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Located at the south-western most part of the Balkan peninsula, along an important
migration route (the Mediterranean/Black Sea Flyway), the Gialova Lagoon wetland
is one of the few remaining Important Bird Areas (IBAs) along the south-west coast
of Greece, also designated as a Special Protection Area. The wetland serves as the
first suitable stopover for many spring migrants who have flown non-stop over the
Mediterranean Sea, and the last before their journey back to Africa in the autumn. In
this study, we conducted monthly field visits during the period October 2016 to January
2019 with the aim to complement existing information about the site, to evaluate the
current status and distribution of waterbirds, to provide insights for the management
of the area and to re-assess the IBA/Ramsar criteria. A total of 149 bird species
representing 43 families and 15 orders were recorded, including 36 threatened species
at an International, European or/and national level, and 40 species listed in the Annex |
of the EUs Birds Directive (21 species were listed as both threatened and under Annex
). 81 species were identified as wetland related species, of which 66 species were
identified as waterbirds (7 orders, 11 families). Waterbirds richness and abundance
were higher during the Wet season and corresponding periods (Wintering and Spring
migration). All parts of the wetland supported waterbirds and threatened species, with
the S. Wetland sub-area being the most diverse during the Breeding/ Nesting, and both
migration periods. The abundance of most waterbirds and IBA species have declined
over the last 20 years, but this does not necessarily mean that the area no longer fulfills
Ramsar criterion 6 (and equivalent IBA criterion A4i). However, this outcome should not
be overlooked by the site managers and conservation actions, such as the restoration
of fresh water inflows which could improve habitats and water conditions for [IUCN and
IBA species, should be implemented with high priority. In addition, our results indicate
that the area meets Ramsar criterion 4 and criterion 2, and thus we suggest that it
should be further investigated and evaluated to potentially become the eleventh Greek
Ramsar site.
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INTRODUCTION

Waterbirds, are defined as “species of bird that are ecologically
dependent on wetlands” (Ramsar convention, 1994, art. 1.2)
including all waterfowl, seabirds and waders. Wetlands are used
both as wintering areas—to stay in for longer periods—but also
as important “stopover” areas where migrating birds make briefer
stops when they are migrating to or from their breeding grounds
(Warnock, 2010). Waterbirds migrate along broadly similar, well-
established routes known, as flyways. The Mediterranean/Black
Sea Flyway is one of the eight major pathways around the
globe and one of the three connecting Europe with Africa
(BirdLife International, 2017). When wetlands along a bird’s
predetermined migration route disappear, the likelihood of
the birds completing their migration is strongly impoverished
(Moore et al., 2005).

To that end, more than 2,400 sites with international
importance are protected by the Ramsar Convention (Ramsar
convention, 1994; Ramsar Sites Information Service [RSIS],
2020). Nonetheless, the Ramsar site characterization criteria
for waterbirds (criterion 5: A wetland should be considered
internationally important if it regularly supports 20,000 or more
waterbirds, and criterion 6: A wetland should be considered
internationally important if it regularly supports 1% of the
individuals in a population of one species or subspecies of
waterbirds), cannot be easily met by all wetlands on the migration
route of birds (Ramsar Sites Criteria, 2020). For example, Greece
has about 400 wetlands (Greek Biotope Wetland Centre [GBWC],
2020), but only ten are protected under the Ramsar Convention
(Greek Ramsar Sites, 2020).

To further enlarge the protection of bird species, BirdLife
International, in collaboration with national NGOs working with
birds, have established a network of Important Bird Areas (IBAs),
including sites critical for the conservation of birds worldwide
(BirdLife International, 2001). Depending on different numerical
thresholds, the international importance of a site for a species
may be categorized at three distinct geographical levels, from
global (criteria A), to European (criteria B) and to European
Union (criteria C) (IBA Criteria, 2001). Up to present, more
than 13,000 sites at a global scale have been included in the IBA
network (BirdLife International, 2020). The identification of IBAs
in Europe is based on a site’s international importance for: (a)
threatened species, (b) congregatory bird species, (c) assemblages
of restricted-range bird species, and (d) assemblages of biome-
restricted bird species (IBA Criteria, 2001). The criteria build
upon existing legal instruments, like the EUs Birds Directive
which was adopted in 1979, and it took its current form in
2009 (Birds Directive 2009/147/EC, 2009). The European Union
Birds Directive obliges all member countries to protect habitats
supporting birds listed in the Annex I of the Directive, also
regularly occurring migratory species not listed in Annex I,
and to designate Special Protection Areas (SPA). The SPAs,
together with the Sites of Community Importance (SCI) and
the Special Areas of Conservation (SAC), which are based on
the Habitats Directive (Habitats Directive 92/43/EEC, 1992),
form the Natura 2000 network of protected areas in Europe
(European Commission, 2016).

For birds crossing into Africa, the Mediterranean Sea
constitutes a significant obstacle and migration over the sea is
concentrated at a number of narrow straits and “land bridges”
like those formed by the Italian and the Greek peninsula. The
high mountainous morphology encountered in Greece, separates
the peninsula into a western and eastern route. With the aim
of creating a network of sites to ensure that migratory species
find suitable breeding, stop-over and wintering places along
their respective flyways, Greece has identified 196 IBAs (Hellenic
Ornithological Society [HOS], 2019a). The eastern route, hosts
most of the Greek Ramsar sites and marine IBAs (Important
Bird Areas for Seabirds) and many IBAs are distributed across
the islands of the Aegean Sea and the east coastline of mainland
Greece on different latitudes (Fric et al., 2012; Ramsar, 2017;
Hellenic Ornithological Society [HOS], 2019a). Most IBAs along
the west coast of Greece are mainly located at higher latitudes.
In the northern part, the most important wetlands exist in
the form of large lagoon and delta complexes and they attract
high numbers of wintering and staging birds during migration
(Maragou and Mantziou, 2000; Liordos et al., 2014).

Along the western route, at lower latitudes, wetlands are
scarcer, and the Gialova Lagoon wetland (GLw) is one of the
few remaining IBA wetlands (Gialova, GR119) along the south-
west coast of Greece (Heath et al., 2000). While few waterbirds
use the wetland as a nesting ground, the area is important as a
wintering and a stopover bird area (Kardakari, 2000; Bousbouras
et al,, 2011), and for some waterbirds the area meets IBA criteria
Adi (The site is known or thought to hold, on a regular basis, > 1%
of a biogeographic population of a congregatory waterbird species)
and B1i (The site is known or thought to hold > 1% of a flyway or
other distinct population of a waterbird species) (Table 1). To that
end, it has been already classified as fulfilling the Ramsar criterion
4 (A wetland should be considered internationally important if
it supports plant and/or animal species at a critical stage in
their life cycles, or provides refuge during adverse conditions)
and criterion 6 (BirdLife International, 2001), but is it not
designated as a Ramsar site (Greek Ramsar Sites, 2020). The GLw
is part of a wider Natura 2000 area (SPA site: GR2550008, 2001;
Birds Directive 2009/147/EC, 2009, and SCI/SAC site: Habitats
Directive 92/43/EEC, 1992; GR2550004, 1995). In addition to
birds, the lagoon supports several fish species with commercial
value (Koutsoubas et al., 2000; Zoulias et al., 2017), and it has a
rich benthic diversity (Arvanitidis et al., 1999; Koutsoubas et al.,
2000; McArthur et al., 2000). Moreover, the surrounding coastal
area is the basic nesting habitat for the only European population
of the critically endangered African Chameleon (Chamaeleo
africanus) (Legakis and Maragou, 2009).

Despite its rich biodiversity, the area has been under unstable
management for several years, and due to the lack of a clear
management scheme' the functions of the wetland continue to

The environmental management has been recently (January, 2019) assigned to the
Management Body of Protected Areas of South Peloponnese and Kythira island
(Maneas et al., 2019), but this scheme is about to change following changes in
the national policy. The management and exploitation of the lagoon fish stocks
is assigned by the local sub-region to local fishers for fixed terms (usually for 5
years), and the local archeological ephorate is also engaged in the management of
the area, since part of the area is an archeological site.
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degrade (Maneas et al, 2019). Over the years, the combined
effects of increased salinity and limitation in water circulation,
due to anthropogenic interventions, have led to extensive
mortality of emergent aquatic macrophytes (reed and cattail),
which are typical bird habitats (ibid). Even today, several parts
of the wetland are gradually transformed to agricultural land, or
parking lots reducing the size of the natural habitats (Maneas
et al, 2019). Another major threat for aquatic species and
habitats, is the problem of salinity which has already been linked
to waterbirds conservation in the area (Kardakari, 2000). Recent
studies have shown that at present the lagoon is characterized as
saline with hypersaline conditions for nearly 30% of the year, a
percentage which is expected to increase under future warmer
and drier climatic conditions (Manzoni et al., 2020).

An improved water management, which will ensure increased
fresh water inputs to the wetland, is already demanded by the
local fishers for improving fish stocks in the lagoon (personal
communication with local fishers), but such management plan
should also aim to create favorable conditions for birds. However,
the available knowledge on the current GLw birds’ status and
distribution (Standard Data Forms for site GR2550008, 2001) is
based on old data reported in Kardakari (2000). Given the high
salinity values, the degradation of habitats and the anthropogenic
pressures mentioned above, there is a high probability that there
have been changes in species numbers and the overall importance
and use of the site by birds, which will need to be considered in
future management strategies for the area.

Greece is currently validating the existing Environmental
Assessments for all the Natura 2000 sites, including the GLw site,
but in the absence of updated information, it is very likely that
any management plan for the GLw will be based on previous
data, which are quite detailed and important, but outdated. To

that end, under this study we have contacted monthly field visits
during the period October 2016 to January 2019, with the aim to
complement existing information about the site and to evaluate
the current status and distribution of waterbirds in the GLw, and
to also provide a basis for comparison with previous studies. Since
the wetland is divided in several sub-areas (Maneas et al., 2019),
a sub aim of the study was to understand which parts of the
wetland are mostly used by birds, identify conservation needs and
potential management implications. An additional and explicit
aim of our study was to re-assess the IBA/Ramsar criteria and
the status of the site, as the last evaluation was in 2001 (BirdLife
International, 2001). Our open data, results and suggestions
could be used as insights for the sustainable management of the
area and relevant decision making at local/national level, but
also as updates for the waterbirds’ status in a Greek IBA at a
European/International level.

MATERIALS AND METHODS

Study Area
The GLw is a coastal wetland located in south-west Messinia,
Greece (latitude: 36°58, longitude: 21°39’), along the

Mediterranean/Black Sea Flyway migration route (BirdLife
International, 2017), at the most southern-western side of the
Balkan peninsula (Figure 1). It is the first wetland on the west
side of the Balkan peninsula that migratory birds come across
when they return from Africa in spring or the last before crossing
the Mediterranean during the autumn migration (Hellenic
Ornithological Society [HOS], 2019b). The boundaries of our
study area, are defined at the north and east by two canals
constructed during the 1960s (Figure 1). At the west, a rocky

TABLE 1 | Waterbirds in GLw-Natura2000 that meet the IBA criteria A4i, B1i, C2, C3 (Heath et al., 2000; BirdLife International, 2001), and species of global conservation

concern that do not meet IBA criteria (Hellenic Ornithological Society [HOS], 2019b).

Waterbirds that meet IBA criteria Habitats
Species Season Year Pop. min Pop. max Criterion Priority
Phalacrocorax carbo W 1996 1000 1000 B1i, C3 Coastal lagoons (1140)
Egretta garzetta W 1995 B1i Coastal dunes with Juniperus spp. (2250)
P 1996 1500 2000 Adi, B1i, C2
Ardea alba W 1996 280 360 Adi, B1i, C2 Pseudo-steppe with grasses and annuals of the
Thero-Brachypodietea (6220)
Plegadis falcinellus P 1996 1600 1800 Adi, B1i, C2
Glareola pratincola P 1996 117 117 B1i, C2
Tringa stagnatilis P 1996 300 500 Adi, B1i, C3
Tringa glareola P 1996 7000 11000 Adi, B1i, C2
Gelochelidon nilotica P 1996 210 220 B1i, C2

Bird species of global conservation concern that do not meet IBA criteria
Pelecanus crispus P

P, 10-20 individuals

P, 10-20 individuals

P, 10-20 individuals

Aythya nyroca
Falco naumani
Gallinago media

Other waterbird habitats

Mudflats and sandflats not covered by seawater at low tide

Mediterranean and thermo-Atlantic halophilous scrubs (Sarcocornetea fruticosi)
Mediterranean salt meadows (Juncetalia maritimi)

The listed IBA species are also the SPA species of concern (GR2550008, 2001). Priority habitats (highlighted with bold), and additional habitats linked to waterbirds that
are targeted by the Habitats Directive are listed in the last column (GR2550004, 1995). W for Wintering and P (passage) for Migration period.
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FIGURE 1 | Left side: The map of the study area located in SW Greece (36° 58" N, 21° 40’ E), showing the different observation points (red dots), and the major
sub-areas. It also contains information about the water connections. Right side: Birds’ migration “national” routes in Greece (Hellenic forestry, 2020) along the
Mediterranean/Black Sea Flyway (BirdLife International, 2017), and a picture of the site which captures one of the drainage canals in the form that it looks today.

hill (also known as the Palaiokastro) and the semi-enclosed
Voidokilia Bay separate the area from the Ionian Sea. A 3.8 km
long and about 150m wide natural sand formation, separates
the area from the semi-enclosed Navarino Bay to the south. In
this study, we will refer to this area as the GLw-Natura2000 area
(purple line in Figure 1).

The selected case study is part of a wider area which is
characterized as an IBA, a Wild Life Refuge, and it is included
in the Natura 2000 network as a Special Protection Area (SPA),
under the Birds Directive (site: GR2550008, 2001; Birds Directive
2009/147/EC, 2009), and as a Site of Community Importance
(SCI) and as a Special Area of Conservation (SAC), under the
Habitats Directive (site: Habitats Directive 92/43/EEC, 1992;
GR2550004, 1995; Table 1).

Due to man-made constructions over a period of seventy
years, the GLw-Natura2000 area has been divided into sub-areas,
with different characteristics (Table 2). At the east of GLw-
Natura2000 area, the Tyflomitis artesian springs (a 0.072 Km?
aquatic habitat covered with reeds) provide freshwater inputs in
this area (Manzoni et al., 2020). The Tyflomitis area was once
connected to the wetland, but at present it is separated from it
via a dike which diverts most of the up-welling groundwater to
the sea (Maneas et al., 2019).

Overall, the area is characterized by Mediterranean climate,
with mild wet winters and dry summers (Figure 2). Evaporation
and temperature trends, exhibit a maximum during the summer
months, when precipitation is at its minimum (Maneas et al.,
2019). The mean annual temperature is 18°C and the mean

annual precipitation is approximately 695 mm/y (measured from
1956 to 2011 at the Helenic National Meteorological Service’s
station of Methoni, 15.6 km South of Gialova).

Field Data Collection

Bird monitoring was based on monthly field visits during
the period October 2016 to January 2019. During the first
year (October 2016-October 2017), field monitoring was not
performed in December 2016 and July 2017. In March 2017,
the censuses were more frequent (every second day from March
9 to 24) to better cover the spring migration. The second year
of monitoring, started in January 2018 and was completed in
January 2019. During the second year, field monitoring was not
performed in December 2018.

Bird counts were based on a protocol proposed by the Hellenic
Ornithological Society (Bousbouras et al., 2011) following a
methodology with predetermined observation points with good
view, to extensively survey the GLw-Natura2000 area. The
protocol consisted of 13 points covering all the sub-areas of
the wetland (Figure 1). The observations started with the first
light spending maximum 30 minutes at each point. During the
breeding period, extra observation time was spent in specific
points to thoroughly look for nests and juveniles. The field
equipment consisted of binoculars (10x magnification), a scope
(20-60x85) and a digital camera. During fieldwork, the Collins
birds guide (Svensson et al., 2010) was used when help in
bird identification was needed. Apart from the intense March
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TABLE 2 | Description of the sub-areas inside the GLw-Natura2000 area, based on Maneas et al. (2019).

Sub-areas Size Characteristics

Lagoon (L) 2.483  Open shallow water area. The average depth of the main water body is approximately 0.6 m (Arvanitidis et al., 1999). Salt
meadows at the fringes, and few embankments (creating small parallel islands) covered by halophytes are found at the north.
High salinity fluctuations on an annual basis (Manzoni et al., 2020).

North-West area (NW area) 0.243  Shallow fish ponds and terrestrial area with limited vegetation in connection to the lagoon. It is flooded during the wet period
and dried during the dry period.

North wetland (Nw) 0.444  Salt meadows which neighbor cultivations at the north, separated by relative deep drainage channels (with a maximum depth of
1.4 m in winter) within which some reeds remain today. High salinity fluctuations on an annual basis (Manzoni et al., 2020).

South wetland (Sw) 0.946  Shallow waters (maximum depth of 0.6 m in winter), salt meadows, and old embankments (creating small parallel islands)
covered by halophytes. Limited reed vegetation. High salinity fluctuations on an annual basis (Manzoni et al., 2020).

Agriculture lands (A) 1.107  Managed areas mainly covered with olive trees (23%), horticulture and grain crops (36%).

Compared to the agricultural lands, the Lagoon, the north-western area, the North wetland and the South wetland are natural aquatic habitats. All sub-areas are given in
Km?. The total size of the GLw-Natura2000 is 5.295 Km?, including the Tyflomitis area.
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FIGURE 2 | Graph by Maneas et al. (2019), showing monthly mean precipitation (MAP), evaporation rate (MAE) and temperature (MAT) at the study area for the
period 1956-2011. At the bottom, a graph showing the birds’ periods and seasons used for the analyses.

2017 counts, the rest of the counts were conducted by the
same two observers.

During the censuses, all observed birds (seen and heard)
were recorded, i.e., a complete census (Gregory et al., 2004), and
they were listed according to BirdLife taxonomic basis (BirdLife
International, 2019). The primary focus of the monitoring
was to record waterbirds richness and abundance (Anatidae,
Charadriidae, Laridae, Phalacrocoracidae, Phoenicopteridae,
Podicipedidae, Rallidae, Recurvirostridae, Scolopacidae, Sternidae,
and Threskiornithidae). Waterbirds were noted and counted with
high precision (richness and abundance at exact location) into
the different sub-areas (Table 2).

The rest of the species, were only noted as extra species,
but their abundance in the wetland was not counted. They
were grouped as wetland-dependent species and as non-
wetland species. Under wetland-dependent species, birds of
prey which use the wetland as a feeding area (e.g., Circus
aeruginosus, Circus cyaneus, and Pandion haliaetus), the
Alcedo atthis, and species from the order of Passeriformes
(Acrocephalus  arundinaceus, — Acrocephalus — melanopogon,
Acrocephalus scirpaceus, Acrocephalus schoenobaenus, Riparia
riparia, Emberiza schoeniclus, Cettia cetti, Cisticola juncidis,
Remiz pendulinus, Panurus biarmicus) which also depend on
wetland habitats, were added.
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Data Analysis

Diversity Indices

Species richness (S), as the number of observed species per
month, was estimated for all the observed species, and for
the different categories (waterbirds, wetland-dependent, non-
wetland, all observed species).

Waterbirds species abundance (N), as the number of observed
waterbirds during each count, was estimated for the whole GLw-
Natura2000 area, and for each of the different sub-areas (as
described in Table 2).

Waterbirds relative abundance (RN), as the number of
observed waterbirds during each count per unit area (km?), was
estimated for each sub-area to allow comparisons during seasons
and during periods.

Waterbirds Shannon-Weiner Index (H) was calculated based
on species abundance using the Shannon and Weaver (1949)
formula (Bibi and Ali, 2013; Issa, 2019):

H=— [Z Pi * ln(Pi)]

where (H) is the Shannon Index, Pi is the proportion of each
species in the sample, and In(Pi) is the natural logarithm of this
proportion. The index was estimated for each sub-area to allow
comparisons during seasons and during periods.

Temporal and Spatial Variations

Our analysis, was divided into two seasons following weather
patterns as described in section “Study Area” (Wet: November-
April and Dry: May-October), and four periods based on birds’
patterns (Wintering, Breeding/ Nesting, Spring and Autumn
migration) (Kardakari, 2000; Figure 2). Since the four periods
overlap with each other (Kardakari, 2000), to avoid double counts
in our statistical analysis, we followed the below month selection:

Wintering period (W): November to January
Spring migration (sM): February to April
Breeding/ Nesting (B): May to July

Autumn migration (aM):  August to October

To assess the temporal distribution of wetland-dependent,
non-wetland and of all the observed birds, the index of species
richness was estimated for the two seasons and the four periods.

To assess the temporal distribution of waterbirds, apart from
species richness we also used the index of species abundance.
Both indices were estimated for the two seasons and the four
periods. Since the different sub-areas are of different size, to
assess the spatial distribution of waterbirds per season and per
period, we used the indices (RN) and (H). As described above,
relative abundance is the number of birds per unit area, thus
it is independent of the size of each area and suitable for site
comparisons. The Shannon-Weaver index is commonly used for
site comparisons, and it was calculated in order to interpret
differences in the species diversity (e.g., the index increases as
both the richness and the evenness of the community increase)
(Bibi and Ali, 2013; Issa, 2019). Nonetheless, we also present our
(S) and (N) results, to provide a broader view of how waterbirds
use the aquatic habitats of the GLw_Natura2000 area.

Statistical Analysis

The count data were analyzed with GLMs (Generalized
Linear Models) assuming Poisson or Negative Binomial (for
overdispersed data) distribution of the dependent variable, using
alog link function, as it is suggested for count data analysis (Seavy
et al., 2005; O’Hara and Kotze, 2010; Warton et al., 2016).

To test if there were statistically significant differences
in species richness and abundance among the seasons, and
among the periods, our interpretation was based on pairwise
comparisons of the EM Means (Estimated Marginal Means)
produced by the GLMs, applying the Bonferroni adjustment for
multiple comparisons. The analysis of (S) was conducted with
Poisson GLMs considering the individual effects of season and
period. The corresponding analysis of (N) was conducted with
Negative Binomial GLMs since its distribution was found to
be overdispersed.

To identify statistically significant differences in relative
abundance across the different sub-areas per season and
per period, our interpretation was based on pairwise
comparisons of the EM Means produced by the GLMs
with Bonferroni adjustment for multiple comparisons.
The analysis of (RN) for each season and each period was
conducted with Negative Binomial GLMs, using sub-areas
as the factor with the main effects. For comparing the
Shannon diversity indices, we relied on the Hutcheson t-
test, which is developed as a method to compare the diversity
of two community samples using the Shannon diversity index
(Hutcheson, 1970).

In all the analysis the statistical significance was set at a < 0.05.
The analysis and processing of the results was conducted in
Microsoft Excel, and the statistical analysis was conducted in IBM
SPSS Statistics Data Editor.

Species With Higher Conservation Value

The conservation status of each species at International level
was retrieved from the databases of the “International Union
for the Conservation of Nature” (IUCN, 2020) and Wetlands
International (Wetlands International, 2020). The conservation
status of each species at European level was retrieved from the
“European Red List of birds” (BirdLife International, 2015) and
the Annex I of EU Birds Directive (Birds Directive 2009/147/EC,
2009). The national conservation status was retrieved from the
“The Red Book of Endangered Species in Greece” (Legakis and
Maragou, 2009). For the observed endangered species, data of
their regional population (1% threshold) were retrieved from
the database of Wetlands International (Wetlands International,
2020). For these species, the estimates of their Greek population
were retrieved from several sources (Legakis and Maragou, 2009;
Handrinos et al., 2015; IUCN, 2020).

RESULTS

Birds Richness and Seasonality

A total of 149 bird species representing 43 families and 15 orders
were recorded during the period October 2016-January 2019, in
the GLw-Natura2000 (Supplementary Table A1). Out of the total
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FIGURE 3 | Number of monthly recorded species in the GLw-Natura2000 based on counts during the period November 2016 —January 2019.

TABLE 3 | Estimated marginal means (Mean) and standard errors (SE) for waterbirds’ richness (S) and abundance (N) during the different seasons and periods, based on
GLM analysis (GLM analysis for S was based on a Poisson distribution, and GLM analysis for N was based on a Negative Binomial distribution, using log as a link

function in both analyses).

Indices S N
Max Mean SE Max Mean SE
Periods Wintering 29 2420 2.2 2912 17812 419.5
Spring Migration 38 29° 2.2 1937 11332 243.9
Breeding/Nesting 16 12°¢ 15 204 135° 32.2
Autumn Migration 23 182 1.7 858 368° 79.4
Seasons Wet 38 27™m 1.6 2912 1428M 273.5
Dry 23 150 1.2 858 262" 50.4

The maximum observed values during the field visits are also reported in the table (Max). Numbers in the same column of periods and of seasons that do not share the

same superscript letter are statistically significant different (o < 0.05).

number of species, 81 (54 %) species were identified as wetland
related species, of which 66 (44%) species were waterbirds
representing 7 orders and 11 families (Supplementary Table A1).
On a monthly basis, an average of 38 species were detected at the
GLw-Natura2000 area (min: 25, max: 83) (Figure 3). The highest
number of bird species was recorded during the Spring migration
and the lowest during the Breeding/ Nesting period (Figure 3 and
Supplementary Table A2).

For all the observed birds (waterbirds, wetland-dependent and
non-wetland species), species richness during the Wet season
(45 £ 2.03) (mean * standard error of mean) was higher
(p < 0.001) than the Dry season (32 £ 1.7). When comparing
between periods, Spring migration period was the most diverse.
Species richness during the Spring migration (50 £ 2.8) was
higher (p < 0.001) when compared to the Breeding/ Nesting
(31 £ 2.5) and the Autumn migration periods (33 = 2.3), but not
when compared to the Wintering period (40 =+ 2.8). For wetland-
dependent and non-wetland species, the estimates of the GLM
showed no statistically significant difference of species richness
per season or per period, indicating that the wetland is used by
birds all year around.

Waterbirds
Temporal Variations
Waterbirds richness during the Wet season was around 75%
higher when compared to the Dry season (p < 0.001) (Table 3).
When comparing between periods, the Spring migration period
was the most diverse. The GLM showed that species richness
during the Spring migration period was higher than the Breeding/
Nesting period by almost 140% (p < 0.001), and by almost 60%
(p = 0.001) when compared to the Autumn migration period.
Species richness during the Spring migration was also higher
when compared to the Wintering period, but this difference
was not statistically significant (Table 3). The Wintering and
the Autumn migration periods were also more diverse when
compared to the Breeding/ Nesting period, but not when
compared to each other (Table 3). According to the model,
during the Wintering period the species richness was almost
twice as high (p < 0.001), and during the Autumn migration
around 50% higher.

Waterbirds abundance per season and per period were
analyzed using a GLM with Negative Binomial distribution
choosing the log link function. The GLM showed that waterbirds
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TABLE 4 | Maximum recorded value (Max), average and standard deviation (Mean and SD) of waterbirds’ richness (S) and abundance (N) across the aquatic habitats of

the GLw_Natura2000 area per season and per period.

Index S N
Sub-areas Lagoon NW area N. Wetland S. Wetland Lagoon NW area N. Wetland S. Wetland
Period Wintering Max 15 15 21 1,586 278 137 1,115
Mean 11 12 17 864 174 46 686
SD 3.6 2.4 2.9 2.8 597.4 60.8 53.6 370.3
Spring migration Max 22 18 10 26 1,026 224 67 790
Mean 15 10 5 18 574 102 18 433
SD 3.9 5.3 3.7 4.4 442.4 72.8 24.6 265.5
Breeding/ Nesting Max 6 1 13 44 7 18 160
Mean 4 1 2 10 21 3 10 86
SD 1.8 0.5 1.5 2.7 14.6 2.8 8.7 48.7
Autumn migration Max 11 9 4 14 238 74 18 641
Mean 7 12 107 41 6 214
SD 2.6 2.5 1.4 1.2 75.08 23.4 6.4 211.6
Season Wet Max 22 18 10 26 1,026 224 67 790
Mean 14 11 5 17 706 134 31 548
SD 4.2 4.1 3.2 3.6 513.4 74.5 40.7 328.02
Dry Max iRl 9 14 238 74 18 641
Mean 6 4 2 " 68 24 8 156
SD 2.7 3.3 1.4 2.3 69.9 25.7 7.5 166.8

abundance between the two seasons was statistically significant
different (p < 0.001), with estimated abundance during the
Wet season being more than 400% higher (Table 3). The
Wintering period had almost 57% more birds compared to the
Spring migration period, but the difference was not statistically
different. Waterbirds abundance during the Wintering period
was higher when compared to the Breeding/ Nesting and
Autumn migration periods, by around 1,200% (p = 0.001), and
380% (p = 0.006), respectively. Similar to the Wintering period,
waterbirds abundance during the Spring migration period, was
higher when compared to the Breeding/ Nesting and Autumn
migration periods by around 740% (p < 0.001) and 200%
(p = 0.017), respectively. In fact, waterbirds abundance during
the Breeding/ Nesting period was statistically significant lower
compared to the Autumn migration period as well, with the
abundance being 65% lower (p = 0.040) (Table 3).

Taken together, the above results suggest that waterbirds’
diversity varied significantly between seasons, with higher
richness and abundance during the wet season compared to the
dry season. In particular, during the Nesting/ Breeding period
the wetland had the lowest species richness and abundance. On
the contrary, during the Wintering and the Spring migration
periods, the wetland held the highest abundance. Our results
also suggest that compared to the Autumn migration, the Spring
migration period was more diverse in terms of both species
richness and abundance.

Spatial Variations

Waterbirds variations across the aquatic habitats of the GLw-
Natura2000 area varied within the different seasons and periods.
Variations in waterbirds richness and total abundance provided a

qualitative approach of how each sub-area was used by waterbirds
per season and per period (Table 4). The S. Wetland sub-area held
the highest number of species per season and per period. During
the Wet season, the lagoon had the highest abundance during
both periods. On the contrary, during the Dry season, waterbirds
abundance was higher at the S. Wetland sub-area. Waterbirds
richness at the NW area was high during the Wintering and both
migration periods, but low during the Breeding/ Nesting period.
The N. Wetland sub-area held the lowest numbers of waterbirds
richness and abundance during most of the periods, except for
the Breeding/ Nesting period.

Our quantitative approach was based on the variations of (RN)
and (H) indices across the four sub-areas per season and per
period (Table 5).

During the Wet season, waterbirds relative abundance at
the N. Wetland was lower from all the other sub-areas, and
in particular by 88% (p = 0.005), 75% (p = 0.032) and 87%
(p = 0.006) when compared to the S. Wetland, the Lagoon
and the NW area, respectively. The RN in the Lagoon was
48 and 51% less when compared to the NW area and the S.
Wetland, but these differences were not statistically different
(Table 5). The Hutcheson t-tests, showed that the estimated
value of the Shannon-Weaver index at the S. Wetland area, was
statistically significant higher (p < 0.001) compared to all the
corresponding (H) values in the other areas. The N. Wetland, was
less diverse when compared to the Lagoon (p = 0.003) and the
NW area (p = 0.030), which were the two sub-areas with similar
values of H and thus similar species diversity during the Wet
season (Table 5).

During the Dry season, waterbirds relative abundance at the S.
Wetland was approximately five (p = 0.048) and eight (p = 0.025)
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TABLE 5 | Estimated marginal means (Mean) and standard errors (SE) for waterbirds’ relative abundance (RN), and corresponding mean values of the Shannon-Weaver

index in the different sub-areas per season and per period.

Index Sub-areas Periods Seasons
Wintering Spring migration Breeding/Nesting Autumn migration Wet Dry
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
RN Lagoon 3482 112.5 2312 85.5 98 3.6 432 12.4 2842 74.8 278 8.6
NW area 7142 230.5 4172 154.5 132 5.1 167° 47.5 5532 145.3 97ab 30.2
N. Wetland 1032 33.5 428 15.6 242 9.1 132 3.9 700 18.4 182 5.7
S. Wetland 7252 233.9 4582 169.3 914 34.3 226° 64.1 5792 152.3 165P° 50.9
H Lagoon 1.4920 0.23 1.822 0.27 1.022 0.39 1.21@ 0.59 1.672 0.3 1.128 0.49
NW area 1.69%¢ 0.31 1.43° 0.66 0 0 1.182 0.51 1.562 0.52 0.65% 0.71
N. Wetland 1.16° 0.72 1.13° 0.71 0.34° 0.35 0.682 0.56 1.140 0.68 0.532 0.49
S. Wetland 1.85¢ 0.33 2.17° 0.25 1.76° 0.38 1.88° 0.22 2.02¢ 0.32 1.83° 0.29

Numbers in the same column of periods and of seasons that do not share the same superscript letter are statistically significant different (a < 0.05).

times higher when compared to the Lagoon and the N. Wetland,
respectively (Table 5). The (RN) at the NW area was also higher
by approximately 250 and 430% when compared to the Lagoon
and the N. Wetland, respectively, but these differences were
not statistically different. During that time, the Shannon-Weaver
index was the highest at the S. Wetland, and it was statistically
different from all the other sub-areas (p < 0.001). However, there
were no other significant differences across the other sub-areas.

During the Wintering period, most of the waterbirds were
observed at the Lagoon (Table 4), but in terms of relative
abundance there were no statistically significant differences with
the other sub-areas (Table 5). The total abundance of the S.
Wetland was higher than of the NW area, but the estimated
means of the relative abundance between these two areas were not
statistically different, indicating that they were both important
for waterbirds. The (RN) at the S. Wetland and the NW area
was approximately double when compared to the Lagoon and
six times higher when compared to the N. Wetland, but these
differences were statistically insignificant. The S. Wetland not
only held the highest species richness, but it was also the most
diverse area as indicated by the value of the Shannon-Weaver
index. The difference was statistically significant higher when
compared to the Lagoon and the N. Wetland (p < 0.001),
but not when compared to the NW area, complementing
the above results.

During the Breeding/Nesting period, the estimated mean of
(RN) at the S. Wetland was about six, nine and almost three times
higher when compared to the NW area, the Lagoon and the N.
Wetland, respectively, but the differences were not statistically
different (Table 5). The Shannon-Weaver index at the S. Wetland
was significant higher from both the Lagoon and the N. Wetland
(p < 0.001), which suggests that the S. Wetland was the sub-
area with the higher waterbirds diversity during the Breeding/
Nesting period. The NW area was the sub-area with the lowest
observations in terms of waterbirds richness and abundance, and
thus the (H) was estimated at zero.

During the two migration periods, waterbirds patterns were
different. During the Spring migration period, similar to the
Wintering period, most of the waterbirds were observed at the

Lagoon, and in high numbers at the S. Wetland (Table 4),
but in terms of relative abundance there were no statistically
significant differences with the other sub-areas (Table 5). On the
other hand, during the Autumn migration period, the relative
abundance at the Lagoon, the N. Wetland and the NW area were
80% (p = 0.030), 92% (p = 0.007), and 94% (p = 0.005) less
when compared to the corresponding value at the S. Wetland
(Table 5). The Shannon-Weaver index at the S. Wetland sub-
area, was the highest in both migration periods, and different
from all the other sub-areas (p < 0.009). During the Spring
migration, the (H) values at the Lagoon were higher when
compared to the NW area (p = 0.002) and to the N. Wetland
(p = 0.004), a difference which was not evident during the
Autumn migration (Table 5).

Summarizing the above, our results suggest that all the sub-
areas supported waterbirds, but their occupation by waterbirds
varied between seasons and periods. During the Wet season,
waterbirds were more evenly distributed around the different
sub-areas of the GLW-Natura2000 wetland, indicating that the
whole area was used as a feeding or/and resting area. This pattern
gradually started to change during the Dry season and became
evident during autumn.

The S. Wetland was the sub-area with the highest species
diversity during all year, and the highest relative abundance
during the Dry season and corresponding periods (Breeding/
Nesting and Autumn migration). During our field visits, into
this area we recorded most of the nests, and taken together
these results suggest that the S. Wetland sub-area apart for
suitable area for feeding and resting, it is also used as a nesting
ground. Similar to the S. Wetland, the Lagoon was also used by
waterbirds all year around, but mainly during the Wet season
and the relevant periods (Wintering and Spring migration). The
high numbers of (RN) and (H) at the NW area, during the
Wintering and both migration periods, suggest that this area was
important as a feeding and resting area. On the other hand, the
limited observations during the Breeding/ Nesting period, and
the absence of recorded nests suggest that waterbirds avoid to
use this area as a nesting ground. The N. Wetland, was the sub-
area which had the lowest (RN) and (H) during both seasons
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Spring migration

Wildfowl Coots Waders Herons Cormorant Flamingo Gulls lg;lij: Grebes
338 268 138 75 70 133 33 6 15
71 5 67 40 3 4 1 0 0
520 712 234 96 177 427 48 13 45

Autumn migration

Wildfowl Coots Waders Herons Cormorant Flamingo Gulls l;\:e::]s(ic Grebes
57 49 52 51 2 136 8 1 9
22 3 31 32 1 32 5 0 2
99 255 83 77 5 377 11 1 16

and most periods. However, during the Breeding/ Nesting period,
both indices were higher than those at the Lagoon and at the
NW area, which highlights the importance of that area during
that period. This finding is further supported by the fact that we
recorded the N. Wetland as the basic nesting habitat of the Cygnus
olor during both field visits (summer 2017 and summer 2018).

Categories in Space and Time

Wildfowl

Wildfowl observed at the wetland were dabbling and diving
ducks, geese and a swan (Supplementary Table Al). Out of
the 13 recorded wildfowl, 7 are listed in the IUCN lists (GR:
one CR, four VU; Europe: two VU, International: one VU, one
NT). Two species (Anas platyrynchos and Cygnus olor) were
recorded as resident and breeding species, 6 as wintering species
(Anas acuta, Anas crecca, Anas clypeata, Anas penelope, Aythya
nyroca, and Tadorna tadorna) while the rest 5 Anatidae (Anas
strepera, Anser anser, Aythya ferina, Aythya marila, and Spatula
querquedula) were recorded during the Spring migration and
marked as migrating species. During the Wintering and Spring
Migration periods, wildfowl were observed in all the aquatic
habitats of the wetland, but almost 90% of their population was
observed at the Lagoon and S. Wetland sub-areas (Figure 4).
During the dry season, when their numbers in the area were low,
they were mainly observed at the east part of the wetland and in
particular at the S. Wetland sub-area (Figure 4).

Coots

Coots were found in higher numbers during the wet season,
and similar to wildfowl more than 90% of their population was
observed at the Lagoon and S. Wetland sub-areas (Figure 4).
During the dry season, the few coots were recorded at the
S. Wetland side. One pair of coots was observed nesting in
the area in 2018.

Waders

In total 25 different species of waders, of which 6 are threatened
(GR: three VU, Europe: four VU, International: four NT),
belonging to 3 different families were recorded (Supplementary
Table A1). Charadrius alexandrinus was the only wader recorded
in almost all counts and also nesting. Apart from the Kentish
plover, Himantopus himantopus was also observed nesting in
the area. However, the Black-winged stilt arrived in the area
in spring and departed in autumn. Compared to waterfowl,
during the Wintering period, waders were mainly observed at
the NW-area side of the GLw-Natura2000 (Figure 4). During
the Spring migration, their population was divided between
the NW-area and the S. Wetland sub-areas (Figure 4). On the
contrary, during the Nesting/ Breeding period, almost 90% of
all waders were recorded at the east side of the wetland, in the
S. Wetland sub-area (Figure 4). During the Autumn migration,
their population was more spread, but still more than 75% of
the observations were made in the NW-area and S. Wetland
sub-areas (Figure 4).
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Herons and allies

In total 8 different species of herons were counted in GLw-
Natura2000 (Supplementary Table Al). Egretta garzetta and
Ardea cinerea were recorded in all counts and marked as
resident species. However even been present during the Breeding/
Nesting period no sign of nesting was recorded. The highest
numbers of Ardea alba were recorded during the Wintering
period, and they were present during the Spring and the Autumn
migration as well. Small numbers of the other heron species
were recorded during migration: Ardea purpurea and Ardeola
ralloides in spring and Botaurus stellaris, Ixobrychus minutus,
and Npycticorax nycticorax in autumn. During most of the
periods, herons were observed all around the wetland with most
frequent observations at the Lagoon and the S. Wetland sub-
areas (Figure 4). Herons were among the waterbirds which
were observed in the agricultural lands around the wetland,
mainly during the wet season when the farmlands were wet
or flooded (Figure 4). During the Breeding/ Nesting period
most of their population was recorded at the S. Wetland sub-
area (Figure 4). Plegadis falcinellus and Platalea leucorodia were
observed in low numbers at the N. Wetland area during the
spring migration.

Cormorants

Phalacrocorax carbo was the only cormorant observed in the
area. The species was recorded wintering in the area and
was present during the Spring migration period. The majority
of their population, was recorded at the Lagoon side of the
wetland (Figure 4).

Flamingos

Flamingos (Phoenicopterus roseus), arrived in high numbers
during the Autumn migration and departed in February. They
spent most of their time at the Lagoon and the S. Wetland
sub-areas of the GLw-Natura2000, and they were occasionally
observed at the NW-area (Figure 4).

Gulls

Larus michahellis was recorded during most counts and was the
most common gull in the area. Larus ridibundus was recorded
during the Wintering and both migration periods, and Larus
genei only during the migration periods. Out of the 5 observed
tern species, Thalasseus sandvicensis was present during the
Wintering and the Spring migration periods. The other four terns
(Chlidonias hybrida, Chlidonias leucopterus, Hydroprogne caspia,
and Sterna hirundo), were only observed during the migration
periods. During the wet season, gulls, and terns were observed in
all the aquatic habitats of the wetland, but more than 50% at the
Lagoon sub-area (Figure 4). During the Breeding/Nesting period,
gulls were also observed at the agricultural lands (Figure 4). Their
population during the Autumn migration was more spread, but
still more than 50% of the observations were made at the Lagoon
sub-area of the wetland (Figure 4).

Rails and crakes

Rallus aquaticus and Gallinula chloropus were recorded in few
numbers in the S. Wetland and N. Wetland sub-areas, mainly
during the wet period (Figure 4).

Grebes

Podiceps cristatus and Podiceps nigricollis were observed only
during the Wintering and the Spring migration periods. On the
other hand, two families with juveniles of Tachybaptus ruficollis
were observed in August 2017, indicating breeding success of
the species. Similar to coots and wildfowl, during the wet season
more than 90% of their population was observed at the Lagoon
and S. Wetland sub-areas (Figure 4). During the dry season,
the majority of the observations were made at the S. Wetland
sub-area (Figure 4).

Other wetland-dependent species

Three species of raptors (Circus aeruginosus, Circus cyaneus, and
Pandion haliaetus) were observed hunting in the area during the
Wintering period (Supplementary Table A1). Small numbers of
Grus grus were recorded at the agricultural lands surrounding
the wetland during Wintering and both migration periods.
Kingfisher was also common in the area during the Wintering
(at least 10) and both migration periods (at least 20) and was
usually observed all around the wetland. The rest of the wetland-
dependent species, belong to the order of Passeriformes, and
were mainly recorded at the reeds zone of Tyflomitis artesian
springs (Supplementary Table Al). Acrocephalus arundinaceus,
Acrocephalus scirpaceus, and Cisticola juncidis, were recorded
nesting at Tyflomitis sub-area, while Cettia cetti in areas
surrounding the wetland.

Species With Higher Conservation Value
Almost a quarter (40 species) of the total observed species are
listed in the Annex I of the EU’s Birds Directive (Tables 6, 7).

As evident in Table 6, our case study, did not support
big wintering populations (all counts were less than 1%
of the regional population), but it supported many Nearly
Threatened (NT), Vulnerable (VU), Endangered (EN) or
Critically Endangered (CR) species, especially during the Spring
migration. At an International level, two species are listed as
VU and six as NT. At a European level, eight species are
listed as VU, three as NT, and all the rest (139) as Least
Concern (LC). At a national level, two species (Anser anser
and Plegadis falcinellus) are listed as CR, six as EN, fourteen
as VU, four as NT, and fourteen as LC (Tables 3, 4). The rest
107 observed species have not been evaluated yet under the
national IUCN criteria (Supplementary Table Al). From the
species listed in Table 6, only the population of Phalacrocorax
carbo was similar to the one reported in Kardakari (2000), and
our recordings suggest declining numbers for most waterbirds
including all the species with higher conservation value (Table 3
and Supplementary Table A1).

DISCUSSION

Several of the threatened bird species with an TUCN status,
and those listed in the Annex I of the EU Birds Directive
are connected to wetland loss and degradation due to
intensification of agriculture, drainage of wetlands, disturbance
from tourism activities, illegal hunting and climate change
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TABLE 6 | Observed waterbirds in GLw-Natura2000, which are threatened at International (Int), European (EU) and Greek (GR) level, and additional IBA/SPA species of

concern (gray part of the table).

Observed waterbirds with a higher conservation status  IUCN status Populations Current study (2017-2019) Kardakari, 2000 (1995-1999)
Scientific name Common name Int Eur GR 1% GR W sM aM w sM aM
Mareca strepera Gadwall LC LC VU 1,900 1,960" 9 21 65

Anser anser Greylag Goose LC LC CR 350 360" 1

Avythya ferina Pochard VU VU LC 6,000 32,800" 9 2,220

Aythya marila Scaup LC VU NE 1,400 <1%" 2 1 no obs
Aythya nyroca Ferruginous Duck NT LC VU 630 27° 2 12 4 26 15
Spatula querquedula Garganey LC LC VU 13,400 <1%" 70 700
Tadorna tadorna Shelduck LC LC VU 2600 4,150" 7 9 43

Fulica atra Common coot LC NT NE 25000 89,000 712 9,000
Vanellus spinosus Spur-winged Lapwing LC LC VU 1,000 rare 1 No obs
Vanellus vanellus Northern Lapwing NT VU VU 72,300 7,500 16 45
Recurvirostra avosetta Avocet LC LC VU 390 3,500 4 35
Calidris ferruginea Culrew Sandpiper NT VU NE 4,000 n.d. 28 700
Limosa limosa Black-tailed Godwit NT VU NE 960 n.d. 8 255
Numenius arquata Eurasian Curlew NT VU LC 7,600 1,800 21 20 225
Larus genei Slender-billed Gull LC LC VU 1,700 3,000 2 1 20

Larus melanocephalus Mediterranean Gull LC LC EN 2,400 500 38 No obs
Chlidonias hybrida Whiskered Tern LC LC EN 2,000 <1% 1 39
Thalasseus sandvicensis Sandwich Tern LC LC VU 1,100 <1,000 6 10 12 15
Ardea purpurea Purple heron LC LC EN 350 175 79
Ardeola ralloides Squacco Heron LC LC VU 390 85 45
Botaurus stellaris Bittern LC LC EN 1,200 <1% 2 5 10
Ardea alba* Great White Egret [C LC VU 780 1,500 83 360
Nycticorax nycticorax Black-crowned Night Heron LC LC NT 1,600 n.d. 20 2,500
Plegadis falcinellus* Glossy Ibis LC LC CR 800 440 iR 380
Platalea leucorodia Eurasian Spoonbill [C LC VU 170 320 2 5 10
Phalacrocorax carbo Great cormorant LC LC NE 5,000 39,600 739 1,000

Egretta garzetta Little egret LC LC LC 730 2,600" 54 32 21 200 2,000
Tringa stagnatilis Marsh sandpiper LC LC NE n.d. ihl 100
Tringa glareola Wood sandpiper LC LC NE 20,000 29 9 1,150

In the first column, bold text indicates species which are listed in the Annex | of EU’s Birds Directive. In the IUCN status column, bold text is used to highlight the IUCN
status. Species marked with the symbol * are both threatened and IBA/SFA species. The 1% threshold of the regional population, and the Greek population are also
reported in the table. Numbers under Greek population are estimates reported in Legakis and Maragou, 2009. In cases where there were no estimates, the < 1% is
used to show that the national population is less than the 1% of the reginal population (Legakis and Maragou, 2009). In the same column, symbol » and symbol ", are
estimates reported at Handrinos et al. (2015) (period 1997-226) and IUCN (2020) (period 2007-2013), respectively. Under the column “current study” we provide the
max observed abundance recorded in our study. Under the column “Kardakari, 2000” we provide the max observed abundance reported in that study (@M for Nycticorax
nycticorax, and sM for Egretta garzetta are reported estimates of the total migration population of these species). Abbreviations: W for wintering, sM and aM for spring
and autumn migration, respectively, n.d., no data available; no obs., no observations; CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened;

LC, Least Concerned; NE, Not Evaluated.

(European Commission, 2016; BirdLife International, 2018).
In this context, the Glw-Natura2000 area is a representative
IBA/SPA  wetland (Heath et al., 2000; Birds Directive
2009/147/EC, 2009), which has been altered by past drainage
efforts and agriculture expansion (Maneas et al, 2019).
Furthermore, it is located in an area which is fast becoming a
tourist destination, an economic activity which also poses a threat
for coastal wetlands in Greece (Maragou and Mantziou, 2000;
Maneas et al., 2019). At present, the area suffers from a lack of
management, and conservation actions for achieving a Favorable
Conservation Status (FCS) for the avian communities is urgently
needed. However, before drafting any management plan it is
important to understand the current status and distribution

of waterbirds, also in relation to previous studies in this area
(Kardakari, 2000; Bousbouras et al., 2011).

Waterbirds’ Status and Distribution

During the current study 149 species (average: 38 species per
month) were recorded in the area, including 36 threatened
species at an International, European or/and national level, and
40 species listed in the Annex I of the EU Birds Directive (21
species are listed as both threatened and under Annex I). 54%
(81 species) of the total observed species have been identified as
wetland-dependent birds, out of which 66 species (44%) were
waterbirds. The results show that the wetland is mostly used
by ducks, coots, herons, waders, flamingos and cormorants.
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TABLE 7 | Observed birds in GLw-Natura2000 which are threatened at International, European and Greek level.

Observed birds with an IUCN status IUCN status Presence in GLw
Bird category Scientific name Common name International Europe Greece Period
Wetland dependent species Circus aeruginosus Marsh Harrier LC LC VU W, aM-sM
Circus cyaneus Hen Harrier LC NT NE W, aM-sM
Alcedo atthis Kingfisher LC vuU DD W, aM-sM
Acrocephalus melanopogon Mostached Warbler LC LC vuU aM-sM
Non-wetland Species Hieraaetus pennatus Booted Eagle LC LC EN sM
Aquila pomarina Lesser Spotted Eagle LC LC EN sM
Circaetus gallicus Short-toed Snake Eagle LC LC NT aM-sM
Streptopelia turtur Turtle Dove VU vuU NE aM
Anthus pratensis Meadow Pipit NT NT NE aM-sM
Lanius minor Lesser Grey Shrike LC LC NT aM
Alauda arvensis Eurasian Skylark LC LC NT aM-sM

In the first column, bold text indicates species which are listed in the Annex | of EU’s Birds Directive. In the IUCN status column, bold text is used to highlight the IUCN
status. W for wintering, sM and aM for spring and autumn migration, respectively. EN, Endangered; VU, Vulnerable; NT, Near Threatened; LC, Least Concerned; NE, Not

Evaluated; DD, Data Deficient.

Gulls, grebes, rails, and crakes were found in relatively low
numbers. The higher waterbirds abundance was recorded during
the Wintering period, and the higher waterbirds richness during
the Spring migration period.

As reported in previous studies (Kardakari, 2000; Bousbouras
et al, 2011), our results suggest the species richness and
abundance were higher during the Spring migration compared
to the Autumn migration. The location of the area along the
Balkan peninsula, combined with better habitat during spring,
should be the main reasons why the wetland has higher species
richness in spring. Indeed, located at the most south-western
part of the Balkan peninsula, the wetland is used as a suitable
stopover for many exhausted spring migrants who have flown
non-stop over the Mediterranean Sea, or even non-stop from
south of Sahara (Bortels et al., 2011). The situation in the autumn
is very different. When migrating from north to south over the
Balkan peninsula birds have the possibility of staying in the larger
wetlands at the northern part of Greece, which are very suitable
stopovers for waterbirds (Hellenic Ornithological Society [HOS],
2019a). This may make a stop at GLw not as important as it
may be in spring, when the wetland may be the first wetland
that the birds encounter. In addition, during spring, increased
volumes of freshwater due to precipitation and inflows from the
catchment, result in lower salinity values and wider expansion
of aquatic habitats compared to autumn conditions (Manzoni
et al., 2020), making the whole area a more suitable habitat for
resting and feeding.

The results of this study also confirm the importance of the
site as a Wintering area (Kardakari, 2000). Each winter the GLw-
Natura2000 held a high number of waterbirds; mainly wildfowl,
coots, herons, cormorants and flamingos. The fluctuations of
wintering populations from year to year (2017, 2018, and 2019)
were expected and could be linked to reasons outside the site’s
condition. Adam et al. (2015) found that very cold winters in
northern and central Europe forced the birds to move further
south to find open water, making concentrations of birds to
appear higher than usual in places such as our case study. In

the same way, a warmer winter makes it possible to avoid flying
further south than necessary, lowering the numbers in southern
wetlands, as in 2018 in the GLw-Natura2000.

During the Nesting/ Breeding period the wetland had
the lowest species richness and abundance, but some of the
observed species (e.g., Rallus aquaticus, Gallinula chloropus,
and Tachybaptus ruficollis) were cryptic species, and their
abundance in the area might be higher. Nevertheless, some
species nest in the area (e.g., Anas platyrhynchos, Cygnus olor,
Himantopus himantopus, Charadrius alexandrinus), and it is
important to keep their habitats untouched. Even though,
large areas are needed by many species to maintain their
populations, it is important to recognize the complementary
value of smaller remnants such as smaller wetlands to their
successful conservation (Fischer and Lindenmayer, 2002).

When compared to the other sub-areas, the higher values
of the Shannon-Weaver index at the S. Wetland indicated that
this part of the wetland had the highest species diversity all
year around, and regularly supported high numbers of birds as
shown by the comparisons of the relative abundance. Counter
wise, the N. Wetland sub-area, held the lowest species diversity,
abundance and relative abundance. Nevertheless, this sub-area
was the basic habitat for the critically endangered (CR) Glossy
Ibis. During the wet season, the Lagoon and the NW area had
high species richness and abundance. The S. Wetland and the
NW area were identified to be the most important sub-areas
for waders during the Wintering and both migration periods.
On the contrary, during the Dry season, and especially during
the Breeding/ Nesting period, bird diversity was much lower in
most of the aquatic sub-areas. In fact, our results suggest that
during the Dry season, the majority of species and individuals
(including most breeding species) were summoned at the S.
Wetland sub-area.

Our observations in the agricultural lands, and the Tyflomitis
artesian springs sub-areas suggest that these areas are less used
by waterbirds. Nevertheless, during the Wet season, herons and
in particular the Ardea alba (a species which is listed as CR
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in the Greek IUCN red list) were frequently observed in the
agricultural areas. At the Tyflomitis artesian springs sub-area,
the observations were also few, but our recordings suggest that
this sub-area is important as a nesting area for small wetland-
dependent species.

Comparisons With Previous Studies

Out of the eight IBA/SPA species of concern, Phalacrocorax
carbo has been recorded in numbers similar to Kardakari, 2000,
but for the other two wintering IBA waterbirds our results
suggest that their abundance has been dramatically decreased
since the last IBA evaluation in 2001 (BirdLife International,
2001). The maximum observed wintering abundance for Egretta
garzetta (54 individuals) and Ardea alba (83 individuals) during
this study (based on three winter counts), was about 75 and
80%, respectively, less when compared to corresponding values
given in Kardakari (2000) (Table 6). Regarding the migrant
species, although our observations during the spring migration
period gave a picture of the species abundance on the day
of the census, and the total number that use the wetland is
multiple, they indicate that migrant species abundance has been
largely decreased since the last IBA evaluation in 2001 (BirdLife
International, 2001). Plegadis falcinellus was also recorded in
low numbers during the Spring migration period (max: 11
individuals). This species has fluctuating numbers, but in the
past, it was recorded in higher numbers (391 in 1996, and 366
in 1999) (Kardakari, 2000). Tringa glareola was referenced as
the second most frequent wader in the wetland with maximum
counts up to 1,150 individuals (Kardakari, 2000), but under this
study we never encountered so many individuals (spring max: 8
individuals). In the same study, Tringa stagnatilis was recorded
as a common wader during the Spring migration (Spring
max: 100 in 1996), but under this study we recorded in total
five individuals. Finally, Glareola pratincola and Gelochelidon
nilotica were not observed during the study period, even though
expected, since they were reported as “regular passage migrant
often in large numbers” and “fairly common passage migrant,”
respectively (Kardakari, 2000).

During the monitoring period of this study we have
recorded one additional wildfowl species (Aythya marila—
single observation) during the Spring migration period. On the
contrary, our list contains 36 species less. The absence of twenty-
six species from our list, which are reported as rare and very rare
species in Kardakari, 2000, could be explained by the frequency
and the type of our monitoring efforts. Porzana porzana, Porzana
parva, and Lymnocryptes minimus are cryptic species and difficult
to monitor (Stanley et al., 1977-1994; Kardakari, 2000), and
Scolopax rusticola uses the wetland during the night (Kardakari,
2000), which could explain why we have not recorded these
species. The absence of other migratory species from our list
(Ciconia Ciconia, Ciconia negra, Gelochelidon nilotica, Glareola
pratincole, Arenaria interpres), could be partly explained by the
low frequency of our observations. Even though, we implemented
frequent observations during March 2017, this only occurred
for 2 weeks, and it is very likely that we have missed species
which passed by the wetland during migration and stayed
for only a short period of time. However, the absence of

Hydrocoloeus minutus and the decline in the abundance of the
six species of concern cannot be explained by the frequency of
our observations.

A noticeable decline in the wintering population of several
wildfowl species (except Anas platyrhynchos), herons, and the
coot, as well as in the migrating populations of waders was also
evident when compared to Kardakari (2000). Another noticeable
difference was the status of flamingos. In Kardakari (2000), the
species is referenced as “regular passage spring migrant and
winter visitor in small numbers,” but our observations show
that at present it is a common winter visitor in moderate
numbers. Possible explanations such as declines and shifts due
to climate change (Lehikoinen et al., 2013; Adam et al,, 2015;
Ramirez et al., 2018) or/and habitat degradation (Wang et al.,
2011; Tavares et al., 2015; Brandis et al., 2018) which have been
observed in other areas worldwide, should not be ruled out and
further investigation will be needed to better understand these
differences, which is out of the scope of this study.

Conservation Needs and Management

Suggestions

The characterization of the area as an IBA and SPA (under the
EUs Birds Directive)—also as an SCI and SAC (under the EUs
Habitats Directive)—in the early 2000s, provided an adequate
framework for site managers to take concrete actions for nature
conservation and waterbirds protection, but few actions have
been taken so far (Maneas et al., 2019). Instead, the area has
been under unstable management for several years (Maneas et al.,
2019), and the lack of conservation actions has added pressure
to waterbirds survival at a national, European and International
level. As analyzed above, compared to previous IBA evaluation
(BirdLife International, 2001), our results suggest a dramatic
decline in species abundance for 66.6% of the wintering IBA
species, and for 100% of the migrant IBA species in Gialova
Lagoon wetland, an outcome which should not be overlooked by
the site managers.

Despite being an IBA and part of the Natura 2000 network, the
protection status of the GLw could be further enhanced. Similar
to previous evaluation (BirdLife International, 2001), our results
indicate that the area cannot meet Ramsar criterion 5, which
is to “regularly support 20,000 or more waterbirds” (Ramsar
Sites Criteria, 2020), as the maximum abundance of waterbirds
observed under this study was 2,912 in January 2017. The
observed decrease of waterbirds abundance during the period
of this study could imply that the area may no longer fulfill
criterion 6, which is to “regularly support 1% of the individuals
in a population of one species or subspecies of waterbirds”
(Ramsar Sites Criteria, 2020), and equivalent IBA criterion A4i
(BirdLife International, 2001). However, as mentioned above,
our observations during the migration periods gave a picture
of the species abundance on the day of the census, and the
total abundance is multiple. Thus, we cannot make estimates
based on the type of our monitoring approach, and further
investigation is needed.

On the other hand, our results have confirmed the importance
of the GLw-Natura2000 as an important stopover area for many
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waterbirds (including several threatened species), and thus we
suggest that the area continue to meet Ramsar criterion 4, which
is to “support animal species at a critical stage in their life
cycle, or provide refuge during adverse conditions” (Ramsar
Sites Criteria, 2020). Apart from an important stopover area,
the GLw_Natura2000 site most likely provides a refuge during
adverse conditions. As previously discussed, very cold winters in
higher latitudes could force birds to move further south to find
open water (Adam et al,, 2015), and there was a strong indication
that the area was increasingly used by waterbirds in January
2017, when exceptionally cold and snowy conditions occurred
in Eastern Europe and the Balkan peninsula (European Cold
Wave, 2017). Furthermore, our monitoring revealed that during
the Spring and Autumn migration periods, the GLw-Natura2000
area supported several bird species which are threatened at
an International (2 VU, 6 NT), European (8 VU, 3 NT) and
national (2 CR, 6 EN, 14 VU, 4 NT) level, and it is already
known of supporting the only European population of the
CR African Chameleon (Legakis and Maragou, 2009). To that
end, the area meets Ramsar criterion 2, which is to “support
vulnerable, endangered or critically endangered species” (Ramsar
Sites Criteria, 2020), and we suggest that it should be re-evaluated
as to become a “Site of international importance for conserving
biological diversity,” under the Ramsar Convention.

Moreover, placing it in a larger regional context, it can be
stated to be one of the few remaining wetland IBAs in south-
western Greece (Hellenic Ornithological Society [HOS], 2019a),
along the Mediterranean/Black Sea Flyway, an internationally
important migration route (BirdLife International, 2017). Recent
studies reveal that due to climate change, the distances that long-
distance migrants will need to travel between suitable breeding
and non-breeding habitats will significantly increase, and this
increase in distance will require increase in refueling stopovers
(Howard et al., 2018). It should be noted that the total abundance
of waterbirds that use the wetland during migration is not known
as their arrivals and departures are frequent and irregular. Our
observations during the migration periods gave a picture of the
number of individuals that have stopped in the wetland on the
day of the census, but the total abundance during each migration
period is multiple. If this wetland is to be further degraded or
completely dried, the next closest wetland along this route is
110 km further north (Hellenic Ornithological Society [HOS],
2019a), making the GLw-Natura2000 area a very important node
in the connectivity of wetlands (Smith and Chow-Fraser, 2010).

During the last 70 years, an annual water deficit of 200
mm per year and limited fresh water inputs, due to man-
made constructions and increased irrigation needs, have led
to increased salinity values and extensive vegetation mortality
of habitats suitable for waterbirds especially at the S. Wetland
side (Maneas et al., 2019). Apart from limitations in vegetation
expansion, salinity values are critical for benthic communities
(Newton et al., 2014) and fish (Zoulias et al., 2017), which are vital
in the food chain for several waterbirds. At present, fresh water
availability is affected by inland human activities, and the wetland
is currently lacking fresh water inputs (Maneas etal., 2019;
Manzoni et al., 2020). Waste waters from the olive-oil industry
pollute surface water bodies (which could flow into the wetland,

but currently flow into the sea), while increased irrigation
needs in agriculture, and water demand for domestic use limit
the amount of available groundwater resources during summer
(Maneas et al.,, 2019). Unless freshwater inputs are enhanced
by restoring hydrologic connectivity between the lagoon and
the surrounding freshwater bodies, under future drier and
warmer conditions, salinity in the lagoon is expected to increase
(Manzoni et al., 2020).

The restoration of fresh water flows, could improve the status
of nesting and feeding habitats enhancing FCS for several species
(Stanley et al., 1977-1994; Kardakari, 2000; Bousbouras et al.,
2011). For instance, if the water level at the S. Wetland sub-
area could be kept at high levels until April/May (followed
by level decreasing trends to avoid flooding of the nests), this
could improve nesting habitats of existing nesting species such
as the Mallard (Anas platyrynchos), and the Black winged stilt
(Himantopus himantopus). Such management efforts could re-
establish favorable nesting conditions for threatened species such
as the vulnerable Garganey (Spatula querquedula), which used
to nest at fresh water habitats in the past (Kardakari, 2000),
and create favorable conditions for several waders including
the Wood sandpiper (Tringa glareola) and the Marsh sandpiper
(Tringa stagnatilis), two out of eight IBA characterization species.
Less saline water conditions could lead to reed expansion
(Alvarez-Rogel et al., 2007), which is the basic nesting habitat for
other threatened species such as the nationally EN Purple Heron
(Ardea purpurea) and the Ferruginous Duck (Aythya nyroca),
which is considered VU at a European and NT at an International
level (Legakis and Maragou, 2009; BirdLife International, 2015;
TUCN, 2020). Increased water level during migration, could help
to preserve important habitats for Collared pratincole (Glareola
pratincola), Wood and Marsh sandpipers, and the critically
endangered Glossy ibis (Plegadis falcinellus).

Our field observations revealed that the areas located at
the wetland’s fringe support several endangered waterbirds,
but at present these areas are the ones most threatened by
human activities. In the existing agricultural areas, plots with
horticulture—which were used during the Wintering period by
the nationally VU Ardea alba—are gradually replaced by olive
cultivations (Maneas et al, 2019). In the past, management
efforts have led to conflicts between farmers and Natura 2000
managers (Hellenic Ornithological Society, 2000), and due to
poor enforcement of guidelines inside the GLw-Natura2000 area,
parts of the N. Wetland sub-area—which hosts the nationally
CR Glossy ibis (Plegadis falcinellus)—have been gradually
transformed to cultivated land (Maneas et al., 2019). Unless the
degradation of these sub-areas is halted, by engaging the local
farmers to strategic decisions about the management of the GLW-
Natura2000 area, it is very likely that the numbers of these species
will continue to decline.

Human disturbance has been found to be negatively linked to
waders’ conservation as well (Tavares et al., 2015). In our case
study, during late spring and summer we noticed that human
disturbance from uncontrolled parking and motorcycle activity
at the NW-area, the basic nesting habitat for the Kentish plover
(Kardakari, 2000), has forced the species to search for other
nesting areas, which were not ideal breeding areas. In fact, the

Frontiers in Ecology and Evolution | www.frontiersin.org

December 2020 | Volume 8 | Article 501548


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Maneas et al.

Waterbirds Distribution, Conservation, and Management

species tried to nest in a similar soil habitat at the S. Wetland
sub-area, but the nests were destroyed when the area was flooded
after a rain event. Information signs and fencing for protecting
the NW-area habitat at the north-western side of the wetland,
could improve the conditions for Kentish plover, create favorable
conditions for other waders to nest, and at the same time increase
visitors’ awareness.

Another critical issue for the conservation of waterbirds is the
delineation of the protected zone (Hellenic Ornithological
Society, 2000). The perimetrical ditches (man-made
constructions from the 60s) act well as physical boarders
for the delineation of the protected wetland area. However,
the Tyflomitis artesian springs area is outside the boarders
of the protected area zone. Since this area, is at present the
only provider of surface freshwater to the wetland (Maneas
et al,, 2019), our suggestion is that it should be added as a
protected wetland area.

Apart from a hot-spot for birds (Kardakari, 2000), the GLw-
Natura 2000 area has an important fisheries value (Koutsoubas
et al., 2000; Zoulias et al., 2017), and almost 20% of the area is
used for cultivations (Maneas et al., 2019). Water related issues
are perceived in different ways by the different stakeholders
(Maniatakou, 2020), and water management should consider
these needs as well. Agriculture is a basic economic activity at
the surrounding areas, and tourism is growing fast (Collaborative
Land-Sea Integration Platform [COASTAL], 2019).

The development of alternative forms of tourism on site
and around it (e.g., eco-tourism) could enhance the bonds of
the diverse socio-ecological system and support conservation
actions. For instance, in the surroundings, farms which are
under organic cultivation support many bird species which
could complement the bird-watching activity inside the wetland
(Myers et al., 2019). Bird-monitoring projects have been among
the most successful at integrating citizens in collecting data
(McCaffrey, 2005), leading to successful long-term monitoring
projects in Greece (Hellenic Ornithological Society [HOS],
2019¢) and worldwide (Chandler et al., 2017). However, these
activities could also disturb wildlife (Cardoni et al., 2008;
McFadden et al, 2017), and they need to be organized
carefully (for example not during Breeding/Nesting period).
The example from a similar wetland area in Israel, Collins-
Kreiner et al. (2013) has shown that as the number of
visitors increased, the number of birds decreased. To that
end, buffer zones need to be carefully designed and be
appropriate both in terms of social and ecological perspectives
(Glover et al., 2011).

The GLw-Natura2000 area has good accessibility, a road
taking visitors around and into the lagoon, and the relatively
small sized area makes it possible to see many habitats
and a large diversity of birds at close distance, without too
much effort. Such outdoor activities can increase support for
wildlife conservation, and enhance awareness among locals
and visitors. Spatial and temporal data from this study could
be used as a basis for organizing sustainable bird-watching
activities and organized school visits on site. The fact that
species richness and abundance is higher from October to
April, could prolong the touristic season and attract visitors

outside the high touristic season (May-September), adding
to the local economy. Income from eco-tourism could both
be an income for the local community creating a positive
attitude to conservation, and also for funding some of the
conservation efforts.

A sustainable management strategy for the GLw area should
aim to improve and enlarge waterbirds’ habitats, considering
nonetheless the existing human activities and social needs
at a broader scale (Habitats Directive 92/43/EEC, 1992).
Such management requires not only interdisciplinary research,
but also engagement of stakeholders at a broader scale
(Tsianou et al., 2013). An Ecosystem Services approach could
provide the links between nature and people (Diaz et al,
2015), which in turn could reduce conflicts and enhance the
benefits for the local economy and ecology, by improving
the mutual understanding between the stakeholders. Bringing
together farmers, fishermen, tourism operators, Natura 2000
managers and policy makers could lead to improved land-
sea interactions and widely accepted management strategies
(Collaborative Land-Sea Integration Platform [COASTAL],
2019).

CONCLUSION

The Gialova Lagoon wetland supports many different bird
species (149 species including 66 waterbirds and 15 wetland-
dependent species), especially during the Wintering and both
migration periods. The distribution of species richness and
abundance varied significantly in the different sub-areas (formed
after past anthropogenic interventions). The S. Wetland sub-
area was the area mostly used by waterbirds, followed by
the Lagoon and the NW area. Our results indicate that the
populations of most IBA species have declined over the last
20 years. The current lack of management makes it difficult
to implement efficient and inclusive conservation strategies.
The restoration of fresh water inflows, could improve habitats
and water conditions for the IUCN and the IBA/SPA species
and gradually enhance their conservation status. With careful
steps and management decisions the area could become a good
example for sustainable management of multifunctional coastal
wetlands, favoring both nature conservation and societal well-
being. The area cannot meet Ramsar criterion 5 linked to
waterbirds, and the decline in abundance of several species may
imply that no longer fulfills criterion 6 (and equivalent IBA
criterion A4i). However, our results indicate that the area meets
criterion 4 and criterion 2, and thus we suggest that it should
be further investigated and evaluated to potentially become the
eleventh Greek Ramsar site.
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