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CYANO BAC TE RIA AND AL GAE  
FROM BI O FILM AT THE EN TRAN CE ZO NE  

OF PET NI CA CA VE

AB STRACT: The im por tan ce of bi o films in ca ves, the di ver sity of mic ro or ga nisms 
in them, the ir mu tual re la ti on ship and re la ti on ship with the sub stra tum are among the advan-
cing re se arch to pics in mic ro bial bi o spe le o logy. This re se arch is ma king con tri bu tion to the 
know led ge abo ut bi o films at ca ve en tran ces and pho to trop hic com mu ni ti es in them. In that 
man ner, bi o films from the en tran ce zo ne of the Pet ni ca Ca ve we re exa mi ned. Light mic ro-
scopy sho wed that cyano bac te ria we re ex clu si vely do mi nant pho to trophs (34 ta xa out of 39 
to tal ta xa re cor ded) with coc coid forms pre va i ling (28 ta xa); sim ple tric hal forms we re pre-
sent to a les ser ex tent, whi le he te rocyto us ones we re com ple tely ab sent. Ge ne ra Glo e o cap sa, 
Chro o coc cus,Glo e ot he ce and Lep tolyngb ya we re the most di ver se. Fo ur green al gal ge ne ra 
cha rac te ri stic for ae rophyti c ha bi tats (Apa to coc cus, De smo coc cus, Ha e ma to coc cus and 
Tren te po hlia) we re al so re cor ded, whi le Ba cil la ri ophyta  we re ob ser ved spo ra di cally. Three 
gro ups of sam pling si tes we re di stin gu is hed ba sed on re cor ded ta xa, the ir ric hness and si-
mi la rity, using non-me tric mul ti di men si o nal sca ling (NMDS). Qu an ti ta ti ve bi o film cha rac-
te ri stics we re al so as ses sed – the con tent of chlo rophyll a (Chl a) was de ter mi ned, as well 
as the con tents of wa ter, or ga nic and inor ga nic mat ter. Chl a had a sig ni fi cant po si ti ve cor-
re la tion with the con tent of or ga nic mat ter (r=0.904, P=0.013). 
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IN TRO DUC TION

Nu me ro us dif fe rent ca vi ti es are pre sent wi dely un der ne ath the Earth’s 
sur fa ce, with many of them be ing so lu ti o nal – karst ca ves which usu ally oc cur 
in li me sto ne. Tho se are so far the most fre qu ently stu died types. Even tho ugh 
many ca ves are ex plo red wor ldwi de so far, it still is a small part of the pre sent 
un der gro und pas sa ges (Klim cho uk, 2004). Ca ve en tran ce ha bi tats are a part 
of ca ves cha rac te ri zed by the pre sen ce of daylight and may be con si de red as 
eco to nes bet we en the sur fa ce and dark ca ve ha bi tats. The depth to which light 
pe ne tra tes, con si de ring ca ve morp ho logy, de pends on the sha pe, po si tion or 
width of the ca ve ope ning (Sket, 2004). For ca ves with lar ge en tran ces, the 
light in ten sity re du ces 1% or less per me ter to ward the in ter i or, whi le in ca ves 
cha rac te ri zed with ex tre mely small en tran ces (<1 m), al most com ple te dark ness 
can en sue only af ter 1 m from the en tran ce (Pen te cost, 2004). He re, at ca ve 
en tran ces, due to the pre sen ce of light, pho to trophs are pre sent (Sket, 2004). 
Dif fe rent pho tosynthe tic spe ci es may dif fe rently to le ra te lack of light, whi le 
cyano bac te ria and al gae may ha ve so me adap ta ti ons to low light in ten si ti es 
and so me can grow on rock walls, even if the only so ur ce of wa ter is con den-
sa tion (Pen te cost, 2004). 

Cyano bac te ria and al gae in ca ves are of ten fo und for ming bi o films with 
ot her mic ro or ga nisms/or ga nisms. The va ri ety of bi o films in ca ves can be qu-
i te high, and it se ems that they are “unu su ally di ver se com pa red to tho se fo und 
on the sur fa ce” (Bo ston et al., 2001 ci ted in Bo ston, 2004). Sin ce they help in 
the sur vi val and growth of mic ro or ga nisms and the ir pro tec tion, it is even 
sug ge sted that the pri mary evo lu ti o nary units are not the or ga nisms in cor po-
ra ted in bi o films, but bi o films them sel ves (Bo ston, 2004).

Cyano bac te ria are qu an ti ta ti vely among the most im por tant or ga nisms 
on Earth: they had a key ro le in the oxyge na tion of the at mosp he re in the past 
and to day. The ir abi lity to de tect and re spond to va ri a ti ons in the en vi ron ment 
is of key im por tan ce for the ir suc cess and the ir pre sen ce in a di ver se ran ge of 
ha bi tats (Whit ton and Potts, 2012) and among them, in ca ves (Al ber ta no, 2012). 
They are mo re adap ta ble com pa red to eu karyotic al gae and so me of the adap-
ta ti ons to su ba e rophyti c li fe are a bet ter to le ran ce of de sic ca tion and wa ter 
stress (Whit ton and Potts, 2012). The cyano bac te rial com mu nity in si de ca ves, 
un li ke tho se in ha bi ting out si de ha bi tat, is in flu en ced by the cha rac te ri stics of 
this so me how con fi ned en vi ron ment and it is mostly in flu en ced by qu a lity and 
qu an tity of light and air hu mi dity (Al ber ta no, 2012). They are re si stant to dif-
fe rent con di ti ons in ca ves, in clu ding dark ness (Czer wik-Mar cin kow ska and 
Mas sal ski, 2018).

The aim of this re se arch was to ex plo re the di ver sity of pho to trop hic micro-
or ga nisms from the en tran ce zo ne of Pet ni ca Ca ve.



73

MA TE RI ALS AND MET HODS

Sam pling lo ca tion

Pet ni ca Ca ve is si tu a ted so ut he ast of the town of Va lje vo, ne ar Pet ni ca vil-
la ge. The en tran ces to the ca ve lie on the nort hern slo pe of the Osoj hill in the 
vil la ge of Pet ni ca, at the jun ction of the hill area and Va lje vo and the Ko lu bara 
val ley. Ri ver Ba nja springs from the Ca ve and flows in to the ri ver Ko lu bara 
(Fi gu re 1). 

Fi gu re 1. Re li ef, hydro logy and ge o logy of the wi der sur ro un dings of Pet ni ca Ca ve  
ac cor ding to ge o morp ho lo gi cal in for ma tion system – Arc Map. 1 – car bo na te rocks;  

2 – Mi o ce ne marly-clay se di ments; 3 – al lu vi um; 4,5 – ri ver ter ra ces; 6 – springs; 7 – ca ve.

Pet ni ca Ca ve con sists of two main parts: Do nja pe ći na (lo wer ca ve), which 
is hydro lo gi cally ac ti ve and Gor nja pe ći na (up per ca ve), a dry part of the ca ve 
cha rac te ri zed with the oc ca si o nally pre sent se e ping wa ter. They are con nec ted 
and the to tal length of ca nals is 580 m. The en tran ce of the lo wer ca ve has a 
tri an gle sha pe, 14 m wi de at the ba sis and 9 m high, whi le the en tran ce of the 
up per ca ve is con si de rably smal ler. Due to lar ge ope nings, ex ter nal tem pe ra-
tu re and air hu mi dity in flu en ce ca ve con di ti ons at the en tran ce and ne ar the 



74

en tran ce (Đu ro vić, 1998; La za re vić, 1988). The sam pling was per for med at the 
en tran ce of the lo wer ca ve.

Pet ni ca Ca ve is the ol dest re se ar ched and the most fa mo us ca ve in the 
Va lje vo karst. It was first pro tec ted as an ar che o lo gi cal si te, and then it was 
dec la red a na tu ral mo nu ment, as a spe le o lo gi cal ob ject and ge o he ri ta ge si te 
and is among the ten spe le o lo gi cal mo nu ments of na tu re in We stern Ser bia. A 
pro tec tion zo ne of 2.8 ha was esta blis hed aro und the ca ve in 1969, whi le the 
la test pro tec tion study (2012) pro po ses to pro tect an area of 8.10 ha (Gro up of 
aut hors, 2012). Al so, spring Ba nja (“Spring Pet ni ca”) is an ex tre mely ra re 
hydro lo gi cal phe no me non, which, ac cor ding to Si mić (2008) be longs to the 
first gro ups of hydro lo gi cal he ri ta ge ob jects of Ser bia. The ca ve it self has so 
far been in fra struc tu rally ar ran ged and equ ip ped for the ne eds of the to u rist 
ca ve three ti mes, but the num ber of vi si tors has ne ver been eno ugh for this 
fun ction to be esta blis hed. For long it has been the su bject of dif fe rent sci en-
ti fic re se arch and edu ca ti o nal ac ti vi ti es (Gro up of aut hors, 2012). 

Sam pling si tes and sam pling pro ce du re

Signs of the pre sen ce of pho to trop hic mic ro or ga nisms we re vi si ble on the 
walls of the en ti re en tran ce zo ne of the lo wer le vel of Pet ni ca Ca ve. Six sam-

Figure 2. Sampling sites in Petnica Cave: P1) brownish coloured biofilm; P2) light purple 
gelatinous biofilm; P3) dark purple gelatinous biofilm, P4) brown coloured biofilm; 

P5) light green coloured biofilm; P6) dark green coloured biofilm.
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pling si tes (P1–P6) sho wing va ri o usly co lo u red bi o films, which pho to graphs 
are shown in Figure 2, are cho sen for bi o film sam pling. All sam pling si tes we re 
lo ca ted, at the dis tan ce of ap pro xi ma tely 20 m from the en tran ce of the ca ve 
(on the ca ve wall op po si te to the ca ve en tran ce), but at dif fe rent he ights from 
the gro und: P1 – 1.4 m, P2 – 1.4 m, P3 – 1.4 m, P4 – 1.65 m, P5 – 1.65 m and 
P6 – 1.7 m. 

Bi o film sam ples for al go lo gi cal analyses we re sam pled as de scri bed in 
Po po vić et al. (2017). A fla me ste ri li zed scal pel was used to col lect bi o film 
di rectly from the rock sub stra tum, by gently scra ping the ma te rial from the 
sto ne sur fa ce. The sam ples of bi o film we re sto red in la be led ste ri le polyethyle ne 
bags and as such tran spor ted to the la bo ra tory for furt her pro ces sing – ma king 
of sli des for mic ro sco pi cal analysis and iden ti fi ca tion of cyano bac te ria and al gae.

Al go lo gi cal analyses

For mic ro sco pi cal analyses of pho to trop hic mic ro or ga nisms, two kinds 
of sli des we re ma de: tem po ra rily wet mo unt sli de (a pi e ce of bi o film mi xed 
with wa ter) and se mi per ma nent sli de (a pi e ce of bi o film mi xed with glyce ri ne). 
The sli des we re ob ser ved using the light mic ro sco pe Ze iss Axio-Ima ger M.1 
with soft wa re Axi o Vi si on 4.8. The iden ti fi ca tion of cyano bac te ria and al gae was 
per for med by using the stan dard li te ra tu re: John et al. (2003), Komárek and 
Anag no sti dis (1998; 2005) and Star mach (1972).

De ter mi na tion of chlo rophyll a, wa ter con tent, or ga nic  
and inor ga nic mat ter in bi o films

Bi o film was sam pled from a cer tain sur fa ce of 3.8 cm2 using the ro und 
ma trix as de scri bed in Po po vić et al. (2017), both for the de ter mi na tion of chlo-
rophyll a (Chl a) con tent, as well as for bi o film pa ra me ters – the con tent of 
wa ter, or ga nic and inor ga nic mat ter. Bi o film was kept in ste ri le polyethyle ne 
bags un til ar ri val in the la bo ra tory. Chl a ex trac ti on and cal cu la tion we re do ne 
as de scri bed in Po po vić et al. (2015), af ter which this pa ra me ter was ex pres sed 
per sur fa ce area, as μg Chl a cm-2. The con tent of wa ter, or ga nic and inor ga nic 
mat ter we re de ter mi ned ba sed on the dif fe ren ce bet we en fresh sam ple we ight 
and we ights af ter drying at 105 °C and as hing at 550 °C (Po po vić et al., 2017) 
and we re ex pres sed in per cen ta ges. 

Da ta analysis

Cor re la ti ons (Pe ar son co ef fi ci ent) bet we en Chl a and bi o film pa ra me ters 
we re de mon stra ted using the sta ti sti cal pac ka ge XLSTAT (Ad din soft, 2020). 
Con si de ring sam pling si tes, non-me tric mul ti di men si o nal sca ling (NMDS) 
ba sed on Bray-Cur tis dis tan ce was do ne to see po ten tial si mi la rity/dis si mi la rity 
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bet we en them, ba sed on do cu men ted cyano bac te rial and al gal ta xa. For this 
pur po se, the Ca no co 5 Soft wa re Pac ka ge (Ter Bra ak and Šmi la u er, 2012) was used. 

RE SULTS AND DI SCUS SION

In the ae rophyti c pho to trop hic com mu nity from the en tran ce zo ne of Pet-
ni ca Ca ve, a to tal of 39 cyano bac te rial and al gal ta xa was do cu men ted (Ta ble 
1). Cyano bac te ria pre va i led with 34 ta xa, but al gae be lon ging to Chlo rophyta 
we re al so fo und, tho ugh in a les ser ex tent. Ba cil la ri ophyta  we re spot ted too. 
The do mi nant Cyano bac te ria we re coc coid forms with 28 iden ti fied re pre sen-
ta ti ves (ge nus or spe ci es le vel) from 12 ge ne ra. Ho we ver, sim ple tric hal forms 
of Cyano bac te ria we re re cor ded too, but he te rocyto us ones we re com ple tely 
ab sent at the se sam pling si tes. The most di ver se cyano bac te rial ge ne ra we re 
Glo e o cap sa, Chro o coc cus and Glo e ot he ce con si de ring coc coid forms and 
Lep tolyngb ya con si de ring sim ple tric hal forms. Glo e o bac ter vi o la sce us was 
do cu men ted on all sam pling si tes, whi le Chro o coc cus er ce go vi cii, Glo e o cap
sa bi for mis and G.ni gre scens we re fo und on fi ve. The only green al gal re pre-
sen ta ti ves that we re re cor ded in bi o film sam ples we re mem bers of Apa to coc
cus, De smo coc cus, Ha e ma to coc cus and Tren te po hlia ge ne ra. Few Ba cil la ri-
ophyta  we re spot ted spo ra di cally in bi o film. So me cyano bac te rial re pre sen ta-
ti ves are shown in Fi gu re 3.

Ta ble 1. List of cyano bac te rial and al gal ta xa from bi o film sam ples from the en tran ce of 
Pet ni ca Ca ve.

P1 P2 P3 P4 P5 P6
Cyano bac te ri a 
Coc co i d
Ap ha no cap sa fu scolu tea Han sgirg + +
Ap ha not he ce sa xi co la Nägeli +
Ap ha not he ce sp. Nägeli +
Aste ro cap sa sp. H.-J.Chu + + +
Chon drocystis der moc hroa (Nägeli ex Kützing) 
Komárek & Anag no sti dis +

Chro o coc ci di op sis sp. Ge i tler +
Chro o coc cus co ha e rens (Brébis son) Nägeli + +
Chro o coc cus er ce go vi cii Komárek & Anag no sti dis + + + + +
Chro o coc cus sp. (Kützing) Nägeli +
Chro o coc cus te nax (Kir chner) Hi e ronymu s + +
Chro o coc cus tur gi dus (Kützing) Nägeli + + +
Glo e o bac ter vi o la sce us Rip pka, J. B. Wa ter bury &
Co hen-Ba zi re + + + + + +

Glo e o cap sa ae ru gi no sa Kützing + +
Glo e o cap sa atra ta Kützing + + + +
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Glo e o cap sa bi for mis Er ce go vic + + + + +
Glo e o cap sa cf. al pi na Nägeli +
Glo e o cap sa ni gre scens Nägeli + + + + +
Glo e o cap sa no va ce kii Komárek &
Anag no sti dis +

Glo e o cap sa pun cta ta Nägeli + +
Glo e o cap sa re ic hel tii P.G.Ric hter +
Glo e o cap sa sp. Kützing +
Glo e o cap sop sis sp. Ge i tler ex Komárek + +
Glo e ot he ce cf. pa lea (Kützing) Nägeli + + +
Glo e ot he ce con flu ens Nägeli +
Glo e ot he ce ru pe stris (Lyngbye) Bor net + + +
Glo e ot he ce sp. Nägeli +
Pse u do cap sa du bia Er ce go vic + +
Synec ho coc cus cf. elon ga tus (Nägeli) Nägeli +
Uni den ti fied coc coid Cyano bac te ria + + +
Sim ple tric hal 
Lep tolyngbya fo ve o la rum (Go mont) Anag no sti dis
& Komárek +

Lep tolyngb ya per fo rans (Ge i tler) Anag no sti dis &
Komárek + + +

Lep tolyngb ya spp. Anag no sti dis & Komárek + + + +
Ta pi not hrix bor ne tii Sa u va ge au +
Wolskyel la cf. flo ri da na Ma resš & Kaš tovský + +
Chlo rophyta 
Apa to coc cus lo ba tus (Cho dat) J.B.Pe ter sen +
De smo coc cus oli va ce us (Per soon ex Ac ha ri us)
J. R. La un don + +

Ha e ma to coc cus plu vi a lis Flo tow + +
Tren te po hlia au rea (Lin na e us) C.Mar ti us +
Ba cil la ri ophyta 
U ni den ti fied Ba cil la ri ophyta + +

So me da ta con si de ring pho to trophs from ca ve en tran ces in Ser bia that are 
pu blis hed so far in di ca te si mi lar fin dings as in Pet ni ca Ca ve (Po po vić et al., 
2015; 2017; 2019; 2020). Cyano bac te ria, mo re pre ci sely coc coid forms we re, 
for exam ple, do mi nant in Bo ža na Ca ve (Po po vić et al., 2015), Ver nji ki ca and 
De gu rić ca ves (Po po vić et al., 2019), Sa mar and Je za va ca ves (Po po vić et al., 
2020). In ma jo rity, Glo e o cap sa and Chro o coc cus we re re cog ni zed as the most 
di ver se ge ne ra. Ge nus Glo e o cap sa was re cog ni zed as the most di ver se ge ne ra 
when three ca ves in we stern Ser bia we re ex plo red (Po po vić et al., 2017). In 
ge ne ral ge nus Glo e o cap sa is re por ted from va ri o us ha bi tats cha rac te ri zed with 
va ri a ble eco lo gi cal cha rac te ri stics, which in di ca te its to le ran ce to a wi de spec ter 
of en vi ron men tal con di ti ons (Cen na mo et al., 2012). 
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Ac cor ding to Czer wik-Mar cin kow ska and Mas sal ski (2018), ca ves re pre-
sent bi o di ver sity cen ters for dif fe rent types of mic ro or ga nisms, espe ci ally for 
cyano bac te ria, which can be very wi de spre ad in ha bi tants of rock sur fa ces in 
ca ves (Al ber ta no, 2012), of ten ma king the main part of the pho to trop hic com-
mu nity in bi o films. Coc coid cyano bac te rial re pre sen ta ti ves are fre qu ent in ha-
bi tants of su ba e rophyti c sur fa ces due to the ir sim pli city and are in ge ne ral 
bet ter adap ted to lo wer light con di ti ons sin ce they to le ra te low ir ra di an ce mo-
re ea sily and thus of ten can be do mi nant (Mu lec et al., 2008 ci ted in Po po vić 
et al., 2015). The pre sen ce of coc coid forms is even seen in fos sils whe re they 
ran ge from “iso la ted sin gle cells, not un com monly en ve lo ped by mul ti la mel lar 
she aths, to pa irs or qu ar tets of she ath-en ve lo ped or she ath-lac king sphe ro i dal 
cells” or “oc cur in lar ge ag gre ga tes of ge o me tri cally or de red or ir re gu larly 
di stri bu ted clo se-pac ked co lo nial cells” (Schopf, 2012) in di ca ting that they 
we re pre sent many ti me ago and ha ve ti me to adapt to va ri o us kinds of en vi-
ron ment. 

Con si de ring Chlo rophyta, De smo coc cus was most fre qu ently re por ted in 
ae rophyti c ha bi tats in ge ne ral (Lo pez-Ba u ti sta et al. 2007). 

Bi o film pa ra me ters (the con tent of wa ter, or ga nic and inor ga nic mat ter), 
to get her with the con cen tra tion of Chl a, are de mon stra ted in Fi gu re 4. Con-
si de ring the wa ter con tent in bi o film sam ples, the hig hest was de ter mi ned in 
the bi o film from sam pling si te P3. Wa ter con tent was hig her than 40% in all 
ot her sam ples too, ex cept in bi o film from P5. On the ot her hand, P5 stands out 
as the sam pling si te whe re the hig hest con tent of or ga nic mat ter was de ter mi-
ned. The inor ga nic mat ter was hig hest at P1, and lo west at P6. In the ti me of 
sam pling, it was no ti ced that bi o films at the se lec ted si tes at the ca ve en tran ce 
we re well hydra ted, which con tri bu ted to hig her con tent in wa ter in al most all 
sam ples. Ho we ver, ac cor ding to Czer wik-Mar cin kow ska and Mas sal ski (2018), 
most Eu ro pean ca ves are mo ist and the ir walls at the en tran ce zo ne are fre qu-
ently co ve red with cyano bac te rial do mi na ted bi o films (Po u lič ko va and Haš ler, 
2007). Cyano bac te rial do mi na ted bi o films are rich in ex tra cel lu lar polyme ric 
sub stan ces (EPS) that are is sec re ted by the mic ro or ga nisms as the glyco calyx, 
she ath or en ve lo pe and which one of the main ro le is wa ter re ta i ning (Al ber-
ta no, 2012). 

Con si de ring the de ter mi ned va lu es of Chl a, the lo west was de ter mi ned 
in bi o film ta ken from P1, and the hig hest in the bi o film from P5. In ge ne ral, 
the hig hest re cor ded va lue of Chl a co in ci des with the hig hest de ter mi ned va-
lue of or ga nic mat ter. By ob ser ving cor re la tion co ef fi ci ents (Ta ble 2), Chl a 
was sig ni fi cantly po si ti vely cor re la ted with the con tent of or ga nic mat ter 
(r=0.904, P=0.013) in Pet ni ca Ca ve. As re por ted by Po po vić et al. (2017), the 
hig hest Chl a was al so de ter mi ned on a sam pling si te whe re the hig hest con tent 
of or ga nic mat ter was re cor ded. Ho we ver, it hap pens very of ten that a po si ti ve 
cor re la tion bet we en the se two pa ra me ters is not ob ser ved, when or ga nic mat-
ter in bi o films ori gi na te not ex clu si vely from pho to trop hic or ga nisms, but al so 
from non-pho tosynthe tic ones (bac te ria, fun gi, dif fe rent or ga nic par tic les that 
are de po si ted from air, dust, wa ter, etc.).
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Fi gu re 4. Chl a concentration (secondary axis), the content of water, organic and  
inorganic matter (primary axis) in biofilm samples from the entrance of Petnica Cave  

(P1–6, sampling sites).

Ta ble 2. Cor re la tion ma trix bet we en Chl a and bi o film pa ra me ters (the con tent of wa ter, 
or ga nic and inor ga nic mat ter in bi o film) sho wing cor re la tion co ef fi ci ents and sig ni fi can ce

Cor re la tion ma trix (Pe ar son):
Va ri a bles Chl a Wa ter (%) Or ga nic (%) Inor ga nic (%)
Chl a 1 -0.472 0.904 -0.881
Wa ter (%) -0.472 1 -0.791 0.027
Or ga nic (%) 0.904 -0.791 1 -0.633
Inor ga nic (%) -0.881 0.027 -0.633 1
Va lu es in bold are dif fe rent from 0 with a sig ni fi can ce le vel alp ha=0.05
p-va lu es (Pe ar son):
Va ri a bles Chl a Wa ter (%) Or ga nic (%) Inor ga nic (%)
Chl a 0 0.344 0.013 0.021
Wa ter (%) 0.344 0 0.061 0.959
Or ga nic (%) 0.013 0.061 0 0.178
Inor ga nic (%) 0.021 0.959 0.178 0

In this study, we al so wan ted to re pre sent which sam pling si tes we re the 
most si mi lar to each ot her, ba sed on the spe ci es com po si tion. Con si de ring NMDS 
(Figure 5), three gro ups of sam pling si tes are di stin gu is hed on the or di na tion 
di a gram. The first gro up is com po sed of P1 and P2 si tes, and the se cond gro-
up of P4, P5 and P6 si tes. The si tes wit hin the sa me gro up are mu tu ally si mi lar. 
Ho we ver, the most dis tant of all, in ot her words, the most dis si mi lar of ot hers 
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is P3 (up per part of the or di na tion di a gram). P1 and P2 con tain a lo wer num ber 
of re cor ded ta xa com pa red to ot her si tes and the ma jo rity of them (al most all) 
be long to coc coid Cyano bac te ria. On the ot her hand, P4, P5 and P6 are very 
rich in re cor ded ta xa: at all si tes, coc coid, sim ple tric hal Cyano bac te ria and 
Chlo rophyta are re cor ded. P5 and P6 (very clo se to each ot her on the or di na tion 
di a gram) are ad di ti o nally cha rac te ri zed with the pre sen ce of Ba cil la ri ophyta . 
Sam pling si te P3 is the most dis tant from ot hers be ca u se the num ber of re cor ded 
ta xa is so mew he re bet we en the pre vi o usly men ti o ned two gro ups and at this 
si te only Cyano bac te ria are re cor ded – coc coid, as well as sim ple tric hal re-
pre sen ta ti ves. This sam pling si te was al so cha rac te ri zed with the hig hest con-
tent of wa ter in bi o film (Fi gu re 4).

Fi gu re 5. Non-me tric mul ti di men si o nal sca ling (NMDS) sho wing si mi la rity/dis si mi la rity 
bet we en the sam pling si tes P1–6 in Pet ni ca Ca ve ba sed on re cor ded cyano bac te rial and 

al gal ta xa.

CON CLU SI ONS

The sci en ti fic va lue of ca ves due to the de ve lop ment of many dif fe rent 
re se arch fi elds re la ted to them in cre a sed du ring re cent de ca des and many ca ves 
are due to the ir uni que cha rac te ri stics re cog ni zed as pro tec ted si tes. Re se arch 
of pho to trophs can be of gre a ter im por tan ce due to the ir con ser va tion. Pho to-
trop hic mic ro or ga nisms, cyano bac te ria and al gae, we re ex plo red in bi o film 
sam ples col lec ted at the en tran ce zo ne of Pet ni ca Ca ve. Cyano bac te ria we re 
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ex clu si vely do mi nant, but Chlo rophyta and Ba cil la ri ophyta  we re pre sent too, 
tho ugh to a les ser ex tent. Coc coid Cyano bac te ria pre va i led whe re ge ne ra Glo e o
cap sa, Chro o coc cus and Glo e ot he ce we re the most di ver se. Sim ple tric hal 
re pre sen ta ti ves we re al so pre sent, but he te rocyto us ones we re com ple tely ab sent 
from exa mi ned sam ples. By non-me tric mul ti di men si o nal sca ling (NMDS) 
po ten tial si mi la rity/dis si mi la rity was ob ser ved bet we en sam pling si tes ba sed 
on re cor ded ta xa. Three gro ups of si tes we re di stin gu is hed, one with the lo wer 
num ber of re cor ded ta xa (con si sting of al most only coc coid Cyano bac te ria), 
se cond with a high num ber of re cor ded ta xa (all di vi si ons pre sent) and third, 
ma de of only one si te, was cha rac te ri zed with the pre sen ce of all cyano bac te-
rial gro ups. De ter mi ned Chl a was sig ni fi cantly po si ti vely cor re la ted with the 
con tent of or ga nic mat ter.
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ЦИ ЈА НО БАК ТЕ РИ ЈЕ И АЛ ГЕ ИЗ БИ О ФИЛ МА  
СА УЛА ЗНЕ ЗО НЕ ПЕТ НИЧ КЕ ПЕ ЋИ НЕ 

Сла ђа на С. ПО ПО ВИЋ1, Кри сти на М. ПЕ ТРО ВИЋ2, 
Ду ши ца С. ТР НА ВАЦ-БОГ ДА НО ВИЋ3, Дра га на Л. МИ ЛО ШЕ ВИЋ1, 

Ана Д. ГРА О ВАЦ2, Ива на С. ТР БО ЈЕ ВИЋ2, Гор да на В. СУ БА КОВ-СИ МИЋ2

1 Уни вер зи тет у Бе о гра ду, Ин сти тут за хе ми ју, тех но ло ги ју и ме та лур ги ју, 
Институт од националног значаја за Републику Србију,

Цен тар за еко ло ги ју и тех но е ко но ми ку, 
Ње го ше ва 12, Бе о град 11000, Ср би ја

2 Уни вер зи тет у Бе о гра ду, Би о ло шки фа кул тет, 
Сту дент ски трг 16, Бе о град 11000, Ср би ја

3 Уни вер зи тет у Бе о гра ду, Ге о граф ски фа кул тет, 
Сту дент ски трг 3, Бе о град 11000, Ср би ја

РЕ ЗИ МЕ: Зна чај би о фил мо ва у пе ћи на ма, ра зно вр сност ми кро ор га ни за ма 
у њи ма, њи хов ме ђу соб ни од нос, као и од нос са суп стра том, спа да ју у во де ће 
те ме ис тра жи ва ња у по љу ми кро би јал не би о спе ле о ло ги је. Ово ис тра жи ва ње до-
при но си оп штем по зна ва њу би о фил мо ва на ула зи ма пе ћи на, као и по зна ва њу 
фо то троф них за јед ни ца ко је се на ла зе у њи хо вом са ста ву. Има ју ћи то у ви ду, 
ис пи ти ва ни су би о фил мо ви са ула зне зо не Пет нич ке пе ћи не. Све тло сна ми кро-
ско пи ја је по ка за ла да су ци ја но бак те ри је ис кљу чи во до ми нант ни фо то тро фи 
(за бе ле же но је 34 од укуп но 39 так со на), са из у зет ном до ми на ци јом ко ко ид них 
фор ми (28 так со на); три хал не фор ме (хо мо цит ни пред став ни ци) су у би о фил му 
за сту пље не у ма њој ме ри, док су хе те ро цит не пот пу но од сут не. У ро до ви ма Gloeo
cap sa, Chro o coc cus, Glo e ot he ce и Lep tolyngb ya до ку мен то ван је нај ве ћи број так-
со на. Че ти ри ро да зе ле них ал ги ко ја су ина че ка рак те ри стич на за ае ро фит ска 
ста ни шта (Apa to coc cus, De smo coc cus, Ha e ma to coc cus и Tren te po hlia) су та ко ђе 
за бе ле же на, док су пред став ни ци раз де ла Ba cil la ri ophyta  на ђе ни спо ра дич но. 
Ста ти стич ка ана ли за NMDS је по ка за ла да су се пре ма слич но сти, од но сно на осно-
ву так со на ко ји су иден ти фи ко ва ни, одво ји ле три гру пе та ча ка узор ко ва ња. Kван-
титативне ка рак те ри сти ке би о фил ма су та ко ђе про це ње не – од ре ђен је са др жај 
хло ро фи ла а (Chl a), као и са др жај во де, ор ган ске и нео р ган ске ма те ри је. Значајнa 
по зи тив на ко ре ла ци ја (r=0.904, P=0.013) уо че на је из ме ђу са др жа ја ор ган ске мате-
ри је и Chl a.

КЉУЧ НЕ РЕ ЧИ: ае ро фит ски фо то тро фи, ал ге, би о филм, ци ја но бак те ри је, 
Пет нич ка пе ћи на




