meadows of both lakes show a random distribution within the ordination
diagram.

Discussion
The Lakes Amvrakia and Ozeros belong to the European Ecological Network Natura 2000 Site of
Community Importance (pSCI) and, despite the fact that they are close to each other, they present significant

differences in the geomorphological features (Zacharias er al, 2002), in the water physico-chemical
characteristics (Chalkia er a/, 2012; Chalkia and Kehayias, 2013), and finally in the trophic status. Based on
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natural interventions (dominant identifiers) the prevailing soil groups in both study areas are: Fluvisols (FV),
Luvisols (LV), Cambisols (CM) and Calcisols (CL), according to European Soil Data Centre (ESDAC) and
the National Soil Maps (EUDASM, 2015). Soil element content in most cases depends on the geochemical
composition of the weathering rock parent material on which the soil has been developed. Rodeghicro et al
(2011) report that the Mediterranean soils present a high spatial variability in their properties, reinforcing the
need of a careful consideration of soil groups when conducting a soil survey. Our results showed high spatial
variability of the soil properties (Table 3), attributed both to anthropogenic (different land use, followed by
different agriculture practices) and natural interventions (such as the prevailing soil groups FV, LV, CM, CL).
The exposure of plant species into these mixed interventions seems to affect their composition.

The results of this study revealed a total number of 152 taxa belonging to 35 families and 102 genera,
from which only 47 were common. The families Fabaceae, Asteraceae and Poaceae, Cyperaceae from the
dicotyledones and monocotyledons, respectively, are the richest, since they present the greatest number of plant
species, which is in accordance with other studies which took place in natural lakes (Koumpli-Sovantzi, 1983;
Pavlidis, 1985; Papastergiadou, 1990; Sarika-Hatzinikolaou, 1999; Zotos, 2006). The high percentage of the
Mediterranean taxa in combination to the predominance of Therophytes in the wet meadows vegetation of
both lakes can confirm the Mediterranean character of the flora of the Lakes Ozeros and Amvrakia. Moreover,
the high percentage of the Therophytes in Lake Amvrakia, as well as their 20% lower percentage in Lake
Ozeros, indicate the disturbance of the wet meadows vegetation as a result of intensive anthropogenic and
livestock impact on these sites (Cain, 1950; Smith, 1980). Panitsa er a/ (2008), reported that the Therophyte
life form is linked to disturbances in Mediterranean ecosystems. Therophytes are annual plants which can
survive the unfavorable dry and cold seasons as seeds, achieving better adaptability to adverse growing
conditions. Empirical data, collected originally by Raunkiaer (1934) and reinforced by more recent studies,
suggest a greater tendency of annual species to flourish in seasonally dry than in arid environments. Blumler
(2018) reported that Therophytes tended to occur in sites with warmer and drier conditions, and therefore the
arable soils which occurred in Lake Amvrakia offer favorable conditions for these species to develop compared
to Lake Ozeros where different land uses occur.

In addition, the remarkable small percentage of Phanerophytes, in combination with the dominance of
Therophytes in the wet meadows of both lakes is an indicator of the degradation due to intense anthropogenic
interventions. The lower percentage of taxa belong to the Hemicryptophytes, can be attributed mainly to the
weak temperate character of the investigated area (Raunkiaer, 1934). The percentage composition of the
Geophytes in Lake Amvrakia presents the same value with the normal spectrum, in contrast with Lake Ozeros
where the percentage of the Geophytes is twice as much. Lazarina er a/ (2019) observed that the Geophytes
occurred in sites with significantly higher precipitation, or under wet conditions. In the study area the inland
marshes zone which occurs in Lake Ozeros promotes the survival of Geophytes compared to the non-irrigated
arable land zone of Lake Amvrakia. This observation reinforces the view that, under the same microclimate
context which occurs in the two neighboring ecosystems in the study area, with additionally different natural
or anthropogenic interventions, Therophytes and Geophytes have different growing behavior. However, in the
study area Geophytes were absent from the sampling sites A6, A7 and A8 probably due to the slight acid soil
reaction. In these sampling plots significant differences were observed in pH values in comparison with all other
sampling plots either in Amvrakia or in Ozeros area except for the A5 and A9 plots. The lowest mean value
with S.D. was observed in A8 (6.27+0.6), followed by A7 (6.47+0.6), A6 (6.50+0.00), A9 (6.53+0.12) and A5
(6.5740.6), while the highest mean values observed in Al (8.02+0.22) and A2 (7.8840.21), mainly due to
different soil groups (CM and CL, respectively) in this lake or due to anthropogenic interventions. In Lake
Ozeros the mean pH values ranged from 6.6340.25 (O4) to 7.5040.35 (O2) revealing a lower spatial soil pH
variability due to the higher number of different prevailing soil groups which occur (FV, LV and CM). Our
results showed that the acid soil reaction (pH) is unfavorable for Geophytes composition, which is in
accordance with Chytry er a/ (2010), who reported that this may be a result of the evolution of this group on
base-rich dry soils in the Mediterranean climate.
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The predominance of taxa which prefer agricultural and ruderal habitats instead of those which prefer
freshwater habitats in the wet meadows of the Lake Amvrakia, reveals the influence of the anthropogenic
activities into the plant species diversity, as a result of the intensive agricultural practices mainly due to the
drainage of the northern part of the lake and the nearby urban ecosystems. High percentage of ruderal species
in areas with intensive human activity, as well as in naturally nutrient rich and disturbed habitats have been
described in other studies (Nilsson er al, 1989; Dimopoulos et a/, 2013). In addition, the pressure that takes
place due to the intensive grazing in Lake Amvrakia, as well as the expansion of cultivated areas, in several cases
up to the shore of the lake (Figure 2) and the growing urbanization lead to the increase of ruderal species,
decreasing at the same time the plant richness (Pysek er a/, 2004; McKinney, 2006). On the contrary, in the
wet meadows of the Lake Ozeros, taxa which prefer the freshwater habitats represent the highest percentage
followed by those which prefer the agricultural and ruderal habitats, indicating the lower impact of human
activities and the nearby urban ecosystems on this lake.

The above could also explain the predominance of taxa which prefer freshwater habitats instead of those
which prefer agricultural and ruderal habitat in Lake Ozeros. Finally, the predominance of plant species of
ruderal and freshwater habitats in both lakes can interpret the high proportion of widespread and non-native
taxa, as well as the very low presence of endemic species (Dimopoulos et al, 2013).

The soil analysis reveals significant differences regarding the ecological conditions in which the plant
species were developed. In Lake Amvrakia a positive correlation of soil pH and the sampling plots (Al and A2)
which present a greater plant richness was observed. This positive correlation between soil pH and plant species
richness (especially on annual species) has been revealed in many studies (Chytry er a/, 2003; Schuster and
Diekmann, 2003). In contrast, the availability of the phosphorus seems to have negative impact on species
richness as the rest of the sampling plots at the same lake present significant lower plant species richness, which
is in accordance with other studies (Zelnik and Carni, 2013; Soons er a, 2017). The results show that this P
availability can be attribute to mixed interventions (e.g., the acid soil reaction (pH) which characterizes
Cambisols increases the P available, as shown in Table 4, while the application of P fertilizers is an additional
input source of phosphorus). Moreover, the high-water level fluctuation which is observed in Lake Amvrakia,
due to increased evaporation in the summer and to the over-consumption of water for irrigation, lead almost
every year to the drainage of the northern part of the lake at that time. The above, in combination with the
installation of annual crops and the wide use of nitrogen fertilizers, lead to the accumulation of nitrate with a
negative impact on plant species richness. After all, the decrease of plant species richness in association with a
high concentration of nitrates have been described by Gough e a/ (2000).

In the wet meadows of the Lake Ozeros, most of the sampling plots (except O2 and O3 ), present positive
correlation with clay, SOC and Total N. The higher species richness which occurs in these plots can influence
the topsoil organic carbon (Fischer ez al, 2019), while the simultaneous increase of nitrogen deposits in these
soils can lead to the reduction of plant species richness (Stevens er af, 2004). On the contrary, from the O2 and
O3 sampling plots on the left and the right side of the canal which connects the lake with the river Acheloos, a
strong correlation primarily with the available phosphorus (Pp;ser ), nitrates and secondarily with the EC was
observed. The high concentrations of the available phosphorus (Pgjsep) in combination with the high
concentrations of soil nitrates which observed in these sampling plots, can influence the plant species
composition of the wet meadows. Indeed, the gradual increase of the nitrates affects the species richness of the
wet meadows in shallow lakes (James er a/, 2005). In addition, the large number of small livestock facilities
around Lake Ozeros and the intensive grazing are the main limiting factors which influence the plant species
richness.
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Conclusions

The knowledge about the species diversity of the wet meadows in the Lakes Amvrakia and Ozeros, in
combination with their inclusion in the Hellenic NATURA 2000 network, can be a useful tool for their
conservation through the application of rational management measures. Changes to the land use seem to affect
the plant species distribution pattern in both lakes. The prevalence of Therophytes and at the same time the
low participation of Phanerophytes is an indicator of the degradation of the wet meadows, due to the intense
anthropogenic interventions. This seems to be higher in the Lake Amvrakia due to the expansion of the
cultivated fields and the intense drainage which took place almost every year in the northern part of the lake.
On the contrary, the predominance of taxa which prefer the freshwater habitats in Lake Ozeros, instead of
those which prefer agricultural and ruderal habitats, explain the lower degradation in this ecosystem. The
different land uses which take place in the two lakes in combination with the formation of an inland marshes
zone in Lake Ozeros give the opportunity to many emergent plant species such as Phragmices sp., Juncus sp.,
Cyperussp., Scirpussp. to develop in this lake. In addition, soil properties such as soil pH, NO3-N, Py sen, EC,
CaCO; and SOC seem to play an important role in the wet meadows plant species distribution pattern and
therefore should be taken into consideration in order to design an integrated management plan. Finally, the
knowledge of the current situation in terms of plant species diversity in conjunction with the optimal recording
of pressures and threats due to the extensive land use changes, could be a useful guide to implement more
targeted management plans in both lakes.
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