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Hse0g: Y oBoM pajly TpeficTaB/beHe Cy OCHOBHE €KO-
CUCTEMCKe YCIIyTe Koje IIPY»Kajy BpcTe Bofjo3eMalia M IMU-
3aBalla, ca HaIJIACKOM Ha BpPCTaMa Koje HacerbaBajy Cpoujy.
ExocrncreMcke ycnyre TpefcTaBbajy cBe OeHedunuje Koje
TbY[IL MIMAjy Off €KOCUCTEMA U MOTY Ce TIONeNUTU Y YeTUPH
KaTeropuje: yciayre cHabeBama, yCIyTe peryyanuje, yCIy-
re off KyJITYPHOT 3Hauaja U yCayTe Tofipiike. Bogosemun u
IMM3aBIJ YYECTBYjy Y CBUM TUIIOBUMMA €KOCUCTEMCKMX YC-
JTyra: ycmyrama Hofiplike (KpyskKembe XpaH/bUBMX Marepuja,
6uotypbarja), ycryrama perynanyje (6110701Ka KOHTPO-
7Ma, ONpallMBame OMbaKa M INMpEHe IIXOBUX CEMeHa),
ycmyrama cHabfieBama (M3BOPY IIPOTENHA, XpaHe, CUPOBM-
Ha I JIeKOBa, PECypcy) U yCIyraMa off Ky/ITYpHOT 3Hadaja
(amajnuje, HapoIHa BepoBama U pUTyamn). Y cKOpo CBUM
€KOCHCTeMIMa BOJI03eMILI M TMU3ABIIM UTPajy K/BYIHY Y/I0-
Iy Y IIPOTOKY eHepruje ¥ Kpy>Kemy XpaH/bUBMX MaTepuja
y BOJICHOM ¥ KOIIHEHOM OKpY>Kemy (1 M3Mehy mix); ocum
TOTa, YU4eCTBY]y Y KOHTPOJIM MOITy/IaIiMja ,,IuTeTounHa” (VH-
ceKara 1 I7I0fiapa), @ TOTeHIIMjaTHO YYeCTBYjy M y OIpaIli-
Bamby I LIMpey/pasHoIIehy ceMeHa 6ubaka. Bogosemm
¥ TMM3ABIM CTy>Ke U Kao MOJeNN y MEeULIMHCKYIM UCTpa-
JKVMBamVMa 1 TIPY>Kajy IMOTeHIMjal 3a HOBe (apMalleyTcKe
HPOU3BOJiE KA0 LITO Cy aHA/ITeTUIIM, AHTUBUPYCHU U IPYTU
nexoBy. Obe HaBelleHe KTace KITIMeraKa, a oce6HO BOfIO-
3eMIY1, I3y3eTHO CY YTPOJKeHe: HaI/lalllaBamhe IbJXOBOT 3Ha-
Jaja Kpo3 eKOCHCTEMCKe YCITyTe Koje Ipy»Kajy Moke IToMohn
y 06pa3oBamy HEOIIXOHOM 3a JYTOPOYHY 3allITHUTY.

Kmwyune peuu: ycryre cHabneBama, yenyre perynanuje,
yciryre off Ky/ITYpHOT 3Hadaja, yCIyre MOofipIiKe.
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Abstract: This paper presents main ecosystem ser-
vices provided by amphibian and reptile species, with
an emphasis on species that inhabit Serbia. Ecosystem
services represent all the benefits that people receive
from ecosystems and can be divided into four categories:
provisioning services, regulating services, services of
cultural importance, and supporting services. Amphib-
ians and reptiles participate in all types of ecosystem
services: supporting services (nutrient cycling, bioturba-
tion), regulating services (biological control, pollination
of plants and their seed dispersal), provisioning services
(sources of protein, food, raw materials and medicines,
resources), and services of cultural importance (amulets,
folk beliefs and rituals). In almost all ecosystems, am-
phibians and reptiles play a key role in the flow of energy
and the cycling of nutrients in the aquatic and terrestrial
environments (and between them); in addition, they par-
ticipate in the control of “pest” populations (insects and
rodents), and potentially participate in plant pollination
and seed dispersal. Amphibians and reptiles also serve
as models in medical research, offering the potential for
new pharmaceutical products such as analgesics, anti-
virals and other drugs. Both of these vertebrate classes,
and amphibians in particular, are extremely endangered:
highlighting their importance through the ecosystem
services they provide can help with the education neces-
sary for long-term conservation.

Key words: provisioning services, regulating services,
services of cultural importance, supporting services.




Mapxo Husay,

YBOJI

Jlo6pobut u yoruire orcTaHaK /byICKe BPCTe 3aBICH,
HEIIOCPENHO MM IIOCPENHO, Of T3B. YCIyra Koje IpyKajy
exocucreMn. MHOIM OpraHM3MM MMajy BEIMKM 3Ha4aj y
JbyfCcKOM XuBoTy. Ha mpumep, MHOTe 6M/bKe 1 )KMBOTHIbE
ce KOpUCTe Kao XpaHa M 3a IIPOM3BOJIY JIeKoBa, ofehe,
rpahesuHckor Marepujama, uth. CBM OpraHM3MH, Kao
KOMIIOHEHTe eKOCHMCTeM4, JJOIIPMHOCE IMXOBUM (QYHK-
L1MjaMa 1 Ipy>kajy OpojHe ycyre 4OBe4aHCTBY.

IIpema  MuneHmjymMckoj  IpOLEHM  €KOCUCTeMA
(Millennium Ecosystem Assessment (MEA), 2005), exocic-
TeMCKe yCIyTe HpefcTaB/bajy cBe OeHeduije Koje Jbymu
uMajy off exocucrema. [enepanHo, eKOCUCTEMCKE YCITyTe Cy
HOfIe/beHe Y YeTUPM KaTeropuje: YCIyre CHaGfeBama Koje
IVPEKTHO UCITyHaBajy /byCKe IIOTpebe 3a XpaHOM, CBEXXOM
BOJIOM, BJIAKHMMA 32 U3Pajly TKAHMHA, IEKOBUMA, TOPUBOM,
rpaheBUHCKIM MaTepujaioM ¥ CJL; YCIyre peryranuje
yK/bydyjy npeuninhaBame Bofie, KOHTPONIy eposlije, pery-
Nalyjy KamMe, KOHTPOTy 00/ecTy, KOHTPOIy OpOjHOCTH
IITETOYNHa, OIpallliBatbe OMbaka M KOHTPOIY 1 yO/aa-
Bame MPUPOAHNX KaTacTpoda; yCIyre of, KyITypHOT 3Ha-
vaja nosehaBajy KBa/MTeT JBYHCKOT >KMBOTA KPO3 PeKpe-
anujy, peurujy, JyXOBHOCT U €CTETUKY; YCIyTe IOJPIIKe
KOje IIOAp)KaBajy Apyre BPCTe €KOCUCTEMCKUX YCIyra U
Ofip>KaBajy eKocucTeMe ¥ OMOIMBEP3UTET KPO3 Kpy'Kerbe
XpaH/BMBMX MaTepuja 1 Bofie, popMuparme 3eM/bUIITA U
IpuMapHy npoussogmy (Martin-Lopez et al., 2009; Haines-
Young & Potschin, 2010; Nelson & Daily, 2010).

Hexu ayropu npeiaxy u mupy fedMHUIN}Y, OFHOC-
HO JIa eKOCYICTeMCKe yC/Tyre o0yXBaTajy CBaKy acIeKT UK
KOMIIOHEHTY €KOCHUCTEMA, KOjy JbY/i AMPEKTHO UM UH-
mupextHO Kopucte (DeFries et al,, 2005). Y ogHOCY Ha TO,
MOTY Cé Pa3/IMKOBATH JIBa TUIIA YCIyTa: YCIyTre AUPEKTHOT
kopumthemwa — ycmyre cHaOfieBamwa 1 yCIyre Off KyITyp-
HOT 3Ha4aja, Koje YK/by4yjy XpaHy, YCeBe, IPBO 32 TOPUBO
wm rpaheBMHApCTBO, TeKOBe, Kao ¥ peKpeaTuBHe U KyJl-
TYPOJIOLIKE AKTUBHOCTU Ka0 LITO CY Y>KUBambe Y IPUPONIN,
IOCMaTpambe IUB/bUX BPCTA KUBOTUH>A, CIOPTOBHU y IIPU-
pofiu U ApyTe yXOBHE UM JAPYIITBEHE aKTUBHOCTHU KOje
He 3axTeBajy nmponssoamy (DeFries et al., 2005).

Hacynpor Tome, ycmyre mHAuMpeKTHOT Kopuurhema
obyxBarajy CBe OHe yC/Iyre eKOCHCTeMa Off KOjUX Jby[u
UMajy MHIUPEKTHY KOPUCT, KaO LITO Cy ONpaIlMBam-e
Oupaka M IIMperbe HIXOBMX CeMeHa, pery/aluja KInuMme,
cekBecTpanyuja (CKTafuINTere) YITbeHMKa, KOHTPOsa
mrerounHa u 6onectu. Ha mpumep, yrumajem Ha mpu-
MapHy IPOU3BOJIbY U IPOLece eKOCUCTEMA, KAo LITO Cy
Kpy>Kele BOJie M XPaH/bUBMX MaTepuja, OMOAMBEP3NUTET
UMHJUPEKTHO yTUYe U Ha IPOU3BOJHY XPaHe, BIaKaHa,
cxnouuita uth,. (DeFries et al., 2005).

LInmb oBor pajia je ia ce MueHTUMKYjY U ONMUIILY YCIyTe
eKocucreMa Koje Ipyskajy BogoseMuy u rmusasim y Cp-
6uju, Kako 61 Cce IIPOLIEHNO JONPUHOC OBMX OpraHM3ama
KaKo eKOCUCTeMMMA, TaKo U mobpoburtu pynuma. Bopo-
3eMIM ¥ TMU3ABIM HIMPOKO Cy PacCIPOCTPAbeHN Y CBETY,
na u 'y Cpbuju, u o6aBipajy pasmmunte GpyHKIje y CKOpo
cBuM ekocucTeMuma. OBe JiBe K/lace KMIMemhaKa Cy CIUIHe
y HeKuM acrieKTnma. Ha nmpumep, 4ecTo Hace/baBajy ClmIHa

INTRODUCTION

The well-being and the very survival of the human-
kind depend, directly or indirectly, on the so-called ser-
vices provided by ecosystems. Many organisms are of great
importance to human life. For example, many plants and
animals are used for food and for the production of medi-
cines, clothing, building materials, etc. All organisms, as
components of ecosystems, contribute to their functions
and provide numerous services to humanity.

According to the Millennium Ecosystem Assessment
(MEA, 2005), ecosystem services are all the benefits that
people get from ecosystems. Generally, ecosystem services
are divided into four categories: provisioning services,
which directly meet human needs for food, fresh water,
fibres for clothes production, medicines, fuel, building ma-
terials, etc.; regulating services include water purification,
erosion control, climate regulation, disease control, pest
control, plant pollination, and the control and mitigation
of natural disasters; services of cultural importance en-
hance the quality of human life through recreation, reli-
gion, spirituality and aesthetics; supporting services that
support other types of ecosystem services and maintain
ecosystems and biodiversity through nutrient and water
cycling, as well as soil formation and primary production
(Martin-Loépez et al,, 2009; Haines-Young & Potschin,
2010; Nelson & Daily, 2010).

Some authors also propose a broader definition, name-
ly that ecosystem services should encompass every aspect
or component of an ecosystem that people use directly or
indirectly (DeFries et al., 2005). In this regard, two types of
services can be distinguished: direct-use services — provi-
sioning services and services of cultural importance, which
include food, crops, fuelwood or construction timber,
medicines, as well as recreational and cultural activities
such as enjoying nature, wildlife watching, outdoor sports,
and other spiritual or social activities that do not require
production (DeFries et al., 2005).

In contrast, indirect use services include all those eco-
system services from which people benefit indirectly, such
as plant pollination and the dispersal of their seeds, climate
regulation, carbon sequestration, and pest and disease con-
trol. For example, by influencing primary production and
ecosystem processes, such as water and nutrient cycling,
biodiversity also indirectly affects the production of food,
fibre, shelter, etc. (DeFries et al., 2005).

The aim of this paper is to identify and describe the
ecosystem services provided by amphibians and reptiles in
Serbia, in order to assess the contribution of these organ-
isms to both ecosystems and human well-being. Amphib-
ians and reptiles are widespread throughout the world, in-
cluding Serbia, and perform various functions in almost
all ecosystems. These two classes of vertebrates are similar
in some respects. For example, they often inhabit similar
habitats, are ectothermic organisms, and are also similarly
sensitive to habitat degradation, disturbance, environmen-
tal pollution, the introduction of allochthonous invasive
species, etc. (Pough et al., 2004).
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CTaHUIITA, EKTOTEPMHU Cy OpPraHM3Mu, a Takobe cy Ha ciu-
YaH HA4YMH OCET/BVBU U HA JETPAfAllNjy CTAaHMIITA, HAPYy-
maBae, 3araherme XXUBOTHE CpeJHe, YHOIIEHE aTOXTO-
HUX MHBa3MBHUX BpcTa UTH. (Pough et al,, 2004).
Boposemuu cy roTOBO KOCMOIIONIUTCKY PACIPOCTpatbe-
Hu KnaMemann. Jlo cap je onmcano 9020 BpcTa BofjoseMana
(AmphibiaWeb, 2026). IIpema IUCN npouenama n3 2026.
roguHe (IUCN, 2026), Buiue ox 41% BpcTa Bojo3eMala je
yrposxeHo. Y Cpbuju cy ommcaHe 22 BpcTe Bofjo3eMania: 14
BpcTa 6e3penmx Bofo3emarlia — >xaba (pen Anura) u ocam
Bpcra pemarux Boposemana (pep Caudata) (UroSevic et
al,, 2022). Ilpema IIpaBMIHVUKY O IPOITIAIIEIbY U 3AIUTUTH
crporo samtrhennx u 3amruheHnx AuBBUX BpcTa Omba-
Ka, )KMBOTHIba 1 I7bMBa (,,Crryx6enn rmacank PC, 6p. 5/10,
47/11, 32/16 1 98/16), y Penty6rmiuu Cp6uju je 18 Bpcra Bo-
mosemarna crporo saurruheHo, a Tpu BpcTe Cy 3anrruheHe.
IMm3aBIu cy, Takobe, TOTOBO KOCMOIOIUTCKM pac-
IIpocTpameHy KuaMemann. Jlo cap je onucano 12568 Bp-
cra rmusaBana (The Reptile Database, 2026). IIpema [UCN
npornenama u3 2026. rogune (IUCN, 2026), oko 21% Bp-
CTa IMu3aBala je gaHac yrpoxkeHo. ¥ Cpb6uju >xuBu 26
Ay TOXTOHMX BpPCTA I'MM3aBala: TPU BPCTe KOpmada (pex
Testudines), 13 BpcTa rymrepa (nmoppep Lacertilia) u 10
Bpcra 3muja (moppen Serpentes) (Uroevi¢ et al., 2022).
JIBe BpcTe rMusaBana cy ajoxrone 3a Cpoujy — Trachemys
scripta ssp. u Hemidactylus turcicus (Uro$evi¢ et al., 2022).
[Tpema ITpaBWIHNKY O IPOIJIALIEY ¥ 3ALITUTH CTPOTO
samrtrhennx u samruheHnx guBBUX BpcTa OM/baKa, Xu-
BOTUIbA U [7bMBA, Y Perry6mmiy Cp6uju je 18 BpcTa rMusa-
Bara cTporo saurruheHo, a iBe Bpcre ¢y 3amTnhene.
TeHepa/THO, BOJO3EMIN VI TMU3ABIIM YYECTBY)Y Y CBUM
TUIIOBMMA €KOCKMCTEMCKMX YCIyra: ycayrama IOfpIiKe
(kpy»eme XpaH/bUBUX MaTepyja, 6M0Typbauyja), ycryra-
Ma perynanyje (GMOJIONIKa KOHTPOJIA, LIVPEHhe CeMeHa I
ollpalllBabe), yelryrama CHabfeBama (M3BOpU IIPOTENHA,
XpaHe, CHPOBJHA ¥ JIEKOBA, PECypCH) U YCIyramMa off KyJi-
TYPHOT 3Hauaja (aMajnuje, HApOIHA BepOBama I PUTYasn).

EKOCUCTEMCKE YCJIYTE
CHABIEBAIbA

VsBopu xpane. [InB/be BpCcTe >KMBOTHIbA CY BaXKaH 13-
BOp XpaHe 3a Jpyfe. MHore BpcTe GecKuuMemaka, puba,
BOJO3eMal[a, TMM3aBalla, [ITHIA U CUCapa Ce KOPUCTe y
bYACKOj ucxpanu. Heke BpcTe BofoseMalia ¥ rMusaBana
Cy Ba)XHI M3BOPU XpaHE 3a CTAHOBHMKE PYpPa/THUX IIOJ-
pydYja y pasmmautuM fenoBuma csera (Mittermeier et al.,
1992; Thorbjarnarson et al., 2000).

Bpcre 3enmenux sxaba (3enmena xaba — Pelophylax kl.
esculentus, Benuka 3emeHa sxaba — P ridibundus n mama
3ereHa xaba — P lessonae) caxymmpajy ce U3 IpUpoae 1
Kopucte y ncxpann. Caxymmamwe oBe Tpu BpcTe je y Cp-
Ouju perymicaHo Ypen6oM o CTaB/bamby II0J KOHTPOILY KO-
pumrhema 1 mpoMeTa auBbe (riope u payse (,Cny>x6eHn
rnacunk PC”, 6p. 31/05, 45/05 - ucmp., 22/07, 38/08, 9/10,
69/11 1 95/18 — mp. 3aK0H), IIpeMa K0joj je of 2023. ronnHe
T03BOJ/bEHO CaKyIl/balbe 10 1 t 110 BpCTH, Ca TEHJIEHIIN]OM
[OTITyHe 3a0paHe CAaKyIUbalba YKOIUKO Ce 3 TO YKaXKe MO-
Tpeba. Ypenbom je nepMHMCAHO 1 [a Ce CAKYIUbAe OBUX

Amphibians are almost cosmopolitan vertebrates. To
date, 9,020 species of amphibians have been described
(AmphibiaWeb, 2026). According to IUCN estimates
from 2026 (IUCN, 2026), more than 41% of amphibian
species are threatened. In Serbia, 22 species of amphib-
ians have been described: 14 species of tailless amphib-
ians - frogs (order Anura) and eight species of tailed
amphibians (order Caudata) (Urosevi¢ et al., 2022). Ac-
cording to the Rulebook on the Proclamation and Pro-
tection of Strictly Protected and Protected Wild Species
of Plants, Animals and Fungi (,,Cny>x6enu rmacaux PC”,
6p. 5/10,47/11, 32/16 n 98/16), 18 species of amphibians
are strictly protected and three species are protected in
the Republic of Serbia.

Reptiles are also almost cosmopolitan vertebrates. To
date, 12,568 species of reptiles have been described (The
Reptile Database, 2026). According to IUCN estimates
from 2026 (IUCN, 2026), around 21% of reptile species
are threatened today. There are 26 autochthonous species
of reptiles in Serbia: three species of turtles (order Tes-
tudines), 13 species of lizards (suborder Lacertilia) and
10 species of snakes (suborder Serpentes) (Uro$evié et
al., 2022). Two reptile species are allochthonous in Ser-
bia — Trachemys scripta ssp. and Hemidactylus turcicus
(Urosevi¢ et al., 2022). According to the Rulebook on the
Proclamation and Protection of Strictly Protected and
Protected Wild Species of Plants, Animals and Fungi, 18
species of reptiles are strictly protected and two species
are protected in the Republic of Serbia.

In general, amphibians and reptiles participate in all
types of ecosystem services: supporting services (nutrient
cycling, bioturbation), regulating services (biological con-
trol, seed dispersal and pollination), provisioning services
(sources of protein, food, raw materials and medicines, re-
sources) and services of cultural importance (amulets, folk
beliefs and rituals).

PROVISIONING SERVICES OF
ECOSYSTEMS

Food sources. Wild animal species are an important
source of food for humans. Many species of invertebrates,
fish, amphibians, reptiles, birds and mammals are used in
human nutrition. Some species of amphibians and reptiles
are important sources of food for rural populations in dif-
ferent parts of the world (Mittermeier et al., 1992; Thorb-
jarnarson et al., 2000).

Species of green frogs (Edible frog — Pelophylax kl.
esculentus, Marsh frog - P. ridibundus and pool frog
— P. lessonae) are collected from the wild and used in
nutrition. The collection of these three species is reg-
ulated in Serbia by the Decree on the Control of the
Use and Trade in Wild Flora and Fauna (,,Cnyx6enn
rmacank PC”, 6p. 31/05, 45/05 - ucnp., 22/07, 38/08,
9/10, 69/11 u 95/18 - mp. 3akon), according to which,
from 2023, the collection of 1 tonne per species is per-
mitted, with a tendency towards a complete ban on col-
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BpCTa >kaba MO>Ke BPILUTH CaMo Y IIepuony of 1. jyHa o
1. centembpa. Takobe, sabpameHo je cakympaTu, KOpu-
CTUTU U CTAaBUTM y IPOMET jeAMHKe 3amTuheHux BpcTa
aba ynja je Te>knHa Mamba of 50 g n Beha oz 120 g, omHOC-
HO Jy>KMHa Mama of 9 cm u Beha o 15 cm.
Cakympame U3 AVMB/BUMHE M TProBMHA BOJO3EMIMMA
y Be3M) ca IbJMXOBOM KOH3YMAaI[jOM MOXKe OUTU 1M3y3eTHO
IITeTHA 3a IIONMy/Ialyje BojgoseMalna. llomymanyoHo-exo-
JIOLIKAa MCTpaKuBara Ha noppydjy bopckor, bpanmues-
CKOL, 3amajHo0aykor, Jy>KHOOAHATCKOI, Jy»KHOOAYKOL,
IMonynasckor, Pacunckor, CeepHobOaHaTckor, CeBepHO-
6aukor, CpegmobaHaTckor 1 CpeMCKOr OKpyTra IIoKasasa
CY Ja je HapylleH OffHOC y3pacHMX KaTeropuja y IIOIy/Ia-
IjYjaMa, OJHOCHO fia 6poj jyBEeHWIHUX U IIOJIHO He3pemux
(cybapynTHMX) jemMHKM JlaZeKo HaaMairyje Opoj MOIHO
3peNNx, ITO AUPEKTHO yTUYe Ha PelpOfyKLUMOHN HOTEH-
myjan (Krizmani¢, 2008). Taxobe, BemrdrHa OBUX jeINHKY
(jyBeHMWIHVX M CyOafy/ITHUX) je MCIIOf Mepe, TaKo Jia OHe
HeMajy IpuBpeqHy 3Ha4aj. CaKyIubare CBe TPU BPCTe 3eTIe-
HVIX >kaba Hije JO3BO/bEHO Ha OBUM IIOAPYYjUMa, jep je He-
KOHTPOJIVICAHUM M3/I0BOM, 33jeJHO ca ApyruM (akTopyuma
yIpOXKaBama IOy T YHNUIITaBaka CTAHWIITA, HEKOHTPO/IN-
CaHe ITpMMeHe arpOXeMUjCKIX CPeiCTaBa U CIL., CTarbe MOITY-
Janyja 3e/ieHnx xabda JOBeIeHO CKOPO IO MBUIIE OIICTAHKA.
Y MHOrMM 3eM/baMa mpoM EBpore nrymcka Kopmaya
ce cMaTpa fe/IMKaTeCoM. 3eM/be y UMjUIM PeCTOPaHuMa ce
Hajuenrhe cmyxe jena (4opOe, cyrie, MaIpUKalIy U JPYro)
of, Kopmaya cy VMranuja, @pannycka, HIsencka n Hemau-
ka (Nikoli¢ & Crnobrnja-Isailovi¢, 2017). VicTpaxxuBamem
je yrBpheHo [1a ce Kopmade y MCXpaHU KOPUCTE U Y HAIIOj
3ewspst. OBU CIIOpajVIYHM CIy4ajeBM Be3aHU CY 3a 00yke
IIpeXXNB/baBamba y IPUPOAYU KOje IIpo/ase IpUIafHIIN
BOjHUX Ipylanuja u Heku oppenu ussubava. ITopen us-
JIOBJ/baBarba KOPIbada y OBe CBPXe, 3a0e/ie)keHe Cy U Ipuye
JIOKa/IHOT CTAaHOBHUINTBA ca ceBepa KocoBa o ToMe Kako
cy Kpajem XX BeKa HEKM MHOCTPaHM Jp>KaB/baHU Off IbUX
OTKYIUBMBA/IM jefINHKE HIYMCKe KOpHbade 1 KOPUCTIIN UX
y ucxpanu (Nikoli¢ & Crnobrnja-Isailovi¢, 2017).
Tprosuna (ocuMm 3a ucxpany). Cakylubame U3 IpuU-
porne jemuuky samTrheHux Bpcra rmusasaua y Cpouju
IIPUCYTHO je AY>KM HM3 TOOVMHA U IIpefcTaB/ba jeflaH Off
3HaYajHUX yrpokasajyhux gakropa. Beoma je Temko mpo-
LIEHUTV 0OMM, MUHTEH3UTET U 3Ha4aj OBOT (pakTopa ¢ 0031-
POM Ha TO /ia He TI0CTOje OCHOBHY TIOfjall) YaK HI O TOMe
KOja Cy TIofipydja y TOM IOT/Iefy HajyrpokeHnja. Bpcre Bo-
fo3eMalla ¥ TMU3aBalja YeCTO Ce CaKyIUbajy U3 JVB/bIHE,
Ipofiajy ¥ n3Bo3e, Hajuemhe kao KyhHu /by6umim.
IITymcka xopmaua (Testudo hermanni), ynpkoc popmar-
HOj 3abpaHu, U Ja/be ce CaKyIUba U3 JUB/bUHE, Y TO IOHEKa]
3a XpaHy, TPafMILVOHATHY MEJULIVHY ¥ U3Pagy HaKNUTa,
amy 3HaTHO yemrhe y Iby npopaje, Kao KyhHu /py6umar.
Y Haioj sem/by, 0Ba BPCTa je M3/I0)KE€Ha 3HaTHO] €KCII/Ioa-
Talyji, BUIIE HETO MjeflHa JApyra BpcTa rMmsaBlia. Buire-
IeLieHNjCKa YHY Tpallllba TPrOBMHA U Me)yHapOIHY IIpOMeT
jemHKaMa, MIeTaHO CaKyIUbamke M TPrOBMHA IITYMCKOM
KOpH-a4oM ca Iofipydja 6usIue Jyrocnasuje, kao u Cpbuje,
IIpeficTaB/bajy M3y3eTHO 3HadajaH (paKTop yrpoXKaBarma OBe
Bpcte (Ljubisavljevi¢ et al,, 2011), HapounTo ako ce MMa y

lection if the need arises. The Decree also stipulates
that the collection of these frog species may only take
place in the period from 1 June to 1 September. It is
also prohibited to collect, use and market specimens
of protected frog species weighing less than 50 g and
more than 120 g, or measuring less than 9 cm and more
than 15 cm in length.

Collection from the wild and trade in amphibians for
consumption can be extremely harmful to amphibian
populations. Population and ecological research in the dis-
tricts of Bor, Brani¢evo, West Backa, South Banat, South
Backa, Podunavlje (Danube region), Rasina, North Banat,
North Backa, Central Banat and Srem has shown that the
age ratio in populations is disturbed, i.e. that the number
of juveniles and sexually immature (subadult) individuals
far exceeds the number of sexually mature ones, which di-
rectly affects the reproductive potential (Krizmani¢, 2008).
In addition, the size of these individuals (juveniles and
subadults) is below the norm, so they are of no economic
importance. The collection of all three species of green
frogs is not permitted in these districts, because uncon-
trolled hunting, along with other threatening factors such
as habitat destruction, uncontrolled use of agrochemicals,
etc., has brought the state of green frog populations almost
to the verge of extinction.

In many countries across Europe, Hermann's tortoise
is considered a delicacy. The countries in which restau-
rants most often serve tortoise dishes (soups, stews,
etc.) are Italy, France, Sweden and Germany (Nikoli¢
& Crnobrnja-Isailovi¢, 2017). Research has shown that
tortoises are used for the same purpose in our country
as well. These sporadic cases are related to the training
in survival in nature that members of military groups
and some scout detachments undergo. In addition to
the hunting of tortoises for this purpose, stories have
also been recorded from the local population of north-
ern Kosovo about how, at the end of the 20" century,
some foreign citizens bought specimens of Hermann's
tortoise from them and used them as food (Nikoli¢ &
Crnobrnja-Isailovi¢, 2017).

Trade (except for food). The collection of protected
reptile species from the wild has been going on in Serbia
for many years and is one of the significant threatening fac-
tors. It is very difficult to assess the scope, intensity and
importance of this factor, given that there is no basic data
even on the areas that are most endangered in this regard.
Amphibian and reptile species are often collected from the
wild, sold and exported, most often as pets.

Hermann's tortoise (Testudo hermanni), despite a for-
mal ban, is still collected from the wild, sometimes for
food, traditional medicine and jewellery crafting, but
much more often for sale as a pet. In our country, this
species is exposed to considerable exploitation, more
than any other reptile species. Decades of domestic trade
and international circulation of these tortoises, illegal
collection and trade in this tortoise species across the
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BIUJIY B€HO JiyTo BpeMe reHepanyje. Ha nogpydyjy Perry6mu-
ke Cp6uje Hucy pabeHa HomynaiyoHa MCTpaXKMBaba Koja
0y MOITIa yKa3aTy Ha eBEHTYa/Hy LITeTy HAHeTY IOIIy/Ia-
IMjamMa IIyMCKe KOpEhade Koja je HacTala KOHTVHYVMPAHIM,
HECETIeKTVBHVIM  MHTEH3VMBHNM WU3/I0BOM y IIPOTEK/INM
meuenujama. Nikoli¢ et al. (2018) y cBoM papy HaBope ja
aHammse oppxuBocty nomynanuja (Population Viability
Analyses - PVAs) ykasyjy Ha To fa 61 4aK ¥ Be/Ke U Tyc-
Te MOITy/Ialyje ITyMCKe KOpHade Koje Hace/baBajy IOBO/bHA
OKpY’Kema MOITIe JIa Ce CyoUe ca M3yMMpareM yCTef, Ipe-
KOMepHor yckopuinhaBama y pOKy Of HEKOIVMKO TOAVHA.
Ycren HemoCTaTKa MOJATAKA O OCHOBHMM IIOIY/IALIMOHUM
napamerpuma (pexyHputeT, (epTUINTET, MOPTAIUTET,
Y3PacHO crieryiIIHY MOPTA/INTET, BeIMYIHA [IOITy/1alyje,
OfTHOC TIO/IOBA, BPeMe JIOCTH3amba IIOTHE 3PENOCTH, UTH.),
/I ¥ [OflaTaKa O KaIlalMTeTIMa CTAHMIIITA, BPJIO je TEIIKO
IPOLIEHNTH IIOIY/IAL[YIOHE TPEHIOBE, CTalbe M CTATYC YIPO-
JKeHOCTH BpcTe Ha Teputopuju Cpbuje.

VcrpaxkuBama Cy IOKasaia Jja ce OKJIOI KOpHada Ha
IPOCTOpPY HCTO4YHe M jy>kHe CpOuje CIOpajuyHO M He-
JlerajiHo yrnoTpeb/baBa 3a M3pajy YKPacHUX JIaMIIM, Iie-
ne/bapa, TaMbypa, HaKMTa 1 APYIMX YKPACHUX IPefMeTa
(Nikoli¢ & Crnobrnja-Isailovi¢, 2017) (Cnuka 1). ITpema
Ypen6u o craB/pamy 107 KOHTpOTy Kopuinherba i IIpoMe-
Ta juBsbe drrope u dayne (,Cryxbenn rmacauk PC’, 6p.
31/05, 45/05 - ucmp., 22/07, 38/08, 9/10, 69/11 n 95/18 -
IIp. 3aKOH), CaKyIl/bakbe LIYMCKe KOpibade U3 IPMpoJe je
3abpameHo Ha Teputopuju uene Peny6mke Cpouje.

countries of the former Yugoslavia, as well as Serbia, are
a pronounced threat factor to this species (Ljubisavljevi¢
et al., 2011), especially considering its long lifespan. No
population surveys have been conducted in the Repub-
lic of Serbia that could indicate any possible damage to
the Hermann's tortoise populations caused by continu-
ous, indiscriminate and intensive hunting in recent dec-
ades. Nikoli¢ et al. (2018) state that Population Viabil-
ity Analyses (PVAs) indicate that even large and dense
populations of Hermann's tortoise inhabiting favourable
environments might face extinction due to overexploita-
tion within a few years. Due to the lack of data on ba-
sic population parameters (fecundity, fertility, mortality,
age-specific mortality, population size, gender ratio, pe-
riod of reaching sexual maturity, etc.), as well as data on
habitat capacities, it is very difficult to assess population
trends, condition and threat status of the species on the
territory of Serbia.

Research has shown that tortoise shells are sporadi-
cally and illegally used in eastern and southern Serbia for
crafting decorative lamps, ashtrays, tambourines, jewel-
lery, and other decorative items (Nikoli¢ & Crnobrnja-
Isailovi¢, 2017) (Figure 1). According to the Decree on
the Control of the Use and Trade in Wild Flora and Fau-
na (,,Cnyx6eunn rmacuuk PC”, 6p. 31/05, 45/05 - ucnp.,
22/07, 38/08, 9/10, 69/11 u 95/18 - mp. 3akon), the col-
lection of Hermann's tortoise from the wild is prohibited
throughout the territory of the Republic of Serbia.

Cnnxa 1. Tambype o oxyona kopmade (peysero us: Nikoli¢ & Crnobrnja-Isailovi¢, 2017)

Figure 1. Tortoise shell tambourines (taken from: Nikoli¢ & Crnobrnja-Isailovi¢, 2017)

Mepuuuacku pecypen. Koxa Bogosemara je Mopdo-
JIOMIKY, (PUBMOMOMIKY ¥ OUMOXEeMUjCKM KOMIIEKCAH Op-
raH KOj! BpIIN IIMPOK CIieKTap (YHKIMja HEOIXOTHNUX 3a
IUXOB OIcTaHaK. Koxxa Bozjosemalia cafpyxu rpaHy/apHe
JKJIesfie KOje CUHTETHUINY DasaMIuTa XeMMjCKa jeNuEberba
KOja ¥x mItute off uHdekije 6akTeprjaMa 1 I/bUBNLIAMA,
aJIn 1 Off TIpeflaTopa, a Takobhe Urpajy BayKHY y/IOIy y Iapemy
u obenexasamy tepuroprje (Duellman & Trueb, 1994;
Stebbins & Cohen, 1997). bpoj 1 pa3sHOBPCHOCT jefuberba
KOja CUHTETHIITY TPaHy/IapHe JKJIe3Jie y KOXI BOJo3eMalia je
usneHabyjyhe Benuku, a oHa yk/pydyjy 61oreHe amuse, 6y-
¢dopuenonuze (6ydorennnnu 1 6ypoTOKCHHN), ATKATIONTE,
nerrtupie u ipotente (Clarke, 1996; Wells, 2007). C 063u-
POM Ha TO /ja KOXKa BOJ03eMalla ¥Ma peCIMpaTOpHY U aHTH-
MMKPOOHY QYHKIMjY, HEKM OFf MOJIEKy/a KOju ce Hajase y
IbEHOM CeKpeTy (M3/Ty4eBHaMa) MOTY ce KOPYCTHUTH  Jie-

Medical resources. The skin of amphibians is a mor-
phologically, physiologically and biochemically complex
organ that performs a wide range of functions essential
for their survival. The skin of amphibians contains granu-
lar glands that synthesise various chemical compounds
that protect them from bacterial and fungal infection, as
well as from predators, and also play an important role
in mating and marking territory (Duellman & Trueb,
1994; Stebbins & Cohen, 1997). The number and diver-
sity of compounds synthesised by the granular glands in
amphibian skin is surprisingly large, and they include
biogenic amines, bufodienolides (bufogenins and bufo-
toxins), alkaloids, peptides and proteins (Clarke, 1996;
Wells, 2007). Given that amphibian skin has respira-
tory and antimicrobial functions, some of the molecules
found in its secretions may be used in the treatment of
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Mapxo Husay,

4erby KOOKHUX 1 pecnnparopaux nHpexuuja (Clarke, 1996).
Hexka ofj 0BUX jefumberba Cy M30/I0BaHa, MIAEHTU(PUKOBAHA U
OKapaKTepyCcaHa, IITO je IOBEJIO [0 pasBoja MeAULIMHCKUX
pon3Boja (JIekoBa) 3a XyMaHy U BeTepYHAPCKY YIOTpeby
(Clarke, 1996; Tyler et al., 2007; Pradhan et al., 2014; Baros
et al, 2022.). AHTUMUKPOOHM HENTUAYU U3 CeKpeTa XKabbe
KOKe TIOKa3asIi Cy TIOTeHIMjasl Ta MHXUOMPajy MHPEKImjy
U IPEeHOC BUpyca XyMaHe MMyHopebuuujennyje — HIV
(Lorin et al., 2005; VanCompernolle et al., 2005).

Mau 6poj BpcTa 3Muja Ha cBeTy (0ko 10%) y moce6-
HUM >KJIe3[laMa CUHTeTUIIe OTPOB, CJIOKEHY MeIIaBUHY
HeNTH/a, IPOTeNHa ¥ OMOMOJIEKy/Ia KOji CIIy)Xe 3a CaB-
NajiaBarbe U Bapeme IUIeHa, a MOTY M3a3BaTy Pas3/MduTe
HeraTyBHe edekre Kof bynu. IIpoydaBameM OBUX TOKCH-
Ha y4MIbeH je JOIPUHOC Pa3Bojy (papMalieyTCKUX IIpOu3-
BOJIa, @ MHOTA je[MIbeba M30/I0BaHa U3 OBUX IIPUPOSHNX
M3BOpa Ce cajia KOPUCTE 3a IPOU3BOJ Y IEKOBa 32 JbYJCKe
6onectn (Mackessy, 2010).

Y Cpbuju je 3HayajaH IIpUMEp CaKyIUbarba IIOCKOKA
(Vipera ammodytes) 13 npupope 3a IPOU3BOLIbY aHTUCEPY-
Ma ,,BuexBun” y VIHCTUTYTY 3a BUPYCOIOINjy, BaKIMHe U
cepyMe ,,Toprmak” o nmMoguIn3oBaHOr OTpOBa OBe 3Muje
(Cnuka 2, 1eBo). Y MHCTUTYTY ,, Top/ak™ OTKYII XKMBUX 3Muja
(IpeTeXXHO ITOCKOKA) Tpaje KOHTUHYMpaHO of, 1993. ropu-
He, KaJia je 11 Io4eyIa IPOMU3BOJba CepyMa IIPOTHUB 3MIjCKOT
orposa (Ajti¢, 2009). [lanac ce jemyHKe IOCKOKA CaKyIUbeHE
U3 IpUpofe NMpUBPEMEHO 4yBajy y KaBe3auMa yHyTap VIH-
cruryra (Cmuxa 2, gecHo). IIpBu cucremarcky nopauyu o
CaKyIUbalby IIOCKOKa ca Tepuropuje Cpbuje mocToje Tex of
2005. ropyHe, KaJia je CTYIIIIA Ha CHAary Ypenba o CTaB/bamby
107 KOHTpoTy kopuitherwa 1 ipoMeTa iyB/be ¢rope u day-
He (,,Cryx6enn rracauk PC”, 6p. 31/05, 45/05 - ucnp., 22/07,
38/08, 9/10, 69/11 u 95/18 — pp. 3axkown). [locnexmux rogrHa
ce JOLUIO [0 CasHamba fia ce 3a IPOM3BOJAIbY 3MIUjCKOT OTPO-
Ba y QapMaleyTcKe CBpXe MOIy KOPUCTUTM U OPraHOUU
orpoBHIUX >Xe3fia 3muja (Puschhof et al,, 2021; Jayathilaka
et al., 2026). OpraHouaM 3MUjCKIX OTPOBHMX >K/le3fa ¢y 3D
MOJIe/IN KOjY Ce MOTY U3BECTH U3 TKUBa eMOPUOHA/THYIX VI
OfIpac/VX OTPOBHUX >K/Ie3Ja 3MMja U MOIY ce HyTOPOYHO
onprkaBaTy, yak Butire of 2 roguue (Puschhof et al.,, 2021).
OpraHony 3MMjCKMX OTPOBHMX SKIe3fa Hyfe MoryhHocTn
3a CTaH/JAPAM30BaHY IIPOM3BOMIbY OTPOBA M CMAHbEIbe 3aBU-
cHocTH off >KuBMX jenuuky (Jayathilaka et al., 2026).

skin and respiratory infections (Clarke, 1996). Some of
these compounds have been isolated, identified and char-
acterised, leading to the development of medicinal prod-
ucts for human and veterinary use (Clarke, 1996; Tyler et
al., 2007; Pradhan et al., 2014; Baros et al., 2022). Antimi-
crobial peptides from frog skin secretions have shown the
potential to inhibit infection and transmission of human
immunodeficiency virus - HIV (Lorin et al., 2005; Van-
Compernolle et al., 2005).

A small number of snake species in the world (about
10%) synthesise venom in special glands, which is a com-
plex mixture of peptides, proteins, and biomolecules that
serve to subdue and digest prey, and can cause various
adverse effects in humans. The study of these toxins has
contributed to the development of pharmaceutical prod-
ucts, and many compounds isolated from these natural
sources are now used to produce drugs for human diseases
(Mackessy, 2010).

In this regard, an important activity in Serbia is the col-
lection of horned vipers (Vipera ammodytes) from nature
for the production of the antiserum “Viekvin” at the Insti-
tute of Virology, Vaccines and Serums “Torlak” from ly-
ophilised venom of this snake (Figure 2, left). At the “Tor-
lak” Institute, the purchase of live snakes (mostly horned
vipers) has been ongoing since 1993, when the production
of serum against snake venom began (Ajti¢, 2009). Today,
horned vipers collected from nature are temporarily kept in
cages within the Institute (Figure 2, right). The first system-
atic data on the collection of horned vipers from the terri-
tory of Serbia have only been available since 2005, when
the Decree on the Control of the Use and Trade in Wild
Flora and Fauna came into force (,,Cnyx6eHn rmacHUK
PC?, 6p. 31/05, 45/05 - ucmp., 22/07, 38/08, 9/10, 69/11 n
95/18 - mp. 3akoH). In recent years, it has been discovered
that snake venom gland organoids can be used to produce
snake venom for pharmaceutical purposes (Puschhof et
al., 2021; Jayathilaka et al., 2026). Snake venom gland or-
ganoids are 3D models that can be derived from embry-
onic or adult snake venom gland tissue and maintained for
long-term use, even for more than 2 years (Puschhof et al.,
2021). Snake venom gland organoids offer opportunities
for standardised venom production and reduced depend-
ence on live specimens (Jayathilaka et al., 2026).

Cnuka 2. JInodunnsoBaHn 0TpoB IMOCKOKA 1 KaBe3n 3a yyBame 3mija (poto: usary, M.)

Figure 2. Lyophilised horned viper venom and cages for keeping snakes (photo: Divac, M.)




Exocucitiemcke ycnyie 80gozemaya u imuzasaua ca ocepitiom Ha spcitie koje sxcuse y CpSuju

ITockok je Ha Tepuropuju Perry6muke Cpbuje, HaKkoH Iiy-
roTpajHe eKCIIIoaTaIyje 3a CHabfieBabe OTPOBOM, 3alTihe-
Ha BpcTa. Ynpkoc tome, IUCN n Epporicka xomucnja mo-
TBPAWIN Cy TPeHJ CMambera OpOjHOCTM IIONmyJalyja OBe
BpcTe. Omasiambe 6POjHOCTY TOIIYIIAIMja IOCKOKa TI0CeOHO
je uspaxxeno y ogpehennm noppyyjuma (Mausancku, Komny-
6apcku, 3nmarubopckn, Pamkm, Pacunckn u [Tunibckn ok-
PyT) 300T HeCeNeKTNBHOT U3JI0Ba, KOjJ Y POKY Off HEKO/MKO
TOfIVIHA MOJKe JTOBECTH JI0 TIOTITYHOT HeCTaHKa OBe BPCTe ca
TUX IOAipyYja. He3sakoHUTH M37I0B ITOCKOKA IOBEO je [0 Ha-
pylIaBama y3pacHe CTPYKTYpe, Kao I CMarberba PerpoyK-
LIVIOHOT IIOTeHIYjajIa BpcTe. MHOIY IOjeiMHAYHY IIOCKOLI,
Kao U CBe OCTajle 3MHje, CTPafiajy y CycpeTuMa ca Jbyfyma,
Koju ux ybujajy u3 crpaxa u/mwmm Mpxise. Hucy perkn Hu
CITy4ajeBM CTpajjarba IMM3aBalia ¥ BOfjo3eMalla Ha Iy TeBH-
Ma (Andelkovi¢ & Bogdanovi¢, 2022; Grilo et al., 2025).

[Tpema Ypen6u o cTaB/batby HOf, KOHTPOTY Kopuihersa
u npoMeta auBjbe (riope u dayne (,Cry>xOeHn ITacHUK
PC”, 6p. 31/05, 45/05 - ucnp., 22/07, 38/08, 9/10, 69/11 un
95/18 — np. 3aKOH), CaKyI/babe IIOCKOKA HIje J03BO/bEHO
Ha Teputopuju uesne Perry6onuxe Cpouje.

TpapguiyioHaIHa MeIMIMHA ¥ BepoBama. Y MHOTUM
Ky/ITypaMa, II0Ce0HO OHUM Ca OIPaHUYEHMM IIPUCTYIIOM
MEIMIVHCKUM yCyraMa Wiy 6e3 mbUX, )KUBOTUIE U BU-
XOBM OpTaHM I IIPOAYKTY (KOXKa, MeCo, MacTH, jaja, OKJIOI,
KPB, KOCTH, POTOBM I CJI.) KOPHCTE Ce Kao JIEKOBY M Cac-
TaBHM CY Jeo IIpakce eversa (Alves et al., 2009). Imusasiu
cy jenHa op Hajuemrhe xopuirheHUxX rpymna >XMBOTHIbA Y
TpaAMLVOHATHO] MEUILIMHY U IBIXO0BA yIOTpeba y ,Ipe-
BEHI[Uj! U JTederby” 6OMeCTH je TI03HATa IIVPOM CBETa.

Hapopna BepoBama 0 JT€KOBUTOCTU ITYMCKe KOPHba-
ge Ha mpoctopy Cpbuje FyO6OKO Cy YTUCHYTA y JTOKaTHN
¢donknop. HajsactymbeHnje BepoBambe jecTe O aHTU-
KaHIIEPOTeHOM JIejCTBY KpBU KOpmbade. VcTpaxuBarma cy
TIOKa3aa Jla je MUT O JIEKOBUTOCTY KPBU KOpH-aya MIMpPo-
KO pacnpocrpameH y Cpouju, HApOYUTO y UICTOUHOM ey
(Nikoli¢ & Crnobrnja-Isailovi¢, 2017). ¥ Hapopny ce Bepyje
Ia ce KpB KOpmadye MOXKe KOPUCTUTH Y JIeHerby U IPYTUX
TEIIKNX 0607berba, Kao I 3a MpaB/berbe KpeMa I MeneMa.
Y ¢apmaxonomkum maboparopujama ce Beh ropunama
VICIIUTYjy TOjefMHM eKCTPAKTV U IeNTULU U30/I0BaHU
U3 KOpIbaua, IO[CTAaKHYTY 3aIlMCHMa U3 TpafulMIOHa/IHe
MepuIyHe. VicnmuTuBama cy Iokasana fja XUApOIU3aTy 13
OKjIona Kopmade Mauremys mutica yCIeIHO MHIYKYyje
aronrosy kop henuja paka jerpe (HepG2 nuuuja) y nma6o-
paropujckum ycrnosuma (Zhao etal., 2024). CBe nosuTnBHe
MefIIMHCKe 0COOMHe Be3aHe Cy 3a mpeunmheHe 6moax-
TUBHE MENTH/E U eKCTPAKTe TeCTUpPaHe y CTPOrO KOHTPO-
TUCAaHNM 7TabOPATOPMjCKMM YCIOBUMA Ha M30JIOBAHUM
henujama. Konsymanuja auB/bux Koprmaua, BbIX0OBe KPBU
U Meca He jledM pak, Beh HampoTuB — m3maxe jbyfe or-
POMHOM PU3VIKY Off TeIIKIX OaKTEPUjCKUX U IapasUTCKUX
uH}eKIja, Kao ¥ YHOCY aKyMy/IMPaHUX TEIIKUX MeTasa
u nectuuupa. Kopmade cy, Kao 1 CBe IUB/be KUBOTUIbE,
HOA/IOKHE MHQEKIMjaMa Off CTpaHe NapasnuTa U pasHUM
6aKTepMjCKIUM, [JbUBUYHUM U BUPYCHUM 000/beb1IMa KOja
ce MOT'y IIPEHETU U Ha YOBeKa aKO KOPUCTU HUXOBO MeCO
u kpB (Aguirre et al., 2006; Ventura et al., 2015; Jeong et

After long-term exploitation for the supply of venom,
the horned viper has become a protected species in the Re-
public of Serbia. Despite this, the [IUCN and the European
Commission have confirmed the trend of decreasing popu-
lation numbers of this species. The decline in the popula-
tion numbers of horned viper is particularly pronounced in
certain areas (Macva, Kolubara, Zlatibor, Raska, Rasina and
P¢inja districts) due to indiscriminate hunting, which within
a few years may lead to the complete extinction of this spe-
cies from these areas. Illegal hunting of horned vipers has
led to a disruption of the age structure, as well as a reduc-
tion in the reproductive potential of the species. Many in-
dividual horned vipers, like all other snakes, die in encoun-
ters with people, who kill them out of fear and/or hatred.
Cases of reptiles and amphibians dying on roads are not rare
(Andelkovi¢ & Bogdanovi¢, 2022; Grilo et al., 2025).

According to the Decree on the Control of the Use and
Trade in Wild Flora and Fauna (,,Cny>x6enu rmacanx PC”,
6p. 31/05, 45/05 - ucmp., 22/07, 38/08, 9/10, 69/11 u 95/18
- Ip. 3aKoH), the collection of horned vipers is not permit-
ted on the territory of the entire Republic of Serbia.

Traditional medicine and folk beliefs. In many cul-
tures, especially those with limited or no access to medi-
cal services, animals and their organs and products (skin,
meat, fat, eggs, shell, blood, bones, horns, etc.) are used
as medicines and are an integral part of healing practices
(Alves et al., 2009). Reptiles are one of the most commonly
used groups of animals in traditional medicine and their
use in the “prevention and treatment” of diseases is known
worldwide.

Folk beliefs about the healing properties of the Her-
mann's tortoise in Serbia are deeply embedded in lo-
cal folklore. The most common belief is about the anti-
cancer effects of tortoise blood. Research has shown that
the myth about the healing properties of tortoise blood
is widespread in Serbia, especially in the eastern part of
the country (Nikoli¢ & Crnobrnja-Isailovi¢, 2017). It is
believed among people that tortoise blood may be used
to treat other serious diseases, as well as to make creams
and ointments. For years, pharmacological laboratories
have been testing certain extracts and peptides isolated
from tortoises, inspired by traditional medicine records.
Studies have shown that hydrolysates from the shell of the
yellow pond turtle Mauremys mutica successfully induce
apoptosis in liver cancer cells (HepG2 line) in labora-
tory conditions (Zhao et al., 2024). All positive medical
properties are related to purified bioactive peptides and
extracts tested under strictly controlled laboratory condi-
tions on isolated cells. Consumption of wild turtles and
tortoises, their blood and meat, does not cure cancer, but
on the contrary — exposes humans to a huge risk of severe
bacterial and parasitic infections, as well as of the intake
of accumulated heavy metals and pesticides. Turtles, like
all wild animals, are susceptible to infections by parasites
and various bacterial, fungal and viral diseases that can
be transmitted to humans if they consume their meat and
blood (Aguirre et al., 2006; Ventura et al., 2015; Jeong et
al., 2015). Modern agriculture involves the increasing use
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al., 2015). CaBpeMeHa HO/BOIpUBpeNa IIOApa3yMeBa CBe
Behy ynoTpe0y mectTuimia Koju ce Kpo3 JIaHIe MICXpaHe
AKyMY/IUPAjy V TeNy XUBOTHIbA, @ C 003MPOM Jia KOpHa-
4e HaCTawbyjy ¥ HO/bOIPUBpeNHa IOApyYja (a ZYTo >KuBe)
BJX0OBA TKMBA, Takohe, MOTy cafp>KaTy MHOTe TOKCUYHE
cyncranue (Esposito et al., 2020; Kirchner et al., 2023).

YCIIYTE PETY/IAIIMJE

Koutpona 6onectu. Hon mpo6nem y 60p6u nmporus
JBYACKUX 6OIECTH IIPeACTaB/ba OTIOPHOCT KOjy MHCEKTH
BEKTOPH, BPCTe KOje IIPEHOCe y3pOUHMKe OOIeCcTy, CTUIy
Ha xemujcke yHcektunyge (WHO, 2012). Taksu npo6ie-
MU MOTY Ce YOIaXuTu 61OMOMIKOM, Tj. KOHTPOJIOM IITe-
TOYMHA MepaMa Koje He HapylIaBajy >KMBOTHY CPENVHY.
MebyTtnm, crpareruje GMOIOIIKe KOHTPOJIE IITETOYMHA
3axXTeBajy JieTa/bHO IIO3HaBaIbe €KOJIoruje OpraHusama
BeKTOpa 00JIeCTU, Kao U IUXOBUX IIPUPOJHUX Helpuja-
tesba (Okamoto & Amarasekare, 2012).

Y morneny ydecramoctu 06oneBama M CTOIE CMpT-
HOCTIN Y3POKOBaHMX BEKTOPCKUM 6OII€CTI/IM8., KOMapumn
CHajiajy y HajoIlacHuje )KMBOTUIbE Ca KOjMMa Ce YOBEeYaH-
crBo cycpehe (Centers for Disease Control and Prevention,
2022). OHu yrpo>kaBajy BUIIE Of ABe MIIMjaphe JbyAu y
TPOIICKUM ¥ CYHTPOICKMM PeTMOHNMA, a CBEIOL CMO Ja
Cy KOMapLu cBe 030V/bHMja 3IpaBCTBeHa IpeTba 1 y Cp-
6ujn (Pordevi¢ et al., 2015; Kurucz et al., 2016). Jenna ox
HAjpAlIMPEHjUX VI eKOHOMCKY Haj3aXTE€BHUjUX OoIecTn
je manapuja, unjer yspounuka (Plasmodium spp.) npenoce
kxoMapiy ofpehennx pogosa (Anopheles spp.).

YTunaj Bomosemalia Ha CMameme IMOIy/nanyja Koma-
pana yTBpbeH je U JOKasaH MHOTMM UCTPaXVBamUMa.
JMako Heke BpcTe pr6a KOH3yMUPAjy BUIIIE KOMapalia Hero
BOJ03eMIY, BOJJO3eMIM UTPajy Ba>KHY YJIOTY Y KOHTpO-
nu 6pojHOCTH KOMapaua y edemepHnm 6apama 1 fpyrum
IIpOTa3HYIM B/IQKHVM CTaHUIITVMA IAe pM6e HE MOry na
npexxnse (Rubbo et al., 2011).

Yimora smmja Kao IpUPOSHMX KOHTPONIOPA MIPEeHOCHIAlA
6ormectt jeHA je Of Haj3HAYAjHUjIX, ATV HAjMarbe [IPU3HA-
TUX €KOCHCTEMCKMX YCIyra KOje OBe JKMBOTHUIbE IIPYKajy
YOBEYAHCTBY. IbIX0B NONPMHOC jaBHOM 3[paB/by OCTBapyje
ce Kpo3 JUPeKTHY KOHTPOJTy IOIIy/lalyja IIofiapa U MHAN-
PEKTHU IIpeKuy IAHAL[A IPEHOCA TEIIKIX 3aPA3HIX OO/IEeCTIL.
Dnopmapu ¢y npuMapHU IPUPOIHY Pe3epBOapy 3a MHOTe I1a-
TOTeHe KOjy M3a311Bajy 6071eCT KOJ| /bYAH, Kao IITO Cy MULja
Ipo3HMUIA (XeMOparnyHa IPO3HUILIA), IENITOCIMPO3a U TY/Ia-
pemuja (Dahmana et al., 2020). Bpcte 3Muja, momyT crernc-
kor cMyka (Dolichophis caspius) W eCKy/IaloBOTr CMyKa
(Zamenis longissimus), cllellyja/I130BaHN Cy IPeJATOPH I7I0-
mapa (Speybroeck et al., 2016). 3a pasiuky of rrrutia rpadspu-
BUIIA, 3MHje MOTY Ja YDy aupekTHo y ja3buHe riogapa u emm-
MVHHITY 9UTaBa JIET/Ia, 9MMe APAaCcTIIHO CMaH)yjy TYCTUHY
HoITy/Ialyje IpeHocuIana Ha ofpehenoM noupyyjy (Mullin
& Seigel, 2009). IIpeBenIja KOHTaMIHALIMje XpaHe U BOJie
IIaTOreHVMa Koje IPeHOCe IIOfApY IIPUMapHO ce 3aCH/BA Ha
€KOJIOIIKOj KOHTPOIN HIX0BE OPOJHOCTIL; CMAHEEbe IYCTH-
He IIONy/Iallyje pe3epBoapa y aHTPOHOIeHMM CTaHUIITIMA
Y JVMPEKTHOj je KOpeNalyj/i ca CMAbeheM PU3MKa Off TPaH-
cmrcnje 300H03a Ha pyfe (Ostfeld & Holt, 2004). JenHo ox

of pesticides that accumulate in the bodies of animals
through food chains, and given that turtles also inhabit
agricultural areas (and live a long time), their tissues may
also contain many toxic substances (Esposito et al., 2020;
Kirchner et al., 2023).

REGULATING SERVICES

Disease control. A new challenge in the fight against
human diseases is the resistance that vector insects, the
species that transmit disease agents, acquire to chemical
insecticides (WHO, 2012). Such problems can be mitigated
by biological, i.e. pest control measures that do not damage
the environment. However, biological pest control strate-
gies require detailed knowledge of the ecology of disease
vector organisms, as well as their natural enemies (Oka-
moto & Amarasekare, 2012).

In terms of the incidence and mortality rates caused
by vector-borne diseases, mosquitoes are among the most
dangerous animals to the humanity (Centers for Disease
Control and Prevention, 2022). They endanger more than
two billion people in tropical and subtropical regions, and
we are witnessing that mosquitoes are an increasingly seri-
ous health threat in Serbia (Pordevi¢ et al., 2015; Kurucz
et al., 2016). One of the most widespread and economi-
cally demanding diseases is malaria, the causative agent of
which (Plasmodium spp.) is transmitted by mosquitoes of
certain genera (Anopheles spp.).

The impact of amphibians on reducing mosquito pop-
ulations has been determined and proven by many stud-
ies. Although some fish species consume more mosqui-
toes than amphibians, amphibians play an important role
in controlling mosquito populations in ephemeral ponds
and other transient wetlands where fish cannot survive
(Rubbo et al., 2011).

The role of snakes as natural vector controllers is one
of the most important but least recognised ecosystem
services that these animals provide to humanity. Their
contribution to public health is achieved through the
direct control of rodent populations and the indirect
interruption of transmission chains of serious infectious
diseases. Rodents are the primary natural reservoirs
for many pathogens that cause human disease, such
as hemorrhagic fever, leptospirosis, and tularemia
(Dahmanaetal.,2020). Snake species, such as the Caspian
whipsnake (Dolichophis caspius) or the Aesculapian
snake (Zamenis longissimus), are specialised predators
of rodents (Speybroeck et al., 2016). Unlike birds of prey,
snakes can enter rodent burrows directly and eliminate
entire litters, drastically reducing the population
density of vectors in a given area (Mullin & Seigel,
2009). Prevention of food and water contamination by
pathogens transmitted by rodents is primarily based
on environmental control of their abundance; reducing
the population density of reservoirs in anthropogenic
habitats is directly correlated with reducing the risk
of zoonotic transmission to humans (Ostfeld & Holt,
2004). One of the most fascinating discoveries of recent
ecological studies is the role of snakes in reducing the



Ecosystem services provided by amphibians and reptiles with a focus on species in Serbia

HajacryHaHTHMjMX OoTKpKha HOBUjUX €KOIOUIKKX CTyAMja
jecte ynora 3Muja y cMamemy IpeHOca JIajMcKe OOMeCTi.
Kabay n capapguuuy (2013) cy KOpUCTIIM MaTeMaTH4YKe MO-
Tete Y aHa/IV3Y Cajjp>Kaja dKemylia 3MIja KaKo 011 M3padyHaI
Ia jemHa oppacia 3muja (y oBoM c1yd4ajy 3Bedapka Crotalus
horridus) vapypextHO yknonu usMeby 2500 n 4500 xprie/ba
TOMIIIbE TAKO 1ITO IOjefie i1xoBe foMahune — rnopape. Ha
Taj HaYMH 3MUje Ha ofipeheHOM cTaHMIITY 3HAYAJHO CMaIbYjy
6poj MHOUIVPaHNX KpIe/ba Y OKONMUHY, jep Ce YKIamambeM
momahmua (IIogapa) Ipexkupa jaHal KOjuM KpIeb Jo0uja
6axrepujy Borrelia burgdorferi (y3pounuk yajMcke 6omectu)
¥ KacHMje je IIPEHOCH Ha YOBEKa.

KonTpona moponpuspesnux mrerounHa. Konrpomna
HO/BONIPUBPEFHIX IITETOUYNHA je BaKHA 3a 3AIITUTY 3a/IV-
xa xpaHe mupom cBerta. lllteTounHe Mory nsassary ry6u-
TaK CKOpO IIOJIOBMHE KOMepLyjaHe Ov/bHe IIPOU3BONIbE
CBaKe TOfIMHE, jep je HUXOBa KOHTpO/MA HeeduKacHa, a
MHBA3UBHE LITETOYVMHE YeCTO YHUIITABA]y YNTABE JKETBE
(Schwartz & Klassen, 1980). IlIteTounHe Hanafajy mMupox
CIIeKTap BpcTa OM/baka y cBUM (a3aMa BUXOBOL pacTa U
passuha. IIpuMeHa XeMMjCKuX CpeficTaBa y lbIXOBOM CY3-
Oujary HMje TOXKe/bHa, jep YTpoXKaBa YNMTaBe eKOCHCTeMe
(Wan et al., 2025). [Ta 6 nmao mosutnBaH edexar, areHc
OMoJIOLIKe KOHTPOJIE MOpa HeTaTMBHO YTULIATK HA LIe/o-
KynHy nomynanyjy mrerodrHa (Whelan et al., 2008).

Behuna agyrTHuX Bofosemana XpaHU Ce pasHNM
3IIaBKapyMa, YK/by4yjyhu MyBe, nentupe, Mosblie (yrias-
HoM mapBe) u TBpRokpwine (Duellman & Trueb, 1994),
KOjU 3a MHOre BpCTe OWbaka IIpefCTaB/bajy ILITETOYM-
He, /M ¥ BeoMa BakHe omparimsade (Abrol, 2012). Pe-
3yITaTH pajia Y KOM je aHa/lu3MpaHa YICXpaHa TPy BpCTe
pona Rana (Pelophylax), nokasyjy ma cy of yHeTe XpaHe,
MHCEKTH 3acTymbenn ca 80,9% (Simi¢ & Popovié, 1994).
[Ipeoctami MOCTOTAK YMHE IPEACTABHULM APYIUX IPY-
ma GeckmaMersaka 1, pehe, cutHux kmumemaka. [umuh
u ITonosuh cy yTBpanie fa Cy y MCXpaHu TpU BPCTE 3e-
NTeHMx >xaba 3actymwnpeHe ciefiehe rpyme GeckmuMema-
ka: Insecta (80,9%), Crustacea (7,3%), Arachnida (5,5%)
u Gastropoda (5,2%). Meby wuncekrtuma mnpeosnabyjy
afylITHe jemVHKe TBpAOKpmiIana, opHocHo Coleoptera
(34,3%), satum Hymenoptera (33,2%) u Diptera (17,4%),
a op mapBu MHceKara npeosnabyjy Lepidoptera (69,2%) u
Diptera (25,4%). OBa cTynuja cyrepullie fa ce >kabe, Kao
IPUPOSHI HETPHjaTe/byl MHOTUX IITETOYNHA, MOTY KOPH-
CTUTY Kao epMKACHU areHCY OMOJIOIIKe KOHTPOJIe Y LIN/bY
cMarmerbha OPOJHOCTI IITETHNX MHCEKATa Y II0/bOIIPUBpe-
mn. Opp>xaBame Iomynanyja xaba y arpoekocucreMmuma
Mmoryo 6u fa obesbenn edrkacan MexaHmuzaM OMOTIOIIKE
KOHTpOJIe TeTHUX nHcekara (Lajmanovich et al., 2003).

3Muje Urpajy KpUTUYHY Y/IOIy y OMOKOHTPOIM ILITETO-
YIHA, [Ie/IOBAEeM Kao IPUPOFHM M OeCIUIaTHU ,,[IECTULINL,
KOjJ1 Ofip)KaBa €KOHOMCKY CTaOVJIHOCT IIOJBOIIPUBPENie U XV~
IujeHy yp6aHux cpepyusa. IIpucycTBo sMuja Ha IO/BOIPUB-
PEeIHVM IIOBpIIVHAMA [VPEKTHO CMarbyje IoTpeby 3a CKy-
M popeHTHIMAMMA. TiMe ce He IITeRM caMo HOBaL, Beh
ce CIIpeyaBa U XeMUjCKO 3arahere 3eM/bMINTA 1 IIOA3EMHIX
BOJIa, LITO je K/bYYHO 3a OpraHcKy mpoussopy (Lindell et al,
2018). IMaxo nsasuBajy cTpax, 3Muje y Hace/beH!M MeCTHMa

transmission of Lyme disease. Kabay et al. (2013) used
mathematical models and analysis of snake stomach
contents to calculate that an adult snake (in this case,
the rattlesnake Crotalus horridus) indirectly removes
between 2500 and 4500 ticks per year by eating their
rodent hosts. In this way, snakes in a given habitat
significantly reduce the number of infected ticks in
the environment, because the removal of the host
(rodents) breaks the chain by which the tick acquires the
bacterium Borrelia burgdorferi (the causative agent of
Lyme disease) and subsequently transmits it to humans.

Agricultural pest control. Agricultural pest control is
important for protecting food supplies worldwide. Pests
can cause the loss of almost half of commercial crop pro-
duction each year because their control is ineffective, and
invasive pests often destroy entire harvests (Schwartz &
Klassen, 1980). Pests attack a wide range of plant species
at all stages of their growth and development. The use of
chemicals in their control is undesirable, as it threatens en-
tire ecosystems (Wan et al., 2025). To have a positive effect,
a biological control agent must negatively affect the entire
pest population (Whelan et al., 2008).

Most adult amphibians feed on various arthropods,
including flies, butterflies, moths (mainly larvae) and
beetles (Duellman & Trueb, 1994), which are pests for
many plant species, but also very important pollinators
(Abrol, 2012). The results of a paper analysing the diet of
three species of the genus Rana (Pelophylax) show that
insects account for 80.9% of the food consumed (Simi¢
& Popovi¢, 1994). The remaining percentage is made up
of representatives of other groups of invertebrates and,
less commonly, small vertebrates. Simi¢ and Popovié
determined that the following invertebrate groups are
represented in the diet of three species of green frogs:
Insecta (80.9%), Crustacea (7.3%), Arachnida (5.5%)
and Gastropoda (5.2%). Among the insects, adult indi-
viduals of beetles predominate, i.e. Coleoptera (34.3%),
followed by Hymenoptera (33.2%) and Diptera (17.4%),
and insect larvae are dominated by Lepidoptera (69.2%)
and Diptera (25.4%). This study suggests that frogs, as
natural enemies of many pests, may be used as effec-
tive biological control agents to reduce the number of
harmful insects in agriculture. The maintenance of frog
populations in agroecosystems could provide an effec-
tive mechanism of biological control of harmful insects
(Lajmanovich et al., 2003).

Snakes are a critical factor in pest biocontrol, acting
as a natural and free “pesticide” that maintains the eco-
nomic stability of agriculture and the hygiene of urban
areas. The presence of snakes in agricultural areas di-
rectly reduces the need for expensive rodenticides. This
not only saves money, but also prevents chemical pollu-
tion of soil and groundwater, which is crucial for organ-
ic production (Lindell et al., 2018). Although they are
feared, snakes in populated areas (gardens, basements,
city outskirts) have the function of maintaining com-
munal hygiene. Garbage and food waste in urban areas
attract rats and mice, which are carriers of diseases, but




Mapxo Husay,

(6amrre, IopyMu, mepudepuje rpagosa) UMajy QYHKIM]Y
oppxaBara KoMyHasnHe xurujere. Cmehe u ocrary xpaHe y
ypbaHnM cpefyHaMa IpyB/Iade MAIloBe U MUIIEBE, KOjU CY
HpeHocrony 6OIeCTy, a 1 YHMIITABA]y eleKTPUIHe VH-
crananuje u rpaheBnHCKM MaTepujai. 3Muje paTe CBOj IIeH
u epMKacHO CMamyjy Opoj marosa y O/IM3MHM JbYACKMX JO-
MoBa. CaMVM CBOjUM IIPUCYCTBOM M MUPVCOM (XeMUjCKIM
CUTHa/IVIMA), IpefaTopy, Mehy Kojuma cy u 3muje, Mory usa-
3BaTH CTPeC KOf IVIOfiapa, LITO CMalbyje HIXOBY CTOIy pe-
IPOAYKIVje 11 Merha UM ITyTarbe KpeTarba, Apyxehn 1x naspe
op kyha (Apfelbach et al., 2005).

Y Cpbuju cy BOfeHM €KOCUCTeMU IIOJ CHaKHUM
IIPUTUCKOM MHBAasUBHMX BpcTa puba Kao ITO Cy Oa-
6yuxa (Carassius gibelio), amepudky marypacT comuh
(Ameiurus nebulosus) n cynunua (Lepomis gibbosus). Bp-
cTe 3Muja onyT pubapue (Natrix tessellata) u 6enoyuke
(Natrix natrix) nupextHo ce XpaHe oBuM pubama (Sukalo
et al.,, 2014). C 0631poM Ha TO fla Cy MHBa3UBHE BPCTe
JecTo O6pOjHMje U Mame OIpe3He Off ay TOXTOHMX, OHe II0-
CTajy MaK IIJIeH 3a ceMMakBaTiyHe 3Muje. Konsymmupamem
jeNVIHKV MHBAa3VWBHUX BpCTa puba, 3Muje MHAUPEKTHO
CMamyjy HPUTHCAK HAa ayTOXTOHe BpcTe, omoryhasajyhu
uM Behe 1IaHCe 3a IpeXXMB/baBatbe U PeNpOAyKL)y. Tume
[IOMa)Xy y O4yBarby N3BOPHOT OMOMBEP3NTETA BOJIA.

VcxpaHa IUTomoBMMa M pacejaBambe ceMeHa Owbakxa.
360r TOra IITO Cy MHOTYM MECHATV IUIOFOBY BaKAaH U3BOP
xpaHe 3a ofipebheHe BpcTe KOITHEHNX KOPHbaya, Kao U 3a HeKe
BpCTe IyIITepa, 09eKyje Ce /ja OBU IMV3ABLM YIECTBY]y Y LLIN-
pemy cemena Owpaxa (Valido & Olesen, 2007). TTocnenmux
melieHuja, 6poj CTy[Mja O yI03U IMU3aBalia y OIpall/Bamby
Obaka 1 pasHOLLEHY HIXOBMX CeMeHa ce 3HaTHO mosehao,
a JcXpaHa IUIOfoBMMa O1baka je yodeHa kop Buire of, 200
Bpcra rmusaBana (Galindo-Uribe & Hoyos-Hoyos, 2007).
OBe >XMBOTHIbe PasHOCE ceMeHa O1/baKa Koje Cy eKOJIOLIKH
¥ eKOHOMCKY 3Ha4ajHe 3a Jby/ICKO JPYIITBO U CeMeHa Oupaka
Koje Cy M3BOPYM XpaHe y pypaTHiM 3ajefHunama. JJok je ymora
rMI3aBalja y IIVPerby CeMeHa eBIICHTHA, 3Ha4aj BOfo3eMalia
y IIpOLIeCy IIMperba ceMeHa 61/baka joll yBeK Hifje IIO3HaT.

Cryamje cy mokasajze fa je yaora OBMX BpCTa Kao
y3ajaMHMX [JBOCTPYKMX areHaca (OIpammBady M pasHO-
caynM ceMeHa) MOTLEHeHA I [Ia je OIpallNBaibe I IIMperbe
CeMeHa I'yIITepyMa BHIle Hero yoOu4ajeHa [ojaBa Ha OCTp-
BuMa (Olesen & Valido, 2003). Hexn ayropu cyrepuury
fla YICXpaHa PerpOfyKTVUBHIM OpraHuMa 6mpaka (LBeT U
IUIOf) U EMXOB TPAHCHOPT Off CTPaHe IYLITEPA U KOPHba-
Y4a MOXe YTULATH Ha PEeNpORyKIWjy PasINduTHX BPCTa
Owpbaka 1 BereTalMoHy CTPyKTypy 3ajeguuie (Traveset,
1990; Jerozolimski et al., 2009). OBe crynmuje He camo fia
[I0Ka3yjy eKO/IOLIKY 3Ha4aj rMu3aBalia, Beh n omoryhasajy
VCINTVBAbe IIOTEHIMja/IHe €KOHOMCKE yyIore Kojy 611 OBU
KIUMealyl MOV [ja MMajy IIOMaXyhn perpopyKiyjy u
HIMperbe KOMepLMjaIHO 3HaYajHIX BpCTa Ou/baKka.

Sagonas u cap. (2018) y cBOM pajty OTKpWIA CY A2 je 26%
UCINTAaHKX jenuHKu 3eneMbaha (Lacerta viridis) y >xemyiy
MMaJIO0 XpaHy OwpHOT Hopekita (ceMere u ymihe). Vaxo
ce OWBHM MaTepujali MOXKe CIy4ajHO IIPOIyTaTH TOKOM
Xpamerma JKIBOTUCKIM IUIEHOM, BUCOK YHeO ORPAaC/VX
IryLiTepa Koju Cy KOH3yMupaam OWBHM MaTepujal TOKOM

also destroy electrical installations and building materi-
als. Snakes follow their prey and effectively reduce the
number of rats near human homes. By their very pres-
ence and smell (chemical signals), predators, including
snakes, can cause stress in rodents, which reduces their
reproduction rate and changes their movement patterns,
keeping them away from homes (Apfelbach et al., 2005).

In Serbia, aquatic ecosystems are under strong pres-
sure from invasive fish species such as the Prussian carp
(Carassius gibelio), brown bullhead (Ameiurus nebu-
losus) and the pumpkinseed (Lepomis gibbosus). Snake
species such as the dice snake (Natrix tessellata) and Eur-
asian grass snake (Natrix natrix) directly feed on these
fish (Sukalo et al., 2014). Since invasive species are often
more numerous and less cautious than autochthonous
species, they become easy prey for semi-aquatic snakes.
By consuming individuals of invasive fish species, snakes
indirectly reduce the pressure on autochthonous species,
allowing them a better chance of survival and reproduc-
tion. In this way, they help preserve the original biodi-
versity of the waters.

Fruit feeding and seed dispersal. Due to the fact that
many fleshy fruits are an important food source for cer-
tain species of terrestrial turtles (tortoises) and some liz-
ard species, it is expected that these reptiles participate in
seed dispersal (Valido & Olesen, 2007). In recent decades,
the number of studies on the role of reptiles in plant pol-
lination and seed dispersal has increased significantly, and
fruit feeding has been observed in more than 200 reptile
species (Galindo-Uribe & Hoyos-Hoyos, 2007). These ani-
mals disperse seeds of plants that are ecologically and eco-
nomically important to human society, as well as seeds that
are a source of food for rural communities. While the role
of reptiles in seed dispersal is well established, the impor-
tance of amphibians in seed dispersal is still unknown.

Studies have shown that the role of these species as
mutualistic double agents (pollinators and seed dispers-
ers) is underestimated and that pollination and seed dis-
persal by lizards is more than common on islands (Olesen
& Valido, 2003). Some authors suggest that feeding on
plant reproductive organs (flowers and fruits) and their
transport by lizards and tortoises may influence the re-
production of different plant species and the vegetation
structure of the community (Traveset, 1990; Jerozolim-
ski et al., 2009). These studies not only demonstrate the
ecological importance of reptiles, but also allow us to ex-
amine the potential economic role that these vertebrates
could have by helping the reproduction and spread of
commercially important plant species.

Sagonas et al. (2018) found that 26% of the ex-
amined European green lizards (Lacerta viridis) had
plant-based food (seeds and leaves) in their stomachs.
Although plant material can be accidentally ingested
during feeding on animal prey, the high proportion of
adult lizards that consumed plant material throughout
the year, together with the absence of plant material
in most juveniles, suggests intentional plant ingestion
(Sagonas et al., 2018).
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LieJie TOMIVIHE, 3ajeffHO ca OICYCTBOM OW/BHOT MaTepujajia KOf
BehVHe jyBeHWIHUX jeOMHKM, yKasyje Ha HaMEepHO TyTambe
6wpaka (Sagonas et al,, 2018).

ITpema Luiselli-jy (2006), 66% KOIHeHNX BpcTa KOpbhaya
Cy UCKJBY4MBO XepOuBopy, 33% cy OMHMBOPH, a CaMO jefiHa
BPCTa je MpeTeXXHO KapHuBOp. Hekonuko cryamja o ncxpa-
HI IyMcKe Kopwade (Testudo hermanni), CIpOBefieHUX y
Xpsatckoj, Vranuju, @pannyckoj n lllnanuju orkpuo je
Ia 0Ba BpPCTa y MCXpaHu kopuctu 134 6mpHe BpcTe (46 Ho-
ponuua), rae cy Hajuenthe kopuirheHe 6upKe U3 HOpOAKIA
Asteraceae u Fabaceae, a Helto Mame kopuihene BpcTe 13
nopopuita Ranunculaceae n Poaceae (Vetter, 2006). Y on-
Hocy Ha HaBogie Luiselli-ja 1 Vetter-a Moxe ce 3akbyanTn
Ia Kopade xpaHehi ce IofoBuMa Oybaka MOTy 3Ha4ajHO
TOIIPVMHETH IMPEY BIXOBNX CeMeHa.

Acevedo et al. (2026) ncTpa>kuBanu ¢y fa 1u ceMe Koje
je IPOLIO KPO3 JUTeCTMBHY TPAKT 3MUja OCTaje BUjaduI-
HO 1 CITOCOOHO 3a Kmjambe. Ibuxopa ncnmTyBama Cy 1mo-
Kasasa Jla ceMe Koje je IPOIIJIO KpO3 JUTeCTUBHU TPAKT
3Muja MOXKe OCTaTV BUjaOUIHO, Kao U Ja ceMe II0CejaHo
ca M3METOM M3 KOjeT je M3BydeHO MMa Behy KimjaBocT
(40,07%) Hero ceme mocejano 6e3 m3Mera (28,95%) u y
nopebemy ca KOHTpoHUM ceMeHOM (28,2%). OBU Hamazu
YKa3yjy Ha TO /la 3MUjCKJ U3MET MO>Ke ONTaKIIaTH K/IMjarbe
U Jla HeKe BpPCTe 3MMja MMajy MOTeHIujasl Jia Jenyjy Kao
CEeKyHJIapHU areHCH 3a lIpere ceMeHa O1/baka.

YCIIYTE IOJPHIKE

Kpyxeme HyTpujeHara. Kpy>xeme XpaH/bMBIX MaTepyja
IpeCTaB/ba KpeTame XeMUjCKMX e/leMeHaTa YHyTap 01o-
TUYKMX U a0MOTHNYKMX eHTHUTeTa 1 n3Meby mwux. Xpanbuse
MaTepje ce MOTY eKCTPaxoBaTy 3 MIHepasa 1 aTMocdep-
CKUX M3BOPA NIV PEIMKIVPATH M3 FUXOBIX OPTaHCKIX 06-
mka. OBM Hy TPMjeHTH ce HaKHa/{HO pearnicop6yjy u Bpahajy
y atmocdepy mwm sempynTe (Lavelle et al,, 2005). I'masna
3a/MXa HyTpUjeHaTa y 3eM/bUIITY, CeAMMEHTIMa ¥ BOJIV Ce
0OMYHO Ha/la3M y OPraHCKUM jefiuiberbuMa. 360r Tora LITo
aIcopIIIyja off CTpaHe O1/baka 3aXTeBa CKOPO JICK/bY4MBO
HeOopraHcke OO/IMKe XPaH/BMBMX MaTeplja, HPOLEeCH Koju
HoCpeqnyjy y OMOJIOLIKOj pasrpajitbyl OPraHCKUX MaTepuja
Cy K/bYYHM 3a JJOCTYIIHOCT HyTpujeHaTa 6mbkama (Lavelle
et al., 2005). Bogosemuy u rMusaBLy, Ha IpUMep, MOTy II0-
BehaTy OCTYIMHOCT XpaH/BVMBUX MaTepyja y IIyMU U IPy-
IUM €KOCUCTEMIMA JICTIOHOBAIbeM ,,0TIaa” (M3MeT, ypUH U
JIeLIIeBI) VI KpeTarbeM jefIHKIY 1 ITOy/IaLyja.

JIaH1y ucXpaHe YiHe MPeXXy Hy TPUTUBHIX OIHOCA KOjI
Cy BXHM 3a TIPOTOK eHepruje y ekocuctemyma (Govenar,
2012). JlaHum ucxpase onpebyjy HauMH Ha KOju ce opra-
HM3MU afjanTupajy u perymimy npeHoc esepruje (Polis,
1994). BomoseMyt 11 IMIU3aBLIM CY IIPEJATOPY MHOTUX BPCTa
OecKiIMerbaKa 11 KI9Merbaka. Y MHOIMM CIIy4ajeBMMa, OBe
KVMBOTHUEE Cy TeHEPaIMCT U XpaHe Ce jajiiMa, IyHOI/IaBIy-
Ma, jyBeHWIHUM U agynTHuM jemyHkama (Wells, 2007), xao
¥ CTPBUMHAMA Y PA3/IIIUTIM, Hajuerhe oMaKIiM, CTalujy-
muma pacragama (DeVault & Krochmal, 2002) n tume 1o-
00/bIIIaBajy MPOTOK XPaH/BMBUX MaTepyja ¥ eKOCHCTEeMUMa
Kpo3 IIpeHOC eHepryje y naHuumMa vicxpade (Lavelle et al.,
2005). >Kabe cy 4ecTo KpUTUYHE 3a MpeXKe ICXpaHe BOJICHIX

According to Luiselli (2006), 66% of terrestrial tor-
toise species are exclusively herbivorous, 33% are om-
nivorous, and only one species is predominantly carnivo-
rous. Several studies on the diet of Hermann's tortoise
(Testudo hermanni), conducted in Croatia, Italy, France,
and Spain, have revealed that this species uses 134 plant
species (46 families) in its diet, with the most commonly
used plants from the Asteraceae and Fabaceae families,
and slightly less commonly used species from the Ranun-
culaceae and Poaceae families (Vetter, 2006). In relation
to the statements of Luiselli and Vetter, it can be conclud-
ed that tortoises, by feeding on the fruits of plants, can
significantly contribute to the dispersal of their seeds.

Acevedo et al. (2026) investigated whether seeds that
have passed through the digestive tract of snakes remained
viable and capable of germination. Their studies showed
that seeds that have passed through the digestive tract of
snakes can remain viable, and that seeds sown with faeces
from which they were extracted had a higher germination
rate (40.07%) than seeds sown without faeces (28.95%) and
compared to control seeds (28.2%). These findings suggest
that snake faeces may facilitate germination and that some
snake species have the potential to act as secondary agents
for the dispersal of plant seeds.

SUPPORTING SERVICES

Nutrient cycling. Nutrient cycling is the movement
of chemical elements within and between biotic and abi-
otic entities. Nutrients can be extracted from minerals
and atmospheric sources or recycled from their organic
forms. These nutrients are subsequently reabsorbed and
returned to the atmosphere or soil (Lavelle et al., 2005).
The main supply of nutrients in soil, sediments and wa-
ter is usually found in organic compounds. Since plant
absorption requires almost exclusively inorganic forms
of nutrients, processes that mediate the biological deg-
radation of organic matter are crucial for the availability
of nutrients to plants (Lavelle et al., 2005). Amphibians
and reptiles, for example, can increase the availability of
nutrients in forests and other ecosystems by depositing
“waste” (faeces, urine, and carcasses) and by the move-
ment of individuals and populations.

Food chains are a network of nutritional relationships
that are important for the energy flow within ecosystems
(Govenar, 2012). Food chains determine the way organ-
isms adapt and regulate energy transfer (Polis, 1994). Am-
phibians and reptiles are predators of many invertebrate
and vertebrate species. In many cases, these animals are
generalists and feed on eggs, tadpoles, juveniles and adults
(Wells, 2007), as well as on carcasses in various, often ad-
vanced, stages of decomposition (DeVault & Krochmal,
2002), thereby improving the flow of nutrients in ecosys-
tems through the transfer of energy in food chains (Lavelle
et al,, 2005). Frogs are often critical to the food webs of
aquatic and terrestrial ecosystems where they can reach
high population densities and biomass, and are impor-
tant prey for many species, primarily birds and mammals
(Schiesari et al., 2009).




Marko Divac

Yl KOITHEHVX eKOCUCTeMa y Kojuma Mory moctuhm BUCOke
TYCTHUHE TIOIy/Iaja 11 61I0Macy, a BaKaH Cy IUIEH 3a MHOTe
BpCTe, Ipe cBux nruiia u crcapa (Schiesari et al., 2009).

JlapBe >xaba (IIyHOIVIABLM) Ce 4eCTO jaB/bajy Y BeoMa
BUCOK/M TYCTMHAMA IIOIY/IALja ¥ HEKUM €KOCHCTEMIMA,
U HajBepOBaTHUje MIMajy 3HadajaH edekar Ha QyHKIMje eKo-
cucrema, yKpydyjyhm mnpumapry mpowmsBopmy. Ilosnaro
je Ia IyHOITIaBIM Y cTajahuM BojaMa 3HA4ajHO yTUYy Ha
CTPYKTYpY 1 6uoMacy 3ajenHuLie anryu u nepucurona (Altig
et al,, 2007). Ecdexry Ha nmpuMapHy IPOM3BONY MOLY Ba-
pupaTi y 3aBUCHOCTY Of AVHAMMKE XPAaH/bUBUX Marepuja
y cuctemy, 06a TOfVHE, U3/IOKEHOCTH CYHILY, CTPYKType
3ajefjHNLIe ATV ¥ JUHAMIKE MCXpaHe 3ajefHulie Ompojena
(Kupferberg, 2003). VcrpakuBara Koja je cipoBonmia Seale
1980. ropuHe, moKasaja Cy ja IYHOIIABLM y puOmalMa
CMatbyjy IpUMAapHY IIPOM3BOAIGY a/ITV 1 YMHM Ce [ja CTabu-
nu3yjy GrykTyanuje y mpumMapHoj nponssopmit. Edextn Ha
[PYMApHY [IPOM3BOAIGY Cy BapyMpaly Ce30HCKM, a Hajsehe
CMarberbe IpMMapHe IIPOou3BoObe 6mio je TokoMm mposneha
U paHor JIeTa Kaja je 6momaca myHornasana Hajseha. OBa
Ce30HCKA CMarberba y MPVMAPHOj IIPOM3BOAIGI HICY HAZI0-
kHal)eHa Kaja je 6roMaca IyHOI/IaBala OIIana, Ia Ce MOXe
3aK/BYYUTH JJa Cy ITYHOIIABL{Y BEPOBATHO CMAIIIN YKYIIHY
TOUIIILY IpUMapHy Ipoussopmy (Seale, 1980).

Behuna crynuja je oTKpuIa ONIITE CMambelbe KOMNYU-
He a/ry, GUTOIIAHKTOHA 1 TIeprNUTOHA Ka0 OATOBOP Ha
nyHornmasne (Altig et al,, 2007). OBo cMameme ce 4ecTo
cMarpa IMOC/IENUIIOM JUPEKTHE ,JCrante” Of CTpaHe Xep-
6uBopHux nyHornasana (Connelly et al., 2011). Ca gpyre
CTpaHe, IIOCTOje JOKasy fa MYHOIZIABLM MOry mHoBeharn
6uomacy npumapHor npoussobaga (Osborne & McLachlan,
1985; Kupferberg, 2003). ¥ HexuM OKOIHOCTVMMA, IIOCTOje
[IOKa3) fla Ce PEIATMBHO HejeCTBe aire M Makpodure
HIpe Kaja ce 0crmobofie KOMIIETHUI]je Ca jeCTHBIM BpCTaMa
(Kupferberg, 2003). Taxobe, yxnamame enudura y xombu-
HAIMjJI ca MUHEPAIM3aLMjoM a30Ta U3 eKCKpeMeHara ITy-
HOITIaBala MoXke nobospiatu pact makpodura (Osborne
& McLachlan, 1985; Kupferberg, 2003).

ITyHormaBiy, Takobe, yTudy Ha KpyXKerbe azora CIIy-
>xehy Kao M3BOp OpraHCKOr a30Ta, 6apeM IpuBpeMeHo. Y
MaJIIM OKPY>KeIbJMa, IYHOIIABLM IIPETBAPAjy YeCTHIE
OPraHCKOT a30Ta Y PacTBOPEHE OpraHCKe M HEeOPTaHCKe
007111Ke, KOjU Ce TaloXKe Ha HY, JOATHO cMamyjyhu cyc-
IIEH/IOBAaHY OPraHCKY a30T y Bopu (Seale, 1980).

Ioper Tora, jaja, mapBe, IIa 9aK ¥ Ofpacie jefHKe 3Ha-
YajHO JOLPMHOCE Ofipel)eHNM eHepreTCKuM IyTeBUMa, Kao
IUIEH [IPefaTopyMa ¥ JIELIEBN 32 pasjarade y aKBaTIIHIM
exocucremuma (Regester et al., 2006). Vako cy oBu usBopu
eHeprije Mam y nopebery ca yKyIIHMM a/IOXTOHVUM VHITY-
TVIMa Y IPVYIMAPHOM IIPOM3BOAHOM JOOMjEHOM KPO3 CYHUIEBO
3pauense (Seale, 1980), oxm MOry 06e30eUTH JIAKO JOCTYIIHE
M3BOpe eHeprIje U XPaH/bUBIX MaTepyja 3a ofpebeHe rpyre
notpouraya (Regester et al., 2006). Jaja, napBe u jeneBy Koju
Ce pacIafiajy Aajy ce30HCKe M3BOpe eHeprije M XPaH/bUBUX
Marepuja y akBaTMIHUM ekocucTemyma. OBO Moke GuTH
B&XHO jep Ce a/IOXTOHA CTe/ba I HETPUTYC, KAO IPUMApPHU
V3BOPYI XPAH/BMBIX MATePIja Y MHOTYM BOJEHIM €KOCHCTe-
MIIMa, CIIOPO PpasjIaxy, IOK paciiafajyhe Mace jaja 1 yemesu

Frog larvae (tadpoles) often occur at very high
population densities in some ecosystems, and are likely
to have significant effects on ecosystem functions, in-
cluding primary production. Tadpoles in stagnant wa-
ters are known to significantly affect the structure and
biomass of the algal and periphyton community (Altig
et al., 2007). Effects on primary production may vary
depending on the nutrient dynamics in the system, the
time of year, solar exposure, algal community structure,
and the feeding dynamics of the herbivore community
(Kupferberg, 2003). Studies conducted by Seale in 1980
showed that tadpoles in ponds reduced primary algal
production and appeared to stabilise fluctuations in
primary production. The effects on primary produc-
tion varied seasonally, with the greatest reduction in
primary production occurring during spring and early
summer when tadpole biomass was highest. These sea-
sonal reductions in primary production were not com-
pensated when tadpole biomass declined, suggesting
that tadpoles probably reduced total annual primary
production (Seale, 1980).

Most studies have found a general reduction in the
abundance of algae, phytoplankton and periphyton in
response to tadpoles (Altig et al., 2007). This reduction
is often considered as a consequence of direct “grazing”
by herbivorous tadpoles (Connelly et al., 2011). On the
other hand, there is evidence that tadpoles can increase
primary producer biomass (Osborne & McLachlan,
1985; Kupferberg, 2003). In some circumstances, there
is evidence that relatively inedible algae and macro-
phytes expand when freed from competitiveness with
edible species (Kupferberg, 2003). In addition, the re-
moval of epiphytes in combination with the mineralisa-
tion of nitrogen from tadpole excrement can enhance
macrophyte growth (Osborne & McLachlan, 1985;
Kupferberg, 2003).

Tadpoles also affect the nitrogen cycle by serving as a
source of organic nitrogen, at least temporarily. In small
environments, tadpoles convert organic nitrogen particles
into dissolved organic and inorganic forms, which settle to
the bottom, further reducing suspended organic nitrogen
in the water (Seale, 1980).

In addition, eggs, larvae, and even adults contrib-
ute significantly to certain energy pathways, as prey for
predators and as carcasses for decomposers in aquatic
ecosystems (Regester et al., 2006). Although these en-
ergy sources are small compared to total allochthonous
inputs and primary production obtained through solar
radiation (Seale, 1980), they can provide readily avail-
able sources of energy and nutrients for certain consumer
groups (Regester et al., 2006). Eggs, larvae, and decom-
posing carcasses provide seasonal sources of energy and
nutrients in aquatic ecosystems. This may be important
because allochthonous litter and detritus, as primary
sources of nutrients in many aquatic ecosystems, decom-
pose slowly, while decaying egg masses and amphibian
carcasses provide high-quality resources for heterotrophs
(Regester et al., 2006).
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Bofio3eMaria 06e36ehyjy BUCOKOKBamuTeTHe pecypce 3a Xe-
teporpode (Regester et al., 2006).

Kao mpepmaropu, BomoseMuy MOIy IIOAp)KaBaTU €KO-
CUCTEMCKe YCIyre peryaanyjoM OpojHOCTM HOIyalyja
OecKUMerbaKa, MemarbeM QU3NIKIX KapaKTepPUCTIKA CTa-
HymTa 1 ydentheM y mporecy Kpys>kera XpaH/bUBIX MaTe-
pYja U IMpOTUIlamha eHepruje y KOIHEHUM eKOCUCTeMUMa.
Kao 1mTo M 1Me Kaxke, MHOTe BpCTe Bofio3eMalia ce Kpehy
usMebhy aKBaTMYHUX Y TEPECTPUYHMX €KOCUCTEMA Y 3aBIC-
HocTy of ¢ase XMBOTHOT 1MKTyca. Ha Taj HaunH Bogo3eM-
LIV IOIPMHOCE pasMeH! eHepriuje ¥ XpaH/bUBUX MaTeplja
usMebhy KonHeHux u BopieHux cranyurra (Wilbur, 1980).

buoryp6anuja. Ocum mro yrudy Ha QyHKIMje eKo-
CHCTeMa U Memajy MX (Kpy)kere Marepuje U IpOTUIIabe
eHepruje), BOZO3EMIY VMajy MOTeHLUjal Ja HOIpPUHOCE
IPYIUM €KOCUCTEMCKIM yCIyraMa, M3MEeHOM CBOT pu31y-
KOT OKpy>Kema. Vaxo je edexar Bogo3emalia 3HaTHO Matbe
IpamaruyaH off Hip. eekara aKTMBHOCTHU 1a6pOBa, BOJIO-
3eMIM MOTy 3HA4ajHO Jja JoIpuHOce GU3N4Koj Mognudu-
KallJjy CTaHMIITA. Y BOJIEHUM €KOCUCTeMMMa aKTUBHOCT
yCIalle IyHOI/IaBalla MOXKe Ia IpOMeHM PU3MUIKY CTPYK-
Typy BopeHux Makpodura u nepucurona (Kupferberg,
2003). OcuM Tora, MCIalla MyHOI/IaBalla MOXKe YTULIATH
Ha CeIMMEHTalMjy ImyTeM OmoTypbaluje mim ryrama u
uanyunuBamwa dectuna (Wood & Richardson, 2010). Ta-
xobe, Boo3eMIM ¥ IMU3aBIY KOj) Ce YKOIIaBajy MM KO-
pMCTe IOofi3eMHe ja301He PYTUX XMBOTHIbA MOTY MEHbaTy
TyCTMHY 3eM/BMIITA U yTULIATY Ha MHQWITPALVjy BOJe.

YCIIYTE OJF KYITYPHOTI 3HAYAJA

Exocucremcke ycmyre of KyITypHOT 3Ha4aja ITpefCTa-
B/bajy CTeUeHe HeMaTep1jajiHe KOPUCTH Koje JbYRu fobujajy
KPO3 KOHTAKT Ca OKOJTHUM eKocucTeMuma. OBe yciyre cy
onpelene byICKOM TepIeNIIjoM XUBOTHe cpenuae. [To-
IITO Cy JbYAN TIOJ, jaKUM YTUIIQjeM €KOCHCTeMa, IIPOMeHe
Y €KOCHCTEMIMA MOry 3Ha‘lajH0 yTHUOaT Ha KYITYpHU
UIOEHTUTET, OPYIITBEHY CTabWIHOCT, penurujy, gpyumTBe-
He MHTepaKIyje U peKpeaTuBHe ycryre (peKpeaTuBHO KO-
pmmhe}be I YMETHNYKO, OYXOBHO VM MHTEJIEKTYa/THO JC-
nymeme) pyackor apymrsa (De Groot et al., 2005). ¥ cery
ce oppebene BpcTe BogoseMala (yrmaBHOM >kabe) KOpUCTe
Kao amajnuje 3a cpehy, jep cumM60/M3Yjy IIOFHOCT U TIPO-
1ec nBerama. OBO BepoBalbe Ce NPUINCYje YMIHLEHUIN []a
ce OBe JKMBOTHUIbe IPUBUIHO II0jaB/byjy HMOTKYHA IIOC/IE
jakux kumra (Marquez et al., 2016).

Decruan smuja y Kokyny (uranmjanckm: Festa dei
Serpari) jenaH je op HajHeOOMYHWjUX M HajCTapUjUX 0OU-
yaja y EBpony, Koju ce cBake TOAMHE Ofip>KaBa IIPBOT YeT-
BPTKA y Majy Yy IUIaHMHCKOM cemy Kokyro y uranmjanckoj
peruju A6pyio. OBaj forabaj mpencrasba jeANHCTBEH CIIOj
xpuihaHCcke Bepe M OPEeBHUX ITaraHCKMX puryana. LleH-
TpaJIHU Jeo (ecTHBaIa je M3HOLIeHhe IpBeHor kima CBeTor
JommHunka us npkse. IIpe Hero mro noBopka Koja HOCH KUII
KpeHe Kpo3 I'pajl, CTAHOBHUIIV KNI IPEeKPMBAjy HeceTHa-
Ma >KUBMX, HeoTpoBHUX 3Muja (Harrison, 1907). JetapHo
OIIVCaH Ipe ToToBO 120 ropuHa, 0Baj 0014aj ce IpaKTUKyje
I TaHac, a HAYYIHMIY KOPUCTE IIPWINKY Aa IIPOYy4€ IHEroB
yTHI1Iaj Ha TIOITy/Ialyje 1 34paB/be 3Muja 13 okomiHe Koky-

As predators, amphibians can support ecosystem ser-
vices by regulating invertebrate populations, modifying
the physical characteristics of habitats, and by participat-
ing in nutrient cycling and energy flow in terrestrial eco-
systems. As their name suggests, many amphibian species
move between aquatic and terrestrial ecosystems depend-
ing on the stage of their life cycle. In this way, amphib-
ians contribute to the exchange of energy and nutrients
between terrestrial and aquatic habitats (Wilbur, 1980).

Bioturbation. In addition to influencing and modi-
tying ecosystem functions (matter cycling and energy
tflow), amphibians have the potential to contribute to
other ecosystem services by modifying their physical
environment. Although the effects of amphibians are
much less dramatic than, for example, the effects of
beaver activity, amphibians can contribute significantly
to the physical modification of habitats. In aquatic eco-
systems, the grazing activity of tadpoles can change the
physical structure of aquatic macrophytes and periphy-
ton (Kupferberg, 2003). In addition, tadpole grazing can
affect sedimentation through bioturbation, or the inges-
tion and excretion of particles (Wood & Richardson,
2010). In addition, amphibians and reptiles that burrow
or use the underground burrows of other animals can
change soil density and affect water infiltration.

SERVICES OF CULTURAL IMPORTANCE

Ecosystem services of cultural importance are in-
tangible benefits that people derive from interactions
with their surrounding ecosystems. These services are
determined by human perceptions of the environment.
Since humans are strongly influenced by ecosystems,
changes in ecosystems can significantly affect cultural
identity, social stability, religion, social interactions,
and recreational services (recreational use and artistic,
spiritual and intellectual fulfilment) of human society
(De Groot et al.,, 2005). Around the world, certain spe-
cies of amphibians (mainly frogs) are used as good luck
charms, as they symbolise fertility and the flowering
process. This belief is attributed to the fact that these
animals seemingly appear out of nowhere after heavy
rains (Mdrquez et al., 2016).

The Snake Festival of Cocullo (Italian: Festa dei Ser-
pari) is one of the most unusual and oldest customs in
Europe, held every year on the first Thursday in May in
the mountain village of Cocullo in the Abruzzo region
of Italy. The event represents a unique blend of Christian
faith and ancient pagan rituals. The centrepiece of the
festival is the removal of a wooden statue of Saint Domi-
nic from the church. Before a procession carrying the
statue sets off through the town, the villagers cover the
statue with dozens of live, non-venomous snakes (Harri-
son, 1907). Described in detail almost 120 years ago, this
custom is still practised today, and scientists are using
the opportunity to study its impact on the populations
and health of snakes in the area around Cocullo and the
potential risk of zoonoses (Filippi & Luiselli, 2003; Alves
et al., 2025; Miglianti et al., 2026).




Mapxo Husay,

Jla ¥ moTeHUujanHy pusuk of 3oono3a (Filippi & Luiselli,
2003; Alves et al., 2025; Miglianti et al., 2026).

Y Cpb6uju cy, Takobe, mosuatu cinydajesu kopuurhema
BOZlO3eMalla ¥ TMM3aBalla y pUTyaauMma 1 Kao aMmajnuja. ¥
TpasunmoHanHoj Kyntypu Cpbuje, BomoseMIy 1 TMu3a-
BIIM 3ay3/IMajy M3y3€THO BaKHO MECTO Y HAPO/IHOj Maruju,
nedewy u ¢donknopy. IIpema McTpakuBamyMa eTHOIOTA
Becemnua Yajkanosuha, oBe SKUBOTHIbE Ce 360T CBOT CITe-
udUYHOT HauMHA XXMBOTa (Be3a ca 3eM/bOM, CKpUBaibe
y pPylama, IpecB/iaderse) CMaTpajy MeanjaTopuMa nsmehy
OBOI U OHOCTpaHOr (mopdeMHor) cBera (Yajkanosuh,
1973). IIpema YajkanoBmhy (1973) y cpmckum cenyma
je TocTojano cTporo BepoBame Ja cBaka Kyha mMa cBojy
3Mujy 4yBapKyhy Koja >KMBM UCIIOf] IIpara WM OTHMIITA.
OHa ce Huje cMerna youTw, jep 6u TO, TpeMa BepoBamy, 10-
Hemo cMpT foMahuHy 1im 3aTnpase Iiene ITOpofuLe.

ITpema mpojexty us 2017. u 2018. roguue (Rufford,
2018), unju je umb 610 ofpehuBame IPUCYTHOCTY HAPOJ-
HJIX BepoBama 0 ofpeheHnM rpynama X1uBOTUIbA y CaBpe-
MEHOM JIPYIITBY, JOIIJIO Ce [i0 casHama fa y Cpbuju jomr
yBeK ITOCTOje TaKBa BepoBarma 3a jkabe 1 Kopmade. AHKe-
THpabeM U UCTPaKMBAbIMa je OTKPUBEHO fia ce skabe y
HApOJHMM HpefambluMa CMaTpajy HEUUCTUM >KMBOTUHbA-
Ma 1 Jia ¢y 6mmcke sMujama. [Toctoju BepoBame Koje BOAU
TIOPEKJIO Off CTIOBEHCKe MUTONIOTHje Jla ce >kKaba Koja cefram
TO/IIHA He BUJY CBETIIOCT IIpeTBapa y 3Maja. Y HEKMM Jie-
noeuma Cpbuje ce cMaTpa ja Kabe moHoce Hecpehy, 36or
Jera ce youjajy 13 cTpaxa u mpasHoepja. [Ipema vctum uc-
TpaXMBambIMa Ca3HaJIo ce Jla ITOCTOje BepoBamba Y HApomy
Jla KOpmayua BOJIU TTIOPEKJIO Of 3MUje Koja je JIeTeNra U TyTana
Jbyzie 300T 4era jy je 60T Ka3HUO U JOAETINO jOj TeXKaK OKJIOIL.

Maxo cy oBa BepoBama JparolleH fie0 HeMaTepyjaaHe
KynTypHe 6amtise Cpouje 1 IpeaMeT poyYaBamba €THO30-
o71oruje, AHAC Cy TOTOBO CBe BPCTe BOZIO3eMalla ¥ TMI3aBa-
1a y Cpbuju crporo sawmruhene u samrnhene gusjbe BpcTe
U IITHTE Ce OffperiGamMa BIIIe 3aKOHA VI MOJI3aKOHCKYIX aKara.
IbrxoBo xBatame, youjame 1y kopumiherme y 6110 Kakse
CBpXE je CTPOTO 3a0pambeHO Y IM/bY BIIXOBOT OUyBakba.

3AK/bYYAK

CripoBefieHO CTpaXMBambe MOTBphyje YnmbeHnIy fa cy
BOJO3EMIIN ¥ TMI3ABLIM HE3aMeH/bIBA KapuKa y Q)yHKuMO—
HIICaby eKOCYCTeMa, NIPpyKajyhu MUpoK CIeKTap eKOCKC-
TEMCKIX yCIyra KOje AVPEKTHO VIV MTHAVPEKTHO NOIIPVHO-
ce mo6pOOUTH JBYACKOT APYILITBA. JeflaH Of aclieKara Koje
0Baj paj MCTHYE je UPEeKTHa MOBEe3aHOCT XepreTodayHe
ca yclryraMa CHaOfieBamba, Koje UMajy OyTy TpajyLiujy, aau
u orpomaH 6ynyhu morentjan y Cp6uju. Maxo ce ose yc-
JIyTe 4eCTO 3aHeMapyjy y nopebemy ca perymaropaum, oHe
IpefiCTaB/bajy 3Ha4ajaH OropmBep3uTeTcku pecypc. Kpos
pery/aTopHe yCIyTe, BOO3EMIV ¥ TMM3ABIH JIEMyjy Kao
IIpMMapHM IPUPOSHY KOHTPOJIOPM IOMy/Ialyja MHCeKaTa
u rogapa. Y noponpuspenHuM npepenmuma Cpouje, mu-
XOBa aKTMBHOCT 3HAYajHO CMakbyje IPUTHUCAK MITETOYNMHA
Ha yCeB€, IMIMe C€ MIHAVPEKTHO BPIIN YIITENA y arPOEKOHO-
MUj} CMaIbeheM HOTpe6e 3a CMHTETUYKMM NEeCTULIMAVIMA.
IMoce6HO je 3HAYAjaH JONIPUHOC Y KOHTPOIN IIPEHOCHIALIA
3apasHux 6omectu (komapana u Kprespa). Ca acrexra yc-

In Serbia, there are also known cases of the use of
amphibians and reptiles in rituals and as amulets. In the
traditional culture of Serbia, amphibians and reptiles oc-
cupy an extremely important place in folk magic, healing
and folklore. According to the research of ethnologist Ve-
selin Cajkanovi¢, these animals, due to their specific way
of life (connection with the earth, hiding in holes, skin
shedding), are considered mediators between this and the
other (underworld) world (Cajkanovi¢, 1973). According
to Cajkanovi¢ (1973), in Serbian villages there was a strict
belief that every house had its own housekeeper snake
that lived under the threshold or hearth. It was not al-
lowed to be killed, because, according to the belief, this
would bring death to the owner or the extermination of
the entire family.

According to a 2017 and 2018 project (Rufford, 2018),
the aim of which was to determine the presence of folk be-
liefs about certain groups of animals in modern society, it
was found that such beliefs about frogs and turtles still ex-
isted in Serbia. Surveys and research revealed that frogs are
considered unclean animals in folk traditions and are close
to snakes. There is a belief originating from Slavic mythol-
ogy that a frog that does not see the light for seven years
turns into a dragon. In some parts of Serbia, frogs are be-
lieved to bring misfortune, which is why they are killed out
of fear and superstition. According to the same research, it
was learned that there are folk beliefs that the turtle orig-
inated from a snake that flew and swallowed people, for
which God punished it with a heavy shell.

Although these beliefs are a valuable part of Serbia's
intangible cultural heritage and the subject of ethnozoo-
logical study, today almost all species of amphibians and
reptiles in Serbia are strictly protected and protected wild
species according to the provisions of several laws and by-
laws. Their capture, killing or use for any purpose is strictly
prohibited for the sake of their conservation.

CONCLUSION

The conducted research confirms the fact that am-
phibians and reptiles are an indispensable link in the
functioning of ecosystems, providing a wide range of
ecosystem services that directly or indirectly contrib-
ute to the well-being of human society. One of the as-
pects that this paper highlights is the direct connection
of herpetofauna with provisioning services, which have
a long tradition, but also enormous future potential in
Serbia. Although these services are often neglected in
comparison with regulating services, they represent a
significant biodiversity resource. Through regulatory
services, amphibians and reptiles act as primary natural
controllers of insect and rodent populations. In agricul-
tural areas of Serbia, their activity significantly reduces
pest pressure on crops, which indirectly saves money
in the agroeconomy by reducing the need for synthetic
pesticides. The contribution to the control of vectors of
infectious diseases (mosquitoes and ticks) is of particu-
lar importance. From the aspect of supporting services,
the role of amphibians as key figures in the cycling of
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JTyTa TIOfIp)KaBarba, HAIZAIIeHa je y/lIora Bofo3eMalla Kao
K/bYYHIX aKTepa y Kpyxemy Marepuje. CBOjoM Murpa-
1joM nsMel)y BOJEHNX 1 TepeCTPUIHMX €KOCHCTEMA, OHN
BpIlle TPAHCIIOPT 61I0Mace U HyTpUjeHaTa, YiMe AUPEKTHO
yTU4y Ha HPOJYKTMBHOCT BofeHMx craHmiuta. C apyre
cTpaHe, TMVU3aBLY, KaO [PEJATOPY U IUIEH, Y/He He3ao0u-
Jla3He KapyKe y JIAHLMMA MCXpaHe, Ofp>KaBajyhn reHetmd-
Ky BUTA/IHOCT IIOITy/IallMja KojuMa ce XpaHe.

Ynpkoc BUX0BOM 3Ha4ajy, xeprerodayna y Cpouju ce
CyodaBa ca 030M/bHIM IIPeTihaMa, IPBEHCTBEHO yCIe Iy-
OuTKa U lerpajjaliuje CTaHUINTa, ypOaHusauuje, 3araherma
BOJOTOKA TEIIKMM MeTa/IMMa I IIECTULIU/VIMA, Kao I CTpPa-
Jara Ha Iy TeBMMa, Kao IITO je Ha IIPUMep JOKyMEHTOBa-
Ho y okonmuum Obepicke 6ape. Iloceban npobem npexncra-
B/ba HEJOCTATAK CBECTH O 3HAYajy OBUX JKMBOTHIbHA, LITO
4eCcTO pe3yaTHpa HaMepHUM yOujarbeM 3Muja M3 CTpaxa
WIN TIpefpacyna, 4MMe ce AMPeKTHO Aerpajupajy Kyi-
TypHe yC/IyTe Koje OBM OpraHusMu npyxajy. HegosomHo
[I03HaBabe OCHOBHIX OVOJIOIKIX 11 €KOJIOLIKNX ITapame-
Tapa 4ecTo OTeXXaBa afileKBaTHY 3alITuTy. Moxe ce 3aK/py-
YUTH fia je 38 JYTOPOYHO O4yBambe eKOCHCTEeMCKIX yCIyTa
HEOIIXO[HO MHTETPICATY 3ALITUTY BOJO3eMalja 1 IMU3a-
Balla y CTpaTeruje yrpasjbarba IPUPOSHUM Pecypcruma I
yp6anncTuuko nnaHupame. byayha ncrpaxnama Tpeba
YCMepUTH Ha HpelusHje eKOHOMCKO BPeJHOBAe OBUX
yC/Iyra Kako Oy ce HPY>KHO JOATHN apIyMEHT 32 CTPOXKY
3aIITHUTY BPCTA BOZO3€MAlla VI TMU3aBalja Kao U HBIXOBUX
craHumTa. Jnaxk, ga 61 6110 Koja 3aKOHCKa Mepa MOIVIa
uMaty epeKTa, HEOIIXOLHO je BPLINTY KOHCTAHTHY efyKa-
IIMjy CBUX CTI0jeBa CTAHOBHUINTBA, KaKO OJ1 ce pasyMenu u
PVI3MLI 10 XXVMBU CBET ¥ KOPUCT KOjy JbYAM Off bera MMajy.
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