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DIYADIN (AGRI REGION, TURKEY) - A POORLY KNOWN THERMAL ECOSYSTEM

KERKMANN Gina Raluca

Abgtract. The thermal water ecosystem of Diyadin (Agri region) is poorly known in terms of biodiversity, as only few bacteria species were
identified and some of their pecific enzymes were isolated. However, the geological structure of this old inactive volcanic zone as well as
the chemical composition of the thermal water characterized by therapeutic properties and temperatures up to 64°C were thoroughly studied.
Diyadin zone has been insufficiently capitalized from the tourist and industria viewpoints so far, but the discovery of some gold deposits
seems to revitalize its economy. The present paper is the first one dedicated to the ciliates living in surface thermal waters; 9 species have
been identified till present. The data are preliminary and they will be completed with other data after the inventory of other protozoa and
metazoa species, which could represent new taxa or varieties of the species originating in the Murat River and adapted to the specid abiotical
factors of this ecosystem.

Keywords: Diyadin, ciliates, gold deposit, tourism potential.

Rezumat. Diyadin (Regiunea Agri, Turcia) — un ecosistem termal putin cunoscut. Ecosistemul apelor termale de la Diyadin
(zona Agri, Turcia) este putin cunoscut din punctul de vedere a biodiversitatii, fiind identificate citeva specii de bacterii si izolate enzime
specifice ale acestora; in compensatie Thsi, structura geologica a acestei zone vulcanice inactive a fost relativ bine studiata ca si compozitia
chimica a apelor cu proprietati terapeutice si temperaturi de pana la 64°C. Zona, insuficient pusi Tn valoare din punct de vedere turigtic si
industrial, prezinta mai nou interes economic deosehit prin descoperirea unor zicaiminte aurifere. Lucrarea de faja este prima dedicata
ciliatelor din sedimentele apelor termale de la suprafata, fiind identificate primele noua forme; datele sunt preliminare urménd afi completate
dupa inventarierea ator specii de protozoare si metazoare care pot reprezenta specii noi pentru stiingd sau varietati ale unor specii posibil
provenite din R&ul Murat si adaptate lafactorii abiotici specidi ai ecosistemului.

Cuvinte cheie: Diyadin, ciliate, depozit aurifer, potential turistic.

INTRODUCTION

Diyadin (Kirtge: Giyadin) is a district situated in the eastern part of Turkey (geographical province Dogu
Anadolu, (Fig. 1 — Map; Figs. 2-3a, b, ) in Agri region, only 7 kilometres from the town with the same name. Situated
a an dtitude of 1,925 metres, it registered a total population of 45,395 inhabitants in 2013, which means 26,735
inhabitants more than in 1965, when the first official population census was made (Wikipedia, 2013; 2015).

Despite the reduced number of inhabitants, Diyadin started to present interest since 1998 due to its location
within an area with thermal waters; for us, the area is very important as it represents the place where the Murat River
springs from and it has interesting ecosystems.

We have not found many papers regarding the ecosystem of the thermal waters from Diyadin; however, there
were made some well-documented research studies about the geological structure of the area and the chemical
composition of thermal waters (ZAMAN et a., 1999; PASVANOGLU, 2013), as well as about some bacteria species
and the isolation of certain enzymes specific to their composition (BELDUZ et a., 2003; SANDALLI et a., 2008;
BEKLER et al., 2014). As there have not been found any information regarding the protozoa and metazoa biodiversity
in Diyadin area, we consider that our paper isoriginal.

Geo-chemical characteristics.

The city is located within a former volcanic area; the history of the formation of these complex geological
structures is ancient, because Turkey is located along the Alpine Himalayan orogenic belt that formed parts of the
Tethys Ocean with grabens, faults, volcanoes and hydrothermal alteration zones that control its geothermal activity. The
continental crust of Turkey was broken up as the Anatolian subplate in Pliocene and has been displaced northwards
since Oligo-Miocene by the movement of the Arabian plate. The fragmentation allowed lava intrusion in Eastern
Anatolia and resulted in extensive volcanic activity and the formation of several stratovolcanoes including Agri
(Diyadin is situated in Agri region n.a.).

Diyadin geothermal areaislocated in azone which is extensively affected by neotectonic movements. Several
strike — dlip faults and tensional fractures developed in association with N-S regional compression.

The Diyadin lava is 20-30 m thick and is exposed along the Murat River. From the fissures of the volcanic
lava, there emerge thermal waters with temperatures varying between 30 and 64°C and a flow between 0.5 and 10 I/s
(PASVANOGLU, 2013).

The interest to study the region increased especially after 1999, when a team of geography professors from
Attatiirk University of Erzurum started their researches revealing the first geological and chemical information.

The aforementioned work is remarkable due to the excellent maps of Diyadin area, rigorous description of the
geological substrate (result of the drillings) and complex tables about the chemical composition of the thermal water
(ZAMAN et al., 1999).
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Asaresult of the scientific investigation, there were established four important categories of thermal waters; three of
them come from a depth between 2,049 to 1,946 meters, present a pH between 6.26 and 7.90 and temperatures values from 30
to 76°C. The fourth - category isacold stream coming from 1,925 meters deep, richin HCO, Ca?" and Mg?".

The thermal waters contain many chemical elements, but the highest concentrations - are registered by Ca®*
(over 762 mg/L) and HCO® over 2,013 mg/L. The gas composition of the thermal springs-is mainly represented by
CO,, but, there are also present CH,4, O.N,, C,Hg and H,S in smaller concentrations (PASVANOGLU, 2013).

A recent study emphasized the presence of gold into the sediments from the region; the concentration of gold
into the 699 analysed samples varied between 0.005 and 10.1 ppm (COLAKOGLU et al., 2011).

DIYADIN —REGION WITH INDUSTRIAL AND TURISTIC POTENTIAL

As aresult of different researches regarding the chemical composition of Diyadin thermal waters and also due
to the touristic potential of the region — represented by natural landscapes |ess affected by anthropogenic influences - in
1998, the works for the thermal water catchment started.

In 1996, there were built the first open pools with thermal water for tourists using the water brought through
pipes from a depth of 25 meters (ZAMAN et al., 1999). Unfortunately, there were not made further investments to
extend the pools or to modernize them (Figs. 5; 6).

Today, the touristic investments in Diyadin thermal region are poor, only six hotels (two and three stars) each
of them having an accommodation capacity between 25 and 120 rooms. The reasons for the lack of serious investments
such as five stars hotels could be the poor infrastructure from the main road to Diyadin and present state of the pools
(they are old and need modernization), etc. (Figs. 5; 6) (Dyadinnet 2015).

The year 1998 marked the start of the activity of intensive geothermal exploitation of the region; the drillings
were coordinated by MTA (Directorate of Minera research and Exploitation of Turkey); six drilling were made in order
to bring thermal water from 215 meters deep at a flow of 420 litre/sec.; today, only one source is functiona transporting
the thermal water to the users through a7 km long pipeline; the temperature of the water delivered to the usersis 60°C.

In the same year, ten greenhouses were finished (30 meter length, 10 meter width); there was used the thermal
water from cold source, brought by the pumping system (Diyadin Jeotermal, 2015).

In 2001, it was built a factory for manufacturing liquefied CO, and dry ice, having a daily production of 100
tons, by a common Turkish-German investment (PASVANOGLU, 2013).

MATERIAL AND METHODS

The firgt phase consisted in a serious documentation study of the scientific papers dedicated to Diyadin therma
ecosystem; then, it followed a field trip to the pools. Water is brought through pipes to the pools, which were built in 1996,
from the big spring Situated 25 meters away; water is permanently discharged from the pools (see the original photos).

During the field trips from May 2014, 30 water and sediment samples were collected from the superficial zone
situated near the big thermal water spring (Figs. 2-6). The present data are preliminary; they will be completed by other
results obtained after studying the species of ciliates in detail, taking samples from different depths, the pools and the
discharge zone; establishing the complete list of metazoa and protozoa species living into sediments, etc.

The study of the ciliates from sediments is made using the same classicad methods - thoroughly described in other
scientific papers (KERKMANN et a., 2012); the examination was very difficult (in vivo and using vital coloration) because
they are active only at high temperatures (when samples were taken, the average temperature was of about 45 °C). A
temperature increase has as consegquence arapid transition of the species from the active to the cyst stage. For this reason, the
sampleswere maintained at a constant temperature during the examination with ahot plate (Fig. 7).

RESULTSAND DISCUSSIONS

Till now, in the sediments of thermal waters from Diyadin, 9 ciliate forms were identified, 6 of them only to
gender. Three of the species are found on the list proposed by Kermann for the Murat River (Agri region)
(KERKMANN, 2014). The rest of the species must be very carefully examined in the future using DNA extraction
techniques in combination with argentic impregnation (DRAGESCO & DRAGESCO-KERNEIS, 1986); they could be
either new species or varieties of common cosmopolite species, having eurytherme valences. There follows a short
description of these species and their ecological characterization.

Colpoda cucullus (Muller 1773) Gmelin 1790

The species was very abundant in the collected samples, their length ranging between 40 and 120 um,
complying with the limits quoted in the protistological literature (FOISSNER et al., 1991). The species has cosmopolite
and eurytherme affinities (FOISSNER et al., 1991); their main food consists in bacteria, flagellates and small algae
(FOISSNER & BERGER, 1996).

The saprobity degree of an ecosystem indicated by this species varies according to different scientists: thus,
according to Detceheva's saprobic system (DETCHEVA, 1983 in: FOISSNER et d., 1991), Colpoda ccullus is oligo-beta-
sgprobic but in Foissner’ s system, the same species is poly-al pha mesosaprobic (FOISSNER & BERGER, 1996). The species
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is eurytherme resisting to temperatures between 0 and 25°C; the identification of the present species in samples with much
higher temperature values than those mentioned in the speciaized literature may indicate a new variety of the same species
with thermaophilic affinities; further genetic and protistological studieswill confirm this hypothesis.

Colpoda cucullus presents an increased tolerance to high concentrations of calcium and magnesium
compounds (Ca?* 12-65.7 mg/l; Mg** 6.1-15.6 mg/l), as well as to high concentrations of HCO® ions (23.5-298.9 mg/l)
(DETCHEVA, 1983 in: FOISSNER et a., 1991). The values of the calcium and magnesium ions registered in case of
the Murat River (Diyadin areais directly connected to it), which are within the limits established for Colpoda cucullus
(Ca* 44.2 mg/l, Mg* 10.4 mg/l) (PASVANOGLU, 2013, table 1, p. 71) lead us to the hypothesis of a possible
migration of the species from the river towards the area of the thermal springs together with their adaptation to the
abiotic factors specific to this ecosystem.

It belongs to the BOD saprobic community (FOISSNER & BERGER, 1996), which indicates the influence of
the soil in this particular ecosystem, fact confirmed by the topography of the zone where the therma facilities are
located, including the discharge points that emerge on the superficial soil layer (Fig. 7).

Colpoda steinii Maupas 1883

The length of the samples is between 10 and 60 um (FOISSNER & BERGER, 1996) and the samples taken
from the sediments from Diyadin area are within these limits. The species is found in water with pH between 4.8 and
5.0; it is eurytherme, 1.0-14.4°C, and tolerates the presence of hydrogen sulphide at concentrations between 0 and 0.5
mg/l (FOISSNER et d., 1991). The hypothesis of its migration from the Murat River and appearance of a variety is
maintained for this species too. The species is cosmopolite (FOISSNER et a., 1991), bacterivore, indicator of alphato
polysaprobic zones and belongs to the BOD community (FOISSNER & BERGER, 1996) (Fig. 8).

Oxytricha saprobia Kahl 1932

The samples identified in Diyadin ecosystem had an average length of 100 um, being consistent with the data
cited in protistological literature (FOISSNER et al., 1991, 291-293 pp.). The trophic base is represented by bacteria and
flagellates. Oxytricha saprobia represents a bioindicator of alphato polysaprobic zone (FOISSNER & BERGER, 1996).
Another two species belonging to this were identified; the investigations to establish exactly the diagnosis of the species
will be extended in the future.

Urotricha sp.

The number of the specimens belonging to this species was abundant in the examined samples (their length 60-
90 pm); the main food consists in bacteria, small algae and flagellates, but other species are predators. It indicates beta-
mesosaprobic zones and according to Foissner and Berger it belongs to OLI saprobic community (Oligotrichetea)
(FOISSNER & BERGER, 1996). It is an eurytherme species (0-25°C) and resists to variations of the pH between 6.8
and 8.2 (FOISSNER et a., 1991).

Stylonychia sp.

The specimens of this species had low abundance in the samples collected from Diyadin; their length varies
between 75 and 110 um (the dates from the protistological literature are between 60 and 125 um) (FOISSNER et al.,
1991). They can resist to temperatures of more than 20°C (FOISSNER et a., 1991), but, according to other authors,
temperature range is between 0 and 25°C (BICK, 1972). Their food diet is omnivore and they are indicators of aphato
polysaprobic zones (FOISSNER & BERGER, 1996) (Fig. 9).

Aspidisca sp.

The specimens of this species (without notable abundance) had a maximum length of 50 um, complying with
data quoted in protistological books (BERGER et al., 1997, pp. 153-158). It is a cosmopolite species, indicating aphato
polysaprobic degree; itsfood diet consists in bacteria (FOISSNER & BERGER, 1996).

Spathidium sp.

The abundant species of this genus present a length of 50-250 um (DRAGESCO & DRAGESCO - KERNEIS,
1986). They are predators, bellowing to BOD saprobic community (FOISSNER & BERGER, 1996). Only few
specimens, with alength of 65-130 um, were identified in our samples.

CONCLUSIONS

In the examined sediment samples (from the touristic zone) 9 ciliate forms were identified; they are
cosmopolite, eurytherme and six of them were determined only to genus.

Most of the forms are evolved ciliates, having the mouth ciliature very well differentiated from the body
ciliature and organized in complex structures; it is possible that this evolution degree induced their increased adaptative
flexibility ensuring their survival in this ecosystem characterized by specific values of the abiotic factors. The most
recent taxonomical classification of ciliates was extensively discussed in our last scientific paper about ciliates fauna of
the Murat River (KERKMANN, 2014).

The presence of three ciliates species on the list proposed by Kerkmann for the Murat River (Agri region)
(KERKMANN, 2014), as well as the close connection with the Murat River, which springs from Diyadin area, supports
the hypothesis of new species or of certain common species but with thermophile varieties. To confirm this hypothesis,
it is necessary to establish exactly the diagnosis through classical taxonomical methods (argentic impregnations) and
isolation of DNA from ciliates cultures.
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Diyadin zone presents an increased geothermal, aeolian and tourigtic potential, which has not been properly
capitalized so far; from the biodiversity point of view, it isavast research-field for all the eventually interested scientists.

ACKNOWLEDGEMENTS

We express our sincere gratitude to the staff of Agri Ibrahim Cecen University, especidly to the Rector,
Professor Dr. Irfan Aslan, vice rectors Professor Dr. Yiicel Unal and Telat Yanik and the management team of the
Faculty of Artsand Science for their entire support to our research activity in the field of applied ecology.

REFERENCES

BICK H. 1972. Ciliated Protozoa. An illustrated guide to the species used as biological indicatorsin freshwate biology.
World Health Organisation. Geneva. 198 pp.

BELDUZ A. O., DULGER S., DEMIRBAG Z. 2003. Anoxybacillus gonensis sp nov., a moderately thermophilic,
xylose-utilizing, endospore-forming bacterium. International Journal of Systematic and Evolutionary
Microbiology. Stuttgart. 53: 1315-1320.

BEKLER F. M., MATPAN FATMA, GUVEN K. 2014. Isolation and production of thermostable alpha-amylase from
thermophilic Anoxybacillus sp KP1 from Diyadin hot spring in Agri, Turkey. Biologia. Ankara. 69: 419-427.

BERGER H., FOISSNER W., KOHMANN F. 1997. Ciliophora (Wimpertiere). Bestimmung und Okologie der
Mikrosaprobien nach DIN 38 310. Gustav Fischer Verlag. Stuttgart: 113-266.

COLAKOGLU A. R., ORUC M., AREHART G. B., PULSON G. 2011. Geology and isotope geochemistry (C-O-S) of
the Diyadin gold deposit. Eastern Turkey: A newly discovered Carlin-like deposit. Ore Geology Reviews. 40:
27-40. Available online at: https.//apps.webofknowledge.com/full_record.do?product=UA& search_mode=
CitationReport& gid=18& SID=Y 1kqfrHgoXrK8JcY hlr& page=1& doc=2 (Accessed: March 20, 2015).

DETCHEVA R. B. 1983. Caracteristiques ecologiques des cilies de lariviere Martitza. Annals Studies limnology Besse.
16: 200-219 In: Foissener W., Blarrerer H., Berger H., Kohmann F. 1991 (Eds.). Taxonomische und
Okologische Revision der Ciliaten des Saprobiensystems. Informationsberichte des Bayer. Landesamtes fir
Wasserwirtschaft. Stuttgart. 1(1): 191-433.

DRAGESCO J. & DRAGESCO - KERNEIS ARMELLE. 1986. Etude systematique des Cilies d' Afrique intertropicale.
In: Ecologie des Ciliés. Ciliés libres de I’ Afrique intertropical (introduction & la connaissance et a I’ éude des
Ciliés). Faune Tropical. XXVI. ORSTOM. Paris. 26: 117-517.

FOISSENER W., BLATTERER H., BERGER H., KOHMANN F. 1991. Taxonomische und 6kologische Revision der
Ciliaten des Saprobiensystems. Informationsberichte des Bayer Landesamtes fir Wasserwirtschaft. Stuttgart. 1(1):
191-433.

FOISSNER W. & BERGER H. 1996. A user-friendly guide to the Ciliates (Protozoa, Ciliophora) commonly used by
hydrobiologists as bioindicators in rivers, lakes and waste waters, with notes of their ecology. Freshwater
Biology. Berlin. 35: 375-482.

KERKMANN GINA RALUCA, HATUNOGLU A. SKIM, HATUNOGLU Y. 2012. Preliminary data regarding
anthropogenic impact on the Murat River (Agri Region). International Journal of Ecosystems and Ecology
Science (1JEES). Tirana. 2(2): 55-60.

KERKMANN GINA RALUCA. 2014. Data regarding the qualitative composition of ciliates from the Murat River
(Agri region, Turkey) according to the new taxonomic system proposed by Lynn". Oltenia. Sudii si
comunicari. Seria Stiingele Naturii. Muzeul Olteniei. Craiova. 30(1): 89-95.

PASVANOGLU SUZAN. 2013. Hydrogeochemistry of thermal and mineralized waters in the Diyadin (Agri areaq),
Eastern Turkey. Applied Geochemistry. Paris. 38: 70-81.

SANDALLI C., KACAGAN M., CANAKCI S.,, BELDUZ A. O. 2008. Cloning, expression, purification and
characterisation of a thermostable chitinase from Bacillus licheniformis. Al. Annals of Microbiology. London.
58(2): 245-251.

ZAMAN M., POLAT S,, OZDEMIR M. 1999. Diyadin kaplicalari. Diyadin thermal springs. Dogu: 349-377.

*** Diyadin https://www.google.ro/search?qg=D%C4%B0Y A D%C4%BON+FOTO& biw=1366& bih=667& tbm=isch&
imgil=EuTIH7RASPLYySM%253A%253Bv14fY 4ADV Md1-M%253Bhttp%25253A %25252
F%25252Fdiyadinjeotermal.com%25252Fgal eri %625252F& source=iu& pf=mé& fir=EuTIH7RASPLySM%253A
%252Cv14fY 4AADVMd1-M%252C & usg=__ cUMXz0051h4HGRbOrgZ5v3KV _i4%3D& dpr
=1&ved=0CDIQyjc& ei=BHFHVb79H8X ZaonX gbAD# mgrc=Lii 71L btaoZIIM%253A%3BSrD1PGI_zM8Qf
M%3Bhttp%253A %252F%252Fwww.resimler.tv%252Fdata%6252Fmedi a%6252F165%252FD1 Y ADIN-
kanyonu.j pg%3Bhttp%253A %6252F%252Fwww.resimler.tv96252Fresim5339.htm%3B 1280%3B 1024
(Accessed March 5, 2015).

*** Diyadin jeotermal 2015. Available online at: http: //diyadinjeotermal.com/musteri-hizmetleri/diyadin-jeotermal/
(Accessed March 5, 2015).

***  Diyadinnet (online newspaper) 2015. Available online at: http://www.diyadinnet.com/Bolgemiz-
69& Bolge=a%C4%9Fr%C4%B 1da-bulunan-belli-ba%C5%9F %C4%B1-oteller (Accessed March 5, 2015).

202



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 31, No. 1/2015 ISSN 1454-6914

*** Wikipedia 2013. Diyadin. Available online at: http://tr.wikipedia.org/wiki/Diyadin#cite_note-6 (Accessed March
20, 2015)

***  Wikipedia 2015. Agri (il). Available online at: http://tr.wikipedia.org/wiki/A%CA4%9Fr%C4%B1_%28i1%29
(Accessed March 5, 2015).

Figure 1. Map of Agri region (Wikipedia, 2015). Figure 2. Diyadin landscape — volcanic rocks
and thermal spring (original photo).

Figure 3a. Details of athermal spring

Figures 3b, c. Diyadin landscape (19).
from Diyadin area (original photo).

Figure 4. Thermal spring emerging at the
surface (sulphur smell and very hot water)
(original photo).

Figure 5. Swimming pool and the water Figure 6. Samples containing water and
pipe from the source (see photo 1 and 2) sediments from Diyadin thermal springs
(original photos). (45°C) (original photo).
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Figure 7. Amoeba sp. Figure 8. Colpoda steinii Figure 9. Sylonychia sp.
(Diyadin, 35 um length, origina photo). (Diyadin, 55 um length, origina photo). (Diyadin, 110 um length, original photo).
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