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This article was conducted as part of the hydroelectric power plant project planned for the
Dimgay1 basin in the Dim Valley (Antalya-Alanya), with the aim of identifying Chara speci-
mens collected during expert fieldwork for the purpose of determining possible new taxa
belonging to this genus in Tiirkiye. According to the findings, Chara squamosa has been
recorded for the first time in the macrophyte flora of Tiirkiye. The species' habitat within the
river system has been identified as a Channelmire type from a geomorphological-hydrological
perspective; it is characterized by eutrophic vegetation cover in fast-flowing rivers. In light of
these data, a contribution has been made to the ecology and sociology of the species classified
as “Data Deficient (DD)” by the International Union for Conservation of Nature (IUCN).
Factors threatening the survival of the species include: the lack of comprehensive protection
status for its habitat, tourism activities exceeding the area's carrying capacity, a significant
decrease in the flow of natural streams reaching the sea due to the large amount of water
retained by the dam, unconscious water use in agricultural activities carried out in the area, and
the discharge of reservoir waste from the province of Alanya-Antalya into the stream.
Sustainable conservation approaches to address these threats have been proposed. With the
addition of the species Chara squamosa, the number of Chara taxon groups in Tirkiye has
increased to 16, while the number of taxon groups in Tiirkiye's stoneworts has risen to 19,
belonging to three genera.
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Introduction

Tiirkiye is in a unique position in the world in terms of floristic diversity, located bet-
ween 26-46 degrees longitude and 36-42 degrees latitude, and covering an area of
783.356 km?. The main reasons for this rich plant biodiversity are: the country’s location
as a peninsula surrounded by seas on three sides; its position at the intersection of three
distinct phytogeographic regions (European-Siberian, Iranian-Turanian, and
Mediterranean); and its geographical location, which made it a common refuge point for
species migrating from Asia to Europe and from Europe to Asia during the glacial and
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interglacial periods experienced in the region, shape of the mountains extending towards
the sea, and the elevation increase from west to east are of great importance (Giiner & al.
2014). The country’s sea borders, the deltas formed by permanent or seasonal wetlands that
reach these frontiers, and the presence of various types of inland water systems, including
water dynamics, sediment types, geomorphological formation elements, and hydroche-
mistry, provide a rich habitat for macrophyte species (Se¢gmen & Leblebici 1997).
Tiirkiye’s algal flora, as documented by Tagkin (2019), comprises a total of 2.994 species
distributed across 828 genera and 314 families. When infraspecific categories such as
subspecies and varieties are taken into account, the overall number of recorded taxa rises
to 3.690. In terms of habitat preference, the majority of these taxa, 2.452, are associated
with freshwater environments, while 1.097 occur in marine systems. A smaller contingent,
consisting of 44 taxa, is found in brackish waters, and an additional 97 taxa are reported
from both freshwater and marine habitats. Stonewort, a pioneer macrophyte, belongs to the
Charophyta division; the closest relatives of terrestrial plants in the evolutionary process
are found within this division (Karol 2004). They are also bioindicators that play a role in
indicating the chemistry of the water they inhabit (Becker & al. 2015). As the primary
members of macrophyte habitats, Characeae species generally prefer shallow, standing or
slow-flowing freshwater systems. However, certain species of the genera Chara L. and
Nitella C.Agardh prefer deep (attaching to sediments at the bottom) and/or fast-flowing
(attaching to sediments on the walls of the riverbed) waters, while some species of the
genus Tolypella (A. Braun) A. Braun have adapted to moderately or highly saline brackish
waters (Yicel & al. 2026).

For an extended period, Chara squamosa Desf. was regarded as a synonym of C.
gymnophylla A. Braun. This taxonomic confusion led to the widespread misidentification
of specimens bearing a tylacanthous stem cortex, which were routinely assigned to C.
gyvmnophylla or to C. vulgaris var. gymnophylla Nyman (Krause 1997; Blazenci¢ 2014;
Romanov & al. 2024). However, a recent reappraisal—based on type material, an exhaus-
tive literature survey, and extensive herbarium studies—has resolved this long-standing
error. As a result, C. squamosa is now firmly reinstated as a distinct and valid species
(Trbojevi¢ & al. 2024; Romanov & al. 2024). Wood (1965), examining Desfontaines’
material stored in the Madrid (MA) ex-herbarium, described the C. squamosa species in
his work, noting that this specimen’s main axis cortex contained isostichous-tylacanthous
types. The species C. conimbrigensis (A.G.Cunha) and C. hungarica (N.Filarszky), which
have the same main cortex type, have also begun to be evaluated under the species C. squa-
mosa (Schubert & al. 2024). The aim of this study is to (i) determine the current status of
Characeae species in Tiirkiye, (ii) report a new locality for C. squamosa, (iii) detail the spe-
cies’ morphological characteristics and ecological preferences (within the context of wet-
land and habitat classification), and (iv) discuss the species’ potential other localities in
Tiirkiye and the possibility of confusion with C. gymnophylla. According to the literature,
Characeae members in Tiirkiye are represented by a total of 19 taxa, comprising 15 species
of Chara, three species of Nitella, and one of Tolypella (Aysel 2005; Barinova & al. 2014;
Goniilol & Sahin 2024; Yiicel & al. 2026). Our findings confirm this number, while con-
tributing new data on the distribution and ecology of C. squamosa.
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Materials and Methods

Description of the Study Site

Dimgay Valley, located in the Antalya section of the Mediterranean Region, is situated
southeast of Alanya district in Antalya. The valley has an elevation ranging from 0 to 1,649
meters and covers an area of 9,490 ha. The Cebireis Mountain and Dimgay River within it
are important natural areas (Eken & al. 2006). The Dimg¢ay River, which originates from
the southern slopes of the Taurus Mountains, near the Alacami district of Alanya, reaches
the Mediterranean Sea south of the Tosmur district. The stream, fed by numerous springs
and side branches along its narrow valley bed, passes through the Alanya Plain. The stream
has a total length of 28 kilometers, and its average water flow is measured at 0.327 m? per
second (Antalya Environment & Urbanization Directorate 2017). The Dim Dam and a
hydroelectric power plant connected to the dam were built in the Dimgay1 basin in 2009
(TUBITAK MAM CTUE 2013). The area was designated a Wildlife Conservation Area in
2005. The general flora of the area is dominated by red pine (Pinus brutia L.) forests and
Mediterranean maquis species. Among the mammals of the region’s fauna, the mountain
goat (Capra aegagrus Brisson) is the target species for the area’s designation as a Wildlife
Conservation Area; among the birds, the eagle owl (Bubo Brisson) breeds in the area; from
an entomological perspective, the Ottoman blue butterfly (Polyommatus ottomanus
Lefebvre), the large brown butterfly (Maniola megala Oberthiir), the orange-spotted eas-
tern butterfly (Anthocharis damone Boisduval), Bavius butterfly (Sinia bavius
Eversmann), and damselfly (Onychogomphus assimilis Schneider) are important for the
conservation of the area (Eken & al. 2006). The valley is an important eco-tourism desti-
nation. It contains numerous cave formations (Dim Cave); conditions suitable for rafting
and trekking sports; and tourism facilities and fish farms on the valley’s river-facing sides
and in the area where it flows into the sea (Kogyigit & Sinanoglu 2019).

Sampling

The Chara members were photographed in their natural habitat before sampling was con-
ducted to determine the plant sociology of the stream. In the field, each sample was assigned
a unique code, which was matched with the photographs taken. Since the samples were loca-
ted in a fast-flowing water system, they were collected using a grapnel. The collected Chara
samples were transported to the laboratory using three different preservation methods: in their
natural water for pressing (in a cold chain), in a 5% alcohol solution for long-term storage, and
in a 70% alcohol solution for anatomical measurements. The specimens were delivered to the
Department of Botany, Plant Ecology and Conservation Biology Laboratory at Ege
University. In the laboratory, specimens brought in habitat water and planned for pressing
were washed three times for one minute each in pure water to remove microorganisms. After
sterilization, the specimens were pressed between drying papers. Specimens stored in 5%
alcohol were examined using a Euromex Nexius Zoom stereo microscope and an Olympus
CX21 light microscope (100 and 1000 Y); the structures identified were recorded as microg-
raphs using the Image Focus Alpha program. “Charophytes of Europe” (Schubert & al. 2024)
was used as the primary source for diagnosis. The samples that were diagnosed, pressed, and
dried were delivered to the Ege University Botanical Garden - Herbarium Application and
Research Center (EGE) and archived with a permanent herbarium number EGE45459.
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Examained Specimens

EGE30601-Chara hispida var. major

EGE30436-Chara globularis var. globularis

EGE35601-Chara globularis var. aspera

EGE30482-Chara vulgaris var. vulgaris f. vulgaris

EGE30542-Chara vulgaris var. vulgaris f. crispa or f. Kieneri

EGEA44584-Tolypella salina

Taxa recorded in my personal herbarium collection: [KMCH4]-C. virgata Kiitz,
[GEDCH1]-C.aspera Willd.

Results
Description of the Chara squamosa specimens

Chara squamosa Desfontaines, Flor. Atlant. 2: 331. 1799.
Lectotype (Wood, 1965: 108): Barbarie/[no date]/[no collector] (PC610826, ex herb.
Maire).

Homotypic synonym

Chara vulgaris subsp. squamosa (Dest.) F.Hy 1913.
Heterotypic synonyms

Chara pseudogymnophylla N.Filarszky 1927

Chara hungarica N.Filarszky 1930

Chara conimbrigensis A.G.Cunha 1935

Chara vulgaris f. conimbrigensis (A.G.Cuhna) R.D.Wood 1962
Chara gymnophylla f. conimbrigensis (A.G.Cuhna) Raam 2010

Chara squamosa was collected during fieldwork conducted on; Antalya province,
Alanya district, Dimgay1: 36°32°24.28“N/ 32°05°39.98”E, 315 m, fast-flowing stre-
ams, 03.10.2025, Yiicel & Senol (KMC-6) = (EGE45459) (Fig. 2-B.).

C. squamosa is a species that ranges in color from light green to grayish green and
varies in size depending on the depth of the water it inhabits. In the specimens we col-
lected from the locality, the species was found in shallow water sources, medium in
size, with upper whorls largely unshortened, and a weak to medium shell structure.
The species, which ranges in size from 8—19 c¢m, has a main axis diameter of 400—530
um and is largely corticized (Fig. 1-A/C). Rarely, 1-2 basal internodes are not cortici-
zed. The axis cortex is complete, diplostichous (a few juvenile specimens are triplos-
tichous), with the large majority of specimens in the examined population showing a
tylacanthous, to a lesser extent isostichous, cortex formation. Spine cells are papillate
in form, thick, and obtuse-terminated (Fig. 1-B). Stipulodes are arranged in two rows,
both rows being nearly as long as the main axis (the upper row slightly longer than the
lower) and ending in an acute point (Fig. 1-B). Branchlets number 8-10 and are 3—18
mm long. The branchlets are generally not corticized (rarely the lowest few segments



Borziana 7 — 2026 175

P

Fig. 1 A- main axis (0.4-0.5 mm) and branchlets general view (5 cm); B-stipulodes (1.2 cm); C-whorl of
branchlets; D-monoicous gamentangia; E-oogonia; F-antheridia (0.3 mm); G-oospore; H-nodal bulbil.
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are corticized). The branchlets consist of 3—4 non-differentiated segments, the termi-
nal cells are short and conical/cylindrical in shape (Fig. 1-A/C). The bract-cells are
clearly one-sided, the anterior bract-cells are long (slightly or several times longer
than the ooganium*/short) and the posterior bract-cells are papilliform. Bracteoles are
the same size as bract-cells or several times shorter (Fig. 1-C). The bractlet is in a
compound gametangium position and is shorter than the oogonium (Fig. 1-E). C. squa-
mosa is monoecious, with gametangia combined in 1-2 branchlet nodes. Gametangia
occur in a single arrangement (usually antheridia, rarely oogonia). In the population
we collected, examples of both sexuals occurring in a single arrangement were found.
Oogonia are solitary (rarely two) and hold an antheridium below, length 500 pm /
width 420 um (Fig. 1-D/E). The oospore is black-dark brown in color, ellipse-shaped,
and has acute spirals (Fig. 1-G). Antheridia are large (300440 um) (Fig. 1-F). The
lowest axis node contains a multi-celled nodal bulbil (Fig. 1-H).

Habitat Description

For example, according to the grid prepared by Davis for his Flora of Turkey (Davis
1965), the area where the specimen was collected is classified as “C4,” while accor-
ding to the grid prepared for the new “Illustrated Flora of Tiirkiye” project under the
NGBB-ANG Foundation (Giiner 2014), it is classified as “6a” in the Mediterranean
Region-Antalya Subsection (Fig. 2-A.). According to the wetland classification prepa-
red by Semeniuk & Semeniuk (2011), the area where it was collected has geomorpho-
logical and hydrological characteristics (Fig. 3); for example, is of the Macroscale,
Fresh Water, Carbonate Mud, Vertical Grasses covered Channelmire type. The species
generally prefers freshwater, within freshwater ecosystems, prefers mesotrophic water
bodies with neutral or slightly alkaline water, and also lives in hot spring waters. These
water bodies include small- to medium-sized artificial or natural shallow rivers, stre-
ams, and thermal springs with high flow rates, and exposure to sunlight is important
(Trbojevi¢ & al. 2024). As for sediment type, it prefers muddy or sandy bottom sedi-
ments, and sometimes gravelly systems. According to the European Nature
Information System (EUNIS) Habitat Classification, the vegetation type of the inland
water surface area that constitutes the species’ habitat belongs to category C2.28 —
Eutrophic vegetation of fast-flowing streams (Fig. 3).

Distribution of Chara squamosa

In this study, Chara squamosa Desf. —a species with only 35 scarcely verified
records worldwide, listed as Data Deficient (DD) by the IUCN (Schubert & al. 2024),
and exhibiting a highly restricted distribution in the Mediterranean—is reported for
the first time from Tiirkiye. Its known distribution includes Mediterranean countries
such as Portugal, Spain, Italy, Hungary, Serbia, Cyprus, Montenegro, North
Macedonia, and Bosnia and Herzegovina, as well as extra-Mediterranean localities in
North Africa (Tunisia, Morocco), Israel, and the Caucasus (Filarszky 1930; Cunha
1935, 1942, 1943; Mendes 1948; Wood 1965; Corillion 1977; Guerlesquin 1985;
Sanchez 1984; Romanov & al. 2019, 2023, 2025; Blazenc¢i¢ & Stevanovi¢ 2018;
Trbojevi¢ & al. 2024, 2025) (Fig. 4).
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Fig. 2-A. Map showing the area where the C. squamosa sample was collected (Gliner 2014), B. satel-
lite image showing the stations where the C. squamosa sample was collected (© Earth.google.com).

Discussion and Conclusion

Having established the morphological and taxonomic identity of the Turkish material in
Section 3.1, we now turn to the broader implications of these findings. Given that ecolo-
gical, sociologial, hydrochemical, and genetic data for Chara squamosa Desf. remain ext-
remely limited, it is highly probable that many populations previously assigned to C.
gymnophylla A. Braun. in various countries—including Tiirkiye—actually belong to C.
squamosa, thus perpetuating a cycle of misidentification. A prime example of this is sup-
ported by the study conducted by Trbojevi¢ & al. (2024) in Serbia. One of the main reasons
for the species’ IUCN category being assessed as “DD” is based on the high morphological
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Fig. 3. Habitat of C. squamosa (original).

similarity between the species mentioned above. To solve this mystery, in addition to
increasing the morphological-anatomical data between the C. squamosa and C.
gyvmnophylla species, there is a need for comprehensive research supported by phylogene-
tic studies that does not overlook ecological factors.

Research on the Characeae in Tiirkiye is based on a rather limited amount of literature
(Giiner & al. 2014). This situation is primarily due to methodological obstacles encounte-
red at various stages of the research process. Logistical difficulties encountered during
fieldwork in sampling and transporting material to the laboratory, the lack of reference
sources and equipment necessary for the taxonomic diagnosis stage and the unfavorable
conditions for the long-term preservation of diagnosed specimens have led to limited
knowledge accumulation in this field (Barinova & al. 2014). As a result of these limitati-
ons, there is a significant need to revise the species recorded in the literature using current
taxonomic approaches. Furthermore, it is important to collect taxa that were previously
collected but have not reached the present day, have been inadequately preserved, or for
which no herbarium specimens exist and to add them to the scientific data set.

As a result of the negative factors mentioned in the previous paragraph, the species C.
gyvmnopylla (Syn: C. vulgaris var. gymnophylla (A.Braun) C.F.Nyman) species in Tiirkiye;
it was recorded in two stations between 1850-1920 and in 25 stations between 1920-2000
(Braun & Nordstedt 1882; Migula 1897; Aysel 2005). Herbarium records of the recorded
specimens could not be accessed. Therefore, it is important to re-collect specimens from
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Fig. 4. The distrubiton map: black circles) European records; red square) the new record.

the populations for which there are no herbarium specimens from the specified stations and
to evaluate the possibility that the species identified as C. gymnopylla are C. squamosa in
order to reveal the Turkish population of the species in detail.

C. squamosa produces less oospores than other Characeae members. Mature oospores
and antheridia were found in population samples collected most recently in 2009 from
Sardinia (Italy) (Becker 2019). The species’ possession of bulbs and low fertilization rate
increases the expectation of vegetative reproduction. Members of the C. squamosa popu-
lation collected from Tiirkiye contain high levels of mature oospores, proving the species’
high ecological adaptation and associated reproductive potential. The genetic repertoire of
the Dimgay1 population is relatively broad, and it is considered imperative that the only
known population in Tiirkiye be rapidly protected under in-situ conservation measures.
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The main factors threatening the Dim Valley are: the lack of comprehensive protection sta-
tus for the region, tourism activities exceeding the carrying capacity, a significant decrease
in the flow rate of the natural flow reaching the sea due to the barrier, unconscious practi-
ces in agricultural irrigation, and the discharge of reservoir waste belonging to the province
of Alanya into the stream (Akkurt Giimiis 2020). The source of the Dim River and its sur-
roundings are a Wildlife Development Area (1200 m), while there are no areas with any
protection status at the lower elevations of the river. Hydroelectric power, the Dim Dam,
and tourism activity areas are located on the river. The necessity of integrated management
of river basins in the context of protecting biodiversity and water quality should not be
overlooked.

Our findings indicate that the addition of the species C. squamosa to the Turkish
Charophyceae has increased the number of taxa representing the family to 19. Advances
in the fields of Molecular Biology and Genetics, the more detailed examination of aquatic
systems in terms of macrophytes, and the increase in the number of researchers working
in this field will lead to the recording of new taxa for members of the Charophyceae family
in Tirkiye and the addition of new station records to existing taxa.
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