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Abstract

There is an increasing number of taxonomic and ecologic studies on phytoplankton, one of the
biological quality elements according to the EU Water Framework Directive, in Turkey day by day.
This study was carried on from 2017 to 2019 in 275 lakes lies in 25 river basins of Turkey with the
aim of examining the taxonomy and biological diversity of the Cryptophyta group. It was the fourth
part of the Project, entitled “Establishment of Reference Monitoring Network in Turkey”, financially
and technically supported by the Ministry of Agriculture and Forestry, Directorate General for Water
Management. In each lake, phytoplankton was sampled with water samplers from three depths
(surface, middle, and bottom) of the euphotic zone, and then the water samples taken from these three
depths were mixed for obtaining subsamples. The algal taxa was identified by using different light
and inverted microscopes in many laboratories. A total of 24 Cryptophyta taxa were identified in the
study. 9 of the identified Cryptophya taxa were presented as new records for the freshwater algal flora
of Turkey.
Keywords: Cryptophyta, freshwater algae, new record, Turkey

Oz

AB Su Cergeve Direktifi'ne gore biyolojik kalite unsurlarindan biri olan fitoplankton konusunda
Tiirkiye'de her gegen giin artan sayida taksonomik ve ekolojik ¢alisma bulunmaktadir. Bu ¢alisma,
Cryptophyta grubunun taksonomisini ve biyolojik ¢esitliligini incelemek amaciyla, Tirkiye'nin 25
nehir havzasinda yer alan 275 golde 2017-2019 yillari arasinda gergeklestirilmistir. Tarim ve Orman
Bakanlig1 Su Yonetimi Genel Miidiirligii tarafindan mali ve teknik olarak desteklenen “Tiirkiye'de
Referans izleme Agmin Kurulmasi” baglhikli projenin dérdiincii boliimiidiir. Her gélde fitoplankton,
ofotik bolgenin {i¢ derinliginden (yiizey, orta ve alt) su 6rnekleyiciler ile drneklenmis ve daha sonra
bu ii¢ derinlikten alinan su 6rnekleri karigtirtlmistir. Alg taksonlarinin teshisi 1s1k ve ters mikroskoplar
kullanilarak gergeklestirilmistir. Calismada toplam 24 Cryptophyta taksonu tanimlanmigtir. Tespit
edilen Cryptophya taksonlarindan 9 tanesi Tirkiye'nin tath su alg floras: i¢in yeni kayit olarak
sunulmustur.
Anahtar kelimeler: Cryptophyta, tath su algi, yeni kayt, Tiirkiye,

Introduction

Members of Cryptophya are cosmopolitan species, but they are rarely
dominant organisms in the system. The taxonomy of these algae has been receiving
considerable attention globally owing to their widespread occurrence in all aquatic
habitats (Novarino, 2003). Despite being widespread in freshwater habitats,
cryptomonads are a neglected group, with most reports in the literature consisting of
lists of taxa with few illustrations of the specimens observed (John et al., 2003). Their
ecology has universally received much less attention, and almost everything that is
presently known about it is from the temperate region of the world (Bicudo et al.,
2009). Recent researches have shown that even in well-sampled geographical
regions and habitats, the true diversity of cryptomonads is often unknown (Hoef-
Emden, 2007; Lane & Archibald, 2008; Choi et al., 2013; Martyneneko et al., 2020).
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Until now, 223 Cryptophyta taxa were listed in previous studies in the world
(Guiry & Guiry, 2020). Cryptomonads are unicellular, mainly pigmented, small (~5—
50 pm) biflagellate protists found in diverse freshwater, brackish, and marine
habitats. They are characterized by a distinct cellular asymmetry and flattened in
shape, with an anterior groove or pocket. At the edge of the pocket there are typically
two slightly unequal flagella (Hoef-Emden & Archibald, 2016).

Due to the effects of three different types of climate, and noticeable altitude
differences, Turkish lakes have different morphometry and hydrology that support
distinct algal diversity. In recent years, many new records were given for the algal
flora of Turkey (Aysel et al., 1993; Oztiirk et al., 1995a, 1995b; Sahin, 2000, 2002,
2007, 2009; Yagct & Turna, 2002; Atici, 2002; Baykal et al., 2009, 2012; Sevindik
etal., 2010, 2011,2015,2017; Ozer et al., 2012; Akar & Sahin, 2014; Yiice & Ertan,
2014; Varol &Fucikova, 2015; Varol & Sen, 2016; Maraslioglu & Soylu, 2018; Yiice
& Aktas, 2020), and the total number of taxa have increased (Taskin et al., 2019;
Maraslhioglu & Goniilol, 2020).

In this project, 275 lakes in 25 river basins were studied, and a total of 1363
phytoplankton taxa were detected. The present study aimed to contribute to the algal
flora of Turkey by describing 9 species in Cryptophyta as new records for the Turkish
freshwater algal flora.

Materials and Methods
Study Area

Turkey has 25 river basins (Figure 1), and inland water bodies in these basins
consist of 200 natural lakes, 806 reservoirs, and 1000 small reservoirs (Foreign
Relation Office of DSI, 2014). Foreign Relation Office of DSI data show that the
volume of annual average precipitation is estimated to be 501 billion m?* water, of
which about 55% is lost to evapotranspiration, 31% flows into water bodies (158
billion m?) and 14% feeds aquifers (69 billion m?). The Dicle-Firat Basin is Turkey’s
largest single volume of available exploitable freshwater resources, representing
28.5% (Foreign Relation Office of DSI, 2014).

A total of 275 lakes, including reservoirs, were sampled during the study in
25 river basins. The number of studied lakes in the river basins is given in Table 1.
These lakes are grouped in 22 lake typologies based on altitude, lake depth, lake size
and lakebed material (DGWM, 2015a). They are located between the longitudes of




Elif Neyran Soylu, Nilsun Demir, Tolga Coskun, Ciineyt Nadir Solak, Abuzer Celekli,
Hasim Somek, Burak Oterler, Faruk Maraglioglu, Tugba Ongun Sevindik,
Tolga Cetin, Yakup Karaaslan, Bengii Temizel, Elif Yilmaz
Turkish Journal of Water Science & Management 5 (2) (2021) / 230 - 246

26° 19" and 43° 54'E and the latitudes of 35° 56" and 42 ° 00'N. The altitudes of the
sampled lakes vary between sea level (Lake Gala) and 2757 m (Lake Camlu).

Figure 1

River Basins of Turkey
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Sampling and Identification

Phytoplankton samples were collected from three depths (surface, middle,
and bottom) of the euphotic depth with a water sampler in spring, summer, and fall
of the each year between 2017 and 2019 at the sampling stations in each lake.
Subsamples were used from the mixed water of the three depths. Plankton net with
a pore diameter of 50 um was also used for sampling. Phytoplankton determinations
were carried out on subsamples preserved in acetic Lugol’s solution that was
sedimented in the counting chambers. Algal cells were counted on inverted
microscopes following Huber-Pestalozzi (1968) and John et al. (2003).
Determination of new taxa for Turkish freshwater algal flora were checked with the
checklist of Aysel (2005), Taskin et al. (2019), and the database of Turkish algae
(Marashioglu & Goniilol, 2020). The currently accepted nomenclature and
distribution of taxa have been given according to Guiry & Guiry (2020).
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Table 1

Number of Studied Lakes in 25 River Basins

River Basins Lakes
Burdur 6
Akargay 10
Sakarya 23
Bat1 Karadeniz 14
Dogu Karadeniz 7
Yesilirmak 14
Kizilirmak 23
Meric-Ergene 5
Marmara 9
Antalya 9
Bat1 Akdeniz 13
Biiyiik Menderes 13
Gediz 6
Kuzey Ege 5
Kii¢iik Menderes 6
Konya 18
Susurluk 9
Aras 3
Coruh 8
Firat-Dicle 17
Van 7
Asi 8
Ceyhan 18
Dogu Akdeniz 12
Seyhan 12
TOTAL 275
Results

A total of 24 Cryptophyta taxa were determined in a study conducted from
2017 to 2019 in 25 river basins of Turkey. 9 Cryptophyta taxa presented as new
records for the freshwater algal flora of Turkey are described below.
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Phylum: Cryptophyta
Class: Cryptophyceae
Order: Cryptomonadales
Family: Hemiselmidaceae
Genus: Chroomonas

Species: Chroomonas breviciliata Nygaard (Figure 2a)

Synonyms: -

Description: Cells 15-17 um long, 4-6 um wide, pearshaped, rounded front, pointed
back and slightly pulled out to the side. 2 pyrenoid and very short flagella are present.
Ecology: This is a freshwater species.

Distribution: Europe: Netherlands, Romania.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Family:Cryptochrysidaceae
Genus: Cryptochrysis

Species: Cryptochrysis minor Nygaard (Figure 2b)

Synonyms: -

Description: Cells 11 um long and 6 um wide, two slightly unequal flagella. Cells
ellipsoidal, small, free-swimming, both ends equally and regularly rounded, anterior
end convex which is asymmetrically bilobed; pyrenoid present in the dorsal position.
Ecology: This is a freshwater species.

Distribution: FEurope: Germany; South America: Brazil; South-west Asia:
Bangladesh.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Family: Cryptomonadaceae
Genus: Cryptomonas

Species: Cryptomonas anomala F.E.Fritsch (Figure 2c)

Synonyms: -

Description: Cells 9-11um wide, 21-24um long, flagella equal, much shorter than
the cell, 2 chloroplasts laterally placed with a circular pyrenoid, central or slightly
displaced towards cell anterior.

Ecology: This is a freshwater species.

Distribution: Europe: Britain.
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Occurrence: It has been detected in freshwater habitats (lakes) in Konya and
Sakarya basins.

Species: Cryptomonas phaseolus Skuja (Figure 2d)

Synonyms: -

Description: Cells 8-13 pm long and 5-8 um wide. The relatively small cells are
ellipsoidal or slightly flattened on the ventral side. The gullet is subapical and
extends to the middle of the cell. The flagella are subequal and are shorter than the
cell.

Ecology: This is a freshwater species. This species is usually found in eutrophic
waters.

Distribution: Europe: Austria, Germany, Netherlands, Scandinavia, Slovakia,
Spain, Sweden; North America: Québec; South America: Brazil, South-west Asia:
Bangladesh; South-east Asia: Singapore.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and
Akarcay basins.

Species: Cryptomonas reflexa Skuja (Figure 2e)

Synonyms: -

Description: Cells 27-37 pm long, 12-16 pm wide, relatively bigger, broadly ovate
or ellipsoidal, spindleshaped, anterior end curved, posterior end pointed. The species
lacks pyrenoids but possesses two lateral chloroplasts.

Ecology: This is a freshwater species.

Distribution: FEurope: Germany, Netherlands, Poland, Scandinavia, Slovakia,
Sweden; South America: Brazil, Uruguay.

Occurence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.

Species: Cryptomonas tenuis Pascher (Figure 2f)

Description: The cells are small with nearly parallel sides in lateral view but are
usually slightly curved toward the ventral surface. Each contains two narrow
chloroplasts and sometimes a light-refractive body is visible at the anterior end. The
gullet is short and narrow.

Ecology: This is a freshwater species.

Distribution: Europe: Germany; South America: Brazil.

Occurrence: It has been detected in freshwater habitats (lakes) in the Bat1 Akdeniz
basin.
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Order: Pyrenomonadales
Family: Pyrenomonadaceae
Genus: Pyrenomonas

Species: Pyrenomonas ovalis P.Kugrens, B.L.Clay & R.E.Lee (Figure 2g)
Synonyms: Rhodomonas ovalis Nygaard

Description: Cells oval to ellipsoid, measuring 14-16 pum long and 6-8 um wide;
often forming colonies embedded in mucilage; and have a single red chloroplast with
two lobes. The pyrenoid is attached to both lobes, the chloroplast appears H-shaped
due to the formation of a bridge between the two lobes. The nucleomorph is
embedded within the pyrenoid.

Ecology: This is a freshwater species.

Distribution: Europe: Germany.

Occurrence: It has been detected in freshwater habitats (lakes) in Bati Akdeniz and
Asi basins.

Order: Pyrenomonadales
Family: Pyrenomonadaceae
Genus: Rhodomonas

Species: Rhodomonas rubra Geitler (Figure 2h)

Synonyms: -

Description: Cells elongated oval to long elliptica, 13-20 um long, 8-10 pm wide.
A relatively large pyrenoid positioned centrally or slightly backwards. The
chloroplast is clearly H-shaped, and the nucleomorph is located in an invagination
of the pyrenoid.

Ecology: This is a freshwater species.

Distribution: Europe: Netherlands.

Occurrence: It has been detected in freshwater habitats (lakes) in Bat1 Akdeniz and
Firat Dicle basins.

Species: Rhodomonas tenuis Skuja (Figure 2i)

Synonyms: -

Description: Cells 15-23 pm long, 6-9.5 um wide, elongated, cylindrical or
cylindrical-obovate, cross-section in the area of apex circular or slightly elliptical.
Ecology: This is a marine/freshwater species.

Distribution: EFurope: Germany, Scandinavia, Sweden; North America: Northwest
Territories.

Occurrence: It has been detected in freshwater habitats (lakes) in Sakarya and Asi
basins.
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Figure 2

Nine New Records of Cryptophyta Taxa

g h i

Note. a. Chroomonas breviciliata, b. Cryptochrysis minor, c. Cryptomonas anomala, d. Cryptomonas
phaseolus, e. Cryptomonas reflexa, f. Cryptomonas tenuis, g. Pyrenomonas ovalis, h. Rhodomonas
rubra, 1. Rhodomonas tenuis.
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Discussion and Conclusion

A total of 9 taxa were determined as new records for Turkish freshwater algae
in the divisions of Cryptophyta. These taxa are dispersed into genus Chroomonas
(1), Cryptochrysis (1), Cryptomonas (4), Pyrenomonas (1), Rhodomonas (2).
Chryptophyta members have been determined in freshwaters but few species are
found in the snow, soil, and marine habitats (Harper et al., 2012). Regarding their
nutritional requirements, they are considered to be the responsible for
the eutrophication, i.e. they can tolerate a wide spectrum of trophic conditions
(Reynolds, 1976). Cryptophyceae have a wide environment spectrum, as they are
typical of nutrients and organic matterrich waters (Rosen, 1981), but they can also
tolerate occasional nutrient, especially N depletion (Haffner & McNeely, 1989). In
the periphyton community in oligotrophic conditions, C. phaseolus was associated
with the greatest ammonium content (Vercellino, 2001). Some freshwater species
from Cryptophyta prefers the oxic/anoxic boundary layer (chemocline) near the lake
bottom as type-habitat (Gervais 1997). Cryptomonas phaseolus was also found to
co-exist simultaneously with Cryptomonas undulata in short-term changes in the
light climate near the chemocline (Gervais 1998). It is clear that different
cryptomonads may adapt to a wide variety of environmental conditions from calm,
stratified, well-lit and nutrient-enriched summer conditions to cool, mixed and light-
limited winter situations despite an apparent homogeneity of morphological,
phylogenetic and functional characteristics (Cerino & Zingone, 2006). According to
Barone & Naselli-Flores (2003), photoadaptive strategy and formation of resting
forms are physiological mechanisms that could explain the Cryptophyta success in
shallow systems. Based on Reynolds et al. (2002) functional groups, the genus
Cryptomonas belongs to group Y, whose species are well adapted to living in several
kinds of habitats, but mainly shallow enriched ones.

In the world 223 Cryptophyta taxa were identified up to now. In this study,
we identified 24 species of which 9 species as the first record for Turkey from the
genus of Chroomonas, Cryptochrysis, Cryptomonas, Pyrenomonas and
Rhodomonas. Genus Cryptomonas is cosmopolitan in freshwater habitats, including
temporary ponds, rivers, and lakes. More than 100 species have been assigned to
Cryptomonas; including marine and blue-green forms. Recent taxonomic revisions
have suggested that Cryptomonas should be restricted to the ovoid, olive-green to
brown species found in fresh and slightly brackish waters. The majority of species
have been described from European waters, but the genus is known from every
continent. Rhodomonas is cosmopolitan and common, although rarely abundant, in
marine and brackish waters and two freshwater species are known from Europe
(Guiry & Guiry, 2020). The identified members are freshwater species in Kizilirmak,
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Burdur, Seyhan, Bat1 Akdeniz, Konya, Susurluk, Sakarya, Akarcay, Firat Dicle, and
Asi basins from Turkey.

In conclusion, 9 new records were added to the freshwater algal flora of
Turkey with this study. It was observed that these taxa were distributed in different
regions in the world. The number of new records for the algal flora of Turkey is
expected to increase in the future.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Tiirkiye’deki 25 Nehir Havzasindan Tiirkiye Tath Su Alg Florasi i¢in Yeni Kayitlar, Béliim
V: Cryptophyta

Su kaynaklarinin dengeli kullanim1 ve korunmasini amaglayan Su Cergeve Direktifi (SCD)
biyolojik kalite bilesenlerinden birisi olan fitoplanktonu biyolojik izleme g¢alismalarinda biyolojik
kalite unsuru olarak kabul etmektedir. Su Cer¢eve Direktifi ile, fiziksel ve kimyasal verilerin su
kiitlesinin kalitesinin belirlenmesinde yeterli olmayacagi, asil belirleyici etmenlerden birisi olarak
sucul floranin izlenmesi gerektigi belirtilmektedir. Bu konuda yapilan taksonomik ve ekolojik
calismalarin sayis1 Tiirkiye’de her gegen giin artmaktadir. Bu amagla Tarim ve Orman Bakanligtr Su
Yénetimi Genel Miidiirliigii (SYGM) ve Devlet Su Isleri (DSI) tarafindan gerceklestirilen ¢ok sayida
proje bulunmaktadir. “Tiirkiye’de Referans izleme Aginin Kurulmas1” projesinin bir parcasi olan bu
arastirma Su Y Onetimi Genel Miidiirligii tarafindan desteklenmistir. Tamamlanan bu projede 25 nehir
havzasinda 275 gol calisilmistir ve toplam 1363 fitoplankton taksonu tespit edilmistir. Calismada
toplam 24 Cryptophyta taksonu tanimlanmistir. Tespit edilen Cryptophya taksonlarindan 9 tanesi
Tiirkiye'nin tath su alg florasi i¢in yeni kayit olarak sunulmustur.

AB Su Cergeve Direktifime gore biyolojik kalite unsurlarindan biri olan fitoplankton
konusunda Tiirkiye'de her gecen giin artan sayida taksonomik ve ekolojik ¢calisma bulunmaktadir. Bu
calisma, Cryptophyta grubunun taksonomisini ve biyolojik cesitliligini incelemek amaciyla,
Tirkiye'nin 25 nehir havzasinda yer alan 275 golde 2017-2019 yillar1 arasinda gerceklestirilmistir.
Tarim ve Orman Bakanligi Su Yonetimi Genel Miidiirliigii tarafindan mali ve teknik olarak
desteklenen “Tiirkiye'de Referans Izleme Aginin Kurulmasi” baslikli projenin dérdiincii bélimiidiir.
Gol yiizey alan1 50 hektardan kiiglik goller igin bir, 50 ve 500 hektar arasi olan goller igin iki, 500
hektardan biiylik goller i¢in ii¢ ornekleme istasyonu seg¢ilmistir. Her golde fitoplankton, 6fotik
bolgenin ii¢ derinliginden (yiizey, orta ve alt) su 6rnekleyiciler ile 6rneklenmis ve daha sonra bu ti¢
derinlikten alinan su 6rnekleri karistirilmistir. Fitoplanktonun teshis ve sayimlari sayim lamlarinda
cokeltilmig asetik Lugol soliisyonunda korunan ornekler iizerinde 151k ve ters mikroskoplar
kullanilarak gergeklestirilmistir. Alg taksonlari, veri tabanlarindan sinonim durumlari ve sistematik
kategorileri kontrol edilerek siniflandirilmistir. Tespit edilen taksonlar giincel literatiirdeki takson
kayit listesi ile karsilastirilarak yeni kayit olarak tanimlanmustir.

Ehrenberg'in bilinen ilk gézlemleri yapmasinin iizerinden yaklasik iki yiizy1l ge¢mistir.
Kriptomonadlar, tiim su habitatlarinda genellikle ¢ok yiiksek populasyon yogunluklarinda bulunan
bir gruptur. Simdiye kadar diinya genelinde yapilan ¢alismalarda 21 genusa ait 223 Cryptophyta
taksonu tanimlanmistir. Bu ¢aligmada, teshis edilen 24 tiirden 9 tiir yeni kayit olarak tanimlanmustir.
Cryptophyta divizyosunda bulunan taksonlar Chroomonas (1), Cryptochrysis (1), Cryptomonas (4)
Pyrenomonas (1) and Rhodomonas (2) cinsleri i¢inde dagilim gdstermistir. Daha 6nce iilkemizde
yapilan ¢alismalarda Chroomonas cinsine ait 7, Cryptomomas cinsine ait 11, Rhodomonas cinsine ait
2 tiir belirlenmistir. Bu caligma ile ilk defa Cryptochrysis ve Pyrenomonas cinslerine ait 2 tiir Tiirkiye
alg floras1 olarak yeni kayit olarak belirlenmistir.

Kriptomonadlar tek hiicreli, pigmentli, kii¢iik (~5-50 um) biflagellatli tatli, ac1 ve denizel
habitatlarda yayilis gdsteren organizmalardir. Belirgin bir hiicresel asimetri ile karakterize edilirler,
bir 6n oluk veya cep ile sekil olarak diizlestirilmistir. Cebin kenarinda tipik olarak iki tane esit
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olmayan flagella vardir. Kriptomonadlarin hem bitki benzeri hem de hayvan benzeri &zellikler
sergiledigi gbz Oniine alindiginda, taksonomileri tartigmalidir ve bazi tiirler alglerden ziyade
protozoalar olarak kabul edilir. Tiim aquatik habitatlarda yaygin olarak bulunmalari nedeniyle kiiresel
olarak biiyiik ilgi gérmektedir. Bu organizmalar sakin, iyi aydinlanan ve besin agisindan zengin yaz
kosullarindan serin, karigik ve 1gikla siirli kis kosullarina kadar ¢ok c¢esitli cevresel kosullara uyum
saglayabilir. Bu sinifin iiyeleri daha ¢ok tatli su ortamlarinda tespit edilseler de denizel habitatlarda,
karasal yiizeylerde, toprakta, yeralti suyunda ve karda da yayilis gosterebildigi bilinmektedir.
Cryptophyta grubu, besin maddeleri ve organik madde bakimindan zengin sular igin tipik
olduklarindan genis bir ¢evre spektrumuna sahiptirler. Ancak oligotrofik sular1 tercih eden tiirleri de
bulunmaktadir. Bazi tiirleri, uygun kosullar altinda asir1 ¢cogalmalar gosterirler, ancak toksik olup
olmadiklart bilinmemektedir. Bazi cryptomonad tiirleri gol tabanina yakin oksik/ anoksik sinir
tabakasini (kemoklin) tercih edebilmektedir. Bu sartlarda Cryptomonas phaseolus tiiriiniin kemoklin
yakinlarinda diisiik 151k siddetinde bulunabildigi tespit edilmistir. Ayn1 tiiriin amonyumu ¢ok yiiksek
oldugu oligotrofik sularda da yayilis gosterdigi bilinmektedir. Yapilan arastirmada da yeni kayit
olarak tespit edilen bu tiirlin ekolojik toleransinin yiiksek oldugu anlagilmaktadir.

Tespit edilen taksonlarin biiyiik cogunlugunun Avrupa’da dagilim gdsterdigi goriilmektedir.
Bunun yanisira Asya, Kuzey Amerika, Giiney Amerika’da da yayis gosterdikleri tespit edilmistir.
Tiirkiye’de ise bu taksonlar Kizilirmak, Burdur, Seyhan, Bati Akdeniz, Konya, Susurluk, Sakarya,
Akargay, Firat Dicle, and Asi havzalarinda kayit edilmistir.

Cryptophyta grubunun taksonomisini ve biyolojik ¢esitliligini incelemek amaciyla yapilan
bu ¢alisma ile Tiirkiye tath su alg florasina 9 yeni kayit eklenmistir. Ayrica 2 cinse ait tiir bu
calismada ilk defa tayin edilerek Tiirkiye tatli su alg florasina sunulmustur. Bu taksonlarin diinyanin
farkli bolgelerinde de dagilim gosterdikleri tespit edilmistir. Cryptomonad tiirleri kavraminin
gelecekteki gelisimi ve dayandigi taksonomi, geligen bilim ve teknoloji, ekolojik ve molekiiler genetik
calismalarinin sayisinin artistyla ilerleyen yillarda yapilacak ¢aligmalarla Tiirkiye alg florasi i¢in yeni
kayitlarin sayisinin artmasi beklenmektedir.




