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SAND-DUNE VEGETATION OF IGNEADA COAST
IN THE THRACIAN PART OF TURKEY
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Abstract

Igneada is located in the northwest part of Turkey on the Black Sea coast and it is also near the national bor-
der between Turkey and Bulgaria. The Igneada region was accepted as one of the most important plant areas
of Turkey. In this work, a study was made on the phytosociological structure of Igneada sand dune vegetation,
which is the one of the important components of the richness in the region. At the end of the assessment of
the data, 3 communities were defined. These communities are Otantho-Leymetum sabulosi, Medicago rigidula-
Cionura erecta basal community and meadow behind the sand dune. The part of the sand dune closest to the
sea has width of 30 m, ascends with a specific inclination and has no vegetation coverage. Behind this part,
Otantho-Leymetum sabulosi occurs at places where the sand dune has an unstable structure. The Medicago rigi-
dula-Cionura erecta basal community appears behind Otantho-Leymetum sabulosi and the sand dune has a stable
structure at these areas. Behind these communities, another vegetation belt occurs, formed by the species that
are cosmopolite or characteristic for meadow vegetation.
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Izvlecek

Igneada se nahaja v severozahodnem delu Tur¢ije na obali Crnega morja ob drzavni meji med Turcijo in
Bolgarijo. Glede rastlinske raznovrstnosti je obmocje Igneada eno najpomembnejsih v Turciji. V ¢lanku je ob-
ravnavana fitocenoloska struktura vegetacije pescenih sipin, ki je ena najpomembnejsih sestavin rastlinskega
bogatstva obmodja. Prikazane so tri rastlinske zdruzbe: Otantho-Leymetum sabulosi, temeljna zdruzba Medicago
rigidula-Cionura erecta in travnik, ki se pojavlja za pesceno sipino. Del pes¢ene sipine, ki je najblizje morju
in je Sirok 30 metrov, se hitro dviga in je brez vegetacije. Za njim se na nestabilnem delu sipine nahajajajo
sestoji asociacije Otantho-Leymetum sabulosi. Sledijo sestoji temeljne zdruzbe Medicago rigidula-Cionura erecta na
stabilnem delu peScene sipine. Sledi pas vegetacije, ki ga sestavljajo kozmopolitske vrste ali vrste, znacilne za
travnisko vegetacijo.

Kljucne besede: Igneada, varstvo narave, fitocenologija, pescene sipine.

INTRODUCTION

Natural resources have been negatively affected
by industrialization, irregular urbanization and
population increase. As a result of these effects,
the conservation of natural resources, biological
diversity and their sustainable use are the main
problems of the world today. While ecologists and
botanists emphasize the importance of biologi-

cal diversity, politicians are also aware of the sen-
sitivity of these processes. In this sense, scientists
have paid special attention to these affairs and
increasingly carried out many studies on biologi-
cal and ecological diversity during the last decades
(Magurran 1988, 2004). Botanists and ecologists
especially have devoted more attention to special
ecosystem types due to their sensibility.
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Dune ecosystems are one of these sensitive
ecosystems. Although there is no extended study
covering all coasts in Turkey, some local phytoso-
ciologic studies have been conducted (Uslu 1974,
Uslu 1977, Géhu & Uslu 1989, Uslu & Géhu 1990;
Kilin¢ & Ozen 1990; Karaer et al. 1997, Kilin¢ &
Ozdemir 1998; Terzioglu 1998). The plant commu-
nities on the coasts of Thrace except Igneada coast
were studied by Géhu & Uslu (1989)

Igneada province, which includes many differ-
ent ecosystems, such as floodplain (longoze) for-
ests, high forests with Quercus frainetto, Q. petraea,
Q. cerris, Carpinus orientalis and Fraxinus ornus,
lakes, swamps, shrub communities, sand dune and
sea, is very important, according to the ecosystem
diversity. As a result of this richness, the Igneada
region is accepted as one of the most important
plant areas of Turkey (Ozhatay et al. 2003). In this
work, studies were made on the phytosicological
structure of Igneada sand dune vegetation, which
is the one of the important components of the
richness in the region.

MATERIAL AND METHOD

Igneada is located in the northwest part of Turkey
on the Black Sea coast, and it is also near the na-
tional border between Turkey and Bulgaria (Fig.
1). Igneada has tall sand dune vegetation, which is
about 7-8 km long. The physiognomy of the sand
dune is mainly formed by Ammophila arenaria, Ley-
mus racemosus, Medicago marina and Cionura erecta.
There is also a shrub community behind the sand
dune vegetation, at the transition zone between
sand dune, forests and swamps. Paliurus spina-
christi, Phillyrea latifolia and Ligustrum vulgare are
the main scrub species in this community.

There is no meteorological station in Igneada.
Because of this, the climate of the research area
was examined using the data of Kumkoy Meteorol-
ogy Station in Istanbul (Anon. 2006). The yearly
average rainfall is about 800 mm and the average
temperature is 13 °C. The hottest month is August
and the coldest month is February. According to
the Thornthwaite (1948) climate system, the re-
search area has a humid and mesothermal sea cli-
mate.

The Flora of Turkey and The East Aegean Is-
lands (Davis 1965-1985, Davis et al. 1988, Guner
etal. 2000), The Flora Europea (Tutin et al. 1964—
1980), Flora Orientalis (Boissier 1967-1988), and

172

other sources (Bonnier 1986, Baytop 1998, Sec-
men & Leblebici 1997) were used to identify the
specimens. Experts were consulted in some con-
troversial cases.

The field research studies were performed in May
2005. In the selected areas, relevé sites were select-
ed subjectively to represent the maximum diversity
of sand dune. Plots of 100 m? were usually located
in places that are homogenous to make relevés. In
each plot, a list of all vascular plants was made and
each species was assigned a cover value according
to the nine degrees of the Braun-Blanquet Scale
(Braun-Blanquet 1964, Westhoff & van der Maarel
1973).

The relevés were stored into the TURBOVEG
database program (Hennekens & Schaminee
2001). The classification of the data was carried
out with cluster analysis in the program PC-ORD 4
(McCune & Mefford 1999). The relative Euclidean
distance as a similarity measure and the beta-flex-
ible algorithm with B: —0.25 for dendrogram con-
struction were used. The clusters of the communi-
ties were selected subjectively from the resulting
dendrogram so that they had a clear ecological
interpretation.

One of the clusters was not classified at associa-
tion level, according to the Braun-Blanquet system,
because of its floristic and structural properties.
This cluster was only identified at alliance level.
For further classification, the system of Kopecky
& Hejny (1974), which is regarded as a developed
form of the Braun-Blanquet system and makes pos-
sible classification at lower level (Kopecky 1992,
Kopecky et al. 1995), was used for this cluster.

The relationships between the communities
and Ecological Indicator Values (Pignatti 2005)
were visualized with the ordination in the CANO-
CO 4.5 package (ter Braak & Smilauer 2002), using
the Canonical Correspondence Analysis (CCA).

Diagnostic species of the accepted clusters
were determined in the JUICE 6.3 program (Tichy
2002) on the presence/absence basis by calculating
the fidelity of each species to each cluster, using
the phi coefficient of the association (Chytry et al.
2002). While determining the diagnostic species,
the threshold degree of fidelity was subjectively se-
lected as 0.50. The results of the classification were
given in a vegetation table.

The distribution of the species to the phytoge-
ographic regions (Yaltirik & Efe 1989) and their
growth forms, according to the Raunkiaer (1934)
were also mentioned.
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Figure 1: Geographical position of Igneada in Turkey. Slika 1: Geografski polozaj obmocja Igneada v Turciji.
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RESULTS

First of all we made a cluster analysis of relevés. At
the end of the assessment of the data, 3 clusters
were accepted (Fig. 2), that are mostly ecologically

interpretable and represent three vegetation types
presented in Table 1.

Based on the results of the numerical analyses,
the following syntaxonomical scheme of the mate-
rial was proposed:
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1 2 3 4 5 6 7 8 8 1011121314 1516171815 202122 23 24 25 2627 28 29

Otantho-Leymetum sabulos

Medicage rigidula-Cionura erecia basal communily

Meadow behind the
sand dune

Figure 2: Dendrogram obtained by the cluster analysis of relevés.

Slika 2: Dendrogram klastrske analize popisov.

AMMOPHILETEA Br.-Bl. et Tx-ex Westhoff et al.
1946
AMMOPHILETALIA Br.-Bl. 1933
AMMOPHILION ARUNDINACEAE Br.-Bl
1921
Otantho-Leymetum sabulosi Géhu & Uslu
1989
TUBERARIETEA GUTTATAE Br.-BL
Rivas-Martinez 1978
MALCOLMIETALIA Rivas-Goday 1957
MARESION NANAE Géhu et Alii 1986
Medicago rigidula-Cionura erecta basal com-
munity
Meadow behind the sand dune

1952 em.

Depending on the site conditions, the floristic
composition of sand dune changes from sea to the
inland area. This difference of floristic composi-
tion indicates the occurrence of different plant
communities. The lakes, swamps, forests and espe-
cially the topography of forests behind the sand
dune affect the vegetation structure of the sand
dune ecosystem. These three communities cover

the different parts of the sand dune, depending
on the distance to the sea, and the occurrence of
these communities on different parts of the sand
dune is completely related with their ecological
properties.

The ordination shows the relationships between
sand dune communities and Ecological Indicator
Values (Pignatti 2005) (Fig. 3). Itis possible to con-
clude from this ordination that

Otantho - Leymetum sabulosi, which is the closest
community to the sea (Fig. 4), contains the spe-
cies indicating the highest soil reaction, tempera-
ture and light at a local level. On the other hand,
Medigaco rigidula — Cionura erecta basal community,
which appears behind the Otantho - Leymetum sabu-
losi has a more continental character. Meadow be-
hind the sand dune is formed by the species that
indicate higher nutrition and soil moisture than
those forming other communities. It can be con-
cluded from these results that although the soil
reaction lowers down to the neutral level along the
way from sea to inland, the soil moisture and nutri-
tion increase.
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Figure 3: Ordination of relation between communities and
Ecological Indicator Values (the number corresponds to the
sequence number of the relevés in Table 1).

Slika 3: Ordinacijski diagram vegetacijskih popisov in
ekoloskih indikacijskih vrednosti (Stevilke se nanasajo na
oznake popisov v Tabeli 1).
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Figure 4: Zonation of vegetation on Igneada sand dune
from sea to the hinterland.

Slika 4: Conacija vegetacije na pescenih sipinah Igneade od
morja proti notranjosti.
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The first approximately 30 m of the sand dune is
under the heavy effect of sea waves and is vegetation
free. Behind this zone, the topography becomes
flatter and Otantho — Leymetum sabulosi appears.
The total abundance of the species is often low. In
addition to the heavy effects of human usage for
tourism, overgrazing is another negative affect on
this community. Ammophilla arenaria, Eryngium mar-
itimum, Leymus racemosus subsp. sabulosus, Stachys
annua, Otanthus maritimus are the character species
of this community. Centaurea kilaea, Silene sangaria,
which are endemics, Cionura erecta, Maresia nana,
Silene dichotoma, Hypochaeris radicata, Secale sylvestre
and Lolium rigidum with high abundance accompa-
ny these character species. In this area, the topog-
raphy is less rough and locally has small hillocks
and also has unstable conditions.
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Medicago rigidula — Cionura erecta Basal
Community

Along the way from sea to the hinterland, Medicago
rigidula — Cionura erecta basal community under the
alliance Maresion nanae appears behind the Otantho
— Leymetum sabulosi. The entire group of relevés of
this community is clearly separated from the Otantho-
Leymetum sabulosi. The distinguishing species of this
community are: Cionura erecta, Cerastium pumilum,
Medicago rigidula, Muscari neglectum, Teucrium polivm.
This community locally characterizes a more stable
sand dune structure. It seems that the sand motion
stops at these areas. The topography at these areas is
nearly flat and has some small hillocks and hollows.

MEADOW BEHIND SAND DUNE

On the inner part of the sand dune, the floristic
composition is more different than the ones closest
to sea. Vegetation at this part of the sand dune is
formed by species characterizing meadow vegeta-
tion more than sand dune. Actually, this part of
the sand dune could be a destruction of the littoral
with a complex mixture of species. It is possible to
find the indicators of trampled soils of fresh habi-
tats such as Cynodon dactylon and Rumex pulcher with
high abundance at these areas. On the other hand,
the characteristic species of fine soils such as Paren-
tucellia latifolia and Oenanthe fistulosa occur. Because
of this structure of the area, it was not classified as
a community, but merely identified as meadow be-
hind sand dune. The over-grazing is the main rea-
son for this floristic complex structure.

The sand dune has a stable structure at these
areas. The floristic difference between this commu-
nity and the others is due to its ecologic structure.
The soil is fresher than the other communities at
this part of the sand dune. Cynodon dactylon, Eryn-
gium campestre, Vulpia ciliata, Trifolium campestre, Poa
bulbosa, Petrorhagia velutina, Parentucellia latifolia,
Leontodon tuberosus and Arenaria serpyllifolia are the
dominant species at this part of the sand dune. Due
to the favorable site conditions, the floristic compo-
sition includes a considerable number of species.

DISCUSSION

Sand dune ecosystems generally consist of three
different segments (Oberdorfer 1952). There is
no vegetation coverage on the part of sand dune

nearest to the sea. This part is regularly washed by
waves. The area behind this part is morphologically
unstable and covered by high graminoids. The last
and farthest section from the sea has a stable sand
dune structure and is formed by dwarf shrubby spe-
cies. Tzonev et al. (2005) mentioned that the sand
dune ecosystems of the Black Sea could entirely
be divided into two main groups. The first one of
these is unstable sand dunes and the second one is
formed by the sand dunes which have a fixed dune
behind a shifting one.

The sand dune ecosystem structure of Igneada
conforms to the explanation of Oberdorfer (1952).
There is a stable sand dune behind the unstable
one. The closest part of the sand dune to the sea
has a width 30 m, ascends with a specific inclina-
tion and has no vegetation coverage. Behind this
part, Otantho-Leymetum sabulosi occurs at places
where the sand dune has an unstable structure.
The Medicago rigidula — Cionura erecta basal commu-
nity appears behind Otantho-Leymetum sabulosi and
the sand dune has a stable structure at these areas.
Cionura erecta, which is a dwarf shrub, shapes the
physiognomy of the vegetation. Behind these com-
munities, another vegetation belt occurs, formed
by the species that are cosmopolite or characteris-
tic for meadow vegetation.

Wind is the most effective factor in the form-
ing of sand dunes (Tzonev et al. 2005). Because
the wind does not come across any barrier until
reaching the sand dune, it importantly affects the
sand dune structure and its vegetation. There is a
reverse relationship between the motion of a sand
dune shaped by the wind and the structure of veg-
etation. If the vegetation is denser, the sand dune
motion is slower. The dense structure of Igneada
sand dune vegetation and the presence of forests
behind the sand dune decrease the negative effects
of wind on sand dune motion.

In terms of floristic composition, Igneada sand
dune vegetation has significant similarities with
Greek (Sykora et al. 2003) and Bulgarian (Tzonev
et al. 2005) sand dune vegetation, but the plant
communities of Igneada sand dune vegetation do
not appear in these countries. Otantho — Leymetum
sabulosi characterizing the unstable sand dunes has
a large distribution along the Black Sea coastal re-
gion of Thrace (Géhu & Uslu 1989).

Most of the species included in the sand dune
composition in Igneada are psammophytic. The
classification of the species belonging to the
Mediterranean phytogeographic region is evident
(Fig. 5). Beside this it is also notable that the spe-
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Figure 5: Distribution of the species on the sand dune according to the phytogeographic region.
Slika 5: Distribucija vrst na pescenih sipinah glede na fitogeografsko pripadnost.

cies, which are either multi-area elements or have
notyet been accepted as members of any phytogeo-
graphic area reach to a high proportional degree
on sand dune vegetation. Mediterranean phytogeo-
graphical regions are represented by a higher pro-
portion than the Euro-Siberian phytogeographic
region in the sand dune plant communities.
Hemicryptophytes and therophytes are domi-
nant life forms in the sand dune vegetation (Fig. 6).

Otontho - Leymetum sabulosi

Phanerophyte Chamaephyte

So the sand dune vegetation has a therophyto-
hemicryptophytic physiognomy. While the propor-
tion of hemicrptophytes decreases (49 %, 44 %,
38 %) along the way from sea to the hinterland, the
proportion of therophytes increases (37 %, 44 %,
52 %). It could be concluded that this difference is
a result of the sand dune motion. The stable sand
dune structure on the inland part makes the site
conditions more available for therophytes.

Medicago rigidula - Cionura erecta
basal community
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Figure 6: Growth form distribution of species according to the Raunkiaer’s growth form

Slika 6: Distribucija Zivljenskih oblik po Raunkaier-ju.
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Centaurea kilaea, Silene sangaria, which are en-
demics and Pancratium maritimum, which is a vul-
nerable species according to the Turkish Red Data
Book (Ekim et al. 2000) intensively take place in
the composition of Otantho — Leymetum sabulosi and
Medicago rigidula — Cionura erecta basal community.
In addition to that, when the floristic composition
is compared with the other coasts of the Marmara
Sea (Géhu & Uslu 1989) the richness of the Ig-
neada sand dune can easily be seen. On the other
hand, this richness rests on very sensitive condi-
tions, because of the anthropogenic affects on it,
such as human usage for tourism and overgraz-
ing. Igneada sand dune vegetation, as in the other
coastal parts of the Black Sea (Lovri¢ & Rac 1991),
has a specific and rich biological structure.

In terms of biologic and ecologic diversity, the
Igneada region is very rich (Kavgaci 2007). While
making a management plan of the region, the sen-
sitivity of it must be taken into consideration and
tourism activities and grazing must be carried out
without any destruction to ecosystems and especial-
ly to sand dunes.
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