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PIBUYHA I'EOI'PADIA

YK 902.672 _
Onena BOJIIK, ®pancin Mapi Iicens MAKKAPTI, Mocun CBUHKO, Haxis BOJIIK

AHTPOIIOI'EHHA EBTPO®IKAIIA TEPHOIIIJIBCBKOI'O CTABY: PE3YJIbTATHU
AHAJII3Y HEITMWJIKOBHUX ITAJITHOMOP®IB

B cmammi nooano nonepedni pesyrvmamu naniHonociuHo2o ananizy 6iokaadie 3 Tepnoninbcbkoeo cmagy i
NOKA3aHO GNIUE AHMPONOLEHHO20 30INbUEHHS KOHYEHMPAYii NONCUBHUX PeYOBUH (30Kpema, cnoiyk gocgopy) na
VepYnoB8aHHs HEeNuKosux namHomopie. Y 3paskax euenenno uucienHi e8mpo@ui 6uou 600opocmel, 30KpeMmd,
Pediastrum boryanum pseudoglabrum, P. implex, Cosmarium botrytis, C. depressum. Hesucoka 6udoea
PIBHOMAHIMHICMb Yepenaukosux puzonoo i dominysanns ceped nux Centropyxis aculeata discoides, C. constricta, C.
aculeata aculeata — 6u0is, AKi 3HAMHI GUICUBATNU 8 YMOBAX 3HAUHO20 3A0PYOHEHHs Ul eempoikayii, ceioyums npo
cmpecosuil cman exocucmemu. Takooic 6 3paskax namu euseneno Codonella cratera — 6uod, sakuil € iHOUKAMoOpom
2INOKCUYHUX YMO8 Y NPUOOHHUX wiapax eoou. Ilpucymuicms y 3paskax cnop epuba Glomus mosseae cgiouums npo
BUCOKULl CMYNiHb epo3ii 8 medcax 6000300py cmasy. Konyenmpayis euuje nepeuucienux 6udig 30inbulyemscsa 00
N0BePXHi, W0 00360€ POOUMU BUCHOBOK NPO HAPOCMAHHA edmpoikayii 600oumu i nNog’a3He i3 Yum NOSIPULeHHs.
sAKOCmi 600U.

Knrouosi croea: naninonozivnuii ananis, TepHoninecbkutl cmas, anmponoeeHua eempoQikayis, aKicmos 600U.
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CULTURAL EUTROPHICATION OF TERNOPIL POND INFERRED FROM NON-

POLLEN PALYNOMORPHS

1. Introduction palynomorphs as indicators of anthropogenic

Since its founding in 1916, palynological changes in aquatic ecosystems from prehistoric
analysis has established itself as one of the most times to present. With this aim in mind, not only
effective methods of paleoenvironmental reconst- the common questions of ecology, taxonomy, and
ruction. Initially, the first objects (palynomorphs) systematics are being studied but also the ques-
for palynological analysis were pollen of sperma- tions of identifying the organisms that are sensiti-
tophytes and spores of spore-producing orga- ve to changes of nutrient levels (Nitrogen and
nisms; that's why palynological analysis is some- Phosphorus) in water, determination of reaction of
times mistakenly considered to be spore-pollen living organisms to pollution (i.e. Heavy metals,
ones, thus constricting its use. With the develop- pesticides, oil refinery waste etc.), and changes in
ment of palynology as a science, remnants of pH, water hypoxia etc.
plants (i.e. stomas), fungi, algae, protozoa (theca- 2. Study area
moebians, ciliates etc.), vertebrates and inverteb- Ternopil is a city in the western Ukraine
rates were added to the category of palynomorphs. (49°34'N 25°36'E), located on the banks of the
The interest of the scientific community in these Seret River. Ternopil is one of the major cities of
non-pollen palynomorphs has constantly grown in Western Ukraine and the historical region of
recent decades [6], as their study adds reliability Galicia. In 2010, the population was 218,641 [7].
to spore-pollen diagrams, and becomes the key Ternopil Pond has an area of 289 ha, average
element in creating finalized paleoecological re- depth 3,75 m, maximal depth 11,75 m and extends
constructions, where landscape is presented not approximately 2.8 km from north to south, and 1
only as a sum of natural conditions, but also as an km from east to west. It was established in 1548
environment where humans live and in which by Jan Amor Tarnowski as one link in a chain of
their influence has been felt since prehistoric fortifications encircling his residence, the Tarno-
times. pol Castle. In the 16th century, the pond was stret-

It is worth mentioning that despite significant ched for 7 kilometres (4.3 mi) up to the high dam
improvement in studying of non-pollen palyno- carrying the Lwow Highway. The pond was
morphs, the majority of related questions still drained during the World War II due to destruc-
remain open: very often detailed analysis of an tion of the dam. It was reconstructed and expan-
aspect that was considered to be very well studied ded in 1952 to include a network of marshes
brings up more questions than answers[6]. One of bordering the Seret River [7].
the problems that are actively pursued by palyno- 3. Methods
logists nowadays is the significance of non-pollen A 18 cm-long sediment core was collected at
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a water depth of 1.5m from the west part of
Ternopil Pond (49°33'27,20" N 25°34'29,75"E) on
March 30, 2012.

Sub-samples of 5Scm’ volume were taken
every 5 cm downcore and prepared for palyno-
logical analysis in the Palynology Laboratory at
Brock University, using a slightly modified proce-
dure from that typically used to process Quaterna-
ry lacustrine sediments (e.g. Faegri and Iversen,
1975): muds were disaggregated using a weak
base (0.02% Calgon), and no acetolysis treatment
was performed. Otherwise, processing was relati-
vely standard: carbonates were dissolved using
hot 10% HCI, and hot HF (48%) was used to
dissolve silicates. A tablet containing a known
number of Lycopodium clavatum spores was ad-
ded during HCI treatment in order to quantify the
absolute abundances of palynomorphs. Residues
were sieved using 10pum Nitex mesh and mounted
on slides using glycerine jelly. As for the NPP, a
minimum of 50 of palynomorphs from each group
(i.e. infusoria (Ciliophora), colonial green algae
(Pediastrum) and conjugates (Desmidaceae)) were
counted.

The calculations of absolute concentration of
palynomorphs were performed according to the
following equation:

Cp= (ZP *N/ ZCL)/V s

where Cp is concentration of palynomorphs in
the sample, >p — the sum of counted palyno-
morphs in the sample, Np — number of markers
that were added to the sample, 3¢, — the number
of markers that were counted in the sample, V —
the volume of the sample.

Four sub-samples of 2 cm’® volume were taken
from the core and prepared for thecamoebian ana-
lysis. Sediments were sieved to retain the >45 um
fraction, although for ease of analysis and to allow
comparison with a variety of published studies,
the 45-63 pum fraction was analyzed separately
from the >63 um fraction. Calculation of absolute
concentration was performed using the following
equation:

C=2V,

where C is concentration of theca in the
sample, Yt — the sum of counted theca in the
sample, V — volume of the sample.

4. Results and discussion

The most abundant NPP that we found in
samples from Ternopil Pond were algae (genus
Pediastrum (P. boryanum pseudoglabrum, P.
simplex) and Cosmarium (C. botrytis, C. depres-
sum), protozoa (Codonella cratera and thecamo-
ebians (Centropyxis aculeata discoides, C. const-
ricta, C. aculeata aculeata)) and some unknown

palynomorphs (Fig.1).

P. boryanum pseudoglabrum and P. simplex
inhabit meso-and euthrophic water bodies, but
they don’t tolerate hypereuthrophication and
significant pollution [3]. In the core from Ternopil
Pond, P. boryanum var. pseudoglabrum is more
or less stable from 15 to 5 cm, and then peaks at
the top of the core, doubling its concentration. P.
simplex exhibits gradual rise, peaking at the top of
the core, increasing 4-fold compared to the 15 cm
sample (Fig.2).

Although Desmids often inhabit oligotrophic
water bodies, C. botrytis, C. depressum are
species that live in meso- or in euthrophic ones
[5]. In the core, C. botrytis shows sharp increase
from 15 to 5 cm, gaining 100%, and then conti-
nues to grow at a slower pace, peaking at the top
of the core. C. depressum is stable from 15 to 10
cm, and then exhibits gradual rise throughout
remainder of the core, peaking at its top (Fig.2).

Centropyxis aculeata and Centropyxis const-
ricta are able to adapt to extreme conditions: they
inhabit as oligothrophic water bodies (i.e. postgla-
cial lakes), as hypereuthrophic, highly polluted
ones [4]. In our core, Centropyxis aculeata disco-
ides concentration is more or less the same
throughout the core, Centropyxis constricta con-
centration is stable, with 50% rise at the top 5 cm
of the core, and Centropyxis aculeata aculeata
slightly decreases at 10 cm, then recovers and
peaks at 5 cm to the top of the core (Fig.2).

Codonella cratera is especially abundant in
eutrophic waters where bottom water anoxia
sharply reduces the number of benthic protozoa
[1]. C. cratera is the most abundant NPP throug-
hout the core, and it produces 50% increase from
15 to 10 cm, then maintains its numbers from 10
to 5 cm, with peaking at the top of the core,
gaining another 50% (Fig.2).

There were several unknown NPP found in
the samples from Ternopil pond. One of them we
suspect is Glomus mosseae. It is cosmopolitan,
common in disturbed soil, and genetically similar
around the world. This species is easy to isolate
from dried root fragments and dried soil. The
fungus is easily identified because of the funnel-
shaped hyphal attachment [8]. The other 4
unknown NPP need further study and
identification.

Distribution of NPPs in core from Ternopil
Pond suggests increased nutrients influx indica-
ting extensive anthropogenic impact on the wa-
tershed of the pond. Appearance of Codonella
cratera and dominance of Centropyxis aculeata
among  thecamoebians  indicate  hypoxic
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conditions. changes in lake ecology from its establishment to
5. Conclusion present. In addition, there remain some
The results of our study are preliminary and palynomorphs that still need to be studied, and
represent a small part of the lake only. Further determination of their paleoecologial significance
sampling of the lake in multiple locations with is still pending.

core dating and longer cores is necessary in order
to have valid and reliable information on the

Figure 1: a) Centropyxis aculeata discoides, b) C. constricta, c) C. aculeata aculeata, d)
Codonella cratera, e) Pediastrum boryanum, f) Cosmarium botrytis, g) C. depressum, h)
Glomus mosseae?, i), j), I) unknown NPP, k) Peridinium willei ?
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Figure 2. Distribution of NPP in the core from Ternopil Pond
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Pe3tome:

Anena Bonux, ®pancun Mapu Tucenv Maxxapmu, Hocun Ceunxo, Hadexcos Bonux. AHTPOIIOI'EHHAS
OBTPOOUKAILIMA  TEPHOIIOJIBCKOI'O  TIPYJA:  PE3VJIbTATBI  AHAJIM3A  HEIIUJIBLIOBBIX
MNAJIMHOMOP®OB.

B cratke mpencTaBiCHBI MPEIBAPUTENLHBIC PE3YJIbTATHl MAIMHOJOTHMYECKOTO aHajiW3a OTJIOXKCHUH U3
TepHOMOJILCKOro MpPyAa U MMOKa3aHO BIHMSHUC aHTPOIIOICHHOI'O YBEIMYCHHS KOHIICHTPAIUH MTUTATCIBHBIX BEIIECTB (B
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YaCTHOCTH, COeIuHEeHHH ¢docdopa) Ha TPYNIUPOBKH HEMHUKOBBHIX mNanuHOMOp(doB. B o00pasmax BHBIEHHO
MHOTOYHCIICHHBIE 3BTPO(HBIC BUABI BOIOpOCiei, B wyacTHOCTH, Pediastrum boryanum pseudoglabrum, P. implex,
Cosmarium botrytis, C. depressum. HeBbicokas BHIOBOE pa3zHOOOpa3ve PaKOBUHHBIX PHU30MON M JOMHUHHPOBAHHE
cpemu Hux Centropyxis aculeata discoides, C. constricta, C. aculeata aculeata — BUIOB, KOTOpBIC CIIOCOOHBI BEDKHBATH B
YCIOBHSAX 3HAYUTEIBHOTO 3arps3HCHUS] M 3BTPO(QHUKAIMH, CBUACTCIHCTBYET O CTPECCOBOM COCTOSIHUM 3KOCHCTEMBI.
Taxxe B 00pa3nax Hamu BoisiBIcHO Codonella Crater — BUJ, KOTOPBIH SBIISCTCS HHAMKATOPOM THIIOKCHYCCKUX YCIOBHI
B MPUIOHHBIX ClOsAX BOAbl. [IpucyrcTBue B oOpasmax cmop rpuba Glomus mosseae CBHIETEIBCTBYET O BBICOKOM
CTCIICHU 3PO3UH B Mpenenax BoxocOopa o3epa. KoHIeHTpanus BbINIe TEPCUYUCICHHBIX BHIIOB YBEIHYMBACTCS K
MMOBEPXHOCTH U MO3BOJISICT CYAWTh O HAPACTaHUM 3BTPOMUKAIMN BOJOEMA U CBA3HOTO C 3TUM YXYJIICHUS KayecTBa
BO/IBL.

KiioueBble ¢JI0Ba: MAIMHOJIOTHYECKUH aHamu3, TepHOIMOIBCKHUI NPy, aHTPOMOTEHHAs dBTPO(HKAIHSI, KAYECTBO
BOJIBL.

Peyenzenm: npogp. Cusuui M.A. Haoitiwna 13.04.2013p.
VJIK 551.583. [Narna YEPHIOK, JTro6omup LIAPUK, Irop KACISITHUK
PO3IIOALI TEMIIEPATYPHU ITOBITPS TA TEPMIUHI PECYPCU KIIIMATY
XMEJII)HI/IH])KOi OBJIACTI

Cmamms micmumbe O0awi 6cix memeocmanyiti XmeabHUybKoi obracmi npo cepeowi, MaKCUMAIbHI ma MIiHIMAIbHI
memnepamypu nogImpsi i NOBEPXHi IPYHMY NO MICAYAX Ma 3a pIiK, aMnIimyou memnepamyp, mpueaiicmv i cymu
memnepamyp meniozo, 8ecemayiliinozo, 6e3-mopo3noco nepiodis, a maxoxc nepiodie 3 memnepamypamu euuge 10° i
15°C, enubumy npomepsanHa TpyHmMie. BcmaHoB81eHO 3aKOHOMIPHOCMI 3MIH MEPMIUHO20 peXdCuMy md menio-
3abe3nevents 3 NiGHOYI HA NiBOeHb Ma 3 3ax00y Ha cxio. Ha ocnosi po3nodiny mennosux pecypcie 6uoiieno 6 pationis:
Xmenvnuyvre Ipuouicmep’s (npuonicmposcovkuil), nigOeHHUl, YeHmpanrbHull, CXIOHUU-NIBOeHHO-CXIOHUL, NIGHIYHO-
3aXIOHUL, NIGHIYHUIL.

Kniouosi cnoea: Ilodinnn, Xmenvhuyvka obracms, Ilpuonicmep’s, memnepamypu noeimps, amMnIimyou
memnepamyp, memnepamypa ipyHmy, 6e3mopo3Hull nepiod, meniuil nepiod, eecemayiiunHuil nepioo, cymu memnepamyp
suwge 10°C, knimamuyni pationu.

ITocTaHoBKa MP00GJIeMH Y 3arajJibHOMY BHUT- XMeIpHHIIBKOI 00J1acTi Ta po3poOKa cXeMu paio-
Jasni. KimiMaTudHi nporecH € pakTopoM pO3BUTKY HyBaHHS TEPUTOPii Ha TX OCHOBI.
nanamadTiB. BoHn BU3HaYar0Th MOKIMBOCTI TOC- Buknaa ocHoBHOro marepiamy. 3a pesyib-
MOJAPCHKOTO OCBOEHHS TEPUTOPIii i KOM(OPTHICTH TaTaMy aHajJi3y AOBIAHUKIB Mo Kiimary [1, 2, 3, 4,
MIPO’KUBAHHS HacEJIeHHs. PerioHanbHI 0cOOIMBOC- 5], omyOmikoBaHUX DKEpeN, KIIMaTHUIHUX Kapr,
Ti KJTIMaTy € CKJIaJOBOIO JOCHIKEHHS Ta OIIHKU JOBIHUKIB Ta MOHOrpadii Mo KjiaiMary Ta arpo-
MPUPOAHUX YMOB i pecypciB. 3aBiaHHIM reorpa- KIIMaTUYHUX pecypcax Oynu moOymoBaHi TaOIu-
(higHOTO MOCIIIKCHHS € PalOHyBaHHS TEPHUTOPIl IIi, Jiarpamu i rpadiky Ta KapTOCXEMHU PO3MOILTY
3a KJIIIMAaTHIHUMU TTapaMeTpaMu Ta OIliHKa pecyp- OCHOBHHX ITOKa3HHKIB TEPMIYHOTO PEKUMY TTOBIT-
CiB MOTO/M 1 KiiMaTy meBHUX perioHiB. [pyHTOB- ps 3a ganuMmH MeteoctaHmii [logims Ta mpuer-
HUI aHami3, AKiCHI XapakTepPUCTHUKH Ta CTBOPECHHS JIUX TEPUTOPIA. AHaNI3 IUX MaTepialiB 103BOJIHB
rpadiyHUX MaTepialiB KIIMaTHYHUX TIOKa3HUKIB € BCTAHOBHUTH TI€BHI 3aKOHOMIPHOCTI pO3IOILTY
aKTyaJlbHUM 3aBAaHHSIM i1 XMEJbHHUIBKOT TEMIIepaTypy MOBITPs Ta OLWIHWUTH TEPMIiuHI pe-
obnacti. Lle o0ymoBneHo: cnabkoro aeTanizauieto cypcu XMenbHUIBKOI obnacTti. TepMmiuHi pecypeu
iHpopMaIlil y TOCTYHHHMX HAyKOBHX IIyOJiKaIlisxX 3aJIeKaTh BiJl pamiallifHAX Ta IUPKYISAIIHHAX
BIJIMTOBITHOT TEMATHUKH, BIICYTHICTIO SIKICHUX y3a- MIPOIIECIB  KJIiMaTy TOMipHO-KOHTHHEHTAJIEHOTO
rajJbHeHb NEPBUHHUX IaHUX Ta KapTorpadiuHux CEKTOPY aTJIAHTHYHO-KOHTHHEHTAIbHOI KiiMa-
MaTrepiaiiB y CTATHCTUYHUX JOKYMEHTax 1 HayKo- THYHOI 0067acTi momipHoro nosicy CxigHoi €Bpo-
BO-METOIMYHUX BHUIAHHIX, a TaKOXK IMOTpeOaMu I, B MeXaxX sSKOro po3MimieHa Tepuropis Ilomin-
OCBITH (30KpeMa NpU BHBYCHHI MPUPOJHHUX 0COO- s Tta XMeJbHUIBKOI 0o0nacti 30kpema. B psn
JUBOCTEH PiJHOTO Kpalo). nmyOutikaniii IpoBeJeHO OLIHKY Ta aHaNi3 pecypciB

AHaJi3 0CTaHHIX J0CIKeHDb i myOaikamiii. COHAYHOI pajiaiii, paxianiifHoro 0amxaHcy Ta nup-
Oxpemi pe3ynbTaTH JOCIiHKEHb KIIMaTy XMelb- KyJsimiiaux nporecis [1,3,4,5]. Humu o6ymoBie-
HUIIBKOI 00J1aCTi BUCBITJIEH] B OITyOIiKOBAaHUX PO- HO mepeBakanHs Ha [lomimm xmapHOi moroau 3
6orax (1,2,3,4). xMapHicTio 8-10 6ajiB 3 BETUKUMH KOJTHMBAHHAMU

Mera myOmikariii — BUCBITICHHS 1 OIIHKA PO3- Bix 40-50% y mitHI Micsmi no 80-82% y nucTomna-
MOJTYy MapaMeTpiB TEIUIOBOIO PEKUMY B MexkKax ni Ta rpynHi. s reputopii o6macTi BCTaHOBIEHO
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