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Abstract  As a result of the identification of 

Charophyceae members collected during field studies on 

Gediz Basin management and sustainability, the genus 

Tolypella was observed for the first time in Türkiye. 

Samples collected from the temporary inland saline and 

brackish waters section of the periodic wetlands located 

within the Gediz Delta are among the primary macrophytes 

of their system. The general morphological description of 

the species T. salina, the determination of the EUNIS 

habitat class, vegetation types and ecology, the 

classification of the temporary waterland where the species 

lives, and its distribution worldwide are included in our 

detailed research. Furthermore, factors threatening the 

habitat and existence of the T. salina species have been 

detailed due to its ‘EN’ category status on the IUCN Red 

List. Although the Ramsar protection status of the region 

where the species was identified and the intensive 

conservation activities of private civil society organizations 

in the area are promising, the shift in rainfall patterns due 

to the global climate crisis is negatively affecting the 

species' diaspora formation. Therefore, it is of great 

importance to reveal the life history of T. salina, measure 

the population size and the species' actual distribution area, 

and determine the population genetics. With the addition of 

the genus Tolypella, the current number of Charophyceae 

in Türkiye has reached 3 genera and 20 taxa. 

Keywords  Gediz Delta, Tolypella  ̧ T. salina, 

Charophyceae, Izmir, Türkiye 

 

1. Introdction 

Türkiye, with its peninsular geography, has a great 

floristic diversity. The main reason for this diversity is its 

location at the intersection of three different 

phytogeographical regions. The phytogeographical regions 

observed are the Mediterranean, Iran-Turan, and European-

Siberian. Türkiye is located between 26-46 degrees 

longitude and 36-42 degrees latitude and has an area of 

783,356 km². Due to the country being surrounded by seas 

on three sides, its highly diverse and extensive inland water 

systems, and the presence of numerous types of seasonal 

wetlands, there have been numerous studies conducted on 

algae, particularly due to the abundance of algae and 

macrophyte diversity [1]. These studies have identified 828 

genera belonging to 314 families and 3,690 associated taxa. 

Of these taxa, 1,097 were observed in marine ecosystems, 

2,452 in freshwater ecosystems, 44 in brackish ecosystems, 

and 97 in both freshwater and marine ecosystems [2]. 

Scientific research on the evolution of terrestrial plants 

has shown that bryophytes and tracheophytes are most 
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closely related to charophytes [3]. Their habitat preferences 

are generally freshwater environments, such as seasonal 

wetlands, slow-flowing water systems, and natural pools 

formed by groundwater recharge, etc. They can also be 

found in coastal-sized cliff pools with low salinity levels 

that are rarely washed by freshwater and in brackish waters 

where inland water systems join the sea [4]. Water 

hyacinths are the pioneer macrophytes of the wetland they 

inhabit and serve as bioindicators of the water regime [5]. 

Tolypella (A. Braun) A. Braun the genus is represented 

by 16 species worldwide and 5 species in Europe. Although 

it contains far fewer species than the genera Chara L. and 

Nitella C.Agardh, it has a considerably wider distribution 

range. The genus, which has high ecological tolerance, is 

mostly found in fresh waters and slightly saline (brackish) 

waters [6]. In terms of vegetative thallus development and 

morphology, it resembles the genus Nitella. However, the 

absence of dichotomous branching and the dense branching 

of terminal/intermediate sections are unique characteristics 

of the genus Tolypella [7]. 

T. salina Corillion has a limited distribution range 

worldwide. It is a species that generally lives in highly 

saline and brackish waters along the Atlantic and 

Mediterranean coasts. It has rarely been recorded in inland 

brackish water systems [6]. The species is listed as 

Endangered (EN) on the International Union for 

Conservation of Nature (IUCN) Red List [8]. The species 

can be found in ditches, shallow areas of strongly alkaline 

waters, lakes, ponds, and temporary brackish wetland pools 

[9]. The species' water depth range can be from shallow 

points up to 2-40 metres. Preferring brackish waters, T. 

salina lives in waters with 18 to 80 g/l salinity, Ca²⁺ (31-

520 mg/l), Mg²⁺ (14-413 mg/l) ratios, and a pH range of 

7.3-9.9 [10, 11]. In terms of morphological variability, its 

location, habitat, water depth, and seasonal period lead to 

the formation of quite different forms in the species' 

appearance [12]. The species can be confused with the 

genus Sphaerochara K. Mädler. The distinction lies in the 

fact that the sporangia are conical-acute in Sphaerochara 

and obtuse in Tolypella. T. salina is separated from other 

Tolypella species based on (monoecious/dioecious), the 

general colouring of the species (dull/glossy), oospore 

colour, and oospore shell surface (smooth/rough) [13]. 

The study we conducted has recorded the genus 

Tolypella and the species T. salina belonging to this genus 

for the first time in Türkiye. According to the latest data, 

Türkiye is represented by the genera Chara, Nitella, and 

Tolypella within the family Characeae, with 20 species 

belonging to these genera recorded [14]. 

2. Materials and Methods 

2.1. Description of the Study Site 

The Gediz Delta, located in the province of İzmir in the 

Aegean Region, is one of Türkiye's largest delta formations, 

covering an area of 40,000 hectares. This delta, one of 

Türkiye's 14 Ramsar Sites, covers a wide coastal area 

starting from Karşıyaka Mavişehir and extending to the 

Foça Hills. The Gediz Delta is an important wetland 

ecosystem recognised nationally and internationally, and 

has a status of multi-layered protection. The official 

process for protecting the area was initiated by the Ministry 

of Forestry and Water Affairs in 1998, and the delta gained 

the status of ‘Wetland of International Importance’ under 

the Ramsar Convention. Conservation efforts gained a 

more institutional identity with the designation of wetland 

protection areas in 2005 and finally transitioned to an 

integrated management approach with the completion of a 

Wetland Management Plan specific to the area in 2007 [15]. 

This management plan envisaged a comprehensive balance 

between conservation and use for the Gediz Delta, 

approximately 20,000 hectares of which is protected under 

the statuses of Wildlife Protection Area, First Degree 

Natural Site, First Degree Archaeological Site, and Ramsar 

Site. Within the framework of the plan, four different 

protection zones have been defined: ‘Absolute Protection 

Zone’, ‘Wetland Zone’, ‘Ecological Impact Zone’, and 

‘Buffer Zone’. This zoning has been implemented in 

accordance with the provisions of the Wetland Protection 

Regulation ‘Gediz Delta Mid-Winter Waterbird Census 

Report, 2013’. 

The ecological structure of the Gediz Delta is complex, 

with aquatic ecosystems of varying salinity regimes 

(saltwater, freshwater, and brackish water) living side by 

side [16]. A large part of the coastal strip consists of sand 

dunes covered with Salicornia spp. communities and shells. 

Behind these dune barriers lie lagoons and extensive salt 

marshes. At points where freshwater inflow is intense, the 

saline character gives way to reed beds (Phragmites 

australis (Cav.) Trin. ex Steud.) and temporary wet 

meadows covered with Typha spp. communities. The 

higher elevation hilly areas in the region are generally 

covered with vegetation consisting of short, thorny shrub 

communities (garrigue) characteristic of the Mediterranean 

climate. Floristically, the delta has a very low endemism 

rate, with 320 taxa belonging to 210 genera in 60 families. 

Species with a dense distribution within the nine main 

communities are: Phragmites australis, Typha L., 

Salicornia europaea L., Halimione portulacoides (L.) 

Aellen, Limonium hungaricum Klokov, Juncus maritimus 

Lam., Allenrolfea occidentalis (S.Watson) Kuntze, 

Tamarix smyrnensis Bunge, Zannichellia palustris subsp. 

pedicellata (Rosén & Wahlenb.) Arcang., and Ranunculus 

trichophyllus Chaix ex Vill. According to the European 

Nature Information System (EUNIS) Habitat Classification, 

the vegetation types of the Gediz Delta are [17]: 

A: Marine habitats 

A2: Littoral sediment 

A2.5: Coastal saltmarshes and saline reedbeds 

A2.52: Upper saltmarshes 

A2.53: Mid-upper saltmarshes and saline and brackish 

reed, rush and sedge beds 



 Natural Resources and Conservation 12(1): 1-9, 2026 3 

 

A2.535: Juncus maritimus mid-upper saltmarshes 

A2.54: Low-mid saltmarshes 

A2.545: Halimione portulacoides low-mid saltmarshes 

A2.548: Annual Salicornia, Suaeda and Puccinellia 

maritima low-mid saltmarshes 

C: Inland surface waters 

C1: Surface standing waters 

C1.6: Temporary lakes, ponds, and pools 

C1.66: Temporary inland saline and brackish waters 

[Tolypella salina Corillion*] 

C3: Littoral zone of inland surface waterbodies 

C3.2: Water-fringing reedbeds and tall helophytes other 

than canes 

C3.21: Phragmites australis beds 

C3.211: Flooded Phragmites beds 

C3.2112: Inland saline water Phragmites beds 

E: Grasslands and lands dominated by forbs, mosses, or 

lichens 

E6: Inland salt steppes 

E6.1: Mediterranean inland salt steppes 

E6.11: Mediterranean Limonium salt steppes 

E6.113: Aegeo-Levantine sea-lavender communities 

F: Heathland, scrub and tundra 

F9: Riverine and fen scrubs 

F9.3: Southern riparian galleries and thickets 

F9.31: Nerium oleander, Vitex agnus-castus, and 

Tamarix galleries 

F9.313: Mediterraneo-Macaronesian tamarisk thickets 

F9.3133: East Mediterranean tamarisk thickets 

It is one of the hotspots among Turkish wetlands that are 

the richest in terms of bird diversity and migration routes. 

According to the latest reports, 263 species have been 

observed in the area. Flamingos (Phoenicopterus roseus 

Pallas), which breed at only two points in the delta in 

Türkiye, arrive in large groups to lay their eggs and raise 

their young in this area. The following endangered species 

breed in the area: Dalmatian pelican (Pelecanus crispus 

Bruch), lesser kestrel (Falco naumanni J. G. Fleischer), 

spur-winged lapwing (Vanellus spinosus L.), sandwich tern 

(Thalasseus sandvicensis Latham) and stone curlew 

(Burhinus oedicnemus L.) breed in the area. Important 

mammal species living in the delta include the reed cat 

(Felis chaus Schreber), the Mediterranean monk seal 

(Monachus monachus Hermann) and the otter (Lutra lutra 

L.). In addition, the Ladigesocypris irideus Ladiges, an 

inland freshwater fish endemic to Türkiye, is one of the 

priority protected species in the area [18]. 

2.2 Sampling 

Plant material was photographed to determine the plant 

sociology of the seasonal wetland where it was collected. 

Before sampling, the Tolypella species was photographed 

in the water, and the code recorded in the field notebook 

was matched with the photographs taken. The species was 

prepared for transport by being preserved in three different 

ways. The specimen to be preserved by pressing was kept 

in the water in which it was found; the specimen to be 

preserved for a longer period was placed in 5% alcohol; and 

the specimen for which anatomical parameters were to be 

measured was placed in 70% alcohol and transported to the 

Plant Ecology and Conservation Biology Laboratory of the 

Department of Botany, Faculty of Science, Ege University. 

The specimens taken from their habitat in water were 

floated in pure water for one minute three times to remove 

certain microorganisms, and the sterilised specimens were 

placed on dry paper and pressed. The specimens in 5% 

alcohol were examined under a Euromex Nexius Zoom 

stereo microscope and an Olympus CX21 light microscope, 

and micrographs were recorded using the Image Focus 

Alpha programme. The book Charophytes of Europe [6] 

was used for the identification of the examined specimens. 

Following species identification, the pressed and dried 

specimens were submitted to the Ege University Botanical 

Garden - Herbarium Application and Research Centre 

(EGE) and assigned a herbarium number. 

3. Results 

3.1. Description of the Tolypella salina Specimens 

Tolypella salina Corillion 1960: 198, pls I–IV [1–4] 

Holotype (Corillion 1960: 199): Gallia, prope Croix-de-

Vie (Vendée)/24 Avril 1959 [squalm. 25. avril 1959]/(R. 

Corillion) (ANGUC, conserved in alcohol). 

T. salina was recorded during fieldwork conducted in 

2024; within the province of İzmir, at the territory 

bordering the districts of Çiğli, Menemen, and Foça; Gediz 

Delta: 38°28'09.9‘N/26°58'44.2’E, 0 m, Beds of small 

helophytes, 14/04/2024, Fontes, Yucel and Senol (KMT-1) 

– 38°27'38.3‘N/26°58'07.7’E, 0 m, Beds of small 

helophytes, 14/04/2024, Fontes, Yucel and Senol (KMT-2) 

– 38°57'96.3‘N 26°88'25.8’E, 0 m, Beds of small 

helophytes, 14/04/2024, Fontes, Yucel and Senol (KMT-3) 

= (EGE44584). 

T. salina can reach small sizes ranging from 5 to 10 cm. 

The axis width varies between 0.3 and 1 mm. It usually 

appears dull due to the presence of a shell. Its colouring is 

green or grey-green. It is arranged in a multi-branched, 

irregularly intertwined spike shape. The internodes are 1-2 

times the length of the branches (Fig. 1A). The cortex, 

spine cells and stipulodes are reduced. The branchlets are 

separated by sterile and fertile whorls. The axis shows the 

first node with 6 sterile branchlets, and the secondary axis 

shows 1-2 repetitions and slightly strongly incurved (Fig. 

1B). Fertile branchlets originate from the secondary axis 

and are shorter and divided (node/internode: rachis) 

compared to sterile ones. Nodes generate gametangia and 

4-5 cell rows of rays. All terminal cells are cylindrical-

rounded and obtuse. Bract-cells, bracteoles, and brachlets 

are reduced. Among the fertile branches, short, indistinct 

sterile branches may be found [19, 20]. The species is 

monoecious, and gametangia are attached to the first 
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branch. They are regulated as 2 oogonia and 1 antheridium 

in one node (Fig. 1C). Spiral cells may have 6-8 helical 

stripes and sometimes take on a slightly distended size (Fig. 

1E). The oogonia have a double-rowed crown cell (Fig. 1D). 

Mature oospores show variable colouring from reddish 

brown bright to slightly golden Brown [20]. The oospore 

wall has a smooth membrane [19, 20]. The presence of 

linear granulation on the membrane is a characteristic 

feature distinguishing it from other Tolypella species [13]. 

For this reason, the structure of the oospore was examined 

in detail under a scanning electron microscope (SEM) (Fig. 

1F). The antheridium is solitary, sessile/stalked, and small 

in size (Fig. 1C/D). The T. salina species does not include 

bulbils. 

 

 

Figure 1.  T. salina A- main axis and branchlets general view (5cm); B- whorl of branchlets; C- monoicous gamentangia; D- oogonium showing 

double row of crown cells (100x); E- oospore spiral cells; F- oospore membrane smooth (SEM) 
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Figure 2.  A. Map showing the area where the T. salina sample was collected [22], B. satellite image showing the stations where the T. salina sample 

was collected and the Gediz Delta [25] 

3.2. Habitat Description 

The area where the specimen was collected is classified 

as ‘B1’ according to the grid of Davis’s Flora of Turkey 

[21] and as ‘3a’ in the Aegean Region-Main Aegean 

Section according to the grid for the new Flora of Türkiye 

project prepared under the framework of the NGBB 

(Nezahat Gökyiğit Botanical Garden)-ANG (Ali Nihat 

Gökyiğit) Foundation [22] (Fig. 2A/B). According to the 

wetland classification prepared by Semeniuk and 

Semeniuk [23] based on geomorphological-hydrological 

characteristics, the area where the specimen was collected 

(Fig. 3) is of the Palusplain type with Microscale, 

Mesosaline, Carbonate Mud, Salt Marshes cover. The 

species generally prefers freshwater habitats. However, it 

also inhabits moderately saline waters. Sediment 

preference is generally for sandy formations and, rarely, 

gravelly-silty substrates. According to the European Nature 

Information System (EUNIS) Habitat Classification, the 
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vegetation type of the seasonal wetland that forms the 

species' habitat is: C1.66 – Temporary inland saline and 

brackish waters / sociologically, the species forms a 

community with the primary macrophyte member of the 

genus Chara, ‘Charo-Tolypelletum’ [24]. The native taxa 

participating in the species' vegetation are: Ranunculus 

trichophyllus Chaix ex Vill., Zannichellia palustris subsp. 

pedicellata (Rosén & Wahlenb.) Arcang., Ceratophyllum 

demersum L., and Najas minor All. 

3.3. Distribution of Tolypella salina 

T. salina French Atlantic and Mediterranean coast [26-

33], Greece, Sardinia & Sicily [34-37], Spain [20, 38-43], 

and has been recorded for the first time from Türkiye in this 

paper (Fig. 4). 

 

Figure 3.  Habit of T. salina (original) 

 

Figure 4.  Distrubiton map of T. salina ∎: New record area / ●: World records 



 Natural Resources and Conservation 12(1): 1-9, 2026 7 

 

4. Discussion 

The Gediz Delta, one of Türkiye's important biodiversity 

areas, contains very special and various habitats. Within the 

delta, there is a wide range of fauna and flora elements, but 

the taxon population density is high and fragile. Although 

the area is protected under the Ramsar Convention, 

urbanisation has blocked the inland water systems that 

supply the delta, preventing them from reaching the sea. 

Urbanisation pressure linked to the population density of 

Izmir, the industrial zone located in the immediate 

surroundings and the associated threats, the location of the 

urban wastewater treatment plant within the wetland and 

discharging treated water from the wetland into the bay, the 

interruption of seasonal freshwater inflow and the resulting 

algal blooms (eutrophication), agricultural and stock-

breeding activities within the delta, and salt production 

within the lagoon, etc., are damaging the habitat quality and 

succession stages of the area. 

Seasonal wetlands are highly sensitive habitats that 

become flooded at certain times of the year and contain 

ephemeral taxa. Within the delta, seasonal flooding first 

leads to the arrival of primary ephemeral macrophyte taxa. 

The most important taxa among these macrophytes are 

members of the Charophyceae. Preferring shallow waters, 

stoneworts can survive in fresh, brackish, and saline waters. 

The species Tolypella salina, the subject of our study, was 

collected from temporary brackish and saline wetlands 

within the delta. Possessing hypersaline to mesosaline 

tolerance, this species forms communities with other 

Charophyceae members in the area, constituting the basis 

of the ephemeral habitat. The conservation statuses 

specified for the area in the description of the study site 

section make a positive contribution to the species' natural 

distribution and population status. It is also known that, 

through joint efforts by local authorities, the relevant 

ministry, and international civil society organizations, and 

with project funding from international sources, work on 

ecological management is ongoing, and numerous 

initiatives are in place to protect this fragile ecosystem in 

the Mediterranean region from climate change and urban 

pressure. Even though it is known that efforts are 

continuing in theory, the proximity of the protected area to 

the city and the associated pressures, along with changes in 

rainfall regimes due to climate change, mean that the 

species' populations are increasingly at risk. Work has 

begun on the conservation of the species and the 

determination of its population size, and a project is being 

developed that will include detailed population genetics 

and molecular analyses. 

5. Conclusions 

The study we conducted has recorded the genus 

Tolypella for the first time, in addition to the genera Chara 

and Nitella belonging to the Charophyceae family in 

Türkiye. With the addition of T. salina, the family is now 

represented by 20 taxa. Advances in the fields of Molecular 

Biology and Genetics, more detailed examination of 

aquatic systems in terms of macrophytes, and an increase 

in the number of researchers in the field, are likely to result 

in the recording of new taxa and the addition of new station 

records to existing taxa for members of the Türkiye 

Charophyceae. 
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