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AHTPOIIOI'EHHA EBTPO®IKALIA TEPHOIIIJIBCBKOI'O CTABY: PE3YJIBTATU
AHAJII3Y HEITMJIKOBHUX ITAJITHOMOP®IB

B cmammi nooano nonepeoui pesynvmamu naniHono2iuHO20 aHanizy 6ioknaodie 3 TepHoninbcbkozo cmagy i
NOKA3AHO BNIUE AHMPONO2EHHO20 30INbUEHH KOHYEHMPAayii NONCUBHUX pedo8uH (30Kpema, cnoiyk ¢ocgopy) Ha
Vepyno8aHHs HEeNuKosux NaniHomop@ie. Y 3paskax 6ugieHHo uucieHni esmpo@Hi 6udu 600opocmel, 30KpeMd,
Pediastrum boryanum pseudoglabrum, P. implex, Cosmarium botrytis, C. depressum. Hesucoka eudosa
PI3HOMAHIMHICMb Yepenaukosux pu3onoo i oominysanus ceped nux Centropyxis aculeata discoides, C. constricta, C.
aculeata aculeata — 6u0ie, AKi 3HAMHI BUIICUBAMU 8 YMOBAX 3HAYHO20 3AOPYOHEHHs U eempo@ikayii, ceiouums npo
cmpecoguii cman exocucmemu. Taxoowe 6 spaskax namu euseneno Codonella cratera — 6uo, axuti € iHOUKAMOPOM
2INOKCUYHUX YMO8 Y NPUOOHHUX wiapax 6oou. [Ipucymuicme y 3paskax cnop epuba Glomus mosseae cgiouums npo
BUCOKULL CMYNIHb epo3ii 8 medcax 6000300py cmasy. Kowyemmpayis euwje nepeuucnenux 6uodig 30inbutyemscs 00
NOBepXHI, W0 003608€ POOUMU BUCHOBOK NPO HAPOCMAHHA e6mpo@iKayii 6000UMU | NOG A3He i3 YUM NOSIPUICHHS
AKocmi 600U.

Knrouosi cnoea: naninonoziunuii ananis, TepHoninecbKkuti cmag, anmponozeHua eempogikayis, aKicms 600uU.
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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 Scm’® 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 10pm 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=(Qp *Nu/2cl)/V,

where Cp is concentration of palynomorphs in
the sample, Yp — the sum of counted palyno-
morphs in the sample, Ny — number of markers
that were added to the sample, Y i — 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 pm
fraction, although for ease of analysis and to allow
comparison with a variety of published studies,
the 45-63 pm fraction was analyzed separately
from the >63 um fraction. Calculation of absolute
concentration was performed using the following
equation:

C=X1/V,

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
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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), ) unknown NPP, k) Peridinium willei ?
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Figure 2. Distribution of NPP in the core from Ternopil Pond
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Pe3ome:

Anena Bomux, ®pancun Mapu Tucems Maxxapmu, Hocun Ceunxo, Hadexcos Bomux. AHTPOIIOTEHHAS
OBTPOOUKAILIMA  TEPHOIIOJIBCKOT'O  TIPYVJA:  PE3VJIBTATBI AHAJIM3A  HENUIBIOBBIX
NAJIMHOMOP®OB.

B craTee NPEACTABJICHBI TPEABAPUTEIILHBIE PE3YJIbTATHI MAJIWHOJIOTHYECKOTO aHalin3a OTJIOXKCHUA U3
TepHOHOHLCKOFO IpyAaa U NMOKa3aHO BJIMSTHUE aHTPOIIOTCHHOI'O YBEIIMYCHUSI KOHLUCHTPAUU IMUTATCIIBHBIX BEIICCTB (B
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YaCcTHOCTH, coenuHeHud (ocdopa) Ha TPYNIUPOBKH HEMHUKOBBIX HamuHOMOppoB. B o0pasiax BHBICHHO
MHOTOYHCIICHHBIC 3BTPOQHBIC BUIBI BOJOpOCHeH, B dacTHOCTH, Pediastrum boryanum pseudoglabrum, P. implex,
Cosmarium botrytis, C. depressum. HeBbicokass BHIOBOE pa3HOOOpa3ve pPaKOBHHHBIX PHU30MOJA M JOMHUHHPOBaHHE
cpenu Hux Centropyxis aculeata discoides, C. constricta, C. aculeata aculeata — BHI0B, KOTOpBIC CITOCOOHBI BEDKUBATH B
YCIOBUSIX 3HAYMTENIHLHOIO 3arps3HEHUs U IBTPO(UKAIMU, CBUACTEIBCTBYET O CTPECCOBOM COCTOSHUU 3KOCHCTEMBI.
Taroke B o0pasznax Hamu BeisiBIeHO Codonella Crater — Bum, KOTOPBI ABIsETCS HHANKATOPOM THITOKCHUYECKHIX YCIOBUI
B TPUAOHHBIX closAX Bomsl. [lpucyrcTBue B obOpasmax cmop rpuba Glomus mosseae CBHAETENBCTBYET O BBICOKOW
CTENeHNW JPO3MM B Ipefieiax BojocOopa o3epa. KOHIEHTpalMsi BbIIE€ TMEPEUUCICHHBIX BHIOB YBEIHYUBACTCS K
MOBEPXHOCTH M TO3BOJISIET CYAUTh O HAPACTAHWU IBTPO(GHKALMKM BOJOEMA U CBSI3HOTO C ATHM yXYAILICHHUS KauecTBa
BO/IBL

KioueBbie ci10Ba: NaaMHOJIOTMYECKUH aHan3, TepHOMOIBCKUN NPy, aHTPONIOTeHHAsl 9BTpOo(UKaIMsI, Ka4YeCTBO
BOJBI.

Peyenzenm: npog. Cusuui M.A. Haoitiwna 13.04.2013p.
VJIK 551.583. ["aana YEPHIOK, JIro6omup ITAPUK, Irop KACISIHUK
PO3NOAIT TEMIIEPATYPHU ITOBITPSA TA TEPMIUHI PECYPCHU KIIIMATY
XMEJIBHI/IIIBKOi OBJIACTI

Cmamms micmumbs 0aui 6cix memeocmanyiu XmeabHuybkoi obnacmi npo cepeoni, MAKCUMAIbHI Ma MIHIMATbHI
memnepamypu Nogimps i NOSepXHi IPYHMY N0 MICAYAX Ma 3d PiK, aMNIimyou memnepamyp, mpueaiicme i cymu
memnepamyp mennozo, 8e2emayiiHo2o, 6e3-Mopo3H020 nepiodis, a Makoxc nepiodie 3 memnepamypamu euuje 10° i
15°C, enubuny npomepzanns Ipynmie. BcmanoeneHo 3aKOHOMIDHOCMI 3MiH MEPMIYHO20 pPedCUMy md Menio-
3a6e3neuents 3 NiGHOYI HA NiBOeHb Ma 3 3ax00y Ha cxio. Ha ocHosi po3nodiny meniosux pecypcie 6udiieno 6 paiotis:
Xmenvnuyvre Ilpuonicmep’s (npuoHicmposcoKull), Ni6OCHHUN, YEHMPALbHUL, CXIOHUU-NIBOCHHO-CXIOHUL, NIGHIYHO-
3axiOHUL, NIGHIYHULL.

Knrouosi cnosa: Ilodinna, Xwmenvuuyvka obOracme, I[lpuouicmep’s, memnepamypu ROGIMPs, aMIIIMYOu
memnepamyp, memnepamypa IpyHmy, 6e3mopo3Hull nepiod, meniull nepiood, secemayiiHuil nepioo, cymu memnepamyp
suwe 10°C, knimamuuni pationu.

IMocTanoBka npodaemMu y 3arajibHOMY BHT- XMeNpHAIBKOI 0071aCcTi Ta PO3po0Ka CXeMH pano-
asiai. KnimMartnasi nporiecu € pakTopoM po3BUTKY HYBaHHS TEPUTOPIi HA TX OCHOBI.
nangmadTis. BoHr BU3HAYaI0Th MOMKIJIMBOCTI TOC- Buknan ocHoBHOro marepiaiay. 3a pe3yiib-
MTOAAPCHKOTO OCBOEHHS TEPUTOPIi 1 KOMGPOPTHICTH TaTaM{ aHaJi3y JOBIMHHKIB 10 Kiimaty [1, 2, 3, 4,
NpO’KUBaHHS HaceJeHHs. PerionansHi ocobnmBoc- 5], omyOniKOBaHUX JKEpes, KIIMaTUYHUX Kapr,
Ti KJIIMaTy € CKJIaJ0BOIO JOCIIKEHHS Ta OLiHKU JOBIHUKIB Ta MOHOrpadiil mo KmiMaTy Ta arpo-
MIPUPOTHUX YMOB 1 pecypciB. 3aBIaHHSIM Teorpa- KIIMaTHYHUX pecypcax Oynmu moOymoBaHi Tabmu-
(higHOTO MOCHIDKCHHS € paOHyBaHHSI TEPHUTOPIl ITi, Jiarpamu i Tpaiku Ta KapTOCXEMHU PO3IIOALTY
3a KJIIIMaTHYHUMH NIapaMeTpaMu Ta OI[iHKa pecyp- OCHOBHHUX MOKa3HUKIB TEPMIYHOTO PEKUMY MOBIT-
CiB MOroaM i KiIimMaTy NMeBHUX perioHis. IpyHTOB- ps 3a nanumu MmereoctaHiii [lomimis ta npumer-
HHW aHaji3, SKiCHI XapaKTePUCTUKH Ta CTBOPEHHS JUX TEPUTOPiH. AHAJI3 ITUX MaTepialiB T03BOJIUB
rpadiyHuX MaTepiaiiB KIIMAaTHYHUX MMOKA3HUKIB € BCTAHOBUTH TEBHI 3aKOHOMIPHOCTI PO3IOALTY
aKTyalbHUM 3aBAaHHSIM JUi1  XMEJIbHHUIBKOT TEMIIepaTypu MOBITPS Ta OLIHWUTH TEpMiuHi pe-
obxacri. Lle 00yMOBNIEHO: CIIa0KOIO JeTali3ali€ero cypcu XMenbpHUIBKO1 obnacTi. TepMmiuni pecypcu
iHpOpMaIil y JOCTYMHUX HAYKOBUX ITyOJiKaIisx 3ajexarh BiJ pajiamiiHUX Ta UPKYISIIHHUAX
BiJNOBIAHOT TEMAaTHKH, BIACYTHICTIO SIKICHHX y3a- MpoIeciB  KJIiMary MOMipHO-KOHTHHEHTAJILHOTO
rajJbHEHb TNEPBHHHHUX TaHUX Ta KapTorpadidHux CEKTOPY aTJIAHTHYHO-KOHTUHEHTAIBbHOI KIiMa-
MaTrepiaiiB y CTATUCTUIHUX JOKYMEHTaxX i HayKo- THYHOI 00jacTi moMipHoro mosicy CximHoi €Bpo-
BO-METO/IMYHUX BUIAHHIX, a TaKOX MOTpedaMu MY, B MEXax sIKOro po3mimiena tepuropis [lomin-
OCBITH (30KpeMa MpH BUBUYEHHI MPUPOTHUX 0COO- ns ta XMeIhHHIBKOiI oOmacti 30kpema. B psin
JINBOCTEH PiTHOTO Kparo). Iy OJTiKaIliil TPOBEICHO OIIHKY Ta aHalli3 pecypciB

AHaJIi3 ocTaHHIX JocTimKeHb i myOsikaniii. COHSTYHOI pasialii, pamiamiifHoro 6anaHcy Ta nup-
OxpeMi pe3yabTaTH JOCTIHKEHb KiIiMaTy XMelb- Kymsauiitaux npouecis [1,3,4,5]. Humu o0ymoBsie-
HUIBKOT 00JIacTi BUCBITJIEHI B OITyOIiKOBaHHUX PO- HO mepeBakaHHs Ha llomimnmi xmapHOi moromu 3
oorax (1,2,3,4). xMapHicTIO 8-10 6ajiB 3 BETUKAMH KOJTHBAaHHIMHU

Merta my0mikanii — BUCBITJIEHHS 1 OLIIHKa PO3- Big 40-50% y mitHi micsui go 80-82% y nuctona-
MOy TIapaMeTpiB TEIIOBOTO PEXHUMY B MekKax ni Ta rpyaHi. i TepuTopii 001acTi BCTaHOBICHO
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