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Abstract

This paper presents the floristic composition of vegetation for
each feature on a beach-dune system sector from the western
Black Sea coast, Romania. The studied site is a relatively small
fragment of the 10 km shore on the southern part of the
Danube Delta Biosphere Reserve (DDBR) that may be
susceptible to anthropogenic pressure in the coming years. Out
of the 38 identified species, ten are threatened species
according to the national Red List of endangered plant species.
Compositae and Poaceae are the families with the highest
number of species. The analysis of floristic spectrum shows a
mixture of elements of plant communities, but Pontic and Ponto-
Caspian elements are prevalent.

Physiognomically, the foredunes in the Danube delta coast have a
typical morphology, with a smooth profile and do not exceed 2 m
high. They are vegetated by herbaceous annual and perennial
plants, but in terms of abundance the native dune builder
rhizomatous grasses are rare.

The fore dunes from this Black Sea coast sector serve as vital
habitat and refuge for Convolvulus persicus L. within the western
limit of its geographical range. This endemic Ponto-Caspian
element defines a particular habitat type within the Black Sea
biogeographic region: “Pontic shore dunes with Convolvulus
persicus L."” Currently, the main threats of this habitat are cattle
grazing and the increasing touristic activities (human trampling,
horse riding and all-terrain vehicle riding).

Keywords: Pontic shore-dunes, vegetation zones, Convolvulus
persicus L., regional endemic, ecological refuge, habitat type

Introduction

Due to the action of wind, waves and tides, sandy
shores are some of the most dynamic landscapes on
Earth (Maun, 2004). For the most part, in the beach-
dune system the shore is colonized by annual plants
starting with the drift line. This limit is delineated by
the high water mark and it is characteristically
associated with the line of marine detritus, usually a
macro algal litter (Deidun, Saliba, & Schembri, 2009).
The strip zone with marine organic debris forms the
drift line habitat (Rodwell, 2000; Gheskiere, Vincx,
Weslawski, & Degraer, 2005), which also is named
the strand zone or pioneer zone (Maun, 2009). This
fringe habitat is colonized by specialized plants
species. Most of them are pioneer annuals that are
classified as nitrophilous-halophytes (Salisbury, 1952;
Doing, 1985; Pakeman & Lee, 1991) and the
colonization is strongly dependent on the shelter and

Rezumat. Spectrul floristic i modelul zonelor
funtionale ale sistemului plaja-dune din zona
costiera a Deltei Dunarii

Lucrarea prezinta compozitia floristicd a vegetatiei pentru fiecare
subunitate de relief a unui sector a sistemului plaja-dune frontale din
cadrul coastei de nord-vest a Marii Negre, Romania. Zona de studiu
reprezintd un aliniament de 10 km de tarm aflat in extremitatea
sudicd a Rezervatiei Biosferei Delta Dundrii (RBDD) si expus riscului
cresterii presiunii antropice in urmatorii ani. Din cele 38 de specii de
plante cormofite, identificate intre plaja inalta si spatele dunelor
frontale, potrivit Listei Rosii nationale, 8 sunt specii rare si amenintate.
Analiza spectrului floristic scoate in evidentd prezenta unui amestec de
elemente care compun comunitdtile de plante, insd elementele
pontice si ponto-caspice sunt dominante. Morfologia dunelor frontale
de pe coasta deltaica este tipica, insa profilul lor are pante line si au
naltimi sub 2 m. Aceste dune sunt vegetate de plante anuale si plante
erbacee perene, insa din punct de vedere al abundentei, gramineele cu
rizomi, i.e. acele specii care sunt constructoare de dune, sunt rare.
Dunele frontale din acest sector costier al Marii Negre sunt habitat vital
si refugiu ecologic pentru specia Convolvulus persicus L., a carui limita
vesticd a arealului de raspandire este in Delta Dunarii. Extinderea
populatiilor acestui endemit ponto-caspic in ultimul deceniu a contribuit
la individualizarea unui tip particular de habitat in cadrul regiunii
biogeografice continentale Marea Neagra (Pontica), denumit “Dune de
tarm pontice cu Convolvulus persicus L.” Principalele amenintdri ale
speciei si habitatului definit de aceasta sunt pasunatul vitelor corute
mari si turismul estival (calcatul in picioare, cursele de cai, cursele ATV).

Cuvinte-cheie: dune de térm pontice, zone de vegetatie,
Convolvulus persicus L., endemit regional, refugiu ecologic, tip de habitat

nutrients that can be provided by the flotsam and
the jetsam that washes up on the strandline
(Crawford, 2008; Chapman, 2013).

Although the development and the botanical
composition of strandline communities often varies
considerably from one year to another, commonly no
more than three or four species are able to grow on
any beach (Doing, 1985). For instance, along the
temperate coasts, there are rarely quoted more than
six plant species in a particular place and they mainly
belong to Chenopodiaceae and Brassicaceae families
(Lee & Ignaciuk, 1985). On the European coastlines,
the most typical strandline species are Cakile
maritima Scop. (Wrigth, 1927; Davy, Scott, &
Cordazzo, 2006), Salsola kali (L.) Scop., Atriplex
littoralis L., and Crambe maritima L. (Doody, 1991;
Davidson et al., 1991). In addition, perennial
members of Convolvulaceae (Calystegia soldanella L.
Roem. & Schult.), and Poaceae (Ammophila sp.,
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Elymus sp., Leymus sp.) are most frequent on the
landward drift lines (Doody, 1991; Maun, 2009).

Besides the biological diversity value and the
great ecological value of the drift line habitats
(Davidson et al., 1991; Gheskiere, Vincx, Weslawski,
& Degraer, 2005; Deidun, Saliba, & Schembri, 2009),
all these plants help to combat the erosion of the
upper beach (Doody, 2012). From the
geomorphological point of view, the seaward edge of
vegetation represents the border where the sand
accumulation by wind and the building of the
foredune start (Hesp, 2013). Along a prograding
shore, plant species from the drift line and high
beach are important biotic geomorphological agents
because of their role in trapping the sand and
building dunes. Consequently, where sand
accumulates within and behind individual plants,
embryo dunes are initiated landward of the high
beach, which subsequently become foredunes (Hesp,
1983, 1989, 2004; Carter & Wilson, 1990; Davidson
et al., 1991; Packham & Willis 1997; Davinson-
Arnott, 2010; Hesp, 2013; Montreuil, Bullard,
Chandler, & Millet, 2013;) with a different vegetation.

But only particular plants are specialized as
“dune-building” species; as Maun, 2009; Duran &
Moore, 2013 demonstrated, the plant zonation from
drift line-high beach system is the primary factor
that controls the maximum size of foredunes and
therefore the amount of sand stored in a coastal
dune system. Beside wind velocity and rates of sand
transport, the morphological development of embryo
dunes depends on plant density, plant distribution,
height and cover. Tall, dense species such as
Ammophila arenaria tend to produce higher
hummocky dunes, whereas lower, spreading plants
such as pan tropical creeping vine Ipomoea pes-
caprae tend to produce lower less hummocky dunes
(Hesp, 2004). In the absence of vegetation, dune
systems can exhibit significant mobility, where all or
part of the dune can migrate (Short & Hesp, 1982),
commonly landward, due to onshore winds (Davis &
Fitzgerald, 2004).

The seashore and coastal sand dunes are among
the most endangered and threatened ecosystems
worldwide because of escalating anthropogenic
pressures as a result of coastal development, direct
human use - mainly associated with recreational
activities - high erosion rate, and global sea level
rise. Despite many and unique ecological services
that are provided by dune ecosystems (Heslenfeld,
Jungerius, & Klijn, 2004; Brown & Mc Lachlan, 2006;
Maun, 2009; Everard, Jones, & Watts, 2010; Frosini,
Lardicci, & Balestri, 2012; Duran & Moore, 2013) in
Europe, almost all coastal countries (European
Environmental Agency 1999; Doody 2012) face
losing and degradation of sand dune landscape,
which are leading to a dramatic biodiversity loss,
caused by the alteration and disappearance of many
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habitats and the rarefaction and/or local extinction
of the most typical and extremely specialized native
species (Buffa, Fantinato & Pizzo, 2012). On the
other hand, coastal dune habitats are included in the
CORINE biotope classification (Devillers, Devillers-
Terschuren, & Ledant, 1991), EUNIS habitats
(http://eunis.eea.europa.eu/upload/EUNIS_2004_re
port.pdf). At the European Union level, some of
them were assessed as priority habitats or habitats
of community interest in Annex I of EU Habitats
Directive (CE 43/92).

In a wild dune-beach system from Europe, based
on the coastal dune classification (Psuty, 2004) and
according to the last Interpretation Manual of
European Union Habitats (EU 28), two habitat types
are expected to exist at least: "2110 Embryonic
shifting dunes” and “2120 Shifting dunes along the
shoreline with Ammophila arenaria *. But if on a
sandy beach there occurs formation of annual plants
with sea-rocket communities, and Cakile maritima is
the characteristic species, then this type of
vegetation should be considered under %2110
Embryonic shifting dunes habitat type as well®
instead of “1210 Annual vegetation of drift lines
habitat” as it was defined before EU 28.

The floristic diversity and specific plant
communities from the Black Sea coast were
particularly assessed by Géhu & Uslu (1989),
Kavgaci (2007), in the Turkish area, Petrova &
Apostolova (1995), Tzonev, Dimitrov, & Roussakova
(2005), Fagaras, Anastasiu, & Negrean (2010),
Petrova (2011), in the Bulgarian area. Within the
Romanian Black Sea coastline, particular studies on
flora and vegetation were performed, especially
within deltaic plain, by Pallis (1915), Pantu,
Solacolu, & Pducd (1936), Dihoru & Negrean (1976
a, b), Popescu & Sanda (1976), Roman (1992),
Sanda & Popescu (1992), Ciocarlan (1994),
Hanganu et al., (2002), Strat (2005, 2007, 2009),
Doroftei et al. (2011), Fagdras (2013, 2014). Our
research is the first detailed analysis of the floristic
composition of the deltaic shore which gives full
information about plant species distribution along of
each morphological and functional feature of the
beach-dune system.

However, in the last years, the shore vegetation
within the Danube delta was assessed especially
according to the Habitats Directive requirements
(Fagaras, 2013, 2014) as part of the first
monitoring of conservative status of the habitats
and species of Community interest from Romania in
order to report the summarized and analysed
results to the European Commission according to
Article 17 of the Habitats Directive (Mihailescu,
Strat, Cristea & Honciuc, 2015). Nevertheless, for
the Romanian coastline, published lists of
phytodiversity in accordance with shore zonation of
sandy shores features are scarce.
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This paper presents the assessment of the plant
diversity of the beach-dune system along the southern
part of the Danube delta coast in accordance with the
shore zonation of forms in order to identify dune-
building plant species. Life forms spectra and floristic
elements were also assessed and a distinctive habitat
type for the western Black Sea coast is described. The
main threats and the vulnerability of shore area and
its habitats were also investigated.

Materials and Methods

Study site

The studied area is a sandy shore on the
southern part of the Danube delta coast that is
located between Sf. Gheorghe and Sulina mouth
arms (Fig. 1). The general orientation of the deltaic
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Fig. 1: Map of the study site

The climate of the area may be described as
temperate continental with Pontic influences
(Bogdan, 2008). The mean annual air temperature
is 11.3 °C and the annual amplitude 22.3 °C. For
the last 25 years, the mean annual rainfall amount
is 281 mm and the potential evapotranspiration is
around 730 mm per year, which means a severe
water deficit but, due to the proximity of the sea,
the relative humidity is high (annual mean: 87%).
Based on the aridity De Martonne index value (13),
the climate is semi-arid (Strat, 2010). According to
the Rivas-Martinéz system (Rivas-Martinéz et al.,
2004), the bioclimate of this area (Fig. 2) can be
described as Mediterranean xeric continental type

shore is north and the study area is called Saraturile
shore due to it is development as part of the marine
beach ridge plain that has same name (Fig. 1), and,
virtually, in the the future it is expected that this
current foredune ridge will become the newer added
part of the Saraturile beach ridge plain as a result of
the prograding processes.

The entire coast is microtidal, with a maximal
tidal range of 0.12 m at spring tide (Bondar,
Roventa, & State, 1973), which means that the
coast is a wave-dominated type (Short, 1996). The
wave energy climate is medium (Vespremeanu-Stroe
& Preoteasa, 2007), with a mean wave-height of 0.8
m, but during storm surges the water-level
fluctuations can reach a maximum of 1.2-1.5 m
height (Giosan et al., 1999).
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(Strat, 2010). The Period of Plant Activity (i.e.,
months with mean temperature > 3.5 °C, Rivas-
Martinez et al., 2004) is nine months and the
average growing season length (defined as the
average number of days a year with a 24-hour
average temperature of at least 5°C) has changed
from 254 days for the period between 1951-2000
to 268 days in first decade of the 21st century
(Strat, 2015). Prevailing winds are northerly (Strat,
2001; Vespremeanu-Stroe, Cheval, & Tatui, 2012)
and they are responsible for the biggest storms
that have an average speed of 9.8 m/s and
durations that range between 8 and 22 hours
(RCMGG, 1994).
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Fig. 2: Bioclimatic classification of Saraturile beach ridge plain (South eastern Danube delta coastal stretch)
for the period. Bioclimatic indices are calculated after Rivas-Martinez et al. 2004, as it follows: P =
Yearly average recipitation, T= yearly average air temperature, m=Average of the minimum
temperature of the coldest month, M = Average of the maximum temperature of the coldest month, Ic
= Continentality index, Tp = Yearly positive temperature, Itc Io = Ombrothermic index

Geomorphologicaly, Saraturile shore is composed
by a beach-dune system that stretches 15 km
northward Sf. Gheorghe arm mouth (Vespremeanu,
1987). The width of the beach decreases
progressively from the southern sector (50-70 m),
named Cape Buival (Fig. 3a), to the northern
extremity, where it has around 20-30 m (Tatui,
Vespremeanu-Stroe, & Preoteasa, 2013). On the
southern extremity of shore, due to significant
amounts of sediments delivered by Sf. Gheorghe
mouth bar, in the last years the shore line has been
advanced with 1-2 m/year (Tatui, Vespremeanu-
Stroe, & Preoteasa, 2013) (Fig. 3b). The beach
sediments are composed by medium-fine sands
(Giosan et al., 1999) and shell debris.

The organic detritus that is washed up along the
high water mark hardly makes a clearly defined strip
zone. Accumulations of drift material have not
macroalgal litter content since the sandy bottom of
the littoral and infralittoral zone is not vegetated by
macroalgae. Instead of macroalgal litter, the organic

© 2016 Forum geografic. All rights reserved.

debris from the drift line is composed locally by
“camca”, especially in the proximity of river mouths.
The word “camca” is the local term for shredded
leaves, decayed rhizomes, and aerial stems of
Phragmites australis which accumulates on the
beach and that are subsequently mixed with shells
debris and sand. In addition to this, there are larger
fragments of rhizomes and stems of reed and pieces
of “plaur” or “plav” (the local names of floating reed
fen), which originate from the Danube delta. Annual
drift line plant species are often rooted in these
pieces of plaur, along with plant species that are
characteristic of the floating reed fen like So/anum
dulcamara L. and the fern species Nephrodium
thelypteris Schott. Shell debris and pieces of dung,
which are dropped by cattle that graze on
foredunes, are quite frequent.

The beach is followed by a well-defined foredunes
alignment, which makes a rather continuous ridge
with a smooth profile, but it not exceeds 2.5 m in
height (Vespremeanu-Stroe & Preoteasa, 2007).
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Hummock dunes, which are built around the erratic
Hippophae rhamnoides L., Eleagnus angustifolia L.,
and 7amarix ramossisima Ledeb., and blowouts are

present, too. Ecologically, these foredunes are semi-
fixed yellow dunes, because they are vegetated by
annual as well perennial herbaceous plant species.

Fig. 3: The Saraturile Shore. General view of the southern part, close to Sf. Gheorghe mouth arm (a). The new
incipient foredune ridge from the southern part of Saraturile shore (Picture taken in September 2014)

Concerning the functional areas within the
Danube Delta Biosphere Reserve, the study site,
together with the entire Sardturile beach ridge, is
located within a transition zone, where human activity
is allowed (http://www.ddbra.ro/rezervatia/delta-
dunarii/prezentare-generala/zonare-functionala-a19).
At 3 kilometers’ westwards from the shore there is
Sf. Gheorghe village with a current population of
less than eighth hundred inhabitants (INS, 2013).

Field survey and data collection

The floristic surveys were carried out on the
southern Danube delta coastline located between
Sf. Gheorghe and Sulina distributary mouths.
Species composition of the vegetation was recorded
in July 2012 and August 2014. Unpublished field
observations made by the author from 2003 to
2014 were also integrated. In order to record the
floristic diversity and plant communities, a transect
method was employed. Twenty-five strip transects
one meter wide were established perpendicular to
the shore line following each morphological feature
of the beach-dune system according to
Vespremeanu (1987, 2004): drift line, beach berm,
embryo dunes, foredunes, which morphologically
and functionally have three sections (seaward dune
side, top dune and lee side), and, from place to
place where foredunes have gaps as a result of
storm-surges breaching, washover fans. The
presence or absence of vascular plant species was
recorded along each transect at 2 meter intervals
using 1-m? quadrats and following every
morphological feature of the beach-dune system.
Species-specific cover was recorded using the
Braun-Blanquet scale (Braun-Blanquet, 1932).

Species were identified by referring to standard
floras (Pantu, Solacolu, & Paucd, 1936; Popescu &
Sanda, 1976; Dihoru & Negrean, 1976 a, b;
Ciocarlan, 1994; Doroftei et al., 2011) and floristic
keys (Ciocarlan, 2000) of the Danube Delta. The
nomenclature of taxa is according to Flora
Europaea (Tutin et al., 1964-1980), the Euro+Med
PlantBase = (www.emplantbase.org), and the
International Plant Names Index (www.ipni.org).
For updated botanical names and authorities of
plant species, www.theplantlist.org website has
been used. Life forms and floristic elements were
assessed according to Ciocarlan (1994, 2000).
Endemic, rare and threatened species were
classified according to Red Book of higher plants
from Romania (Dihoru & Negrean, 2009).

Results

On the Sardturile beach-dune system there were
recorded 38 species of vascular plants that belong to
15 families, but not all are typical coastal plants
species (Table 1). From them, a typical strandline is
Salsola kali subsp. ruthenica (Iljin) Sodé whilst typical
coastal psammophytes are Eryngium maritimum L.,
Leymus racemosus (Lam.) Tzvel. subsp. sabulosus
(Bieb.), Convolvulus persicus L., Centaurea arenaria
subsp. borysthenica (Gruner) Dostal, Medicago marina
L., Polygonum maritimum L. Compositae (9 species)
and Poaceae (7 species) are the most represented
families, accounting for 42 % of the identified species.
Species richness ranged from 3 to 12 species per
transect and 0 to 5 per quadrat. The estimated mean
plant cover is around 30% but it is lower on the upper
beach and seaward of foredunes and higher (around
45%) on the landward of foredunes.

forumgeografic.ro


http://www.ddbra.ro/rezervatia/delta-dunarii/prezentare-generala/zonare-functionala-a19
http://www.ddbra.ro/rezervatia/delta-dunarii/prezentare-generala/zonare-functionala-a19
http://www.emplantbase.org/
http://www.ipni.org/

Floristic composition and functional zones pattern of the beach-dune system along the Danube Delta coast - Romania

Table 1: The plant list from Saraturile beach dune system, the Danube Delta, North-Western Black Sea coast.
Cont = continental; Euras = Eurasiatic; Medit = Mediterraean; Pont = Pontic; Pan = Panonnian; Balk =

Balkanic; Atl. = Atlantic; Cosm. = Cosmopolitan; N. Amer. = North American. *Species that are listed
on Romanian Red List

Nr. Family Species name Origin Life form Shore feature occurrence
crt.
1 Ephedraceae Ephedra distachya L.* Cont-Euras. Chamaephyte Landward side of the foredune
2 Amaranthaceae | Atriplex litorallis L. Euras. Therophyte Drift line
Corispermum nitidum Kit. Pont. — Pan. Therophyte Foredune crest, Landward
side of the foredune
Salsola kali subsp. ruthenica | Euras. Therophyte From drift line to the dune
(1ljin) Sod base from the landward side
3 Aristolochiaceae | Aristolochia clematitis L. Medit. Cryptophyte- Landward side of the
Geophyte foredune
4 Apiaceae Eryngium maritimum L.* Medit. Hemycryptophyte Berm, Foredune
5 Boraginaceae Tournefortia sibirica L.* Euras. Cryptophyte- Driftline
Geophyte
Onosma visianii Clem. Pont. Pan.-Balk. | Hemytherophyte Dune base from landward side
6 Brasicaceae Cakile maritima subsp. euxina | Pont. Therophyte Seaward side of the
(Pobed.) Nyar * foredune
7 Compositae Artemisia tschernieviana | Pont. Chamaephyte Foredune crest and landward
Besser * side of the fore dune
Centaurea arenaria M.Bieb. ex | Pont.-Pan. — | Hemytherophyte Foredune crest and landward
Willd. Balc. side of the fore dune
Centaurea pontica Prodan & | Endemism in | Hemyterophyte Foredune crest and landward
Nyar.* Romania side
Helichrysum arenarium ssp. | Pont. Hemycryptophyte Landward side of the
Ponticum foredune
Lactuca tatarica (L.) C.A.Mey. Cont. Euras. Hemycryptophyte Drift line
Petasites spurius (Retz.) Rchb Atl.-Pont. Geophyte Landward side of the
foredune
Scolymus hispanicus L. Medit. Hemyterophyte Fore dune crest and landward
side of the fore dune
Tripolium pannonicum subsp. | Euras. Hemycryptophyte Drift line
tripolium (L.) Greuter
Xanthium strumarium L. Cosm. Therophyte Fore dune
8 Convolvulacea Convolvulus persicus L.* Pont. —Casp. Hemycryptophyte High beach, Fore dune
Cuscuta sp Cosm. Therophyte Parasite on C persicus,
Eryngium maritimum and X.
strumarium , E. seguieriana
from Foredune crest and
landward foredune
9 Elaeagnaceae Hippophae rhamnoides L. Euras. Phanerophyte Foredune crest, Back dune
Flaeagnus angustifolia L Euras. Phanerophyte Landward side of the fore dune
10 Euphorbiaceae Euphorbia peplis L. Euras. Therophyte Drift line
Euphorbia seguieriana Neck. Cont. Euras Hemycryptophyte Foredune crest, Landward
side of the foredune
11 Leguminosae Medicago marina L. Medit. Hemycryptophyte Foredune heels
Amorpha fruticosa L. N. Am. (invader) | Phanerophyte Fore dune toe
12 Plantaginaceae Linaria  genistifolia  subsp. | Pont. Therophyte Base of the lee side oredune
Euxina (Velen.) D.A.Sutton
Plantago coronopus L. Atl.-Medit. Therophyte- Drift line, high beach
Hemycryptophyte
Plantago maritima L. Pont.-Medit Hemycryptophyte Driftline, seaward side of the
beach
13 Poaceae Aeluropus littoralis (Gouan) | Pont.-Medit. Hemycryptophyte Foredune crest, Landward
Parl. side of the foredune
Cynodon dactylon (L.) Pers. Cosm. Geophyte Foredune crest, Landward
side of the foredune
Elymus farctus subsp. | Pont. Geophyte Beach, Foredune toe,
bessarabicus (Savul. & Rayss) Foredune crest
Melderis
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Elymus  elongatus  subsp. | Pont. Geophyte Beach, Foredune toe,
ponticus (Podp.) Melderis* Foredune crest
Elymus  athericus  Elymus | Atl. Geophyte. Beach, Foredune toe,
athericus (Link) Kerguelen Foredune crest
Leymus sabulosus (Bieb.) | Euras. Geophyte Beach, Foredune toe,
Tzelev. Foredune crest
Secale sylvestre Host. Cont.-Euras. Therophyte Foredune toe, Foredune crest
14 Polygonaceae Polygonum maritimum L. Medit. Therophyte Landward side of the foredune
Polygonum arenarium Waldst. | Pont.-Medit. Therophyte Landward side of the foredune
& Kit.
15 | Tamaricaceae Tamarix ramosissima Ledeb. Cont.-Euras. Phanerophyte Foredune toe

Life form spectra show that the vegetation of the
entire beach-dune system is dominated by
hemicryptophytes (39%) and subordinately by
therophytes (31%). The rest of taxa are geophytes,
phanerophytes, and chamephytes. In terms of
floristic elements, around 45% of taxa are Pontic,
Pontic-Mediterranean and Ponto-Caspian elements,
which is normal considering geographical position of
the Danube Delta.

According to the Romanian Red List (Dihoru &
Negrean 2009), ten taxa that occur in the study area
are threatened as follows: four of them were
categorized as critically endangered (Convolvulus
persicus L., Argusia sibirica L. (Dandy), Petasites
spurius (Retz.) Rchb., Euphorbia peplis L.), two
endangered (Cakile maritima subsp. euxina (Pobed.)
Nyar, Artemisia campestris subsp. inodora Nyman), and

four as vulnerable (Eryngium maritimum, Polygonum
maritimum L., Scolymus hispanicus L., Centaurea
arenaria Bieb. subsp. borysthenica (Gruner) Dostal).

Based on the floristic survey of each
morphological feature of the beach-dune system,
the following distinct vegetation zones are
characteristic of the Saraturile shore - Danube Delta
(Fig. 4): (1) the drift line or pioneer zone, consisting
of dominant pioneer annual plant Salsola kali subsp.
ruthenica (Iljin) Sod; (2) the berm (upper beach and
embryo dunes), consisting mainly of pioneer annual
plants and perennial dune-building species; (3) the
foredunes, consisting of dune-building and burial-
tolerant stabilizing , herbs, grasses, and shrubs.
These functional zones have a perfect
correspondence with the general worldwide coastal
foredune zonation given by Doing (1985).

Dune

Dune toe

Beach dune system

Sand flat Inactive dune [Trough

Fore dune

S.L. Longshore
Embryo | bForeh trough and
dune |Beach berm | Peac bar

Fig. 4: Morphological features and functional ecological zone of the prograding shore Saraturile, the Danube
delta. 1. Strandline (S.L) — vegetated with halophytic annuals; 2. Ebryo dunes/white dune, developing
above swash limit. They are instable, subject to wave action, vegetated with annuals and rhizomatous
herbs and grasses; 3. Fore dune/ yellow dune, instable, under wind blow action, vegetated with
herbaceous annuals, perenial herbs and grasses, erratic shrubs ( Hippophae rhamnoides, Elaeagnus
angustifolia); 4. Trough (interdune/back dune zone), more wet than dunes, vegetated with annuals
and shrubs; 5. Inactive dune (back dune)/grey dune, stable, well vegetated, with herbs and shrubs. 6.
Sand flat, temporary inundated, vegetated with halophillous species plants (Salicornia herbacea,
Juncus maritimus, Statice gmelini, Plantago maritima, Spergularia sp.).

a) The drift line or pioneer zone

Across the Sdrdturile shore there was not a
continuous band of drift line flora species. During
the floristic survey, the typical drift line plant
species were Salsola kali subsp. ruthenica (1ljin) Sod
and Argusia sibirica (L.) Dandy but only Salso/a was

spread on the entire shore. It makes ribbon-like
stands which run along the water-line for hundreds
of meters. On the drift line there are large plants
which are associated with the wet sand that
contains organic litter in contrast to the small
stunted (10-15 cm) and unbranched individuals that
were found on foredunes, above the limit of storm
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inundation. On the drift line and upper beach,
Salsola individual plants develop ephemeral nebka
and shadow dunes as they trap sand (Fig. 5a).
Argusia sibirica (synonym Tournefortia sibirica)
was the only perennial plant with stabilizing growth
habit that it was found on the drift line zone. It
occurrs in the vicinity of the Sf. Gheorghe arm
mouth where it makes the monospecific
associations (Fig. 5b) named Tournefortietum
sibiricae (Popescu & Sanda, 1975; Sanda, Ollerer,
& Burescu, 2008) or is accompanied by Salsola kali.
Branched stems of Argusia sibirica make clumps
that develop small embryo dunes as they trap
blowing sand. The occurrence of Argusia sibirica in

this particular area was reported in the early of the
twentieth century (Pantu, Solacolu, & Pauca, 1936)
but, based on our ascertainments in the last
decade, the area covered by its populations has
dramatically decreased, most probably because of
the human pressure.

E. maritimum and Xanthium strumarium L.
occurs along the entire shore. Only on the southern
extremity, close to the Sf. Gheorghe mouth
discharge, Leymus racemosus subsp. sabulosus L.,
Plantago coronopus L, Atriplex littoralis L., Lactuca
tatarica C.A. Mey, Plantago maritima L., and
Euphorbia peplis L. were recorded, but the
abundance of species was very low.

Fig. 5: Drift line habitat with Sa/sola kali subsp. ruthenica (a) and Argusia sibirica (b)

b) The berm (upper beach and embryo dunes)

The upper beach is populated by annuals Salso/a
kali subsp. ruthenica, Xanthium strumarium subs.
ftalicum L., the biennial Eryngium maritimum L., and
herbaceous perennials Convolvulus persicus L. and
Leymus racemosus subsp. sabulosus L.

In the southern sector of the study area, close to
the mouth of Sf. Gheorghe arm of the Danube river,
on the landward side of the beach, after more than a
decade, a new ridge of incipient foredune were
initiated around both pioneer annuals and perennial
plants (Salsola kali subsp. ruthenica, Eryngium
maritimum, Convolvulus  persicuss, Leymus
racemosus subsp. sabulosus Tzvelev., Xantium
strumarium subsp. ftalicum). This process is normally
taking in account the pattern of the foredune
development near the river mouth discharge site on
a wave dominated shoreline (Psuty, 2004).

c) The foredunes

The floristic diversity of foredune is higher than
of the high beach and embryo dunes, but species
richness has varied along the entire shore.
Following, taxa were recorded and listed regardless
of their frequency:  Eryngium  maritimum,
Convolvulus  persicus, Corispermum nitidum Kit.,
Euphorbia seguieriana Neck., Leymus racemosus
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subsp. sabulosus, Secale sylvestre Host, Petasites
spurius (Retz.) Rchb., Xanthium strumarium, Salsola
kali subsp. ruthenica (Iljin) Sod, Polygonum
arenarium Waldst. et Kit., Cynodon dactylon L
(Pers.), Artemisia tschernieviana Besser, Centaurea
arenaria L., Medicago marina L., Aeluropus littoralis
subsp. littoralis, Ephedra dystachya L, Helichrysum
arenarium subsp. ponticum, Cuscuta sp., Linaria
genistifolia (L.) Mill. subsp. genistifolia, Scolymus
hispanicus L., Scabiosa ucranica L., Cakile maritima
ssp. euxina, but the major foredunes plant species
along the entire analyzed shore are Eryngium
maritimum L, Convolvulus persicus L., Xanthium
strumarium L., Salsola kali subspp. ruthenica, and
Secale sylvestre Host. The lee sides of foredunes are
bordered by a bush belt composed by the dominant
species of Hippophae rhamnoides and Elaeagnus
angustifolia, subsequently.

The occurrence of the sea buckthorn on the shore
dune was noticed as sporadically early in the 20t
century (Pantu, Solacolu, & Pducd, 1936), but it
largely spread in the second half of former century
after this shrub was used in afforestation works in
order to stabilize the transgressive dune field from
behind the shore (Ceuca & Bakos, 1985; Manescu &
Traci, 1995). We think that the forest plantation that
was set up in the 1970s in the vicinity of the shore
(Musat, 1980) was the seed source of the sea
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buckthorn populations from shore back dunes. This
assumption is based on documented seed dispersal
effect of frugivorous birds, as well as on the ability of
this thorny scrub to colonize rapidly open habitats via
suckering and self-seeding (Li Thomas & Beveridge
Thomas, 2003). Archive photos show that, in the1960,
before afforestation works, the southern Saraturile
field landscape was defined by shifting dunes and a
sand sheets transgressive field with very scarce
vegetation (Musat, 1980; Ceuca & Bakos, 1985).
Technically, Hippophae rhamnoides has escaped from
tree plantation and has displayed invasive behavior in
the area of coastal dunes, but from the
geomorphological point of view it has significantly
contributed to the dune stabilization process.

Discussions

The sandy shore plant communities from the
Danube delta show a certain degree of uniqueness
within the Black Sea Basin, which is supported by
various factors ranging from present geographical
and physical characteristics to the past climatic
events that drove dramatic changes of the Black Sea
level and floristic migrations in the coastal zones.
The synergy of all these features has made possible
the occurrence of a wide range of species with
different geographical distribution as well as of
endemic species. This phytogeographic mix greatly
increases the floristic value of the deltaic shore,
contributing to define plant communities and
systems not found elsewhere.

During the floristic surveys, Cakile maritima
subsp. euxina, which is normally a drift line species,
was found only on the fore dune toe and it was
spread exclusively in the northern half of the
Sardturile shore. Cakile maritima subsp. euxina is
endemic around the Black Sea (Rodman, 1974;
Davy, Scott, & Cordazzo, 2006) and the Sea of Azov
shore (Golub et al., 2006), being one of at least four
subspecies distributed along the European coast
lines (Ciccarelli et al.,, 2010), a fact that was
confirmed by the morphologically distinct chemical
races (Rodman, 1976). On the Romanian Black Sea
coast, it is strictly annual and, consequently, it is
wholly dependent on seeds for survival.

In the previous floristic studies (Ciocarlan, 1994),
the occurrence of sea rocket along the Saraturile
shore was mentioned as sporadically and very rare,
but it is known that this plant species tends to make
ephemeral and shifting population depending on
propagule dispersal by sea water and wind (Davy,
Scott, & Cordazzo, 2006). Also, its fluctuating
appearance and disappearance locally along a coast
was noticed by Hewett (1970).

All Cakile maritima ssp. euxina individuals that
were found during our field trip were vigorous,
highly branched, and with light lavender flowers,

maturated and in development fruit, which confirm
the ability of this species to tolerate the foredunes
environment (Boyd & Barbour, 1993). Also, all plant
individuals were distributed as discrete units, being
separated from each other by considerable
distances, ranging between 50 and 100 meters. It
should be noted that there were not identified dry
stems from the previous year. This fact suggests
that in the study area the occurrence of sea rocket
is recent, and it migrates from the north to the
south of Sardturile shore. Given that the nearest sea
rocket populations there are at Sulina, northwards of
the study area, within the drift line habitat (Fagaras,
2013), these population are the most probable
seeds source for Sardturile shore. Deciduous upper
segments fruits of sea rocket, typically one-seeded,
have been disseminated by the north longshore
drift, and subsequently the swash have casted them
on the back shore on the foredunes during of
overwash events. This possibility is in agreement
with the studies which have proved the role of
marine currents as dispersal vectors of sea rocket
(Fridrikson, 1966; Barbour & Rodman, 1970;
Heyligers, 2007; Gandour, Hessini, & Abdelly, 2008,
Cousens et al., 2013) due to its well adapted fruit
for sea water dispersal, long seeds viability (Maun &
Payne, 1989; Cordazzo, 2006; Heyligers, 2007;
Ciccarelli et al., 2010), and seed bank persistence at
least 2 years in foredunes (Boyd & Barbour, 1993).
Human trampling and cattle grazing are the major
circumstances which would certainly reduce the
probability of the successful establishment of Cakile
seedlings on the beach that is close to the Sf.
Gheorghe mouth and that is more exposed to human
disturbances, but there are likely to develop stands
along the insulated northern half of the shore in the
coming years, especially since along Sulina shore
Cakile populations are increasing and expanding.
Despite of the wide spread natural distribution of
Ammophila arenaria on the European temperate
upper beach and foredune, this main dune-building
plant species (Wiedemann & Pickart, 2004; Maun,
2009) and ecosystem engineer do not occur on the
Romanian Black Sea coast. Although during the past
century it was noticed at Sulina (Prodan, 1935), its
occurrence was never confirmed later on, there
(Ciocarlan, 1994, 2000; Fagaras, Anastasiu, &
Negrean, 2010) or anywhere else on the Romanian
coast. Along the Romanian Black Sea coast, this
plant species is replaced by the ecologically
equivalents Elymus farctus subsp. bessarabicus
(Savul. & Rayss) Melderis, Elymus elongatus subsp.
ponticus (Podp.) Melderis, Elymus athericus (Link)
Kerguélen, Leymus sabulosus (Bieb.) Tzelev., Elymus
pycnanthus (Godr.) Melderis, Leymus racemosus
(Lam.) Tzvelev_that are the main perennial dune
grasses on the Romanian Black Sea coastal zone, but
along the study area only Elymus farctus subsp.
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bessarabicus, Elymus elongatus subsp. ponticus,
Elymus athericus, Leymus sabulosus (Bieb.) Tzelev
were identified and all have been sparse. Besides,
although these Elymus species are dune building
grass (Greipsson & Davy, 1996), they are less
effective than Ammophila arenaria. According to
Barbour (1977), the marram grass has twice root
density of Elymus, which significantly increases its
sand trapping ability and enhances the reinforcement
power and stabilization of the sand dunes.

These perennial and rhizomatous grass forms
small clumps on the embryonic dunes crest and the
foredunes that are equally distinctive and eye-
catching because of its stems with very broad
bluish-green leaves and long whitish spikes.
Infrequently, along the seaward edge, seedlings of
Elymus grow in rows on the berm, both parallel and
perpendicular to the shoreline. These seedlings form
a semipermeable obstruction which causes
precipitation of sand grains, and thus small embryo
dunes and incipient foredune are created.

Competitive interactions with other species for
nutrient resources and the absence of safe-sites for
germination after the invasion of different species
could be other causes for low dominance of Elymus
in the study area as it has been claimed for different
congener species in certain European coastal areas
(Greipsson & Davy, 1996). Furthermore, due to
paucity of palatable species they are overgrazed by
cattle and rabbits. However, in the absence of any
dominant beach grass, the foredunes from the study
area have a general smooth profile and not a steep
one as it is in case of dunes with Ammophila.

Among the perennials and sand stabilizers,
Convolvulus persicus L. (Persian bindweed, sand
bindweed) tends to become widely spread and a
dominant species on Saraturile shore. This plant
species is endemic around the Black Sea and
Caspian Sea coasts, where it grows on mobile sands.
In the study area, on the fore dunes it makes
monospecific stands as well as associations with
Eryngium maritimum, Centaurea arenaria,
Corispermum nitidum, Secale sylvestre, Euphorbia
seguieriana, Elymus farctus (Viv.) Melderis subsp.
bessarabicus (Savul. et Rayss.), and with the
invasive weed Xantium strumarium L. Extremely rare
before 1990s (Ciocarlan, 1994), in last two decades
Convolvulus persicus it has spread almost on the
entire Saraturile shore (Strat, 2005, 2009), where it
makes the Convolvuletum persici (Borza 1931)
Burduja 1968 association (Sanda, Ollerer, &
Burescu, 2008 frequently, especially on the top and
landward side of foredunes.

Being firmly anchored in the sandy substrate and
as a result of its sand burial tolerance and guerilla
growth form of the vegetative reproduction, C
persicus is able to accumulate the wind-blown sand,
to create nuclei of mini-dunes around of clump of
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stems, particularly to stabilize the sand substrate,
and, in the absence of tall perennial grasses, it tends
to play a critical role in controlling the size and the
morphology of foredunes. Without any other
dominant rhizomatous competitors, the deltaic shore
between Sulina and Sf. Gheorghe distributaries
mouths is the optimal habitat for C persicus.
Furthermore, this plant species is the ecologically
equivalent of the others representatives of
Convolvulaceae family that are typical for sandy
shores, similar to Ipomoea pes-caprae (Devall,
Thien, & Platt, 1991) and Ipomoea imperati
(Leonard& Judd, 1999) from tropical coasts (Devall
et al, 1991), and CGalystegia soldanella from
temperate European (Di Sacco & Bedini, 2015) and
American coasts (Wiedemann & Pickart, 2007). Also,
C. persicus is present on the landward edge of the
prograding beach as a consequence of rhizomes
growing from foredunes toward beach. Its
occurrence on the drift line is associated with the
shore zones with dune scarp and the erosional
beaches. But in contrast to Jpomea pes-caprae and
Calystegia soldanella which are glabrous plants, all
above ground parts of C. persicus are pubescent,
densely covered with very short hairs and thereby
the plant has grayish-green color and a soft velvety
texture (Fig. 6a). Below-ground, spreading rhizomes
make a complicated network which can be followed
up to 2.5 m depth and 5-6 m horizontally. In this
way, the perennial below — ground plant parts
contribute to the reinforcement of the sand dunes.

After the floristic survey, the surface covered by C
persicus populations in the study area was estimated
at around 3.4 hectares which means that, based on
previous data (Strat, 2005, 2009), in the last 10 years
this plant species has spread out its area of occupancy
more than twice. Its contribution to the general plant
cover ranges from 5 to 60%. However, C. persicus
gives to foredunes a distinctive physiognomy (Fig. 6b
) which can be hardly found somewhere among the
other shore dunes along western Black Sea coast for
at least two reasons: Persian bindweed has been
constantly a rare taxa on the Black Sea coast and,
most of the coastal shifting dunes, that are its habitat,
have been dramatically disturbed by human activities
in the last decades (Tzonev et al.,, 2005, Kavgadci,
2007; Fagdras, Anastasiu, & Negrean., 2010;
Stancheva et al., 2011; Aykurt & Simbdl, 2014).
Consequently, the plant is critically endangered in
Bulgaria (Petrova, 2011), when only one surviving
population is composed of few hundreds of stems that
cover around 1000 m? (Vladimirov, Feruzan, & Tan,
2012), as well as in Turkey (Oztlirk et al., 1998).
However, under these circumstances, we consider
that the Danube delta shore is the optimal habitat that
exists at the western border of the geographic range
of C. persicus, and this shore could be considered a
veritable refuge for this plant.
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Fig. 6: Convolvulus persicus (a) and seaward side of foredune populated by Convolvulus persicus and

Eryngyum maritimum (b)

Taking the above into consideration, we suggest
that foredunes from the Danube Delta coast that are
vegetated by C persicus, along with the Pontic
elements (Artemisia tschernieviana, Centaurea
arenaria, Centaurea pontica), to be described as
“Pontic shore dunes with Convolvulus persicus L.
habitat” type. Furthermore, because Ammophila
arenarfa do not occur on the northwestern Black sea
coast, it can be stated that the foredunes with C
persicus are the equivalent of “Shifting dunes along
the shoreline with Ammophila arenaria habitat” type,
which is portrayed by Habitats Directive (Natura
2000 code 2120) and that was originally described
for the Atlanticc North Sea, Baltic Sea and
Mediterranean Sea coasts.

Although in the Danube Delta Biosphere Reserve
there are other three sites with Convolvulus persicus
populations (Dihoru & Negrean 1976 a; Ciocarlan,
1994; Strat, 2005, 2009; Fagdras, 2013) and another
one is located in the southern part of the Romanian
Black Sea coast, which is the site where this plant
species was recorded for the fist time in Romania and
the Black Sea coast (Savulescu, 1915), at the present
time, coroborating the information gained from
literature with our field investigation, we are of the
opinion that within the Saraturile shore there are the
largest populations that are spread along the
foredunes from the entire western Black Sea coast.
Therefore, this dune habitat type has to be monitored
and preserved, but for the effective protection and
conservation it should be taken into account
ecological data, life history, demography and genetic
data related to Convolvulus persicus as well as the
medium and the long-term evolution of the deltaic
coast-line, the main threats of shore dunes, including
invasive species, present and future human impacts.
Besides, from the geomorphological point of view,
due to its still high naturalnees, the Sardturile shore
could be a key site for coastal foredune type from the
Romanian Black Sea coast.

Currently, there are no nature management
activities in the coastal dunes area from the study site
and though the human disturbance is low for now,
the main threats of the foredunes habitat are the
cattle and horse grazing, and the tourism activities.
According to Sgrensen et al. (2009), there are three
mechanisms by which plants are affected by mammal
grazing: removal of foliar tissue (defoliation), return
of nutrients via dung and urine (fertilization), and
trampling. On the other hand, documented studies
have shown that the long-term management of
grazing by domestic livestock on sand dune
vegetation has a positive effect on species diversity,
plant communities and habitat condition (Plassmann,
Jones, & Edwards-Jones, 2010).

The traditional way of pasturage within the
Danube delta, including the study area, is to let
animals free outside the village, without any
herdsman, to fend for themselves. Foredunes are
grazed especially during the warm season.
Consequently, at the end of the summer the
palatable plant species are overgrazed and animals
start to graze another plant species which are
normally avoided, like Xanthium strumarium. During
the summer months, frequently, both ungulates —
cattle and horses - cross dunes and the beach to get
at the sea where they lay on the swash zone for
cooling and drinking seawater, which increase the
trampling intensity. Furthermore, animals take shelter
in the shade of shrubs that are scattered on dunes,
and horses roll, take dust baths and scratch the soil
surface. Also, large amounts of dung remain on the
dunes and beach. Therefore, at the end of the
summer, the impact of grazing is readily apparent
along of the entire foredunes ridge.

Although there is not any tourism infrastructures
on the shore, tourists prefer this area precisely
because of its still outstanding wildness. But if in the
communist era the deltaic shore was practically
untouched by humans because, technically, being
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national border it was a forbidden place, in the last
decade the tourist flows have been increased
dramatically, although there are not any facilities for
sunbathing, camping or other leisure facilities. On the
other hand, horse riding and all-terrain vehicle riding
tend to become very popular recreational activities
during summer. Under these circumstances, the most
exposed site to human pressure is the southern part
of Saraturile shore, stretching 3 km along the coast,
from Cape Buival to north.

Conclusion

Plant spectra of beach-dune system from
Saraturile shore (the Danube delta) does conform to
a conspicuous series of parallel bands, although the
vegetation zonation is usually very compressed and
the embryonic and mobile dunes plant species tend
to be intermingled. The best represented life forms
are hemicryptophytes (39%) and therophytes (31%),
but dune builder rhizomatous grasses are very rare.

Based on literature survey, the dominant
diagnostic species are different from those of the
other European and even from the other areas of
the Black Sea coast. The regional flora (Pontic,
Pontic-Mediterranean and Ponto-Caspian elements)
and the general environment have a prevailing role
in determining foredunes habitats.

Species richness is higher in the drift line and
upper beach from the southern sector than in the
northern sector of the shore and vice versa on the
landward side of foredunes. Five plant species are
spread across the entire beach-dune system from
the Danube delta — Salsola kali subsp. ruthenica,
Eryngium  maritimum,  Convolvulus  persicus,
Xanthium strumarium, and Elymus farctus - but only
the first three occur constantly in each
morphological feature along the entire shore.
Psammophytes species with predominantly coastal
distribution — namely Euphorbia seguieriana,
Centaurea arenaria, Corispermum nitidum, Artemisia
tschernieviana, = Ephedra  distachya,  Scabiosa
ucrainica, Petasites spurius, Medicago marina,
Helycrisum arenarium, Linaria genistifolia (L.) Mill.
subsp. genistifolia - occur only on the top and
landward side of foredunes, along with inland
species that are frequently found in other vegetation
types. Several species are infrequent (Plantago
coronopus, Plantago maritima, Tripolium panonicum
(Jacq.) Dobrocz, Euphorbia peplis, Cakile maritima
subsp. euxina, Scolymus hispanicus, and Ephedra
distachya).Since  Convolvulus  persicus  makes
monospecific associations, it is a characteristic
species for other communities, and its populations
cover a large area of foredunes, this regional
endemic plant species defines a unique habitat type,
both within the Danube delta and the western Black
Sea coast. Accordingly, in conjunction with the
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particular shore dune morphology, bioclimatic and
biogeographical criteria, we suggest that this habitat
to be named “Pontic shore dunes with Convolvulus
persicus L.” Regarding the above proposal, and
taking in account the occurrence of another
threatened plant species also, this shore has to be
protected and preserved as a natural refuge for the
sand bindweed. This regional endemic plant species
is threatened because in the whole its geographical
range it has an extremely local distribution and its
populations are in decline as a result of negative
human impacts in the coastal areas. In the study
area, the main threats of Convolvulus persicus are
summer tourism, cattle and horse grazing. The
animals cause trampling impacts, both over plant
community and shore microforms, which increases
the vulnerability of dunes. However, future studies
have to take into account that the domestic livestock
grazing, carefully managed, could be a conservation
management manner of this beach-dune system.

Acknowledgements

This paper presents partial results of the
research program of Sfantu Gheorghe Marine and
Fluvial Research Station, Tulcea, which belongs to
Faculty of Geography, University of Bucharest. The
author would like to thank the following students for
their assistance with the collection of the field data:
Toader Maria, Tepurica Cristian, Ionescu Diana.
Special thanks to Gabriel Dascalu for graphic help.

References

Aykurt, C., & Sumbul, H. (2014). Taxonomic revision of
the genus Convolvulus L. (Convolvulaceae) in Turkey.
Biological Diversity and Conservation, 7(2), 1-28

Barbour, M. G. (1977). Seedling ecology of Cakile
maritima along the California coast. Bulletin of the
Torrey Botanical Club, 97, 280-289

Barbour, M. G., & Rodman, J. (1970). Saga of the west
coast sea rockets: Cakile eddentula ssp. californica and
C. maritima. Rhodora, 70, 370-386

Bondar, C., Roventa, V., & State, 1. (1973). Marea Neagrd
in zona litoralului roménesc. Monografie hidrologica.
Bucuresti: Institutul National de Meteorologie si
Hidrologie (in Romanian)

Bogdan, O. (2008). Clima. In P. Gastescu & R. Stiuca
(eds) Delta Dundrii - Rezervatie a Biosferei (pp 85-93).
CD Press, Bucuresti

Boyd, R.S., & Barbour, M. G. (1993). Replacement of
Cakile edentula by C. maritima in the strand habitat of
California. Am.Midl. Nat., 130, 209-228

Braun-Blanquet, J. (1932). Plant Sociology. The studly of plant
communities (First edition ed.). (G. D. Fuller, H. S. Conard,
Eds., G. D. Fuller, & H. S. Conard, Trans.). Chicago

Brown, A. C., & Mc Lachlan, A. (2006). The Ecology of
Sandy Shores (2nd ed.). Academic Press

Buffa, G., Fantinato, E., & Pizzo, L. (2012). Effects of
Disturbance on Sandy Coastal Ecosystems of N-Adriatic
Coasts (Italy). In S. G. Lameed (Ed.), Biodiversity



Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume XV, Issue 1 (June 2016), pp. 65-79
http://dx.doi.org/10.5775/fg.2016.093.i

Enrichment in a Diverse World (pp. 339-372). InTech.
doi:10.5772/48473

Carter, RW.G.,, & Wilson, P. (1990). The
geomorphological,  ecological and pedological
development of coastal foredunes at Magilligan Point,
Northern Ireland. In K.F. Nordstrom, N.P., Psuty, &
R.W.G., Carter (eds) Coastal dunes: form and process
(pp. 129-158). Chichester. John Wiley

Ceuca, G., & Bakos, V. (1985) Masuri de ameliorarea in
vederea impaduririi grindului fluviomaritim Saraturile
de la Sf. Gheorghe Deltd. Delta Dunarii. Studii si
comunicari de entomologie, 2, 47-59

Chapman, V. (2013). Coastal vegetation (2™ edition). Elsevier

Ciccarelli, D., Balestri, M., Pagni, A., & Forino, L. (2010).
Morpho-functional adaptations in Cakile maritima Scop.
subsp. maritima: comparation of two different
morphological types. Caryologya, 634), 411-421

Ciocarlan, V. (1994). Flora Deltei Dunarii. Cormophyta.
Bucuresti: Ceres

Ciocarlan, V. (2000). Flora ilustratd a Romaniei.
Pteridophyta et Spermatophyta. Bucuresti: Ceres

Cordazzo, C. V. (2006). Seed characteristics and dispersal
of dimorphic fruit segments of Cakile maritima Scopoli
(Brassicaceae) population of southern Brazilian coastal
dunes. Revista Brasil. Bot., 292), 259-265

Cousens, R. D., Ades, P. K., Mesgaran, M. B., & Ohadi, S.
(2013). Reassessment of the invasion history of two
species of Cakile (Brassicaceae) in Australia.
Cunninghamia, 13 275-290. doi:
10.7751/cunninghamia.2013.005

Crawford, R. (2008). Plants at the Margin: ecological
limits. Cambridge. Cambridge University Press

Davidson, N. C., Laffoley, D. A., Doody, 1. P., Way, L. S.,
& Key, R. (1991). Nature conservation in estuaries in
Great britain. UK: Nature Conservancy Council

Davinson-Arnott, R. (2010). Introduction to coastal
processes and geomorphology. New York. Cambridge
University Press

Davis, R.A., & Fitzgerald, D.M. (2004). Beaches and
Coasts. Blackwell Publishing

Davy, A. G., Scott, R., & Cordazzo, C. V. (2006). Biological
flora of the British Isles:Cakile maritima Scop. Journal
of Ecology, 94, 695-711. doi:doi: 10.1111/§.1365-
2745.2006.01131.x

Deidun, A., Saliba, S., & Schembri, P.J (2009).
Considerations on the ecological role of wrack
accumulations on sandy beaches in the Maltese
Islands and recommendations for their conservation
management. Proceedings of the 10% International
Coastal Symposium, Portugal. Journal of Coastal
Research, Special Issue, 56, 410-414

Devall, M.S., Thien, L.B., & Platt, W.J. (1991). The ecology
of Ipomoea pes-caprae, a pantropical strand plant. In:
Proceedings of the Symposium on Coastal Sand Dunes
(September 13-14, 1990, Guelph, Ontario). University
of Guelph, Guelph, Ontario, Canada.

Devillers, P., Devillers-Terschuren, J., & Ledant, J.-P.
(1991). CORINE biotopes manual. Vol. 2. Habitats of
European Community. Luxembourg: Ofice for Official
Publication of the European Communities

Dihoru, G., & Negrean, G. (1976)a. Flora of the Danube
Delta. Peuce., 5, 217-251

Dihoru, G., & Negrean, G. (1976)b. Sintaxoni specifici
Deltei Dundrii. Peuce, 5, 101-108

Dihoru, G., & Negrean, G. (2009). Cartea Rosie a
plantelor vasculare din Romania. Bucuresti: Editura
Academiei Roméane

Di Sacco, A., & Bedini, G. (2015). Demography and
reproductive performance of Calystegia soldanella on a
sandy seashore in Tuscany, Italy. Botany, 93(2), 101-
108. doi 10.1139/cjb-2014-0167

Doing, H. (1985). Coastal fore-dune zonation and
succcession in various parts of the World. Vegetatio,
61, 65-75

Doody, J.P. (1991). Sand Dune Inventory of Europe.
Peterborough, Joint Nature Conservation
Committee/European Union for Coastal Conservation

Doody, J. P. (2012). Sand dunes conservation, management
and restoration. Springer Science & Buisness Media

Doroftei, M., Oprea, A., Nicolae, S., & Sarbu, 1. (2011).
Vascular wild flora of Danube Delta Biosphere Reserve.
Scientific annals of the Danube Delta Institute, 17, 1-37

Duran, O., & Moore, L. J. (2013). Vegetation controls on
the maximum size of coastal dunes. Proceedings of the
National Academy of Sciences of the United States of
America, 110 (43), 17217-17222. doi:
10.1073/pnas.1307580110

EEA (1999). State and pressures of the marine and coastal
Mediterranean environment. E. Papathanassiou & G. P.
Gabrielidis (Eds.), European Environment Agency,
Environmental assessment series 5, 1-137. Available from
http://reports.eea.eu.int/ENVSERIES05/en/envissue05. pdf

Everard, M., Jones, L, & Watts, B. (2010). Have we
neglected the societal importance of sand dunes? An
ecosystem services perspective. Aquatic Conservation:
Marine and Freshwater Ecosystems, 20, 476—487. doi:
10.1002/aqc.1114

Fagdras. M., Anastasiu, P., & Negrean, G., (2010). Rare
and threatened plants in the Black Sea coastal area
between Cape Midia (Romania) and Cape Kaliakra
(Bulgaria). Botanica Serbica, 34 (1), 37-43

Fagdras, M. (2013). Habitats with conservation
significance and psammophilous plant associations
from Sulina beach (Danube Delta Biosphere Reserve).
Analele Stiintifice ale Universitatii ,Al. 1. Cuza” Iasi, .
11 a. Biologie vegetald, 592), 85-98

Fagaras, M. (2014). Psammophilous plant associations
from the coastal area of theBblack Sea between
Periboina and Periteasca (Danube Delta Biosphere
Reserve). Annals of the University of Craiova -
Agriculture, Montanology, Cadastre Series, 44, 89-100

Fridrikson, S. (1966). The pioneer species of Vascular
plants in Surtsey. Cakile edentula. Surtsey Research
Program Report, 2, 63-65

Frosini, S., Lardicci, C., & Balestri, E. (2012). Global
change and response of coastal dune plants to the
combined effects of increased sand accretion and

nutrient avaibility. PLoS ONE, ZA10), e47561.
doi:10.1371/journal.pone.0047561
Gandour, M., Hessini, K., & Abdelly, C. (2008).

Understanding the population genetic structure of
coastal Cakile maritima: seed dispersal and the role of
sea currents in determining population structure.
Genetic Research, 9X2), 167-178

Géhu, J.-M., Uslu, T. (1989). Données sur la végétation
littorale de la Turquie du Nord-Ouest. Phytocoenologia,
17 (4), 449-505

forumgeografic.ro


http://reports.eea.eu.int/ENVSERIES05/en/envissue05.pdf

Floristic composition and functional zones pattern of the beach-dune system along the Danube Delta coast - Romania

Gheskiere, T., Vincx, M., Weslawski, J. M., & Degraer, S.
(2005). Meiofauna as descriptor of tourism-induced
changes at sandy beaches. Marine environmental
research, 60, 245-265

Giosan, L., Bokuniewicz, H., Panin, N., Stanica, A., &
Postolache, I. (1999). Longshore sediment transport
pattern along the Romanian Danube Delta coast.
Journal of Coastal Research, 154), 859-871

Golub, V. B., Laktionov, A. P., Sorokin, A. N., & Nikolaicyk,
L. F. (2006). Coobtestva klassa Cakiletea maritimae na
Azovskom poberejaie tamanckogo poliostoba. Zzvestia
samarsckozo naycnocentra Poccuuskoli akademii nayk,
&1), 305-315

Greipsson, S., & Davy, A. J. (1996). Germination of Leymus
arenarius and its significance for land reclamation in
Iceland. Annals of Botany, 73X4), 393-401

Hanganu, J., Dubyna, D., Zhmud, E., Grigoras, I., Menke,
U., Drost, H., Stefan, N., & Sarbu, I. (2002).
Vegetation of the Biosphere Reserve Danube Delta -
with Transboundary Vegetation Map on a 1:150,000
scale. Danube Delta National Institute, Romania; M.G.
Kholodny - Institute of Botany & Danube Delta

Biosphere Reserve, Ukraine and RIZA, The
Netherlands. RIZA Rapport 2002.049 (2002)
Heslenfeld, P., Jungerius,P.D., & Klijn, J.A. (2004).

European coastal dunes: Ecological values, threats,
Opportunities and Policz development. In M. L.
Martinez & Norbert P. Psuty, Coastal Dunes: Ecology
and Conservation (pp 335-354). Berlin. Spinger
Science & Business Media

Hesp, P.A. (1983). Morphodynamics of incipient foredunes
in New South Wales, Australia. Brookfield M, Ahlbrant
T (eds). Aeolian processes and sediments. Amsterdam.
Elsevier, 325-342

Hesp, P.A. (1989). A review of biological and geomorphological
processes involved in the initiation and development of
incipient foredunes. Proc R Soc Edinb, B96, 181-201

Hesp, P.A. (2004). Coastal dunes in the tropics and
temperate regions: location, formation, Morphology
and vegetation processes. In Martinez M.L., & N.P,,
Psuty (eds.) Coastal dunes, Ecology and conservation.
Ecological studies. Berlin. Springer, 24-49

Hesp, P. A. (2013). A 34 vyear record of foredune
evolution, Dark Point, NSW, Australia. Journal of
Coastal Research, 65Special Issue), 1295-1300. doi:
10.2112/S165-219.1

Heyligers, P. C. (2007). The role of currents in the
dispersal of introduced seashore plants around
Australia. Cunninghamia, 12), 167-188

Hewett, D.G. (1970). The colonization of sand dunes after
stabilization with marram grass (Ammophila arenaria).
Journal of Ecology, 58, 653-668

INS (Institutul National de Statistica din Romania). (2013)
Rezultatele finale ale Recensamantului din 2011: Tab
13. Populatia stabild dupa religie — judete, municipii,
orase, comune. Accesed 7 July 2016 from
http://www.recensamantromania.ro/wp-
content/uploads/2013/07/sR_TAB_13.xls

Kavgaci, A. (2007). Sand-dune vegetation of Igneada
coast in the Thracian part of Turkey. Hacquetia, 6(2),
171-182. doi:10.2478/v10028-007-0010-z

Lee, J. A., & Ignaciuk, R. (1985). The physiological
ecology of strandline plants. Vegetation, 62, 319-326

© 2016 Forum geografic. All rights reserved.

Leonard, R.I., & Judd, F.W. (1999). The Biological Flora of
Coastal Dunes and Wetlands. Ipomoea imperati (Vahl.)
Griseb. Journal of Coastal Research, 15(3), 645-652

Li Thomas, S.C., & Beveridge Thomas, H.]. (2003). Sea
Buckthorn (Hijppophae rhamnoides L.): Production and
Utilization. NRC Research Press

Maun, M. A., & Payne, A. M. (1989). Fruit and seed
polymorphysm and its relation to seedling growth in
the genus Cakile. Canadian Journal of Botany, 67,
2743-2750

Maun, A. M. (2004). Burial of plants as a selective force in
sand dunes. In M. L. Martinez, & N. P. Psuty (Eds.),
Coastal dune ecology and conservation. (Vols. Ecological
studies, vol 171, pp. 119-135). Berlin: Springer-Verlag

Maun, A. M. (2009). The biology of coastal sand dunes.
Oxford: Oxford University Press

Manescu, M., & Traci, C. (1995). Afforestation
technologies of the sandy soils in the Danube Delta.
Analele ICAS, 43(1), 65-85

Mihdilescu, S., Strat, D., Cristea, 1., & Honciuc, V. (2015).
Raportul sintetic privind starea de conservare a
speciilor si habitatelor de interes Comunitar din
Romania. Bucuresti: Editura Dobrogea

Montreuil, A.-L., Bullard, J. E., Chandler, J. H., & Millet, J.
(2013). Decadal and seasonal development of embryo
dunes on an accreting macrotidal beach: North
Lincolnshire, UK. Fart surface Processes and
Landforms, 3815), 1851-1868

Musat, I. (1980). Planting and maintaining technologies
for forest cultures on the sandy soils of the zone Sf.
Gheorghe-Ivancea. Analele ICAS, 37(1), 47-56

Oztiirk. M., Yiicel, E., Yarci. C., Celik, A., & Aksoy, A.
(1998). Plant diversity in the Turkish Black Sea region
and strategies for its conservation. In V Kotlyakov, M.
Uppenbrink, & m. Metreveli (eds) Conservation of the
Biological Diversity as a Prerequisite for Sustainable
Development in the Black Sea Region. NATO ASI
Series, 46, 155-173, Kluwer Academic Publishers

Packhman, J. R., Willis, A.J. (1997). Ecology of dunes,
salt marsh and shingle. Berlin: Springer Science &
Buisness Media

Pakeman, R. J., & Lee, J. A. (1991). The ecollogy of
strandline annuals Cakile maritine and Salsola kali. I.
Environmental factors affecting plant performance.
Journal of ecology, 79, 143-153

Pallis, M. (1915). The structure and history of Plav: the
floating fen of the Delta of the Danube. Linnean
Journal of Botany, XLIII, 233-286

Pantu, Z., Solacolu, T., & Paucd, A.(1936). Contributiuni
la flora Deltei Dunarii. Mem. Sect. St. Acad. Rom,
11(2), 73-130

Petrova, A., & Apostolova, I. (1995). Rare plant species on
coastal sand dunes and sand beaches in Bulgaria
status and conservation problems. In A. Salman, H.
Berends, & M. Bonazountas (eds.), Coasta/
Management and Habitat Conservation. proceedings of
the 4th EUCC Congress, Marathon, Greece. I, pp. 453-
458. Leiden: EUCC

Petrova, A. (2011). Convolvulus persicus L. In Paev D,
Vladimirov V, &Water BA (eds). Red Data Book of the
Republic of Bulgaria (Vol 1, Plants &Fungi). http://e-
ecodb.bas.bg/rdb/en/vol1/Conpersi.html. Accesed 26
January 2014


http://www.recensamantromania.ro/wp-content/uploads/2013/07/sR_TAB_13.xls
http://www.recensamantromania.ro/wp-content/uploads/2013/07/sR_TAB_13.xls
http://www.recensamantromania.ro/wp-content/uploads/2013/07/sR_TAB_13.xls
http://e-ecodb.bas.bg/rdb/en/vol1/Conpersi.html.%20Accesed%2026%20January%202014
http://e-ecodb.bas.bg/rdb/en/vol1/Conpersi.html.%20Accesed%2026%20January%202014
http://e-ecodb.bas.bg/rdb/en/vol1/Conpersi.html.%20Accesed%2026%20January%202014

Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume XV, Issue 1 (June 2016), pp. 65-79
http://dx.doi.org/10.5775/fg.2016.093.i

Plassmann, K., Jones, M.L.M., & Edwards-Jones, G.
(2010). Effects of long-term grazing management on
sand dune vegetation of high conservation interest.

Applied  Vegetation Science, 13(1), 100-112.
doi:10.1111/j.1654-109X.2009.01052.x
Popescu, A., & Sanda, V. (1976). Contributii la

cunoasterea vegetatiei psamofile din Delta Dunarii.
Peuce, 5, 193-216

Prodan, I. (1935). Conspectul Florei Dobrogei. Bul. Acad.
Agron. Cluj. Cluj-Napoca. Tipografia Nationala

Psuty, N. P. (2004). The Coastal Foredune: A
Morphological Basis for Regional Coastal Dune
Development. In M. L. Martinez, & N. P. Psuty, Coastal
dunes. Ecology and conservation (pp. 11-28). Berlin
Heidelberg: Springer-Verlag

Rivas-Martinez, S., Penas, A., & Dias, T. (2004). Bioclimatic
map of Europe: Bioclimates. Retrieved May 14, 2014,
from http://www.globalbioclimatics.org/form/bimed.htm

Rodman, J. E. (1974). Systematics and evolution of the
genus Cakile (Cruciferae). Harvard University Herbaria.

Rodman, E. J. (1976). Diferentiation and migration of
cakile (Cruciferae): seed glucosinolate evidence.
Systematic Botany, 1(2), 137-148

Rodwell, 1.S. (2000). British plant communities: Volume 5,
Maritime communities and vegetation of open habitat.
Cambridge. Cambridge University Press

Roman, N. (1992). Contributii la cunoasterea florei
Rezervatiei Biosferei Delta Dunarii. Analele Stiintifice
ale Institutului Delta Dunarii (51-56). Tulcea

RCMGG (Romanian Center for Marine Geology and
Geoecology) (1994). Monitoringul ecologic al sistemului
Dundre-Deltd-Litoral-Marea Neagra. Bucuresti. Centrul
Roman de Geologie si Geoecologie Marina

Sanda, V., & Popescu, A. (1992). Contributii Ia
cunoasterea structurii fitocenozelor de pe grindurile din
Delta Dunarii. 36(2), 129-136

Sanda, V., Ollerer, K., & Burescu, P. (2008). Fitocenozele din
Romania. Sintaxonomie, structurd, dinamica si evolutie.
Bucuresti: ArsDocendi, Universitatea din Bucuresti

Salisbury, E.J. (1952). Downs and Dunes: their plants life
and its environment. London. George Bell & Sons.

Savulescu, T. (1915). Convolvulus persicus L. en
Roumanie. Bulletin de la Section Scientifigue de
L Académie Roumaine, IV, 69-70

Stancheva, M., Ourviku, K., Palazov, A., Rivis, R., Kont, A.,
& Stanchev, H. (2011). Sand dune destruction due to
increased human impacts along the Bulgarian Black
Sea and Estonian Baltic Sea. Journal of Coastal
Research (Procedings of the 11t International Coastal
Symposium,  Szczecin, Poland), 64, 324-328.
http://www.ics2011.pl/artic/SP64_324-
328_M.Stancheva.pdf. Accesed 12 July 2015

Short, A. (1996). The role of wave height, period, slope, tide
range and embaymentisation in beach classifications: a
review. Revista Chilena de Historia Natural, 6, 589-604

Short, A.D. & Hesp, P. (1982). Wave, beach and dune
interaction in southeast Australia. Marine Geology, 48,
259-284

Sgrensen, L.I., Mikola, J., Kytdviita, M.-M, & Olofsson, J.
(2009). Trampling and spatial heterogeneity explain
decomposer abundances in a sub-arctic grassland
subjected to simulated reindeer grazing. Ecosystems,
12, 830-842

Strat, D. (2001). Litoralul lagunar al Marii Negre. Studiu de
geomorfologie. PhD thesis. University of Bucharest
(unpublished)

Strat, D. (2005). Convolvulus persicus — o specie in
expansiune pe tarmul deltaic Sardturile. Comunicdri de
geografie, 8, 86-94, Editura Universitdtii din Bucuresti

Strat, D. (2007). Beach and sand dune species plant of deltaic
shore between Cape Buiva-Casla Vadanei (Saraturile
marine field). Revista de Geomorfologie, 7, 34-51

Strat, D. (2009). Rare and threatened plant species and
types of habitats on Saraturile shore - Danube Delta.
Studii si cercetari stiintifice, Biologie, Seria Biologie
Vegetala, 16, 69-75

Strat, D. (2010). Trends in climate and bioclimate of
Saraturile beach ridges plain - Danube Delta. Analele
Universitatii Ovidius, Seria Geografie, 5(1), 17-30

Strat, D. (2015). Changes in thermal growing season
length on the Danube Delta coast in the first decade of
the XXIt century. Analele Universitdfii din Oradea.
Fascicula Protectia Medliului, XXV, 279-286

Tatui, F., Vespremeanu-Stroe, A., & Preoteasa, L. (2013)
The correlated behavior of sandbars and foredunes on
a nontidal coast (Danube Delta, Romania). Journal of
Coastal Research, 65, 1874-1879.
http://ics2013.org/papers/Paper4164_rev.pdf

Tutin, T., Heywood, V., Burges, N., Valentine, D., Walters,
S., & Webb, D. (1964-1980). Flora Europaea (Vols. I-
V). Cambridge: Cambridge University Press

Tzonev, R., Dimitrov, M., & Roussakova, V. (2005). Dune
vegetation of the Bulgarian Black Sea coast.
Hacquetia, 41), 7-32

Uslu, T., & Gehu, J. M. (1989). Syntanxonomic units and
flora of Turkish coastal dunes. Proceedings of the
second International Colloguy on the Mediterranean
Coasts and Protection of the Environment, Council of
Europe, (p. 42). Strasbourg

Vespremeanu, E. (1987). Probleme de geomorfologie
maring. Bucuresti. Tipografia Universitdtii din Bucuresti

Vespremeanu, E. (2004). Morfologia reliefului Deltei
Dundrii in ultimii 40 ani. Sudi si cercetari de
oceanografie costiera, I, 31-60. Bucuresti: Editura
Universitdtii din Bucuresti

Vespremeanu-Stroe, A., Preoteasa, L. (2007). Beach-dune
interactions on the dry-temperate Danube delta coast.
Geomorphology, 86, 267-282

Vespremeanu-Stroe, A., Cheval, S., & Tatui, F. (2012). The
wind regime of Romania - characteristics, trends and North
Atlantic Oscillation Influences. Forum Geografic. Studli si
cercetari de geografie si protectia mediuluj, XI2), 118-126.
doi:http://dx.doi.org/10.5775/fg.2067-4635.2012.003.d

Vladimirov, V., Feruzan, D. & Tan, K. (2012) New floristic records
in the Balkans: 19. Phytologica Balcanica 18(2): 205-230.
http://www.bio.bas.bg/~phytolbalcan/PDF/18_2/18 2
_14 Vladimirov_&_al.pdf. Accessed 10 July 2015

Wiedemann, A., & Pickart, A. (2004). Temperate zone coastal
dunes. In M. Martinez, & N. Psuty (Eds.), Coastal Dunes.
Ecology and conservation (pp. 53-66). Berlin: Springer

Wrigth, J. (1927). Notes on strand plants. II. Cakile
maritima Scop. Transactions of the Botanical Society of
Edinburgh, 194), 389-401

forumgeografic.ro


http://www.globalbioclimatics.org/form/bimed.htm
http://www.ics2011.pl/artic/SP64_324-328_M.Stancheva.pdf.%20Accesed%2012%20July%202015
http://www.ics2011.pl/artic/SP64_324-328_M.Stancheva.pdf.%20Accesed%2012%20July%202015
http://ics2013.org/papers/Paper4164_rev.pdf
http://www.bio.bas.bg/~phytolbalcan/PDF/18_2/18_2_14_Vladimirov_&_al.pdf.%20Accessed%2010%20July%202015
http://www.bio.bas.bg/~phytolbalcan/PDF/18_2/18_2_14_Vladimirov_&_al.pdf.%20Accessed%2010%20July%202015

