OpwuruHaiian HayqHU paj UDC 502.131.1(497.6 BARDACA)

Jp Topan Tp6uh' DOI 10.7251/HER1014059T
Jp Pagocaas dexuh’

YTUIAJ KIINMATCKHUX ITPOMJEHA HA ’KUBOTHY CPEAVHY BAPJAYE?

AIICTPaKT:

VY pany cy aHanu3UpaHU NPOMjeHE TeMIepaType Ba3ayXa M IUTyBHOMETPHjCKOI peXHMa Ha MOAPYYjY
bapmaue. Cem Tora, NeTepMUHICAHH CY U YTHIIA]H TIIO0ATHAX KIIMMATCKHX ITPOMjeHA Ha MOYBAPHE EKOCUCTEME,
T€ MOBPATHH YTHIIA] KOjU MOYBApE BPILC HA KIMMATCKU cucTeM. J{oOujeHun pe3yararu UCTpaKuBamba yKazyjy
Ha Omaro moBehame cpelme romuilmke TeMIeparype Ba3ayxa, Te mopehame TemrepaType TOKOM JbeTHOT
nepuoza. Hajeehe mpomjene kiaumMara onienajy ce Kpo3 CMatberbe FOUILbEe KOIMYUHE alaBUHA U IIPOMjEeHOM
IUTyBIMETPHJCKOT pEeKMMa. M3MHjemeHn IUTyBHOMETPHjCKH PEXHUM yCIOBJbaBa IIpOMjeHe OHoTOma Ha
noapyyjy bapnade, Te mpomjeHe y CTPYKTYpPH U AMBEP3UTETY OMJHHOT M XHUBOTHELCKOT cBHjeTa. IIpomjeHe
y JKMBOTHO] cpeauHH ymyhyjy Ha Ba)KHOCT YCIOCTaBJbalba KOMIUIEKCHOI MOHUTOPHMHIA Ha MOCMAaTpaHOM
HOAPYYjy, O Yera 1moce0HO HarvanaBaMo HEOIXOIHOCT METEOPOJIOLIKOT M XHUIPOJIOLIKOT, T€ MOHUTOPHUHIA
OWMJBHOT ¥ )KHUBOTHIHCKOT CBHjETa
Kiby4He pujeun:

Knumatcke npomjene, Temneparypa Ba3jayxa, IUTyBUOMETPUJCKH pekuM, bapaava, »KMBOTHa cpelnuHa,
MOHHUTOPHHI.
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THE IMPACT OF CLIMATE CHANGES ON THE BARDACA LAKE ENVIRONMENT?*

Abstract:

This paper analyzes the changes in air temperature and pluviometric regime in the Bardaca Lake region.
Furthermore, it determines the reciprocal impact of global climate changes and the wetland ecosystems. The
research results indicate slow progression of mean air temperature on annual level, as well as the increase
of temperature during summer period. The largest change in climate is reflected through decrease of annual
precipitation and change in pluviometric regime. The changes of both Bardaca biotope and the structure and
diversity of flora and fauna are conditioned by the alteration of pluviometric regime. The modification of
environment reflects the importance of complex monitoring in the observed area, whereas it is of utmost
relevance to stress out the meteorological, hydrological and flora and fauna monitoring.
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VYBoa

MouBapHU €KOCHCTEMHU TNPEACTaBJbajy CTa-
HUITAa OpOjHUX OWJPHUX M JKUBOTUECKHUX BpPCTa,
KOjH y TaKBHM TIpeJjjelMa Hajla3e MOTOIHE yCIOBE
3a kUBOT. CrielMUIHN XHUIPOJIOMIKH, MOPdOIIOII-
KH M KIIMMATCKH YCJIOBH KOjHU BIIaajy Y MOYBAPHUM
exocrucremMuma omoryhaBajy pa3Boj Benukor Opoja
OMJPHUX BPCTA, @ NCTOBPEMEHO OBAKBA CTAHMIIITA CY
HaceJbeHa M OPOJHUM BpcTaMa UXTHO(ayHe, OPHUTO-
(ayHe, Bomo3emMalla, rMH3aBala 1 cucapa, a Takohe
ce cycpehy U IpeICTaBHULN PA3THIUTHX IPyIIa HHE-
BepTeOpara. MoUYBapHH EKOCHCTEMH CY H3JIOXKEHH
BEJIMKOM aHTPOIOTCHOM MPUTHCKY, IITO MOXE JI0-
BECTH JI0 TIPOMjEHE CTPYKType U HapyllIaBama Mpu-
ponHe paBHOTEKe. OBH NPHUTHCIH 3ajeIHO ca IPo-
MjeHaMa yCJIOBa CpeIMHEe MOTY Y3pOKOBaTH 3HaYajHe
MPOMjEHE Y OBaKBUM €KOCHCTeMuMa. YnmbeHuIa e
CE OpraHCKe BPCTE Y MPUPOIH OPIKaBajy MOI CTaj-
HO TIPOMU]EHJPUBUM YCJIIOBUMA CpE/INHE, 00jalmhaBa
ce THME Ja CBaka Off BUX IOKasyje Behy i Mamy
IUTACTUYHOCT IMpeMa KojeOamKuMa IMOjeAMHUX EKO-
JOIIKUX (aKTOpa, a MPH TOME peaKluja OpraHu3Ma
Ha JIejCTBO HEKOT (paKkTopa 3aBUCH OJf CTETICHA, BEJIH-
YUHE U UHTCH3UTETa camor (pakropa.

[mobGanHe wiIMMaTcke MpoOMjeHe Cy jenaH ofl
HajaKTyeJHUX HAyYHUX, CKOJOIIKUX, CKOHOMCKUX
1 TIONUTHYKNX TpobneMa. HajsHauajHuje exeMeHTH
and M TIOCJbeUIIe KIMMATCKUX TPOMjeHa Cy: MO-
Behame Temmeparype, Konedambe ITyBHOMETPH]CKOT
PEeKHMMa, CMaFhEHHC TIaJJaBUHA Y BEreTallOHOM TIepH-
ony, noBehame WHTEH3MTETA W (PPEKBEHIIHja MEPH-
oJla cyllle W TOIUIaBa, Te mojasa Beher Opoja nana.
[NoBehamwe TemmepaType Ba3nyxa U CMambCHE Maj1a-
BHHA Yy TOIUIMjEeM HEPHOAY TOIMHY MOXKE UMATH H
BHIIECTPYKHU HETATHBAH yTHUIIA] HA MOYBApHO-0apcKe
exocucreme. [loTeHIMjadHU YTHLAjU CYy Y PACIIOHY
O]l IPOMjeHAa Y CTPYKTYPH 3ajEAHHULIE JI0 IIPOMjEHE Y
SKOJIOMKUM (DyHKIIMjaMa, Y CMHCIY O]l YHHIITCHA
Ka mpoummpewy. Mako je HaBemeHa mpobOieMaTrnka
U3Y3eTHO aKTyelHAa HAayYHOM IpOy4aBarmby OJHOCA
1 Besa u3Mel)y T1o0amHuX KIMMATCKUX TPOMjeHa U
MouBapa HHje mocBehena qoBosbHa Maka. MouBape
UTpajy BaXKHY YJOTY y TJIOOATHOM KPYXKEHmY yTribe-
HUKa, [J]je TSHEePaIHO BpIIC M30JalHjy YIJbCHUKA Y
00nmKy OmoMace, MeTaHa, pacTBOPEHE OPTraHCKe Ma-
TepHje W OPraHCKOT Tayora. /[peHupaHo WM Jjenu-
MHUYHO CYBO MOYBAPHO 3€MJBHIITE MOXKE J1a TIOCTaHe
U3BOP METaHA M YIJbCH AUOKCHIA KOJU CE eMUTYje Y
arMocgepy, a caMiM THM U Ja MO3UTHBHO yTHYE Ha
106aHo 3arpujeBamwe (Schwander, 2009).
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Introduction

Wetland ecosystems are natural biotopes of
numerous floral and animal species that, at these
sites, find favorable life conditions. Typical hy-
drological, morphological and climate conditions
that prevail in these ecosystems help the progress
for many floral species. Concurrently, these bio-
topes are inhabited by numerous types of fish,
birds, amphibians, reptiles, mammals and, finally,
invertebrates. Wetlands are exposed to a vast an-
thropogenic pressure, which might lead towards
changes in structure and alteration of natural bal-
ance. This type of pressure, along with modera-
tion of environment conditions, could cause sig-
nificant changes within these ecosystems. The
idea that organic species constantly come across
variable environment conditions is accounted
for by the fact that each of the species indicates
certain plasticity when it comes to oscillation of
some ecological factors. Consequently, the reac-
tion of an organism to some of these factors de-
pends on the factor’s degree, size and intensity.

Global climate changes are one of the cur-
rently most popular scientific, ecological, eco-
nomic and political issues. The most relevant ele-
ments and consequences of climate changes are
as follows: air temperature increase, oscillation
of pluviometric regime, precipitation decrease
during the growing period, the increase of inten-
sity and frequency of droughts and floods, and
the phenomenon of tropical days. The increase of
air temperature and decrease of precipitation dur-
ing the warm periods might have multiple nega-
tive effects when it comes to wetland ecosystems.
These effects vary from structure changes within
a biological community to changes of ecologi-
cal functions i.e. from destruction to expansion.
Despite the fact that these issues are currently
very popular, there is not enough attention paid
to scientific research on the relations between the
global climate changes and wetlands. Wetlands
play a huge role in global carbon circulation, in
which process they generally isolate carbon in the
forms of biomass, methane, solute organic sub-
stance and organic sediment. Drained or partially
dry wetland soil might turn into a source of meth-
ane and carbon dioxide which are emitted into the
atmosphere, and therefore have a positive effect
on global warming (Schwander, 2009).
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[Ipema uweTBpTOM cuHTEe3HOM H3BjemTajy IPCC
(MehypnanuH naHen 3a KITMMaTCKe IPOMjEHE) 3aKIbY-
4eHo je 1a he ce BehnHa rmaBHUX yTHIIaja KIIMMATCKUX
IPOMjeHa Ha EKOCHCTeME U JbyIe MaHU(ECTOBATH
MyTeM MpoMjeHa y BogHoM nukiycy 3emibe (IPCC,
AR4)'. 360r Tora cy u MO4YBape MOCeOHO OCjeTIHHBE,
Ha mTa ykasyje u Tpehu mperien o miob6amHom Ou-
OMBEP3UTETY, 00jaBibeH of1 cTpaHe Cekperapujara
Konsenuuje o 6uonomkoj pazaopcuoctu (GBO-3,
CBD)? koju motBphyje ma ce mouBape yopajajy mehy
HajyrpoXKeHHU]je eKocucTeme. MouBape umajy BakHY
YJIOTY Y eMHCHjaMa CTaKJICHIHYKUX I'acoBa, jep yTUIy
Ha MOHOpP 0KO 35% m100aIHOT 3eMJBHHOT YTJbEHHUKA
(u mopez Tora IITO MPEKpUBajy cBera 6% 3emibHHE
KOITHEHE MOBPIIMHE), TC HA IIOHOP BEJIHMKE KOJHIUHE
merana (Kusler, 2006). Cem Tora, MouBape MMajy
1 BaXXHY YJIOTY Y peryiHcamy IHKIyca Boje. JemHa
Mame MM03HAaTa, ajld BakHA OCOOMHA MOYBapa MOXKe
ce omucary T3B. 'kapakrepucTukoM cynhepa”. Haun-
Me, y TpeHyIuMa nosehane Biiare cyHhep ynuja Boay
1 MOXXE CMamHUTH H3JIHjEBAbE, OMHOCHO IOILIABE, A
y TPeHyLIUMa CMambeHa Biare 4yBa TeKyhuHy ayxe
BpHjeMe U MOXKE CIPHjeunTH 1ojaBy cymre. 1 jenHa
W JIpyra eKCTpeMHa KIMMaTcKa TojaBa (TOIUIaBe U
CyIllIa) U3y3€THO Cy LITETHE 3a JPYIITBO U KUBOTHY
CpeInuHY.

[Nosehame Temmeparype Basayxa, ydecTalldjH
TIEPHOIH Ca OJIyjaMa, CylllaMa 1 IoIuiaBaMa MOTy u3-
a3BaTH HEMPEABH/IMBE IPOMjEeHE Y HIBOMMA MOYBap-
HUX BOJa, OMJbHHX 3ajelHHIA, KA0 U THUBEP3UTETY
nTrna MouBapuia. EdexTH KiImMmarckux mpomjeHa
MOTY J]a IOBEAy A0 MpecesbaBamke NTUIA Ha MOAPY-
Yja ca HW)KAM KBAaJUTETOM MOYBAPHHUX CTaHMIITA
KOja MOTY CaMo JjeIMMHYHO UCITyHE HUXOBE MOTpe-
0¢ y TOKY KpUTHYHUX JIHj€I0Ba FbUXOBUX TOIUITEHNX
mukryca. Kako cy kimMarcke MpomjeHe MPHIHYHO
TEILKO MPEBUIUBE, Tj. jOII YBHUjEK HEMaMO JOBOJEHO
cazHama xohe 5 Hame reorpadcko moapydje OuTu
morol)eHO EKCTPEMHUM ITOTIIaBaMa MK Cyliama, He-
OIIXOZIHE Cy ajJieKBaTHE MpHIpeMe Ha Moryhe crieHa-
puje npoMjeHe KinuMme. 3a KOMIUIEKCHO CarylelaBabe
OBHMX BE€3a M Ipolleca HEOoNxojiaH je oirosapajyhu
MOHHUTOPHHT aJll U pa3Boj Mojeia Koju he maru ja-
CHHJY CIIUKY O YTHUIA]y KIMMAaTCKUX MPOMjeHa Ha
MoO4Bape, Te 0 IOBPATHOM YTHIIAjy KOjU BPIIE MOYBa-
pe Ha rrobaHe KIMMAaTCKe IPOMjeHe.

! www.ipcc.ch/ard

2 www.cbd.int

The fourth combined IPCC report (Intergov-
ernmental Panel on Climate Change) concludes
that most effects that climate changes have on eco-
systems and humans will be manifested through
the alteration in Earth water cycles (IPCC, AR4)'.
Therefore, the wetlands are highly sensitive, which
is indicated by the Third Global Biodiversity Out-
look, published by Secretariat of Convention on
Biological Diversity (GBO-3, CBD)? that confirms
the fact of wetlands being among the most endan-
gered ecosystems. Wetlands are extremely rel-
evant for greenhouse gas emission, because they
have influence on about 35% of global natural gas
precipice (besides the fact they cover only 6% of
Earth land surface). They also have influence on
the precipice of huge amount of methane (Kusler,
2006). In addition, wetlands are highly relevant
for water cycles regulation. Yet another less famil-
iar but important characteristic of wetland is so-
called ‘sponge characteristic’. Namely, in the mo-
ments of high humidity, sponge absorbs water and
might diminish the effect of floods, and during the
small humidity period it might prevent droughts.
Both these extreme climate phenomena (droughts
and floods) are highly harmful to either society or
life environment.

The increase of air temperature, more frequent
periods of storms, droughts, or floods could bring
about unpredictable alterations when it comes to
wetland water, floral society and wetland bird di-
versity. Climate change effects might lead towards
bird migrations to the areas of poor wetland bio-
tope quality that could only partially meet their
needs during the critical periods of their annual
cylices. Climate changes being unpredictable (i.e.
we still do not have enough knowledge to know
whether our region would be affected by extreme
floods or droughts), it is of crucial importance to
take certain measures that may apply to possible
climate change scenarios. In order to provide a
clear view on these relations and processes, it takes
appropriate monitoring and model that would ac-
count for the influence that climate changes have
on wetlands (this also refers to reciprocal effect
that wetlands have on global climate change).

' www.ipcc.ch/ar4
2 www.cbd.int
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MeTtoaosoruja uCTpakKuBamba

Panmje cMo Hammacmim fa je 3a KOMIUICKCHO
JeTepeMUHHCakbe yTUIaja KIMMATCKUX TPOMjeHa
Ha MOYBapHO-0apcke eKOCUCTEME, il U TIOBPATHOT
yTHLIaja KOjU BpLIE MOYBape HEOIXOAaH a/JeKBaTaH
METEOPOJIONIKK M EKOJOIIKA MOHWUTOpUHT. Ha »xa-
JIOCT, TakaB MOHUTOPHHI TPEHYTHO HE MOCTOjU Ha
npoctopy baprmaye ma cmo 3a morpebe oBor paja,
OJIHOCHO JeTepMHHALje KIMMATCKUX Kojiebama Ko-
PHUCTHIIN TIOJIATKE Ca METEOPOJIOIIKE CTAHUIIC y OIl-
THHCKOM LIeHTpy Cpriyy. AHaJIM3UMpPaHU METEOpO-
JIOLIKH MOJAIH, KOjU Cy KOPUIINEHHU Y UCTPAKUBAILY,
Jo0ujeHu ¢y o1 PermyOIMyKor XHIpoMeTeOPOIONIKOT
3aBona Pemyonmuke Cprcke. MctpakuBama Cy Bpiie-
Ha 3a aBa nepuona 1961-1990. u 2000-2010. ronuHa.
3anepuon 1961-1990. ronrHe METEPOIIOIIKHA HUA3 TI0-
JlaTaka 3a TeMIIepaTypy Bas/yxa HHje XOMOTCH Ia je
OMJIO HEOIIXOAHO T€ HEJOCTATKe MpeBa3uhu MeToxa-
Ma uHTepronanyje u peaykiuje. Cem tora, onpehene
aHaJIN3€ U 3aKJbYLIM POU3ALLIIM CH U3 KOMIUIEKCHU]E
aHalM3e MajiaBuHa 3a T0jelUHe EKCTPEMHE TOJIMHE,
y TIOCJIEAHEM AECETOTOIUIIEM IMEePHOIy, Kaaa Cy
3a0MJbeKEeHE BENMKa KolleOama TTyBHOMETPHU]jCKOT
peXUMa LITO MOXKEMO JIOBECTH y Be3y ca II00aIHUM
KITUMATCKUM TPOMjeHama.

PesyaraTu u quckycuja

Kimmarcke crienmuanoctn noapydja bapmade
YCIIOBJbEHE Cy reorpadckuM mooxkajemM, armocdep-
CKOM LUpKyJanujoM u oporpadujom. Ha mene mu-
KPOKJIMMATCKa OOMIbEXKja yTUIY M KOMIUICKCH 3elie-
HUX W BOJHUX TOBPINNHA, Koja y onpeheHoj mjepu
MOJU(DHKY]y TEPMHUKH PEXKHM U PEIATHBHY BIIaXK-
HOCT Ba3nyxa. HaBeneHu Qakropu yciaoBibaBajy 3a-
CTYIUBCHOCT YMjE€pPEHO-KOHTHHEHTAIHOT KJINMAT-
CKOT THNA Ca CPEABHM TOAUIIHOM TEMIICPaTypoM
npeko 10°C, mpoCjeyHHM TOAMIIEBUM KoJeOameM
Temneparype oko 22°C 1 KOIMYMHOM IMaJjaBUHA OKO
850 mm. Tokom rommue mpeonal)yjy BjeTpoBH U3
CjeBEpHOT KBaJpaHTa a pHjeTKE Cy I0jaBe jaKuxX W
OJIYjHUX BjeTpoBa. Y YKYITHOj FOAWIIK0] y4eCTalo-
CTH TIOjaBe BjeTpa THUIIMHE y4ecTBYjy ca oko 30%
IITO TIOTO/AYyje YeCTOM 00pa3oBamy U 3aIpiKaBamy
Mariy y 3UMCKOM TIEpHOAY, KaJia je W3HaJ perHoHa
Jyrouctoune EBpone qoMrHaHTaH aHTHIWKIMHATHA
BpemeHcku tut (Cnacos, 2004).

TokoM moOcCieAme NEUEHHje IMPONIUIOr BHjeKa
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Research methodology

Previously, it was emphasized that, in order
to determine the reciprocal impact of climate
changes and wetland ecosystems, it takes an ad-
equate meteorological and ecological monitor-
ing. Unfortunately, the Bardaca Lake area does
not provide this type of monitoring at the mo-
ment. Therefore, this study capitalized on me-
teorological data from meteorological station in
the town of Srbac, so as to determine the climate
oscillations. The data were provided by Repub-
lic Hydro-meteorological Service of Republika
Srpska. The research refers to two periods, i.e.
1961-1990 and 2000-2010. Data on air temper-
ature for the period 1961-1990 is not homoge-
nous so in order to overcome these gaps we used
methods of interpolation and reduction. Besides,
certain analyses and conclusions are the results
of a complex scrutiny of precipitation for typical
extreme years over the last decade when there
were huge oscillations of pluviometric regime,
which might be brought into connection with
global climate changes.

Results and discussion

The climate characteristics of the Bardaca area
are conditioned by the geographic settings, atmo-
spheric circulation and orography. The microclimate
marks of the area are also influenced by the green
and water surfaces, which to a certain extent modify
the thermal regime and relative air humidity. The fac-
tors listed above bring about the moderate continen-
tal climate with mean annual air temperature above
10°C, the average annual temperature oscillation be-
ing around 22°C and precipitation of 850mm. Over
the year, there are winds from northern quadrant and
there are rarely any strong winds or storms. When it
comes to annual wind frequency, calm winds make
30%, which is convenient for regular fog periods
during winter, when there is anticyclone above the
region of South-East Europe (Spasov, 2004).

Over the last decade of 20™ century, there were
some global climate oscillations that brought about
global air temperature increase and change of plu-
viometric regime. We analyzed these changes on the
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JIONLIO je TIO0aTHUX KIMMAaTCKUX KojieOama Koja Cy
yclioBria m100aHo noBehame Temmeparype Basmy-
Xa ¥ IPOMjeHy ITyBUOMETpH]jCcKOr peskuma. Ha 6aszu
PACIIONOKUBUX METCOPONIONIKHX MOIaTaKa 33 CTaHHU-
my Cp0arr koja ce Halma3W y UCTOMMEHOM OITIITHH-
CKOM IICHTpY, Henasieko of bapnade, aHammsupamn
CMO TIpOMjeHE TeMIIepaType Ba3lyXa U IUTyBHOME-
TPHUjCKOT pexHMa

KommapatnBHOM aHalM30M TeMIepaType Ba-
3nyxa 3a nepuog 1961-1990. u 2000-2010. ronune
YIBPIWIM CMO Ja TPEHIOBU IPOMjeHA HeMajy cra-
THCTHYKY 3HauajHOCT. Ha romgumimeM HHBOY TeM-
nepatypa je mopacna ca 10,7°C na 11,1°C. Hajsehe
nosehame 3a0HibexkeHo je TokoMm Maja (1,5°C), jany-
apa (1,3°C) u jyna (1,0°C), nok je TokoM HOBeMOpa
(0,7°C) m anpwiia eBUACHTHPAHO CMAKBEHHE MPOCjed-
HUX Mjeceqnnx Temreparypa (IIpmmor. 1). HaBenena
MpoMjeHe MO OM Aa Je(UHUIIEMO Kao BHUILIETO-
IMIIka Koebamba Temreparype Basmyxa. Jokas 3a
OBY TBpAKY CYy U Mambe BPHjEAHOCTH CTaHIApIHE
JicBHjalnije Ha TOANIIHEM U MjECCUHOM HHUBOY (U3Y-
3eB jyHa), 3a nepuoj 2000-2010. y oqHOCY Ha Ieprot
1961-1990. ronuue.

basis of meteorological data from a station situated in
the town of Srbac, near the Bardaca Lake.

The comparative analyses of air temperature for
the two periods (1961-1990 and 2000-2010) con-
firmed that the trends of changes had no statistical
significance. At annual level, the air temperature
rose from 10,7°C to 11,1°C. The largest increase was
measured in May (1,5°C), January (1,3°C) and July
(1,0°C), whereas during November (0,7°C) and April
there was an evident decrease of mean monthly tem-
perature (Graph 1). These changes might be defined
as a multiannual air temperature oscillation. Another
proof for this statement are the smaller value of an-
nual standard deviation and almost all monthly de-
viations, except for June, for the period 2000-2010 in
comparison with the 1961-1990 period.
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Ipunoe 1: I'paghuxor cpedrux mjeceuHux memnepamypa
sazoyxa y Cpnyy 3a nepuooe, 1961-1990. u 2000-2010.
2ooune

Graph 1: Mean monthly air temperature in the town of
Srbac for 1961-1990 and 2000-2010 periods

63



I'OPAH TPBUR, PAIOCJIAB JEKITh
GORAN TRBIC, RADOSLAV DEKIC

Ha npunory 1. Mmoxxemo younTs u na cy Hajseha
moBehama TeMmeparype y JbeTHOM IEpHOIY, JOK je
TOKOM jeceHH yTBpheHo BeoMa Onaro cMameme. CBa-
Kako J1a nmoeehame TeMieparype y JbeTHOM IIEPHOY,
npaheHo MarmbKOM HJIM HEZOCTAaTKOM I1a/IaBHHA YCIIO-
BJbaBa MOTYNHOCT 1ojaBe cymie Ha noapy4jy bapna-
4e, ¢ TUM Ja je OUTHO HaIJIaCUTH Jia T0jaBy CyIIe Ha
MOCMATPaHOM IOAPYYjy IPHMAPHO yCIOBJbaBA TyTro-
TpajHH TIeprox 6e3 KHIIe.

Jenan on Haj3HauajHMjUX €JIEMEHTA, Al UCTO
TaKO U MOCJbEANIIA KIMMATCKHX MPOMjeHa Cy KoJie-
Oama KOJMHYHMHA TaJaBUHA KOje Cy HApOYUTO H3pa-
JKEHE TIPOMjEeHOM IUTYBHOMETPH)CKOT pexnma. Kom-
MapaTHBHOM aHAJIM30M KOJIMYMHA TaJlaBUHA YOUNIIN
CMO [1a Cy IPOMjeHE MHOTO H3pa)XCHH]j€ Y OHOCY Ha
Koebame TeMIleparype Baslyxa U Jia YCIIOBJbaBajy
Behm mpuTHCAaKk Ha OCjeTJBUBH MOYBAPHO-OApCKH
exocuctem bapnade.

Graph 1 indicates the largest air temperature
increase during summer whereas the autumn period
shows minor decrease. The increase of temperature
during summer, followed by lack of precipitation,
certainly leads towards droughts in the Bardaca area,
the important fact being the droughts in the observed
area that primarily bring about the long period with
no rains.

One of the relevant elements as well as the
consequence of climate changes is the oscillation of
precipitation, which is specifically strong under the
influence of the pluviometric regime alteration. Com-
parative analysis of precipitation amount showed that
these changes were more frequent in comparison to
temperature oscillation, and that they precondition
higher pressure in the sensitive wetland ecosystems
of the Bardaca area.
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Graph 2. Mean monthly precipitation in the town of
Srbac for 1961-1990 and 2000-2010 periods
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Ha ocHoBy nopelerma cpeamix roJuIIBIX cyMa
TajiaBiHa 3a JBa rnepuoxaa: crangapaaor 1961-1990.
rogune u jgexaanor 2000-2010. romune ytBpheHo
je cMameme TaJaBuHa Ha TOAUIIBEM HHUBOY 32 OKO
15%. IToceOHO HammamaBaMoO CMambeHh-€ MajaBHHA
TOKOM JBETHOT TIEpHOJIa Y MjeCellMa Yy U aBIyCTy,
Te TokoM 3umMckor nepuona (I[Ipunor 2). Camo je y
Mjecelly cenTeMOpy nmpucyTHO noBehame najgaBuHa.
CeM TOra, TOKOM IMOCJhEIHE JICIICHUje yTBpheHe cy
JIOCTa YeCTe CMjEHE jaKo KHITHUX TOJIIHA, KOje YCIIO-
BJbABajy MOIUIABE U M3Y3€THO CyIIHMX roauHa. Kao
npumMjep moxkeMmo Haectn 2001.roguHy Koja je oma
W3Y3€THO KHIITHA IITO j€ ¥ YCIOBHIIO ITOTIABE TOKOM
jyHa, centemMOpa u oktobpa. Ha ocHOBY pacromjerne
namaBuHa y nepueHTmwimMma (Ilpwior 3.) Moxemo
YOUHWTH JIa Cy BPHjeTHOCTH U3Haa 98 meprienTnia 3a-
OMJbeKEHE Y jyHY, centeMOpy ¥ HOBeMOpY, JIOK Cy
jaHyap W MapT ¥ MMaJd BPHjEeIHOCT mpeko 91 mep-
LCHTHIL.

Tabena 1: Tymau 3a pacnodjeny nepyenmuia

Based on the comparison of mean annual pre-
cipitation for the two periods (1961-1990 standard
period and 2000-2010 decade period), the decrease
of annual precipitation was estimated at around 15%.
There was a heavy decrease during the summer pe-
riod (July and August) and during the winter period
(Graph 2). It was only in September that there was an
evident increase of precipitation. Furthermore, over
the last decade, there were frequent shifts of years
with heavy rain that brought about the floods and ex-
tremely dry periods. For instance, there was the year
of 2001 that was exceedingly rainy, which precondi-
tioned floods in June, September and October. Based
on the precipitation distribution in percentiles (Graph
3), we can clearly see that the values above 98 per-
centiles were measured in June, September and No-
vember, whereas January and March had the values
above 91 percentiles.

Table 1: Interpretation of percentiles distribution

Tun Bpujennoct neprentuia Type Percentile value
ExcTpeMHoO cyniHo <2 Extremely dry <2
Bpao cymHo 2109 Very dry 2t09
CyuiHo 9 o 25 Dry 9to 25
HopmaJiHo 251075 Normal 25t0 75
Kuino 75 no 91 Rainy 75to 91
BpJio kumxo 91 no 98 Heavy rain 91 to 98
ExcTpeMHO KHIITHO > 98 Extremely rainy > 98

Tloguna 2003. Ouia je u3y3eTHO CYIIHA, OJTHOCHO
y KaTeropHj¥ CYIIHO WA KaTeropuju ucmox 25 nep-
neHTmiIa o6wio je 7 mjecerm (pedpyap, MapT anmpu,
Maj, JyH, aBTycCT U JeneMoap), 10K je oktodap Ouo y
KaTEeropUju BPJIO KHILIHO.

The year of 2003 was extremely dry, i.e. seven
months were in the category dry or below 25 percen-
tiles (February, March, April, May, June, August and
December), whereas October was in the category of
heavy rain.
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:

Ipunoe 3: I'paguxon pacnodjena nepyenmuna nadasuna
Cpnyy 3a 2001., 2003., 2009. u 2010. 200.

Bennka konebama IUTyBHOMETPHjCKOT PEXHUMa
3a0MJbEKEHA CYy M KpajeM MpoIlie JIeKaae, rIje mo-
cebHo m3nBajamo: 2007., 2008. u 2009. roauHy Koje
cy owme m3pasuro cymiHe. Tokom 2009. rogune mect
Mjecery OWIIOo je CYIIHO (MapT, alpyJl, Maj, jyJH, Cerl-
TeMOap 1 HoBeMOap), Tj, KOJIWYHMHA NaJIaBUHA Y THM
MjecenmMa Omna je ucnon 25 mepuentuna. [loce6-
HO M3[BajaMO Mjecell jyiaH KOjH je OMO y KaTeropuju
“’Bpyio CymHo’’, OJHOCHO Hcmon 9 mepueHTHina. Y
2010. ronuHH camo je anpuit OMO Y KaTeropHju CyI-
HOT Mjecela (Mcroz 25 mepueHTHIa) ajli je 3aTo Mje-
cell jyHH Ouo u3pa3uTo KumaH (mpexo 98 meprieH-
THJIA).

Ha ocHOBY mpeTXogHO M3HECEHOT BHIJBUBO j€
Jla He MOCTOjU 3aKOHUTOCT Y TOMHUIIELEM PACIOPEIy
CyMe W peXuma nanaBuHa. MehyTum, H3y3eTHO je
M3paKeHa MPOMjCHIBUBOCT ITYBUMETPH]CKOT PEIKH-
Ma HapodHUTO y JheTHUM Mjecenuma. Jla OucMo u3Bo-
JIAJIA KOHKPETHH]jE 3aKJbYUKE O YTHIAjY KIUMATCKUX
KoeOarma Ha )KUBOTHY cpenuHy bapnade HeomxonHa
Cy IloJlaTHa, KOMIUICKCHHja HCTPaXKMBama Koja Ou
[PATHO aJeKBaTaH MOHUTOPHUHT. [ eHEpaIHO JTOKaTHH
Y 100a7THU YTULIAJU U3a3UBajy JUPEKTHE IPOMjEHE Y
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Graph 3: Precipitation percentile distribution
for the town of Srbac in 2001

Huge variation of pluviometric regime was
measured over the end of the last decade, with
the accent on extremely dry years of 2007, 2008
and 2009. There were six dry months in 2009
(March, April, May, July, September and No-
vember), i.e. the amount of precipitation was be-
low 25 percentiles. We also highlight July that
was in the category of very dry, i.e. below 9 per-
centile. In 2010, only April was in the category
of dry (below 25 percentiles) but June was ex-
tremely rainy (above 98 percentiles).

On the basis of the fact above, it is evident
that there is no validity in annual distribution
of precipitation. Nevertheless, there is a strong
oscillation of pluviometric regime, especially
during the summer period. I order to make some
specific conclusions on the impact that climate
changes have on the Bardaca environment, there
is a necessity for further research followed by an
adequate monitoring. Generally, both local and
global impacts cause direct changes of the qual-
ity and quantity of the biotope and environment,
which is a significant component to the sustain-
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KBAJINTETY U KBAHTHTETY CTAHUIITA, T€ KBAIUTETY
KBAaHTUTETY yCJIOBA CPEANHE IITO TIPECTaBIba BEOMA
3HaYajHe KOMIIOHEHTE OfIp)KaBarba OMJBHUX U )KHUBO-
THESCKUX BpcTa. HapyriaBame CTaHHIITA U yCIOBa
CpeIMHe y 3Ha4ajHOj Mjepu YTHYe Ha OIp)KaBambe W
OpOJHOCT )KUBOTHUEHCKHX BPCTA.

Kommneke bapaaue ka0 MXTHOJIOIIKO CTAHUIIITE
BEOMa je MHTEPECAHTaH M CIIOXKEH jep oO0yxBaTa Bje-
[ITa4yka v mpupoHa BogHa tijena. C jeqHe cTpaHe ¢y
3aCTyIUbCHU pUOauku 0a3eHu ca y3rojem puoe, a ¢
Jpyre CTpaHe Cy IPUCYTHH NPUPOAHU BOJOTOKOBU H
obonHM KaHanu. Pesynararn ucrpaxnBama UXTHODA-
yHe pujeka bp3aje u Marype mokasyjy zia cy y OBUM
BOJIOTOIIMMA 3acTyIlJbeHe 24 pubJbe BpCTe U3 ceaaM
MOPOIHIA, @ HA OCHOBY MHJCKCA AMBEP3UTETa MO-
ryhe je 3akJby4HTH J]a Cy TOKOM UCITUTHBAHOT TIepH-
oJla HajJOMHHAHTHUje Bpcte ouie Carassius gibelio
u Ameiurus nebulosus (Vukovi¢ et all., 2008).

VY npupomHuM HemopeMeheHUM BOIHHM KO-
CHCTEMHMa prbde Cy W3JIOKEHE CTaTHUM IpOMjeHa-
Ma yClIOBa CpeIHMHE Kao pe3yaTaT THEBHO-HOhHMX
U CE30HCKUX KIMMAaTCKHX IPOMjeHa, BapUparmba XH-
JPOJIOLIKOT PEKUMa, Ka0 M pa3Boja M METaboIu3-
Ma ocranux xuuapobwonara (Mitrovié-Tutundzié i
Brankovié-Popovi¢, 1995). Ucto tako peaykiuja y
KBAJIMTETY U KBAHTHTETY BOJIC KAO CPEIMHE Y KOjOj
pube KuBe JTOBOAM JI0 3HAYAjHUX TPOMjeHa Koje ce
orenajy y nosehasanoj ¢pekBenmuje donectu 300r
aJia OTHOPHOCTH OPTaHN3Ma Ha 000JbEIbE.

Takolje mpomMjeHe OCHOBHUX yCIIOBa CPEIUHE 10-
BOJIM JI0 3HAUajHUX MTPOMjeHa Y OfIBHjamby (hU3HOIIONI-
KHX TIpolieca y opranmsMy. Hamme moBospHa Temie-
parypa mpezcTaBiba jefaH oA (akTopa 3a OBUjabe
CIIOKEHUX  (DPM3HMOIIOIIKO-OMXEMH]CKUX — TpoIleca.
MHorH OpraHu3MH ITOJHOCE BENUKAa TEMIIepaTypHa
KojieOama (eypuUTepMHe BPCTE), IOK APYTH MOTY Jia
KHBE CaMO y CTAaHHMIITHMA Y KOjUMa Cy OHa MUHH-
MajHa (creHorepMHe Bpete). Kaga cy mpoMjeHe Tem-
meparype IOCTETeHEe WIIH IEPHOIUNYHO HACTYIAjy,
OpraHM3aM ce Ha IbHX IPIIarohasa ycrocTaBbambeM
onpeheHnx KOMIIEH3aTOPHUX MexaHu3ama. [Ipomje-
HE y CIOJBhAII0] CPEJAMHU H3a3UBajy NpPOMjEeHE Y
YHYTpaIImk0j CPeANHH, WIN TIOKpehy perymartopHe u
aJIaTHBHE MEXaHHU3ME KOJU C€ CyNPOTCTaBIbajy MPO-
MjeHaMa M YCMjEepeHH Cy Ka OJp)KaBamy CTATHOCTH
YVHYTpallike CpeuHe. Y TOrIeny oApikaBama Tjee-
CHE TeMIIepaType KoJl )KHBOTHECKHUX BpcTa Moryhe
j€ U3IBOJUTH JIBUj€ BEIIUKE TPyIe: XOMeoTepMu (op-
TraHW3MH Ca CTAJTHOM TEMIIEPaTypoM THjela) U TOoju-
KIJIOTEPMH (OPTaHU3MH Ca ITPOMjCHIFHBOM TEMITEpa-
TypOM THjelIa).

ability of flora and fauna. The impairment of
biotope and environment greatly influences the
number of animal species as well.

Ichthyologically, the Bardaca area is rather
interesting for its artificial and natural water
sites. On one side, there are fishing ponds, and
on the other side, there are natural water streams
and water courses. The results of the research
on ichthyofauna of the rivers Brzaja and Matura
indicate that these water streams have 24 fish
species belonging to seven families, and the di-
versity index shows that the most dominant spe-
cies during the observed period were Carassius
gibelio and Amerius nebulosus (Vukovic et all.,
2008).

In naturally balanced water ecosystems, fish
is exposed to constant variations of environ-
ment conditions coming from day-night shifts,
seasonal climate changes, alterations of hydro-
logical regime as well as from metabolism of
other hidrobionts (Mitrovic-Tutundzic, Brankov-
ic-Popovic, 1995). At the same time, the reduc-
tion of water (a natural biotope of fish) quality
and quantity brings about significant changes re-
flected through the increase of disease frequency
due to poor organism resistance.

Furthermore, alteration of basic environment
conditions causes modification of physiological
processes of an organism. Namely, suitable air
temperature is one of the preconditions for com-
plex physiological and biochemical processes.

Many organisms can cope with heavy tem-
perature oscillations (eurithermal species),
whereas some species can only live in biotopes
with minor temperature oscillations (stenother-
mal species). In cases of gradual or occasional
temperature oscillations, organisms fight and
adjust through certain substitute mechanisms.
Changes of outer environment cause changes of
inner environment or they set off regulative and
adaptive mechanisms that fight these changes
and aim at preservation of inner environment.
When it comes to temperature, animal species
form two groups as follows: homeotherms (or-
ganisms with constant body temperature) and
poikilotherms (organisms with variable body
temperature).
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CratkoBoziHE pHOE Cy CSKTOTCPMHH OTaHWU3MH
KOJH HE MOT'Y PETYJIUCATH CBOjY TjeJICCHY TeMIIepary-
py (Moyle i Cech 2004) n 4uje TjerecHe TeMIiepary-
pe Cy UICHTUYHE WM IIPHOJIKHE TeMIIepaTypu cpe-
JIMHE Ha KHUXOBO] CIeU(pUUHOj Jokanuju. CXOIHO
TOME ¥ Op3uHAa OMOXEMH]CKHX peaKilija 3aBUCH OJf
TjesiecHe TeMIIepaType U CBU aclekTH (usnonoruje
puba ykibyuyjyhu pact, penpoayKiujiu 1 akTHBHOCT
CY JMPEKTHO MOJ| YTHIAjeM MPOMjeHa TeMIlepaType
(Ficke, et all, 2005). MelhyTuM NOJUKUIOTEPMHU
OpraHu3MH PACIONKy aNalTHBHUM MEXaHU3MUMa
Koju UM omoryhaBajy ojBHjame (HPU3HOIOIIKO-OMO-
XEMUjCKHUX IMpoIeca U MpU Pa3InuuTHM TeMIIepary-
pama THjena.

IMocmwenuue moBehaBamba TemIepatype BOIE
MOTY YTHIIATH Ha MHIWBHAYe mnoBehaBajyhm ¢uzn-
oJioNIKe (PyHKIMje Ka0 MITO CYy TOIUIOTHA TOJEpaH-
LMja, pact, MeTaboyin3aM, UCXpaHa, PENPOAYKTHBHA
yCIIjex, Kao M CIOCOOHOCT 32 OfIp)Kamke YHYTPAIIhe
XOMEOCTa3e HaCympoT IPOMjEHUBO] CHOJBANIKO]
cpenunu (Roessig, et all., 2004).

Pesynratu n3 HEKOIMKO UCTPAXKUBAba TTOKa3yjy
Ia yciben mosehama TeMIepaTrype BOJE IOJIa3H JI0
npoMjeHa (PU3HONONIKUX MapaMeTapa KOJ| CJIaTKO-
BOAHUX puba ([vanc et all., 2007, Ivanc et all., 2010.,
Dekié¢ et all.,2010), mTo MOXe J1a 3HAYAJHO yTHYE HA
BUXOBY KOHJIHMIM]Y ¥ YCI[jEITHOCT pa3MHOKaBamka I
MIPEKHUBIHABAHA Y TAKO H3M]CHEHOM EKOCHUCTEMY.

3akipyuak

CrnenmuuyHA XUAPOJOMWIKH, MOPQOJIOMKH |
KJIMMaTCKH ycioBu bapiade ycioBibaBajy CTame U
Pa3Boj AMBEp3UTETA OMIPHAX M )KUBOTHEHCKUX BPCTA.
VY naHamimbe BpHjeMe MOYBapHU €KOCHCTEMH Cy H3-
JIO)KEHH BEJIMKOM MPHUTHUCKY, IITO MOXKE JOBECTH J0
MIPOMjeHE CTPYKType M HapyllaBarmba MPUPOIHE PaB-
HOTE)XE, TE YCIOBHUTH 3HauajHE MPOMjEHE OBAKBHM
exocucremumMa. Haj3HavajHUje NMpOMjeHE KHBOTHE
cpenune bapmade yciioBibaBajy KIMMATcKa Kolie-
Oama u voBjek. JloOMjeHn pe3yNiTaTh UCTPAKUBAHA
MOKa3yjy Jla pOMjeHe TeMIleparype Ha TOIHIITHEM
HUBOY HEMajy CTaTUCTUYKY 3HAYajHOCT, aJli JIa MIIaK
noBehame TeMIieparypa TOKOM JbETHOT IIEPHO/Ia YTHU-
4e Ha NMPOMjeHe Y KHUBOTHOj cpenunan bapnade. Ilo-
Behame TeMIiepaType Ba3ayxa y3 CMambeHY KOJIMYNHY
MajlaBiHa MOXKE YCIIOBHTH TI0jaBy CYyILE, ajld H I0-
Beharbe TemIieparype Bozie Ha II0CMaTPaHOM MOYBap-
Ho-OapckoM ekocucteMy. [ToBehaBame Temmeparype
BOJIC MOKE Y3POKOBATH 3HAa4ajHEe IPOMjEHEe KOJI Opra-
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Freshwater fishes are ectotherms which can
not regulate their body temperature (Moyle and
Cech 2004) and which body temperatures are
identical or approximate to the temperature of
the environment in their specific habitat. Hence,
the speed of biochemical reactions depends on
the body temperature, therefore all apects of fish
physiology, including growth, reproduction and
activity are directly influenced by the tempera-
ture alteration (Ficke, et all., 2005). However
poikilotherms have the adaptive mechanisms
that enable physiological-biochemical processes
at different body temperatures.

The outcome of water temperature increase
might affect the individual physiological func-
tions such as heat tolerance, growth, metabo-
lism, diet, reproduction, as well as the ability
to sustain inner homeostasis with reference to
changeable outer environment (Roessig, et all,
2004).

The results of several researches show that
the water temperature increase causes changes
of physiological parameters with freshwater fish
(Ivanc et all, 2007, Ivanc et all, 2010, Dekic et
all, 2010).

Conclusion

Typical hydrological, morphological and cli-
mate conditions of the Bardaca area stipulate the de-
velopment of flora and fauna diversity. Nowadays,
wetland ecosystems are exposed to high pressure,
which might lead towards changes of structure and
impairment of natural balance and therefore bring
some serious alteration to these ecosystems. The
most significant changes of the Bardaca environment
are stipulated by climate oscillations and humans.
The results of the research indicate that annual air
temperature oscillations have no statistical relevance,
but still, the temperature increase during the summer
period affects the Bardaca environment changes.
The air temperature increase accompanied by minor
precipitation might cause droughts, as well as the in-
crease of water temperature of the observed wetland
ecosystem. This increase of water temperature could
cause serious alterations with the representatives of
water ecosystems and could greatly affect physi-
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HHU3aMa BOTHHUX €KOCHCTEMA U y 3HA4ajHOj MjepH yTHU-
[aTH Ha OJ[BHjarbe (PM3MOIOIIKUX mponeca. [locebno
HarJalaBamo KoJjieOame IyBHOMETPH]CKOT PeKUMa
U BEIIUKY MPOMjEHJEUBOCT Y TOIUIIEG0] CYMU TOKOM
IpeTXoaHe NeneHuje. Ha ocHOBY mpeTxoqHo H3Hece-
HOT CBHJICHTHE Cy Oofpel)cHe mpoMjeHe Ha MOAPYYjY
MOUBapHO-0apckor ekocucrema-bapaade, koje Mory
YCJIOBUTH TIPOMjEHE THBEP3UTETa OMIBHOT U JKUBO-
THUHCKOT CBHjeTa. 300T TOra Cy HEONXOJHa J0JaTHA
KOMIIJICKCHHUja UCTPaKMBakbha )KUBOTHE cpennHe bap-
Jade, Koja Ou IpaTHo aIeKBaTaH MOHUTOPHHT.
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