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Abstract

In the dissertation work, nutrition ration and medication of a man of Upper Paleolithic, Neolithic
and Bronze Age of Georgia have been revealed for the first time relying on factual data and using
palynological research. Material of 13 archaeological sites was studied, which comprises 153
samples obtained from cultural layers.

The study has shown that a man of Upper Paleolithic mainly ate meat, as bone material is richly
presented in all studied caves. As for vegetative food, he used fruits, sprouts, leaves, seeds and bulbs
of many plants. Man of Stone Age already knew 32 species of medicinal plants.

Improvement of man’s nutrition took place in Neolithic, because he started cultivating cereals
and other plants at that time. Horticulture and viticulture were developed. Flax oil and wine
appeared. Folk medicine made progress in Neolithic period. In comparison with Upper Paleolithic,
Neolithic man studied and used far more medicinal plants. Pollen of 56 medicinal plants was
defined from Neolithic layers in all, that is, approximately twice more than in Paleolithic ones.
According to palynological analysis, cereals and other kinds of vegetative food were of fundamental
importance in the nutrition ration of Bronze Age population, which was also confirmed during the
isotopic analysis of bones of man’s skeleton.

Palynological spectra of grain-grinders of Kura-Araxes culture showed that, besides cereals, dry

leaves, seeds and fruits of numerous medicinal plants (48 taxa) were rubbed and ground on them.
Those medicinal plants, which were found on grain-grinders, were also discovered in the abdomens
of deceased persons in burial grounds of settlements. That means that these remedies were prepared
in the same place.

New tradition of funeral appeared in the period of Bedeni culture, according to which some
medicines, put in basket or wooden boxes, were placed in burial alongside with deceased. These are
first aid kit and they are found in three burial mounds of Bedeni plateau.

The first great leap in the development of folk medicine during the last 35 thousand years
happened in Neolithic. The second most important change in folk medicine occurred in the period of
Bedeni culture. Man used 61 medicinal plants during that time.



According to palynological research, 97 medicinal plants were revealed in all, in the period from
Upper Paleolithic to Late Bronze.

Some plants (Zelkova carpinifolia, Pterocarya fraxinifolia, Ostrya carpinifolia, Cryptogramma
crispa), discovered in the firs aid kits and abdomens of the deceased persons of the Bronze Age,
have been determined in the dissertation work, but their medicinal properties are unknown yet and

require attention of pharmacologists.

Key wards: Palynology, Upper Palaeolithic, Neolithic, Bronze Age, Nutrition ration, Medicinal

plants, Palaeo diseases.
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dgobfogeol, Bbgds sbowo  glodergdermdgdo  5MS  FoMGHM  35eGMY3MEOMYO0IOO
306Md700L 5LOYRJ69©, 9M5dgE MO30MbOL MBOM YEHIWMOHO Mg3mbLEHMMIz00LM30L.
3529W0MI©, 0¢) 5OJJMEMYoME® F96FJdo dMO35OS brMMdOL 3E3M0L dot33ergdo,
393300¢005 300g30m, M@A doLdo bmEMdsero 0bsbgdms, das, Fbmermo dzgbsdrgms
9336M0b 56 (330900L 0963 0RB035300m 8999dwgdgE0s 0dol GBS, 0¥ G5 Lobom ogm

9B BME3w g0 F9OFJedo ImmogLgdwo: 0bobsgbgb Mo vy bsMds3bgb
30030L (Lageras, 2000). 56535¢00bm@myo®o 65dmgdol bodrewgdoom 30 gl 3OHMOGdS

do0sb 5630350 (ygds. 08 d90mbgzg3s80, vy FMOIFgwdo BsRJMEo FBIPIOMOS,
35¢0bmemaomed 139dGHMdo ymzgmzol FoMdMOL 39Ebwdy boBzol MMl bsgMosb
dmbgz900M0o, ©dH3s6m0o bol dgMdbol mxcMgogdo (Kvavadze et al., 2012). 56 53obo,
53o3999¢0do 393005 bm®mdEoL Lobodgdgwro, GmIgeros, obgzg Omaméi bol  dgedbols
2R M9I00, 5M535¢00bmEma0©o 65dmgdol xR0 9HM05bEYds. HMILSE FIOFJdo
beOdgmeol 3dMows© 0bsbs3bgb, 60dMdol dseobmemyome 13gdd®mado LoghommE 56
5006036905 (3500 bols d9Mdbol MxMg9Yd0, Lsdsa0gMm, 5 8936G0s5 08 dFgMgodol
65800930 o MdOL bmgm, HMIgdds3 gb FoM(33L IO Jo9b5YMOs (Kvavadze et al., 2012;
Kvavadze & Martkoplishvili, 2017).

56535¢0obmmmyom®o  6sdmgdols  dglfogerood 0oL oYgbs3  Tgodangds,
00MMO0bYo 50530560 bmGME0sh 153398l F99s MY 5MS. BoROOMI©, FIM IO,
Gmdgemdos  bmGdEosbo  LoFdgwwo  ogm  dmdbsgdMwo,  Im3m3zqdmero  dsloerol
35¢0bmmmaom® 13gdBH®do wbgzoss HoMmdmygbowo dgwol FsMmowol 3HoLEIMGOO
(Kvavadze, 2008, 2012; Martkoplishvili & Kvavadze, 2014).

56535¢0bmmyomMo  65dmgdol xamxndo Fgol sb939 BMMWMP0M©Oo  bollosmol
90360m3Mm3wwo 65d09gd0. Fs3o0Ms©, FMOFJTo oREOLS s dobo 3MMEYJEHIOoL
(33000, 05xWF0) SOLBIIMOOL EIBOPIBI® JO-9Omo 36003690 m3z560  Fo® 3960
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3MBAIO0L  d0MLbMLgdo, Tomo  JwsbF oo s 930@YMHAoLO. QMY  5dobd, MIGE0sbo
F960 390l dogmogliols 35¢robmemaom® L3gdd®mdo Mbgswss FoMdmygboo mogwmgzsbo
9396509900l B30l JoM33wgdoi (Kvavadze et al., 2007; Kvavadze, 2008; ygz035dg &
wobgwo 2015).

90335900l 33wol sMgdo Badmzbo 3sMsBoGwo Fogdol 339M3Ebgdo s Jomo
0009608303530 1M Gdsll 0IY3d, F0EI35MHIMM J5CYMH53500)09dbY 3 (Kvavadze et
al., 2010,b; yg535d9, 2016).

35¢0bmEmyom@mo Qo 56535 0bmemyomMo B530gd0l 0©96G08035305
9600369035605 080L g98mbogargbs, mvy Gl 0bobsgs 08EMMObEgwo 5@sd0sbo 535
0v) 00 396H0m©OoL LsdgMOHbgm MmMIMGdIIo — bmOdWIMWL, LowmLL, M) gb MmOIM 339
bobop39  ©ob0dbMEgdol  ogm. 3oL oEgbsdo  I60dzbgermzsbo  Bmeo  gboFqds
3B0EGHM@O0EGHJOoL 565eoBL, MHMIEgOLyE d39bsMgms Lowogzgs BmBRBL gdobosh s Fmoegsm
Ol SLOWMEgdL  Jomo  gm®OIol  gbs@bmbgdsdo  (Piperno, 2006). 95633036900l
Ubgoolbgs boffoeo 2obLbgs398mo 3030l Bo@GMmEo@gdl 3s8m0dmTsg909b s LHmcmgo
530@™3 gl 96535¢00bMmEMa0M©o Bsdmgdo 9603369 m3560s sOJgMmEmyomemo dobserols
33193990LbmM30bL. Fs35oms©, 00 d90mbgg3580, Mg BsdgmObgm MmMIML sM33gyEols
d9Lsbsbo BMbJz0s 3Jmbs, 96535¢0bMmEMyomMo 35¢0bMIMOHRIOOL 13gdBHMdo FoMdMBL
bmOdol 30900l BoEME0E 900, 35d0b OmEs Lowmbol Tgbobobow  Aodmygbgdren
m®3dmdo  IBMEME  FoOE3XIMXOL  IOHMLY O BMOOL  BOGHMMOGHJO0  33b3090s.
(Piperno, 2006; Messager et al., 2015).

g4m39wo3g  949sb  godmdobotg, HoMdmpygboo  33wg30L  dmMsz35M0  JoBobos,
35Q0bMEMaom®mo  dgomm©ol  o9mygbgdom Bgs  35egMWomYIM0, bgmEromMo ©s
06H0bxsm bobol 396H0Mm©Ydolm30L 25dMm3wobgl MHMaMM3 1533900, sbg3g Lsd3MMbscMm
939b656g9%0L 333egdlo s 530l Loxkdz9w by WHOBEIL, Mg G Lsbol 33wowgd9gdo
bgdms  Msgombols @d  Bsd3MOboerm  BsdMoegdgdol  dmbds®mgdsdo By
35QgM00MH0 boboob 33006 dG0Bx oMl 39M0Mm©odOY.

39b6boemo doBbol dolom{gzsw LosFoMmms 890890 STMEIBIOOL Q5O FMS:



56049000 FM6MFeols Jogmoglbobs s 9bsxgbg3ol seobmemaom®o 33eg30L
Loy dzgebY godmzwobogl ol F9MFgaro, HMIgElsg 1s33900L JoMsgolbmzobmzol
bdomMd©b9b.

9336M0bL oM 330900Ld O 3M335W0bMmEMYoMEmO b5dmgdol 33930l Logmadzge by
dmbgll 03  LsIBsOgMm  FOFwol  0IbGHOR0IE0s,  Losg  LoFdgwro
dD500I0MS.

balod3s3900UL, Loboygdol, 35smgdols s 35@IMS DML FMMOFEol MMY6YwO
65800900l 3seobmemaom®mo  33¢g30L LTS GO0m  IEAObEIL 53> vy 0d
3960mEoLmM30L sFIHBILOMYIJWO b3 MMbsEIM 396569930L Loo.

DI 35WIGMWONIOHO EOHMOL 3MGHIOHIWo B96700IE Fm3Mm3gdMmo dsloerol
35¢00bmmma0m©mo 565¢0Bom 0Bl J30L bsbol sEsdosbols Gogombo o
1593MbsEM BoTMOgdgdO.

3065630 1¥I3MObIEM 396569900l BMTS3MEMYOMGO M301909d0L JobgE30m
3°903w0bgl 585 0¥ 08 39M0MmET0 2530 (3JIWJIIO JOMOMSPO 19350 JOJIO.

PomBmygbo  LoobgOGsgom bsdOmdby dmdomdol 3gMomdo  259md3gybs 11

399000035309, 8500 dmMob 7 GRIM0Mds© ©s 0035JARBIIAMM0E gmObscndo (obowgm

©BsM™0).
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0530 1. bsdg36ogMHm o gMs@EMol dodmbongs

AbmREoml  AsBIGHIO0  5OJgMEMa0Mm0  Fobool  35Eobmemyom®o 33193900
3o Bo3mbol 50-0560 §ergdosb @oofigm. 30639 9BHe3Hg 98 0O gdls
L5MBIM YMMOOIDS 56 9J39IM©s, 353650 J98AMITo WO B IMOEHMMSA0 139305 MO
G9ghdoboi 30 49Bbs — ,0MdgmEmyom@mo dseobmemyos® (Bryant & Holloway 1983;
Holloway & Bryant, 1986). 05605056300 35¢00bm@mmyonm®o 330093900 5933000 ©
Ol Abmyomdo  ®omddolb  Yzgws O  9MJgMEMYoM®  396GHOL  gosBbos
35Q0bMEMYOMMO sdMMOEGMM0s. 0LoE MBS 900boTbML, MMA 3 3gMomdo, dgEgL
39000b3935d0, 9OJ9MEMEONM0 35¢0bmEwmyool 8mo3560 MdOYIGHI© 29M98Mm 30MMIYOOL

930bLEGHMWJ305 MBgds s TbmermE Ms8gbodg 33wg3s 9936905 08 MG IBSJEHJOOL

3sLoenols, MHMAgEog 950dmbgbowos sOJo@adBIOM BEGHMMIEGHOYDTo. gb sGOL FmEMFwols
O 39smgool  dogmoglo, bgmbogd3sg900 ©@o  Lobsygdo. Bsdmm3wo  Mmd0gdEHgol

306395 YMoMgds 30594309l $39M039wds 35¢00bmermaqdds (Bohrer, 1968; Hevly, 1970;
Briant & Hollawey 1983). 9o 50b603bgl, M3 FMOFeol  3gowgddyg, Loboygdby,
b9bsxd39398D9 BodLoMYds Bs33900 I39bs6MYgd0lL dMOgseo IBHIMOL ToM(335¢00 S U
9mb5(399900 259G M530Mmbol ©93mbLEHMMIz00Lm30L.

960036903560 06x3mET5305 5MLGOIMAL 55d0560L 33OHMEOEHIOOL 35 0bMmEPMYOME
339390003 (Bryant, 1974; Bryand & Dean, 2006), 853650 506036m¢» 96039030 doM0mso
59396(%)900 3900©gds 3Mdscn30L LyBMEBY s Lbgs LozoMbgdbY.

939bs6g9gdol 93Ol FoME3wgdols s B3MEMYOOL AsdM3Egbs Fglodwgdgels bob,
dmball OHMYMEOE, 35gMI3MEMYOMM0  3060MdJOOL 950EYJbs s 0bY, 3sgmEogE ol
153000bgdOL AodMzegbs (Carridn, 1992; Carridn et al., 1999; Navarro et al., 2000, 2002; Arobba
& Caramiello, 2009; Kvavadze et al., 2011, 2012b)

Mo d99bgds  9MJgmema®  dsbogrsdo  Bsd3embocrm  d3gbotgms  AsTM3Egbsls, 0
L53000bBY WOFIOIGHMMS doeDBg AhoMos. 30MH39wWws© gl Lozombo gsbobogrs LEs@osdo,
MOmdgwoy  9dmgbgdms  8sboo® IV-ol 903000l (935690  ghosygo) Lsds@mbdo

7



50dmBgbon 3Mo35¢n 1YI3MEObIEM 39b5Mgms IBH3OOL o033 9dL (Leroi-Gourhan, 1975;
Lietava, 1992; Chaves & Reinhard, 2003). gl dJgol bsobols Lsdo®boos, Lssg @o030Mdons
695609ME5e9gw0 50530560 (353d30) S LHMGg o Bs5@BgL Lod3MOBsWM dosbgdo.

9mg30569000 15939Obserm I39botggdol 8B39Mo s dsmo Lbgs 6580gd0 5¢dmMBbs
AbmyEoml M539bodg 459md350vol 3MEEHWOmE 19bgddo (Merlin, 2003; Chaves &
Reinhard, 2003; Eshleman, 2003; Martkopilshvili et al., 2012; Magyari et al., 2013;
Martkolishvili & Kvavadze, 2015)

Logomm3germdo Mg MP0IMHO dgRgdols 35¢P0bmWMY0MHo 331935 Y9I0S
3oLEo Lymzmbols Fgmeg bobgzs®do, MM@gLss dgolHogugl 53056Bsl, dmdmsbsls o
393535000l godmgz5899mgdol dsergmeromvy®o 39bgdo (Mamamamsuniu & Xasapaznse, 1973;
Mawmananmrsunu, 1978; llepererun u gp., 1982; MemBenuanu u gp., 1990; IllarmmoBa &
Pamumsmmm, 1990). 1991-1992 {engddo 250m0@3s “9@sdbm  goMgxol 30560 dG06xsml
659mLobsgdols doboerols 3serobmemyom®o 33w930L dggagdo (Ksasagze & Tozpwma,
1991, 1992).

LB LodoMmzgemdo 9EOEIMO s doewdg 60d3z6gwmzsbo  sOJgmermyom©o
Asboens  @IRMM3e  B3JM-0B0WOoL0-%Jo3sbol  LodbOgm  35335B00L  Boglisgbols
909690¢™md0l OML, OHMIOL oo bsfomo sggg Jgufogzeowos 35eP0bmEMmy0MHo
99000 00.

153390 ©530MmbLy s  Bsd3MOMbserm  F3gbotgdol Fglobgd (36mdgdo  dmyzsbogros,
doMOMII®,  LBORIM-boMsdsl, 0TgMOL  LoBo®bgdols s  BHYJIscsls  gmE-L5doMbols
F9960 3ol Gogmogliols 3garggzolsls (Kvavadze et al., 2004, 2010b; Kvavadze & Narimanishvili,
2006).

9®3356M-565gbol  39H0MmPOL  65dMLObWSH Molgeol bghby sedmBgbowo  FOHFwols
35¢0bmmmaom®mo  33¢09g30L0L oAb, MM sldo 0bobgdms 3935¢0 s mbowo
(93939d9, 2011).

50539 396M0m©L 809390036905 3MOBL gmOsbo, LBmg. Ls30Mgbmsb, Losg Jowrols
Lodo®bdo  5dMPBs Lsdo  FMOFgero, GMIWgddoi Lbgosolbgs  Lobgmdol  mogwl
0bsbogbab (Kvavadze, 2006; Kvavadze et al., 2007).
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https://www.google.com/search?client=opera&hs=6G5&q=%D0%9C%D0%B0%D1%80%D1%83%D0%B0%D1%88%D0%B2%D0%B8%D0%BB%D0%B8,+%D0%9C%D0%B0%D0%BC%D0%B0%D1%86%D0%B0%D1%88%D0%B2%D0%B8%D0%BB%D0%B8&spell=1&sa=X&ved=0ahUKEwjc_63jy_7QAhXecVAKHSGuCr8QvwUIGCgA

Xx0b0olol BsdmbobwserBg, MHMIgeoiE 80939036905 MOOSWINOL 39w EHNOOL OHMOL
B5dmbobo®l, 500mbgboos 89360 LsdgmE@bgm MmMIm s Lsmoglm, Losg 0bsbgdmes
bmMd5e0, 33530 @ bbgs Lomglio Bo®3gwmgbado (Kvavadze, 2005).

LOGIO-boMSdL  LoToMbgddo, OMIWGdo3 MoMoEEgds d3. §. XV-XIV Lowmzmbggdoom,
90335900l 3d0Egdbyg, FMEwol  sMgls s FMMIFgedo  sdmBgbowos  obgmo
15939ObsMm d39bsYIdOL FBHZMOL FoME3egd0, MMYIMOOES 353b30 (7ilia) s 35%o (Vitis
vinifera). bs0b39gMgbms ob BoJ@0E, O™ oo dB3M0L otM33¢gd0 1dgEgl d9dmbgzggzsdo 0d
L5ToOHYOT0s, LoS3 Jowo oym s3Mdsemwo (Kvavadze & Narimanashvili, 2010).
5060360 LYFoMBYOT0 50IMBYbOEI0s 15939 35MBOGMEO F0gd0L, VMEOOL LMEoE MOl
@5 ©30dob MmMH30M5L 3396 3b9d0.

33096 3M0bx oMl 3gHom©L §329m360L slg3g 09Ol LoBsM™z560, MOl gMm-9MmO
L5oObOL FMOFgrdo 653m3bos OB Fol 65dmgdo. sdol mgdol Lygzdzgels a35dwg3L
F6039do 350250 ©OIEIWO MOREM3560 9396569900l dEBH3M0L FoM(33¢9d0, BMEIOOL
0LLgd0 s 3esbFgdo (Kvavadze, 2004).

doewbg 960836935605 390g6MH0 3MWEGHMGOL 3gMHOMPOL 565659HOL Ne3 ymM®bol
dsbogms, MmAgeog 2014 gl 2o0mbocs ogm@gbols dsbermdes@, Losg Ms8gbody
F196 3980 bs3m3b0s vdz9wglio 3o65856Mbgdwo Mozl Bsdmo. 5753 0Bl SOLYdIMDS
QILGHMOMYdS MoBwm3zsbo I3965699d0L IBH3MOL Lobgzoms @S FMBHIMOL dmlmligdols
5OL9dMB0M. MOREOL 35¢0bmEmaomed B3gdB®do 2oblsbwzmwos 30-0y bgdEgbscgos
5 39846560l dBH3MOL FoM33wqd0. b35S FoMdmygbowo Bdosbm3zbgdols 3EH3Gol
356331900, LoE PobOLIBWIOS 65-09 I(39656M0L IBH39M0.

365659®H0L Ne3 ymdebol 9O m-9H 0 303350900l 33e00l 9G93 093605 15533900 S
159379MbsMm 93965M9ms 8B3gM0, 1939 6533605 3sMBoGWWO F0ogdol, GHMObYMLS ©s
03000l MmM3065L 33903b9d03. 9BHWDBY, ol J39d s dMOIWGIMD 5©0gdwo Bodmdgdol
139dBHMdo  653m3zbos  [odeol, foxwol, dmbol, mbowol, 35Bol, dobool, dsgzerol,
sb3ool IBH3MOL FoME3egd0o, Mo3 Y39 08EMMObEgw 153390 Mo30MbbY Jormmomgdls
(4393599, 2016). 50LSB0TBS305 0LOE, OMI YymOHEIBJo M3 MBI, 3300BRLOL,



mbBHIMBL, 393b30L, Hoderols s 396360Mm3560 9396569930l Boymaxzgdo s mgLiengdo
(6mbodgzoo, 2016).

OMamO3 Hg0mom  9myzoboo  Fogow0mgdo 33039690,  9OJgmemaomEmo  dsliogrols
331935 35¢0bmMmao©mo dgmm@om )dbod3zb9wm3zsbgl0s GoE30Mbols sEbsygbs @
90bMRs®35 30 MA0MM0 Ls3ombgdol Fglslifogero. 3sLmsbs3g, MMmamGE dlmeyeromdo,
31939 Lodo®mzgwmdo dmEgdmeo 36MHMdEgds Bomobsm® 96 9GOl Jglfageromo s
509bs, (0obsdgdstg LoolgMOEGHs3om  65dOMAL  A9BLY3MIOGdIMwo  I60dzbgEMds

960 F90s.
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0530 2. 35L5¢0s Qs 3g0OMPO

DoM0maqbowo  Loolgh@szom 65dGMIol  dmbodBsIdIWI©,  35E0bMEMA0MS©
399M3033w0ogm 13 50Jgmemaom®mo dgawol dsbogns: Bgs 3sergmeomvyGo bsbols 4
d9ao, gugbos: dwdmsbsl, 3mG0sl 3ob, LofHrOdEosLS s dMbo As8MJ358wgdo;
Bommomnmo 3gMom©ol 2 dgawo:  39IFMHOMo 4mMols s bMsdol oo  AmMoL
B5dmbobo®o; dM0bxsmlb bsbol 5 dgawo: FmdsHgmol, gsdgMEYsl, bsFoz3o3900U,
00obgol bYMoL BsFMLIBW GO0 s 09I6MOO 39w EHMOOL Lsdo YmMPsbo, Loowsbsg
9m3m390o s dglogeroos 153 bodwmdo. Fobows ©FMBs3s @MYL FJowgdmwo
LEobosMEMMo dgom@om (Moore et al., 1991).

2.1. bs33¢m930 80995980

YIS 33¢1902¢001H0 bsbs
ddosbst 350G Mo  FoMIMIMOol  2odmdlsdmeo  3gdsMgmMdlL  Fosmweol
3960303503 gBHoL  Lmxge  ©sM33900msb, B30l ©mbosb 860 d-Bbg (LmG. 1)
(42°18.730'N, 43°19.444'E). 50 350md350w9cdo mmbo LEMsGH036Mx309wo 39bss, MH™MAWgdos
35¢gmeombs s Bgs gbgmeoml dog3mmgbgds (Meshveliani et al., 2004, 2010, 2011; Bar-
Yosef et al., 2011). D q9bs (36.000-31.000) Go3mopqbl s@Mgme By dsergmeromols
056500L 3033¢9JAHL — 9OHMNB0TMNYWGd05D T3y 965@3Y3g0LS O 359G ©bgdL. C
539boL  (27.000-24.000) d30L  0bEMLEH®0580  MI0BoMGIL  HodMmosbo  doMMZ0LOY6
Bo9mIB3M9ME0 35¢9MS ©obgdo. B g3gbs (16.000-13.000) 800@605 5653393900005 O
353565 ©sb69d00.

dvd«obsll 93000L Bgs 35 gMEome 3969030 893005 BMMEMYOOO oL,
LoQOE FOMIMBL 393395L0YMO X 0b30L, EMIBSL s dB0DBMBOL dzegdo. 50bodbgds SaMm39
QOM30, 3OS 30, MO0, Ig9gw0, fomgwo oMgdo, 3bgbo, 37O gwo, Igws (Bar-Oz et
al., 2008).
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L. 1. LodoOmggemlb Gw3s. Bgs  dswgmeomwyo  (Lsd3mbgwo), bgmwomw®o
(33900615%0) 5 5QMYOMOEX ML (Td0) Bsbol Fgfogerowmo sdgmermyowm®o dgawgdols

5SRO0 AYOIMGMDS.

bspendemosl gs0mgl35829¢m0 gobe0sgqdremos gow@mdml H9a00m63d0, Lrmggwr 3mdobomoegols
Sbml, 360 JgBHe Lodowwgby (42°22.497'N, 42°35.875'E) (LwyG. 1). 8 9de3z00d9do

d9LPogwowos mMo 3OmBowo, sg3g dgmeg s gusdg 05@S30L  Bgbs, MMIgwos
050 HBYs 3sergmeomoom (Kvavadze et al.,, 2011; y3s35dg s Ubg., 2011; Meshveliani
et al., 2013; Pinhasi et al., 2014). 05¢530L 5396930l ©5E0M356MdMB0 sbowr0 IMIMHOWGdSS
17.895-16.215 fergdo (Pinhasi et al., 2014). gobbogrwer 80309980 9693000ss 50dmBgbogo
35™39w0L d3emzs60 FoLos. FoMmdMOL ©MEOOLs s 0Mdol dgwol bsdmgdo. bsdmgzboos
00DMmbol, xobgzol, d3col, Esm30L, Terols s dgsl dzwgd0E. LBOITIMO  J9MPSSS
Pomdmygbowo  mg3bol dzegdo. 139bgddo bsdmzbos s3MgmM3g ©MOOL  SBZIMOEIL
33963b900 (y3935d9 s bbg., 2011).

372905L  3¢70b 330258790 8gdsMgML  Fosmmol Gguombdo, Lmggw LggMmsb
sbEoml, 719 996 Lodsgbg B30l Mbosb (42°13.525'N, 43°18.473'E). (Lwy®. 1) g39ems
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LoEbM3M9d9wo Mby MsMomEads 10.900-9.940 (ergdoo (Meshveliani et al., 2006). 50
90300980 50dmPgbowos 1dz9wglio dmbsoMol Losds®bo, MMAwwol RmbBbo 3s6ys oym
Q53IJO-

©900bols s 390X dMEMSGHMEM05T0 BoBoMm©s 3M@05L 3ol BmbRbols @
LSHOOWOoSL 300900 s0dMBgboo  5@T0BOL 65Ol  49bgB03MM0  SbowroBo s
9905605 839035000 GHgOoGMM05Dg  950dmbgbowo  ™MsbsOmmwo  doEzswgdmEols
396m3msb, MHoL  LERMIZIWDY3 OB, MHMT  LodbGmgo  39335b0M0  IMbsOMY-
390360390900l 24960 08 99b9303MM0 XoF30L Tgmmbg FM35MH0 MHYME0s, MMIEOL
09933000699303  399940b35M900L F9damdo 39MH0MEOL 93MM39gdo 900D, GMIgGms
9 dsl OS> B9L39d0 593L O YTRM0Z0D Fodmbvyemo Homo sapiens-ob mGo (45000 o
25000 fieools §obsbgaro) doa®msEoero @sweol 8993300609905 doohbgz0sb (Jones et al.,
2015).
B8mbol 35009358290 305MJMOL F0omMH0b 6 30-do0, bmygw HoMdzswmsb (k. 1),
B30 ©@Mbosb 725 3 Lodspegbg (42°18.921'N, 43°12.223'E). dggerglbo 9396930l
3OBMENEHMOo Sb530 45.000-39.000 Fergdos, bmwm Bgws 896900 MoMmowEgds 26.6000-
14.000 Hergdoo (Tushabramishvili et al., 2012; Pleurdean et al., 2016). 5©0b0d6mwo dmz0dol
19bs  Vb-00 500mbgboos  0obsdgodmgg  9@s80560L  3doo.  ©50Mm35MdMbmwo
QOM3M0MYdolL dobgzom, dobo sbszos 39.000-35.000 Fgaro. sbiggg bsdmgzgbos xobgol,
00BMbold s 193Hgd0L dgwgdo (Pleurdean et al., 2016).
6902¢000296%0 bsbs.
39O FM0ero  gmts  9YdMgMdL  BoMbgmEol  Moombol  Lme.  0doMol  LsdbGmYo-
50dMbO3EgmM0m Isbwmgdom 1.5 30 sb6dowby, 370 3-Bg B30l Mbosb (41°21.482'N,
44°49.076'E). 9sL 9995%9 33900 90bsmg b®5dob oo gy, OHMIGEbsa LogsBIgbmEom
£95000Mdgd0L 250M MTS S BIOMM 3560Mbo d3L 2oFMoero (7-8 3 Lo®dol s 30-40 d
Losbol) @s Bsdmbobeo®mol 3abEGHMowmGmo bsfowo, RsJBHMIM0350, Foosbs GOl
39bsamMgdmo (L. 1, 2).

239009FM00 MM 1960-0560 {argdol sbsfgoldo M0l smdmbgboo L. xsb5dosls
Lobgermdol  Bodos®mgzgerml gOHmzbmo dMHgmdol 43990  JoOHOEOL  sGJgmErmaowco
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99b390E00L F0ge, 5¢0. X 935H0TZ30¢0LS S M. XBIMOJOL bgeddm3zsbgmdom. 1965-1971
fe0gddo bmeg. 0doMLS S FMEeggl FmMOL sOLYdWME 3MEIE 3930D9 (0. bMsdol
9o6x3965 Bs30M0) 9JU390E0s8  OIGOJLOMS @S  Fgolfjogwrs  sEMYLEBOHomMIMgIgE™
390 GMOOL M58gb0dg dgao: b6sTol OO MG, 080MOL JMM, IBYMYMEO JMMS O
39OFOHOO MM (X90d5dg s bbg., 2010). bMsdol o 4mEsLy s 0d0MOL mMBY
BoBo®s  96J9m@myo©Ho  goombMgoo, by gmEmsbg dgolfogws gOHmMIIMO

39005605600 LG MObYM MOTM, berEM A5 FHO 3MMSBY FbMerm 306y Dmdol

6. 2. 69ME00YOHO EOMOL 65FMBIbESMOL, 259FHOWO MOHOL BMs©O byo.

Lo3MbEBHMMEM MbOHOWO 4503W™m s BYO30MHIE0 FoLos 5030M0%s. MbEs 50bodbm,

6md b6sdol o mcmoL 3969830, MHMIwgdog 93. §f. VI smsbfjargmemom ms600gdms,
14



©530JLOMS bmEOBdOL  FoM(33gdols s 35Pol Hodfgdol sOLYdMds (JucnumHa &
[Tpumenenxo, 1977).

3909FM0E 2MmM5Hg IGO0 SOJIMWMYOMMH0 obEMgdo sofiym 2006 (gl s
0999 3Md9gds. 50BMmBIbowos AMS350 LoEbM3zMYd9wo Mmmbo, LsdgMMbgm MmMIM,
LSMO3LM O FMOFJe0 (X odsdg o Ubg., 2010; Hamon et al., 2016; Magradze et al., 2016).
5©0M35MdMbMwo Ignm©om JoMgdMEos MmO MeMopo: 1. bsbdo®mo: OS-63262 — 6910
+110 BP. cal BC 5815 +103 (CalPal) 7662-7868 cal BP; 2. 3060mb0bgdwwo bm®mdswwo ©o
Jo®o: OS — 63260 — 6890 +40 BP cal BC 5783 + 42 (CalPal) 7690 -7775 cal BP (xos05d9 Qo
Lbg., 2010).
39 8(0bx sl bsbo.
F083569000L  b500bsberso s LYFsMBYdO  BEYdIMJMBIL  LodbGgom  LogoOmzgermdo,
obEGMOoM  LodEbg-xo35bgmdo,  sL30bdoL  FMbo303sEoEIBHOL  bmg.  FMdsGmgomob
BOowmgmom 900 gBHMol ©odm®mgdom, Dp30L ©mbosb 1620 I Lodswwgby
(41°34.926'N, 43°8.918'E). 35b¢0099005 GH9Molmeo@ e 06936003 dmGm3E3Hg. dgawol
Logom boadg 700 d9¢©59gs, OMIgoE s0dmhbos 89dmbggzom  sboerddgbgdemdols
O, d530LEHMIMOHO FoBLOEIBOL Lsdgbgderm EgMgxsBdo (L®. 1, 3). gosGhgbomo
L53MBomgd0 Bo@oMs 2009 Hgel. 560JgmEMma0OHO ombBEOYOOL T99YAS© Podm3zobos
Bo2q0mdq00,  LodgMEMbgm  ©sb0dbMEgdol  MmMIMmgdo o  Lods®bgdo.  Fm3MgzgdMeE
3OGIBOIBHIOL  TmMolL  943b3gds  Bbgosolibgs  sbodbmegdolls s FmMIolb  mobol
F60Fgwo, o0 ImOolb oo BMmIol ©YMRJO0E. L3 MomEgbmdomss badmgbo
bawlo®d3s3900, MMAo03 gMmBsbgmolash asblbgsgads MHMymeE Jaol Lobgmdgdoo,
31939 gmedoo (Kakhiani et al., 2013; Sagona, 2014).

03LA®oosls s Bog®Msbygmdo  MOEOMIIMIMbMO  FJOOMPO®  IMIMOMS
F0056MHgol  65dmlsbeotmol  Lbgosolbgs 31O mo  5396osb o Lsds®bosb
93390990 MmMH256w9wo 65d0gd0 (35035¢)ML M9O0MIsMDdMEMWO sdMMIGHMM0Y, sbowo
B9wobos s 13O EIdMMIBHMM0S, BoBMbY)MN0). WIMIMOMYOJOO 5ILEMGd9D,
M3 3356090l 65IMBbErs®0 96 0gm EOMIIOMO S ol SOLYdMdS d3. §. 3350 Herosb
d3. §- 2900 ersdqog (Kakhiani et al., 2013; Sagona, 2014).
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3ombGgdols swyomo

bLE. 3. FMOsMYOL BIFMLIBESHOL BMYsEO bBgo (a. BMEHM §.090565830¢0) s
56MJ9gmma01MH0 450bEMBOL 3OM3LO (b. BMEM 9. Yy3935dY ).
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89096960 379¢7H GO YorHr6980.
099bol  3wo@mbg  (41°33.052'N,  44°27.502'E)  (sbeobgwo  0gm&ofyserml

dmb03035¢w0Bg3Ho) (Le. 1) oo bymzmbols 70-056 §ergddo Bo@o®mgdmeo gombMgdols
0909250  Bodoermzgeml  xobsdost Lsb. 3MHgmdol Rmbgddo @IROM3©s  953MS30
MmOobmwo 65dmgdol 60dMdo, MMAWIdoE dm3m390Iwo  ogm  smbodber  dwo@Mmby
90090569 5M93MH0bX ML g3mdol ymembgdosb (amdgx0dzoeo, 1981). dmaz0s6900m gl
AsLogns 35¢0bmermyomMo s bbgs dgom@gdom godmozzerogl (Kvavadze et al., 2010c,
2013, 2015).

2.2. 35¢0beagmeag 090 33¢79306 9953980

5M49MEMmQ0MOH0  45mbMHgd0l 89099 IM3M390E0 oL doEobmemmyommo
33w930bm30L 603MTgdolL 5¢Mgdol Lbgoolbgs bgMbo sMOLYIMIL. b ITMIO0IIWOS
5M49gmema0O0  AoboErol  MHOMBsDY.  Fogooms®, vy  60dwdgool  S®gds  bggds
3M0EGHMOMwo 396900, 93 Fgdmbggzsdo 3900©gds FHowo, Lyss ymzger 5 6 10
LobGH0dgBH®do 30090 b0ddqdlL, 00539 bgdMboo bgds Bodmgdol smgds Lsdgm@bgm
mOIMsbog (L. 4).

5LO3EgM LodoMmM39geml 3030399008 B96xdOL 3serobmemaom®mo 33eg3s 1980-1990-
056 9080 ©s0fym. d9dsbsl 8308930 B 35 gMEomMMH0 B9HYd0EIL STMMYdMWO
19 60dm8o dgobfogers 93000 MMM JoRsbodgd (Meshveliani at al., 1990). dowmbgsgzso
35Q0bmemaom®mo  dsboerol  LodHoMobs, 833w935M3s Fgderm  s9ER0bs  GHodumbgdols
b5305m©  3M3go  BsdMbsmzgowo, MMIgedoi dgol GMmamO3  bgdigbstgoms, slgzg
05¢sbm3gb900L dBH3MoL JomiE3egdo (Meshveliani et al., 1990).
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LYO. 4. FMBOHIOOL  bsTMLIbEIsGO. LsIGMObgm MmGAm Ne17-@sb 60dxdgdol smgdob
50030 900. (fomgwo ggmom 653969005 3serobmermaom®mo 33wg30bm30L, MIMGO’ 30 —
BOGHMWOEEHJOOL 565¢0BolmZ0L).

F60 3ol dsbogrols 99dmbgq3590, 603dgdol 509ds bEgds Bsdo R0 OELL: FMMFwols
30003L0L By, 3995 B9bgd0b s FMIMFeol oMb (L. 5).

653 8995905 BodsMbgdL, 59 Bodwdqdol 5¢gds begds BmBRboOL Magz0lL Joerol §398, 3oLEOL
9oegdmab, doMdogols s 30vMIdOL dzewgdol §398, 3ol sMgdo, 53gbgdoLy s gogol
dgcol ggqgd (L. 6). 2oms S3oLy, LsFoMms B0dMIgGdolL 50gds LsTsMbOL 05ES3IBY

3OLYdME0 Y39ws ddo Wodosb, MoYD, OmymeE Falo, gu Wodgdo 2sbsdsMbgdmwo
6960 65dmgdo0s.
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L. 5. FMdMJOL BoAMLEBE MO, 3960580300 F1IMF)0 FoyMO3BO.

6033900L 50900l POML 5930 9dGE0s, BEIOOW MBS 0Ymb I3E0. F5JB0TsIMS©
65 39390M™, 56 JMbgL I306IMEMYDS. STOLMZOL BsFoMMs, ymzqewro bodMdol sgdob.

090009 05650900 3905  go0fidobml s  v0GdMo  Tobogrs FMmmogbgl  Lgmo,
139305 356 390300.

19



b6. 6. 30339900l BmbBbol d3egdmsb, G530 Wsdgd0sb s F9MFer0sb 60dmTgdols

50900l 50 gd0.

30939070 9h530. ®ommJ)o 650dmdol 50-100 a6msdl 350539000 BsoxmE@ol 1000
30503056 Fododo s 3-5 fmool  963s3ermdsdo  3ogdm  3F3539 Jowrowydols (o6
Bo@®0mdol) GmEHol 10%-056 blbs®do. 99009y 35303900, 3535390 Yol s doMgdv)ew
3sLob 35@ 96900 0,25 98 BsYMFBYO0b LoEgMT0. IMOVYOIMWO S BSEFIMHTO J9EIMJOMWO
6odmdo o30S Jodom® Fodsdo @s BgMgds 24 LHsMOL obds3eMdIT0  MMSbOL
39939605359, M50 bl MMA6I™O S 5MIMEOYIBME0 B5dmgdol owrgd3s.

00 d90mbg935d0, 0719 bgelisgyd3s30 96 Lsbsgo THSYIMP0S 3w 35699H0 FoHTMIMdOL
Jobobigob, MmIglsg 5J3b MmOPsbo 65dmgdom  2o3LgdMEr0  ¥sdMOg30 BMGS, doom

3993obsls 39bgbo 890gabs06Ms: bgubogdlsgl 96 Lobogl 35mo3Lgdm oo BMmdol
20



F9639do, 353900 35¢00mdol BHEoL 10%-0560 blbsM0m s 35O 565653 qd 10-
15 §90. 98 @OML FMOGO0IL Fodmms30BRWGdME0 MMRBMwo Bsdmgdo oblbgds s
390050 35¢0dol GyEobL blbs®do, H®MmIgebys 395396GO0RMY0MJO.

d9029 9H530.60880©56 (3963H0x8MR000 FodMYMROWO MMHPBMWO S 9MIMEOYIBMEO
Bsdmgdol Bogngdls Mo8abxgMdg 36M9ibogm obGHOWoMgdMwo fywom, 8s6s3, Lobsd
396569Ebo figsero 259330603509 56 2obYds. IROMZOW B9l 3slbsdm 2.2 3mmEo
Pmbols 3000d0dol ddodg Lombgl, GMIgerdog, 20-25 Hmmol obdogurmdsdo dm®mgzols
53mB930l Bodsmgdom, oblbgds ogM™3z0e0 dsls. 8oL 990y 20 Frmo 53 goblbo
3sLoL 35396GHMORMAO0MGO®, MM bl BosoOL b6 bbgs FobgMmogdols 463939390
93965M9gms 9BH3M0L FoM(33cgdoLs s Lbgs Lobol MGYSBMwo 65dmgdoLysh. 3dodg Lombol
99039m00m  Bosogol  bofoszgoo Fodol doMdo owgdgds, 9BH3MOL FoM33Wgd0
56535¢0bMEMY0MOH0 35¢0bMIMOmRO0 30 BYIMm 5TMEH03E03WYds.

59m3H03GH03900 M6 ol 2ooy39943L Jodoe F0d530. 35H539000 25MbEOOO
D9yeom s 39596530 24 LHsMO, MM IMbEIB MOHYBMOo BSTNYOOL IgI3s.

AbsG9 9hs30. 59 §Es3Bg d0mqdw boargdl 396EGHM0BM0MdOL 89939Mmdom 3o80™39000 10
3 00bob  Lobyxo®gddo. @iyMmgzo  AsLol  FMOZoRgO  3Mg3bogm  3odowydols
9bIMOHGIWH© S F9909 399M MO d6Bs1530L LTS GOOm.

©MOM3907wo Boergdol gotgiEbzol 8999y 396@gbo  Fobogols 539xEMEOBL, 864y
39099356, HMIobmzoLsE IHBoEIGds B3gE0swmO bLbsMO. Bols 9935096 mdsdo dgrol
9 fowo dIMOL s630MHOEO S 9gHMo Fowo FsMOWde35.  S39BHMobol  blbsedo
93l 603mAL 39000 S0SBBS  (LOBXIMGOO Mo3bEYds Ebger Hgoewdo 2-3
Dmomom. 59 MM Fywol ¢gddgesdmMs Mbs 0ymb s6sbs3wgd 90°C).

9900093 9G93 Lol 330003 35396GH0RBMR0MGdD 5 Fmol 256353¢mdsdo ©s
3500MMd  ddoMz530L LT GdOm. dMEml 60dMdgdl obgg 3MgEbs3m  godmbowo
Dyaom, 35860H:Mdm © 33¢930LM30L 350o3LgdM Aeo3EgM0bdo.
d9000b9 9hs30. 3BH3OOL oM(33gdoLs O 9535 0bMEMA0MMHO B5dmNgdol dgLsbiffogers
303900680 85319390 Foboeol MomM 390006 359DBoYdM 3MIG3MOEL. Tobogols
MW, 0EIBAHORB0ZI(300 O BMEBHMASINJOS IM35bE0bgm Lobsmol dozMHMLgM30m
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Olympus BX43. omoomgmwo 60dxdosd ©s30m35¢qom  965bs3ergd 250-300 93360l
35603350 O MYRO® dgBo Bbgs LEboL 35¢obMIM®OR0. drrem 9BS3BY 35¢0bMEMA0GOHO
360 Tilia- b bLydmoergdom (Grimm, 2004) sEMOEbLYI0 3EZOOL FoM(33¢gd0 s Lbgs
A030L  35¢0bMmIMMHBIO0  LGHOGOLEH03MNMO© 93509985390 S F9IPJO0  ZMOIBOIIES®
259m3gLobgo.

93gbotgms  B3M0L  BoME3wgooLy @O 96935 obmwmaom®o  bsdmgdol
00096&083035300Lm30L 250m30949bgm MMaMOE Msbs3gEMHM39, 9BITMEMMO 3693565E9d0,
51939 OB SMBYOMEO  SEHWsLgdo (Dparman, 1956; Kympuamosa & Asemmna, 1972;
Kynpusanosa & Anemwusna, 1978; Bo6pos u ap.,1983; Moore et al., 1991; Reille, 1992, 1995, 1998;
van Geel, 1998; Stuchlik, 2001, 2002, 2009, 2014; Tonkov, 2003; Beug, 2004; Richter et al., 2004;
Yepnosa & Ilenmukosa, 2004; Fujuki et al., 2005; Toshiyuky et al., 2005; Piperno, 2006; Torrence
& Barton 2006).
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530 3. 390093900

3.1. B0s 35¢mgeamo0I6r0 bsbs

d2d565b 35902925829¢70b FOHOWYO0ID6, 35¢0bmMmEmaomcmo $BsoBobm3zol, s0gdMwo
@5 390m33gmos 55 bodmdo  (LwE. 7). IguFegzerowos  g39ws  200MmyYmBowo
LEAOSGPMIROMEO  Ggbs, MMIWOL  VOBMWNEHMMO  S1S30  FoblsbBPIOMWOos FMSZ35¢0
50M35MdMbMO MHOYOm.

BMPOWOI®,  3oWobmEmyommo  Asbogws B3 09 obg  9oEsc0s.  dm39dmen
35¢00bMEMa06 ©05M5FsDg (LE. 7) o@sbowos dbmem 153390 I3gbstgms IBH3MOL
3560330 9gd0L MH5MOIbMdY.

FOowob 43900 bofioerdo (13965 D) bgdgbotgmogqsb ombogrols (Corylus), fogwol (Fagus),
dmbobs (Quercus), 3o3wobs (Juglans regia) s 3o3b30L (7ilia) 93H3M0L BoME33gdol oM@3 vy
0lly OO ©5MEYbMdsS FoMdmygbowo. gsbbowmo ggbol momddol yzgws bodddo
50dmPgboos 39w Mo 35Bol (Vitis silvestris) 93360l do633¢gd0. J306M9 MHOMEIBMOOMSS
Jo330L (Hippophae) 333960. M3 999gbgds 05¢obmgsb 839botgqdl, o 30936005 39wwyGo
0560330m3b900L (Poaceae) 9(339M0. 500603b9gds bs6ds30 (Carduus), bséo (Cirsium), FobFMo
(Urtica dioica) s 055mbs (Rumex).

35¢0bmemyomed b3gdd®do 933900600 33wowgdgdo d90dRbg3s FMowrol s Bofogdo
(3965 C), Loog FoMdMBL Mborols (Corylus) EH3MOL oM33¢gdOL MOMIbMds (BrMmyogOo
60dmddo g3bgzqds 70 s gBo IBH3OM0L FomEzswo). C ggbslmsb Fgs®mgdom IgEHos
oxawol (Fagus) dmbol (Quercus) 3530l (Juglans regia) 353b30L (7ilia) 8@396M0. 58 539530
BBbgds sLggg (oderobs (Castanea sativa) s 0m3g3oL (Vaccinium) 933600l 956 (33900.
0osbmgbgddo 1939 MA0boMdL 39O FoM(33™m3b9d0 (Poaceae). sGOL Bs®Toz0
(Carduus), d5¢0ds (Malva), 30bFsto (Urtica dioica) o 955mbs (Rumex).

FOowol bgs 896sdo (965 B) 3936005 fogxemol (Fagus), ombowob (Corylus), dmbobs
(Quercus) s 8330 ( Vaccinium) 8@360b ds633¢09d0.
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dbmmnE 53 396590 500b0dbgds FoMEgwo  (Sorbus). d5grobmgzsbms JmMoL  FoMHdIMBL
Bo®dogo (Carduus) s 39gwMo  Jo6E3crmzbgdo  (Poaceae). 93069  Mom©abmdomss
DoM0mp9bowo bogs®domsds (Chenopodium album), d5¢0ds (Malva) s d59mbs (Rumex).

bspera@demosl  gs0maglasdepemo.  50bodbmwo  998md3s0mol D s B 13969000056
d930Lfogwgo 10 60dMdo, GMIgms  35¢0bmwmaon®o  B3gdBH®9d0  ©IGHIBOE0s
0536535Dg (L9YO. 8). OsAMSTOL J3gs bsfowdo bgdgbsergmogsb 43b3zwgds Mbool
(Corylus), 353b30Ls (7Tilia) s dmbol (Quercus) 3GH3M0OL doME3wgd0L sGEF M) 0bg OO
65©gbMds. 35esbM356ms IMMOL gobborme 1396580 FoMHdMBL 39 Mo JoMmE3erm3b9d0
(Poaceae), bs0dsgo (Carduus) ©s ULbgslslbgs 930060900L (Ophioglossum  vulgatum,
Dryopteris, Pteridium aquilinum, Polypodium vulgare) L3mM9d0. @obLo3MPMHYdom 30
330960 3Fob (Asplenium). I6M M J39005 B965do Bo3m3zbos bogliols (Sphagnum) L3MEdO

35¢0bmEmaom®mo 139dGHMgdo Bgs B96sdo AobLlb3sz90Mos. bgdgbstrgms Tmemols
093000 mbowob (Corylus) 333960, HMIOL MomEgbsmds bmy 60dmddo 120 509ds@gds,
653 0030000 89dmbgg30s. oS 5dols Bbgds Foderols (Fagus) dxmbobs (Quercus) ©d
3o3eob (Juglans regia) 933960l 0sM33cgdo. dbmErm© HBgs §gbsdos sigowol (Rosa
canina) 93H3mMob s6OE 009 olg 930609 MomEabmds (LG. 8). dsesbmzbgddo godloMgds
390960 do0(33c0m3b6900L (Poaceae), 306360l (Urtica dioica), bs68s30L (Carduus), dmb@bol
foewogzsl (Polygonum persicaria), 06535¢0doM©3sl (Plantago) 9339M0. bgs 939bsdo
39099 mdL 430960930l L3MEMIOOL MoMmEYbMds. 500b0dbYds, 4390l 9bs (Ophioglossum
vulgatum), 330060 3s (Asplenium), Boombs (Dryopteris), 9f6rob 43006 (Pteridium aquilinum)
Q5 30wodMMs (Polypodium vulgare).

372005b  307@g.  dobbowre  8w30d9d0  Bgs 3o gmeEom)MHo 3969006
350bmmmaom®ms  aodm3zgmwos 8 Lobxo  (LyE.  9).  Dmaso,  Tobogws
300bmIMORGd000 M3 0049 0l IEO0PIM0s, Foacsd Mdgbodg 60dxddo 3565 s0Lsbo
1533900 93965699008 IBH3ZOOL  FoME3GIOL  MOMEYbMdS. 9o ©@MI0boMHgdL  mMboero
(Corylus). 393605 (ode0obls (Castanea sativa) 9300L JoM335¢00. 5000b08bgds 3s35¢o (Juglans
regia), joxggwo (Fagus orientalis), 3mbs (Quercus), 353b30 (7ilia) s 390 Mo 35%o (Vitis
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Satsurblia cave
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Kotia Klde cave
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silvestris). 05¢bM35b6ms xaRdo 53 303000l 5396930 356000 HoMBmyqbowo 39mMo
9560330m3b900L 839600 (Poaceae). s60L bogo®domsdsls (Chenopodium album), 30b3F6Hol
(Urtica dioica), B39mwgddogo 0sGHo@gwsl (Polygonum aviculare), 06535¢0ds6MH©35L
(Plantago), bs®8s30L (Carduus), bosbwEolLs (Apium) @5 Yds59obml (Papaver) 9EH3M0L
956 3309%0. 6333605 gm0l 30000 (Preridium aquilinum) L3MEOYOO. 50Bb0T6s300 SB939,
M3 056530l 8995 bsfoerdo (336-345cm) Log®AbMdEIs@ FoG¥EmdlL foderols (Castanea
sativa) ®boools (Corylus), 353w00bs (Juglans regia) s 353630 (7ilia) 333960.

B80bol  gsdmdz5829cmo. dmbol 459md358)mol BgEs 35w gmeEomIOHo 396900056
3930L553090 8 603w9d0. Boboes VMBS 35¢0bMIMMFBYdOL F9doqbermdom (LwE. 10)

<$P o Q
, O3 :
Bondi Cave ¥ & SN L
> N 00\%‘0{0 (,\@
e & FELEIP
FE LS AP @
S F P PP P O
O 0" 50" 20 Q' N3 4@ \Q 'S
O'RQY O Y TTRAD ¢
mser-rFEEErErERE PP
135 cm | | |
145 cm 11| i 1
(=
e
O 150 cm 1 R | H
155 cm I | I
205 cm

20 20 20

bmE. 10. dmbol 259md350meo. BgEs 35gmEomvye 1969030 sdmBgbowo s339d0
9396569900L 33Ol FoM (339008 MoMmEIbMdIMO30 WOSYMTs.
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b99396509m9256  2obolsb®z®s  mbowobs (Corylus) ©d Yobob (Cornus) 933960,
05sbm369080 FoMOMDOL 39wm0 FoME3wm3bgdo (Poaceae). 0sy®sdol s bsfoerdo
093605 B39mwqdM0g30 do@oGgws (Polygonum aviculare) (bv)6. 10). 50060369gds 0939
33036M930L L3MMgd0. gugbos: aggwol 9bs (Ophioglossum vulgatum), q30061m3s (Asplenium)
5 9oL 3006 (Pteridium aquilinum).

o006 dMdMebol  250Mmg390o  35e0bMEIMAO0MNMI®  MBOM  IAHILIMISWOIS
3993390, 30639 gmgeols, gobgobowsgm o  godmggboer  Lsd3MMbogom
939650990l > ol M30L9990L. L3gdG®do Ly OEYObEs 32 LsI3MObsem F3gbserol
5MLYdMds (Moo 1, 2). d9dnsbsls 4o8mdzsdv9edo MMaMmM3 1s33900, 0l LodMMborm
9396569900 35dB0ToE MoMmEIbMdIL 5©0fg3L C, D s B 39690d0. oboi 9b@s 500bodbmu,
™3 39360 8396509 JOHMNPOMMESE SGOL 15339803 s LYAIMOBIEIMS.

3b®owo 1. dmdebsl 8969030 sedmBgboeo Ls83M@bscrm d39gbscgqdol Lbos s dsmo
509bMdM030 35639690 gd0 (* 60dbom s0bodbmw0s 396569900, MMIgElsE 95esdosbo

15339050053 099690005).
3939565l 350mg350v9emo

1969%0 A B C D
939bstrgos Los
Achillea (356L0s630) <5 <5 <5 <5
Artemisia (539560) <5 > 15 > 20 <5
Betula (s6y40) >5 <5 <5
Campanula (35B0@s) <5
Carduus ™ (6568530) <5 > 40 > 30 >5
Centaurea ((00QOM) <5 <5 <5
Cistus (bo30900) <5 <5 <5
Convolvulus (bgsGodws) <5 >5 <5
Coronilla (43530LxORbOS) >5 <5 <5 <5
Echium amoenum (do™fomges) > 50
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Ephedra (939065) <5 <5

Geranium (699b0§396s) <5 <5

Heracleum (0oyo) <5

Malva™* (d5¢0ds) > 25

Pinus (30330) > 10 > 100 <5 <5

Plantago lanceolata (639> 90535 dsM©3s) 5 > 10 <5 <5

Plantago m/m (86535¢0356035) <5 <5

Plantago undiff. (06535¢0dsM235) <5

Polygomun * (35¢0&geo) 55 >5 >5 <5

Polygonum aviculare * (B399 906030 35¢0GHJws) 55 <5 <5 <5

Rhododendron (0geo) >100 |>10

Salix (Ho60go) <5 <5

Sorbus* ((30639@0) >5

Symphytum asperum (g05994o0s) 55 > 30

Tilia (353b30) <5 <5

Trifolium (b534w96S) <5

Urtica™ (3063560) <5 <5 <5

Vaccinium * (8c330) >5 <5
9396509900l Bsfoemo  gobolisDeg®s  Lobgmdol  mbybgy.  glgbos:  B3zgmEgdGmo3z0

53o6OBIsbm30 (Achillea millefolium), xsbys®0 (Artemisia annua), s0bobs (Artemisia
absinthium), 00b3M0L owowm (Centaurea jacea), Fobzsto (Urtica dioica). 439w0s
Bodmm3zoo 9396569 336300905 MMM ddmsbsl godmd3zsdendo, sls939 LafrIOBdEOLL,
30305l 3¢0oLs s dMBEOL 2odmdl50meEgdol BYs 35 gMEomE 53969030 (bvme. 11-
14). bbgssbbgs 3300930 033¢gds FbMEPME 50 MIMOIbMIM030 F9ds0a9bEmds. (L.

15)
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3HO0wo 2. B9 35¢gMWOoMMHO BB Bsd3MOBsm 390900 WS B0 BIMTS3MWMYO0IHO MZ0B9dJdO.

9396569 axsbo 3°9mUboggbgdgmo | $s®MBo3meEmMyo®o @OoGHIMSGH YOS
Bsfogro 3098900
Achillea Asteraceae ROOMEO, K9OHM, | 399F-bofiersgols 035605, LdbESM0IZz0e0 1993;
millefolium 935300 5535090900, 569300, Moerman, 1998; Duke et al. 2002; Hassawi,
(Bo6OL3b30) ©030YHO, ©0MYo, Kharma 2006; Al-Mustafa, Al-Thunibat
36¢03grdoborgo, 2008; Lakshmi et al. 2011; Menkovic et al.
3ol 553509800, | 2011; Eissa et al. 2013; Alarcén et al. 2015; Al-
3930900. Giiler et al. 2015; d0bgsdg 2016; Fontini et al.
2016.
Artemisia (530560) | Asteraceae RONEIGOO o609, 2530909, Adams et al. 2009; Dyubeni, Buwa 2012;
36BHoLY3H030, Quattrocchi 2012; Eissa et al. 2013; Hayta et
9305¢0%bdo, al. 2014; Bussmann et al. 2016.
363 039wdoboo,
05695, OSOYFHO,
3096 9d0L Hoboswdwgy.
Artemisia annua Asteraceae BOOEYGO0 350000, b6E0LY3E030, | Liu et al. 1992; Ferreira 2004; Mueller et al.
(29%562560) 3930909, A9 gd0L 2004; de Ridder et al. 2008; White 2008;
fobsomday. Adams et al. 2009; Dyubeni, Buwa 2012;
Quattrocchi 2012; Eissa et al. 2013; Hayta et
al. 2014; Bussmann et al. 2016.
Artemisia Asteraceae BOMOYHO0 o609, 56@0LY33H030, | Dettling et al. 2004; Lopes-Lutz 2008;
absinthium 69305300, 4530900, Mahmoudi et al. 2009; Tariq 2009; Nikhat et
(50%B0bo) 363 039wdobomMo, al. 2013; Menale, Muoio 2014.
©0509H0, OO,
ahg69d0L
Lofobosmdgym.
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Betula (564o) Betulaceae RO, Logbol sdfg30, Duke et al. 2002; Miller et al. 2005; Adams et
33060340 9309RxLoY, al. 2012; Papp et al. 2014.
B3030@pdd5gghdgo,
3oLEOG0, M93d5@0Bdo.
Campanula Campanulaceae | doen0sbo Sbods, B0gm3Membo, | Duke et al. 2002; Quattrocchi 2012; Meuninck
(0sbo@o) d39bs69 Lolbergbs, JmegMo, 2013; Dal Cero et al. 2014; Hayta et al. 2014.
Loibg, domdgbo,
53960300, 36938mbos,
domascro (16930,
4ogsbsbggams.
Cannabis sativa Cannabaceae ROOMEO, VOO, 258586499890, 06O, . ]
(B3973gBG0g0 435300 Bergygbonemds, 393305, Jouad et al. 2001; .Butrlca 2(?02; Hussain et al.
3565930) 63030@53547RBEO, 2007; Quattrocchi 2012; Bibi et al. 2014;
56039@B0B0Ho. Jamila, Mostafa 2014.
Carduus (6563530) | Asteraceae 43930000, 393-650c0og0l Dold, Cocks 2000; Khare 2007; Quattrocchi
BROOMEO 55350090900, 3390l 2012; Tetik et al. 2013; Hayta et al. 2014.
6530960, Logbols
©58(930, 30609006900l
3°9md{3930.
Centaurea jacea Asteraceae dowosbo 050930, 569300, Said 2002; Saroglou et al. 2005; Eissa et al.
(©OoLoOEM) 9396569 3365Hogol 2013; Kaval et al. 2014; Martkoplishvili,
055350090900, Kvavadze 2015.
3LG®0G0,
G3030wpd8597)hgdY0,
FOH0EMd9d0,
693053 0bdo.
Centaurea cyanus Asteraceae 43530¢00, 3930995, boisby, Grive 1971; Chevallier 1996; Yesilada 2002;
(G0 BOOOMEO 059930, 9oOmdgbo, | Allen, Hatfield 2004; Bernhardt 2008;
©OPOWM) 035¢09d0L baygbo, Quattrocchi 2012; Lim 2014a; Martkoplishvili,
399336090, fywmmgdo, | Kvavadze 2015.
doBmbobomgdgo.
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Cistus (b53090) Cistaceae RO FOomdYd0, 3560l Kiiltiir et al. 2007; Gonzélez et al. 2010; Rai et
06939930990, 33~ al. 2011; Leto et al. 2013; Alarcén et al. 2015.
Bofers30l o535093900,
doeob bs3d960.
Convolvulus Convolvulaceae | doen0sbo LoblMgdoL B30300, Allen, Hatfield 2004; Atta, Mouneir 2004;
(bgsOmIws) 9396569 3960 ©5535009d9%0, Kiiltiir et al. 2007; Gonzdlez-Tejero et al.
4oHbdMd, FH0oWMdYd0, 2008; Jabeen et al. 2010; Quattrocchi 2012;
do6dgbo. Leto et al. 2013.
Coronilla Fabaceae dowosbo b39ws, 2930909, Blanco Castro 2004; Gonzalez et al. 2010;
(Y3530L8MRbowY) 9396569 456 dgbo, Quattrocchi 2012.
3ob30FM0MH9dIE0O.
Echium amoenum- | Boraginaceae ROMOMEO, 39309095, by, Amin 1991, 2004; Mehrabani et al. 2005;
type (domfomgens) 94393000 Q5050 6939, Latmahalle et al. 2010; Abed et al. 2014.
456 dgbo,
mgedgbo, 303
Bofers30l o535093900,
0505993000909¢0.
Ephedra (939006s) | Ephedraceae BOOMEO, 3905069090, 1L3sHdoL | I'poccreiim 1946; Xupamenu, [lamynuaze
Bogmazo dmdblibgero, 1985; Mahdihassan 1986; George, Rogers
Lolbegbs, sbodo, 1999; Abourashed et. Al. 2003, Eissa et al.
d6OHmbJodo, 2013; Hayta et al. 2014.
(3030w p305929Bd9L00.
Geranium Geraniaceae dogrosbo ds6dgbo, Said et al. 2002; Menkovié et al. 2011; Adnan
(69abof396s) 9396569 A303058599hgdgero, | et al. 2012; Meuninck 2013; Menale, Muoio

050930, FOHOWMBIOO,
05695, 9399,
23LGHM0G0, 5bmgdo.

2014; Baydoun et al. 2015.
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Hedera (bvyhm) Araliaceae RO, 5630d030MmdMo, Duke et al. 2002; Kiiltiir et al. 2007; Lutsenko
935300 b39ws, 058930, et al. 2010; Zlatovi¢ et al. 2014; Alarcén et al.
3930905, s3)3O M. 2015.
Heracleum (0ogo) | Apiaceae ROOEIGO0 3000l (330300, Patnaik et al. 1987; Duke et al. 2002;
363 039wdobomMo, Quattrocchi 2012; Bussmann et al. 2014.
Sbds, FOHOWMBYOO,
3bmgds, L3sHAoL
dmdblibgero.
Malva (d5¢0ds) Malvaceae do0sbo dmGHIbowmds, 3530905, | Bouriche et al. 2011; Razavi et al. 2011; Eissa
939batg 56G00dgdBHgMorIEo, et al. 2013; Bibi et al. 2014; Alarcon et al.
Lobol sdfig30, 2015; Giiler et al. 2015; Fontini et al. 2016.
3603030, 3ol
A3030¢0.
Pinus (30330) Pinaceae 330630, 3693dmboo, Q0d56M03, LodsbEsM0dz0w0 1993;
BOMOIMEO A30309859Bgdge0, | 3MMHOEIsdy, 39OLgesdg 2002; Black
Sbods, ©53d5E0B0, 2004; Kiltir et al. 2007; Lim 2012b; Alarcén
3bGHoLY3BH030, 30LGHOGO, | etal. 2015.
FOHoM0d9d0.
Plantago lanceolata | Plantaginaceae | gmo™mo0, 3930 | 3M3F-bsfarsgols Adnan, Holscher 2010; Monigatti et al. 2013;
(wsb3EgBd 55350090900, 059, Hayta et al. 2014; Menale, Muoio 2014;
967535 dsMI030) 3bm9ds, 563HoLY3E030, Alarcén et al. 2015; Fontini et al. 2016.

FOH0EMd9d0,

O3030ddoghgdgo,
Lobol sdfjg3o.
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Plantago m/m Plantaginaceae | gmmme0o, 3930 | 96G0LY3E030, 3obob Kiiltiir et al. 2007; Adams et al. 2009;
(06953500 d>MI35) 55350090900, Menkovi¢ et al. 2011; Tetik et al. 2013; Hayta
SODM0E0, Lsbbodo et al. 2014; Fontini et al. 2016.
3H900bs s 33~
Bofers30l o535093900,
©53(360Mds, Lolbargbs.
Polygonum Polygonaceae | dooqrosbo 36939mb0s, Jmmgco, Kiiltiir et al. 2007; Lim 2013; Bibi et al 2014;
(G lOHAD)) d39bs69 3993-65f g0l Jamila, Mostafa 2014.
Q5535090900,
36¢0do3mBMGo.
Polygonum Polygonaceae | 0gtm, 435300, | 3960l 95350093900, Duke et al 2002; Said et al. 2002; Camejo-
aviculare ROOMEO 05695, S1535M0O, Rodrigues et al. 2003; Menkovi¢ et al. 2011;
(B39 gd60og30 Sbds, OVYEO, Zlatovi¢ et al. 2014.
3530GIWY) dowowo (bg3zs.
Rhododendron Ericaceae RMNEY00, b39ws, 033930 Quattrocchi 2012; Sagiroglu et al. 2012;
(0093%) Bogmgzo 3bmgds, mogz0l Wiersema, Le6n 2013; Polat et al. 2015;
A3030Q0, 353090d. Bussman et al. 2016.
Salix (BHoG0go) Salicaceae ROOIGO0, J90J0 | Foeo®0s, LELLEGdOL Adams et al. 2009; Norn et al.2009; Oggle
030300, boewdmbyers, | 2009; Bussman, Glenn 2010; Lim 2014a.
3930909.
Sorbus (30639¢0) | Rosaceae ROMOMOO, 05695, OVIGO, Kiiltiir et al. 2007; Lim 2012b; Menale, Muoio
Bogmazo dmyob3s, 53039306mbo, | 2014; Shikov et al. 2014; Buessmann et al.
30 ©5535©090)00. 2016.
Symphytum Boraginaceae 19L30, BEOMEOo | LsblMYdOL 3H3030¢00, Duke et al. 2002; Adams et al. 2009;
(@58g5615) D9armgdo, bggws, Quattrocchi 2012; Giiler et al. 2015.

©53)360™ds, 0SMYo,
L3y, BHogo.
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Tilia (353330) Tiliaceae g3530¢0 3930909, bggws, bogby, | Murgazaze 1981; 3vGMgwsdy,
3bGHoLY3EH030, 3MOIwsdg 2002; Demiray 2009; Giiler et
Lobbwgbs, 30LEHOGO. al. 2015.
Trifolium Fabaceae 339L30, FMoOMEo | M93d5@0Dd0, Lo, Cakilcioglu et al. 2011; Meuninck 2013; Polat
(oY) QO056M9s, 330l et al. 2013; Hayta et al. 2014; Baydoun et al.
A3030¢0, 2015.
A3030@ddoyhdgEro
59(36Mdo,
FOH0Md9d0.
Urtica dioica Urticaceae dowosbo 93053 0B30; sbondo, Foster, Duke 1990; Randall et al. 1999; Allen,
(F0b3Fo60) 9396569 Lobbergbs, Lobgy, Hatfield 2004; Kiiltiir et al. 2007; Adams et al.
4dogm6s, Lyeem, 2009; Dyubeni, Buwa 2012; Quattrocchi 2012;
569009, Lemgmgsbo Wiersema, Ledn 2013; Bibi et al. 2014;
Q055350090900. Zlatovi¢ et al. 2014; Fontini et al. 2016.
Vaccinium (0m@ggo) | Ericaceae Bogmazo, Lolberda® 3900l Menkovi¢ et al. 2011; Quattrocchi 2012; Polat
BOOOMEO 055350090900, 3530905, | et al. 2015; Fontini et al. 2016.

05090, LabliMgdob
A3030¢o.
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Dzudzuana Cave
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Kotias Klde Cave Y
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a Artemisia Dzudzuana Cave b Artemisia  Satsurblia Cave
absinthium Achillea Artemisia 3 sinthium
4% annua

millefolium
28%
Artemisia
annua
26%

Centaurea
jacea
7%

d Artemisia
absinthium
5%

C  Anemisia  Kotjas Kide Cave Bondi Cave
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bmé. 150 Lobgmdsdg  goblabezdmmo  Lsdzm@bowm  i3gbstgoms  3Mm39bEwwo
99050996035 bbzoolb3s 259Mmd350meol By 35¢gmEome 1396983d0.

3.2. b9e2¢moomeyo bsbs

333 FM0CY0 325, bIMEr00IMH0 bobols 580560l MoE30Mbol alvYIbs© F9IFMOEO
3MM0I6 350Mm3033009m ol Foboens, LOSE 900b0dbgdMm©s IBH3ZMOLS @y bbgs Lobols
35e0bmImMx9d0L LodEoMY. Jugbos Lobxgdo, MMIgdoE IM3M390E0s Lomsgbmsb (5
Lobxo), bLsdgyObgM MOIMP6 (9 Lobx o) s PObOL F1MFw0ol 3900w 9d0EL (9 Lobxo). s
Fm0Lss bEsdolb oo 4mMol 83969006 dm3m3zgdmwmo ghmo mobols FnmFgwo (bLme.
16).

153390 939bGIYMS  2oTMBOZEbs® oMY gbgdos 23 60dmdol 3serobmEmyor©o
1399dBH®0. 35¢0bMEMYO0MMTs 330350 (bwE. 16) sB39b6s, GMI Momddol yzgws 6odwxddo
wb35055 HomImqbowo Lomgbo FoM(33e0™M369d0Ls s goblogMmmgdom 30 bmGdwols
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Gadachrili Gora. Edible plants
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939bs69900L 33360l 50330900l MroMEYIBMIMOZ30 OSYMTo.
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933900 (Triticum). 653mgbos sbg3g Jg@ol (Hordeum) 9@36GOL F5M33w00. be®dol
333600l 05033900 IMORMEma0mo Bodbgdom oblb3sgIdMm®s. (. 17). Lozzgd
b993965609m556 50TMbgboos forwols (Fagus orientalis), 303¢r0b (Juglans regia), ®boOL
(Corylus), 353b30L (7Tilia), dmbol (Quercus), dobool (Cornus), sB30owob (Rosa canina),
b9 390l (Rhamnus) s B39Mwgd®ogzo 35%ob ( Vitis vinifera) 9ol ds633ergdo (.16,
18).

bO. 17. 4905FM0E0 M. bymmom@mo bsbol Lomoglmgdls s LBodgmebgm mMImgddo
50dmB9boo bmOHdwol 33300l JoM 330900l INORBMEMA0IOHO IM535¢RBIMHM309ds.
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FoOdmAL  35Bol  IBHZOOL  FoM(33Wgd0.  B9EsbM3zbms  FMEMOL  13TIMO  JOMRSWS
DoM0magbowo bozs®domsds (Chenopodium album). 393605 bosto (Cirsium) s bs63s30
(Carduus). 5006086905 358095(3965L (7araxacum), 961535¢0ds035L (Plantago), Jog3mEsls
(Filipendula), 956§9y30L (Fragaria), 6osbmOoL (Apium), ds¢odol (Malva), Fob3z®ol (Urtica
dioica), 8g5mbsbs (Rumex) s eodosdol (Typha) 93360l dsM33ergdo.

L. 18. 25000300 2MMs. bYMEwommo bsbol Lomoglmgddo, bsdgmEbgm mGMIMYdLS s
F963F9do sdmbgboro Gyob gergdgb@gdo: 1, 2 — godgo (Pinus); 3, 4 — 303b30 (7ilia); 5-7
— B39 gdc0og0 35%0 (Vitis vinifera); 8 — 430005 g39w0l gbs (Ophioglossum vulgatum); 9,
10 — 3303Msbs0Mgdo (Polypodiaceae)
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36535¢00bMEma0® 65d0gdl Mol Lomaglmgdls s 1BsdgMMbgm MEMIMGdITo Mb35S
Dotmdmygboo dsM33e0m36900L oM@ gdo s Lobodgdgwro. (Lwe. 19, 20).

653 999b90s FMOFol Foloenols, M599bodg Fomysbdo smdmbgboos B3gmwgdmoz0
350l 8@36M0L o633 900.

b65dolb 0O MO0 IM3m3z9d FMMHF)do sdmBgbowos saMm3g oGOl
B5dmgd0. Jobo Fos 3900wgdol s6s8bg3Bg Bodmazbos 89300 MR Mzsbo 396Gl IBH3MOL
3563350, 3AH3OOL dMLLo, 3605630 s Jomo g3dogMdolo (bm@. 16, 20, 21).

bO. 19. 255FOOWO MM, BodgMOBgM MGIMGdTo S©IMBIBoEO Lsmglio JoM 33w Mm3b69d0L
BOGME0GHJ00..
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LG, 21. bOHFoL oo MEs. bgmeom®o Mmool mobol 39O Fgwdo sdmBgboero
0583 ™3560 339600l BH3ZOOL FoME3wYd0, BBHIMOL dMLMlgdo s JwsbFqdo: 1-7 —
3MBAHIO0L dlmlgdo; 8-11 — Apiacea; 12 — 3993 30M0bL 3¢0sb3o, 13, 14 — Boraginaceae.
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bsgs®039¢ml 6902¢000029%0 bsbols bsdz«n6b5¢rcr 396569980

3909FM00  AmMoL  Lomoglmgddo, LsdgmEbgm  mMImgdls ©s  FOFgrdo, Ly
50dmPBgboos 56-00g Bodzmemboscrm dzgbstol d@39Mo (Lwe. 22, gbMowo 3) GmamOs
9y35600 35¢00bMWMQ0MHO OsYMTS 230P39690L, MomMmEYbmMdM035 FoMdML 533b0L
(Artemisia), 35%obs (Vitis vinifera) s gs®LIsbM30L (Achillea) 3E3OOL oM 33gdo (LY.
23). b9939bs6M9m996  5©00b0dbgds  3obgols  (7ilia) s 9BgEGOL (Ephedra) 93360l
0560 330900. 35¢obMzsb Bod3Mbosem 9(39656Mgmogsb, 533605 s FsMLIBM3IOL 9.,
239BLsBO3OME0s bo®o (Cirsium), bs®3ds30 (Carduus), mGOL d9)O3s (Xanthium), @OVOM
(Centaurea), ds0v95()390s (7Taraxacum), bgstondws (Convolvulus), {ofodn@s (Fagopyrum),
Joxgm®s (Filipndula), 96535¢0ds003s (Plantago), ds0s (Ranunculus), 650bo{396s (Geranium),
bodymGo  (Trifolium), 3FobFs®o (Urtica), 3sbsgo (Cannabis), @s8ds6s (Symphytum),
OBIsmobo (Rosmarinus), 9fjerols 930060 (Pteridium aquilinum), Boswbs (Dryopteris).
L503LMYOLS S LEFYMOMBYM MOIMGIT0 Bo3dm3b0s 53d6OLS s ZoBols F3gbsGgms dE3MOL

3169d03 (L. 25, 26).
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Gadachrili Gora. Medicinal Plants
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Gadachrili Gora, medicinal plant pollen
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Artemisia Vitis vinifera Achillea Chenopodium  Cadruus Other
millefolium album

bO. 23. 390FHOWO MM, bgmeommo bsbol Lomogbmgddo, Lsdgm®bgm MEMmIMIOLS
F96039do 50dmBybowo ™B0bsbE0 Lod3MMbowm 396569900l BEM3IOsAEMSTs.
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L. 24. 3505FMHOE0 MG, bgMWomMHo bsbol

LMO3LMYOLS
s©dmbgboero
3mbgdo.

@5 Lodgmebgm

53360l

(Artemisia)

m®dmgddo
d®3Mob

LY. 25. ooFM0Eo 3meMs. bymeomwmemo bsbol

Lo03LMYOLS Qo LG mEbg™ mMdmgddo
5edmbBgboo Bggmargd®mogo 3s%ols (Vitis vinifera)

d®3M0ob 4Mbgdo.
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3b®owo 3. bgmmom®o bsbols Lsd3MMbocnm 9396569900 s 3500 FoMTS3MMY0MMHO M30l90900.

93965619 axsbo 3°0mbsggbgdgmo B96T53MPMY0MOO0 @OGIMSGHMMS
bsfogro 3098900
Abies Pinaceae §of30, po6Bo, 9305¢0%Bdo, Labybomdo Duke et al. 2002; Khare 2007; Menkovi¢
nordmanniana dgedobo 3H900l 5535050900, et al. 2011; Bussmann et al. 2016.
(39335b0M0 AG09IO3MMD0, 3539MJ@9,
bm3o) 4ogsbsbgges, sbmds.
Achillea Asteraceae ROOMEO, ¥JOM, | 39F-b5{ie0o30L ©9350090900; | MPOTsM0s, LodIBEHIMO0IZ300o 1993;
millefolium 435930¢00 569305, 05090, Moerman, 1998; Duke et al. 2002;
(8260L3:60730) 96¢03gdoboy®o, gserol | Hassawi, Kharma 2006; Al-Mustafa,
©3535@©7B)00; 3>30J0S, Al-Thunibat 2008; Lakshmi et al. 2011;
©05MYd Menkovié et al. 2011; Eissa et al. 2013;
Alarcén et al. 2015; Al-Gdiler et al. 2015;
9d0bgsdg 2016; Fontini et al. 2016.
Adiantum (39696sL | Adianthaceae 339U30, FMOMEo | 36E039edobomdo, bggws, Duke et al. 2002; Hatfield 2004; Mannan
03s) gowol $3030wo, et al. 2008; Mubashir, Shah 2011; Rana,
FOOmd)00, 03O Samant 2011; Ansari, Ekhlasi-Kazaj.
2012; Monigatti et al. 2013.
Alnus (3m69560) Betulaceae Jaédo, 963039 dobm®o, ostgs, | Kiiltiir et al. 2007; Quattrocchi 2012;
©0DIbBHIM05, 2oLGHMOGO, Menale, Mouio 2014.
Lobbergbs.
Apium graveolens | Apiaceae RO, ¥JOM, | 36EHOL3SBINMO0, FoMIgbo, | Jouad et al. 2001; Peter 2006; Wiart
(BosbmMo) Bogmgzo 93053030, bo3MoLoL Jo®o, | 2006; Jaric¢ et al. 2011; Eissa et al. 2013;

A3030@50597hgdIE0,
05695, ©0HYbEHYM0o.

Leto et al. 2013; LetoAlarcén et al. 2015.
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Artemisia (530560) | Asteraceae luteTuglelol 350000, 2530909, Adams et al 2009; Dyubeni, Buwa 2012;
3bGoLY3GH030, ©930530Bdo, Quattrocchi 2012; Eissa et al. 2013;
363039 dobmMo, osMgs, | Hayta et al. 2014; Bussmann et al. 2016.
050930, d)gMgdol
fobsomdgy.

Artemisia annua Asteraceae BONEYGO0 o609, 56E0LY33H030, Liu et al. 1992; Ferreira 2004; Mueller et

(v9%563560) 3930999, 3fgM9gdols al. 2004; de Ridder et al. 2008; White,
fobsomdgy. 2008; Adams et al. 2009; Dyubeni, Buwa

2012; Quattrocchi 2012; Eissa et al. 2013;
Hayta et al. 2014; Bussmann et al. 2016.

Aster (SLE®s) Asteraceae 339L30, FOo™mwo | SLmAs, 0bggdsomedo Han 1998; Lama et al. 2001; Saroya 2011;
55350090900, LM, Dyubeni, Buwa 2012; Quattrocchi 2012.
b39ws, 96@0d59d@gMm0Eo.

Cannabis sativa Cannabaceae BOOMEO, VYO,

350690, , 699, . .
(B300wwgdmogo 43°30¢0 620500 JYOIL0, QO Jouad et al. 2001; Butrica 2002; Hussain
56530) dm@GHgbomds, 890w9390s, ) . et

30003 3030358597BIBYEO et al. 2007; Quattrocchi 2012; Bibi et al.
56039@oBrm 0. 2014; Jamila, Mostafa 2014.

Carduus (6563530) | Asteraceae 43530¢00, 3993-650 030l o93500909%0, | Dold, Cocks 2000; Khare 2007;

BOOOMEO 3390l 6530960, Logbols Quattrocchi 2012; Tetik et al. 2013;

©59(930, 30609006900l Hayta et al. 2014.
399mdf3930.

Carpinus caucasica | Betulaceae Jotdo 05095, 3960, IdMdosGIMdOL | Hatfield 2004; Quattrocchi 2012.

(Gsboy)

39L5530 9390, Lobols
©sd(930.
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Centaurea jacea Asteraceae doosbo 050930, 569300, Said 2002; Saroglou et al. 2005; Eissa et
(©@00oM™) 9396569 3993650030l ©s93500909%0, al. 2013; Kaval et al. 2014;
35LE®030, Martkoplishvili, Kvavadze 2015.
O3030wpdoyRgdyro,
FOHow™d9gd0, 0930530Bdo.
Chenopodium Chenopodiaceae | gmmmEo, ©9OH®, | 56GH03gwdobomo, Jabbar et al 2007; Yadav et al 2007;
album »9begdo 3o(@39bo, sOMMoGO, Altundag, Ozhatay 2009; Egamberdieva
(65356J507585) 9395¢ 0000, byBagsbeoo, et al. 2012; Meuninck 2013; Polat et al.
GO 3o. 2013; Bibi et al 2014.
Cirsium (6560) Asteraceae doosbo Lolbargbs, 4530909, Mason et al 1994; Allen, Hatfield 2004;
939bsty 53960030G0, ®06M399wgdol | Adnan et al. 2012; Quattrocchi 2012;
Q55359 0>. Meuninck 2013.
Convolvulus Convolvulaceae | doe0sbo LoblMgdol 330300, 3560l Allen, Hatfield 2004; Atta, Mouneir
(b3gstr0rjer) 966269 ©3535@QQB)D0, YoboMdS, 2004; Kiilriir et al. 2007; Gonzalez-
JHo@wmdgdo, Jotdwgbo. Tejero et al. 2008; Jabeen et al. 2010;
Quattrocchi 2012; Leto et al. 2013.
Corylus (oboero) | Betulaceae J96do, Zmmmeo, | Lolbwgbs, 0sMYs, Kiiltiir et al. 2007; Menkovi¢ et al. 2011;

0gbergdo

35003mb0, M530L (H3030¢00,
3OS GO.

Lim 2012a; Quattrocchi 2012; Sagiroglu
etal. 2012.
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Cyperus Cyperaceae 139L30, 39F-Bsfarog0l 9350090900, | Joy et al. 2003; Wiart 2006; Khare 2007;
(0053651339) A3030g5859Bgdg0, Quattrocchi 2012; Eissa et al. 2013; Hong
b9, 0030l et al. 2015; Li, Xing 2016.
3963m3560 s53509d9%0,
Md™d0L 6530960, Mdz0m™ds.
Dryopteris Dryopteridaceae | 930, Zmomwo | s6¢03gwdobomMo, Duke et al. 2002; Hoffmann, Fnimh
(Bocombo) 693053030, Modo@o, 2003; Hatfield 2004; Mannan et al. 2008;
dhgM9d0b Lofiobssmdgam, Adnan et al. 2012; Quattrocchi 2012;
4960l 330300, 39MH39L0. Wiersema, Le6n 2013.
Ephedra (953906s) | Ephedraceae BROMOMO, 39850699090, L3sBAol I'poccreiim 1946; Xupameny,
Bogmgzo dmdblbgero, Lolbergbs, IManynuznze 1985; Mahdihassan1986;
Sbods, dG™bJo@o, George,Rogers 1999; Abourashed et. Al
A3030005859mBgdgE0. 2003, Eissa et al. 2013; Hayta et al. 2014.
Fagopyrum Polygonaceae ROOE900, Sbds, 3ol (33030000, Duke et al. 2002; Quattrocchi 2012; Lim
(Hohodmes) 94 m®GH9oo Q056M99, 16930l (930, 2013; Wiersema, Leén 2013.
Bo3moliol Joeo.
Fagus (fongwro) Fagaceae BONEY00, 69305300, 3935303 9d0, Duke et al. 2002; Hatfield 2004; khare
09beEgdo 3B6BH0LY3H030, 333090, 2007; Kiltiir et al. 2007; Menkovi¢ et al.

d6HmbJodo, bggweo,
do63ogoMa.

2011; Wiersema, Leon 2013.
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Filipendula Rosaceae 435300 93053 0Bdo, dOMbJoB0, Duke et al. 2002; Hatfield 2004;

(Jomm®d) b39ws, 2530905, sbgdo, Menkovi¢ et al. 2011; Quattrocchi 2012.
QQO05M9d.

Fragaria (056(y30) | Rosaceae ROMOMEO, 693053 0B30, OSMYo, Menkovi¢ et al. 2011; Mukundam Borah,

Bogmgzo ©0B9b IO, 56Mgds, bggms, | Das 2012; Savikin et al. 2013; Zlatovié et

569900, 5bGH0dsdBHgM0MwO, al 2014; Giiler et al. 2015; Polat et al.
Bsboisbo, domdgbo. 2015; Jaradat et al. 2016.

Fumaria (0530565) | Fumariaceae doosbo 363039 dobomMo, hoygzo, Khatta et al. 1985; Rai et al. 2011; Eissa

939bsty 3560l ddEob 0bggdzogdo, | et al. 2013; Bibi et al. 2014; Nasab,

A3030g5859Bgdg0, Khosravi 2014.
39(30900.

Geranium Geraniaceae doosbo 456 dgbo, Said et al. 2002; Menkovi¢ et al. 2011;

(69abof39Ms) 9396569 A3030y5859Bgdg0, Adnan et al. 2012; Meuninck 2013;
050930, FOHOWMBIOO, Menale, Muoio 2014; Baydoun et al.
05695, 990, 2oLGHOOEO, 2015.
Sbmgdo.

Hordeum-type Poaceae 09bengdo, 39353039%0, 33000l Chevallier 1996; Kiiltiir et al. 2007;

(Jg®0) A3030¢0, B39, 0509, Abbasi et al. 2009; Jari¢ et al. 2011; Lim
A30305859Bgdg0, 2013; Tetik et al. 2013.
3000l ($30300.

Inula (8%om6o) Asteraceae BOOMWO, ¥JOM | FOOWMDIB0, OIMYS, Ziyyat et al. 1997; Menkovi¢ et al. 2011;

050930, 3560l 06g3930900,
BLEOOSBO,

56¢3080360:0Mm03)o.

Savikin et al. 2013; Jamila, Mostafa 2014;
Alarcon et al. 2015; Jaradat et al. 2016.
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Juglans regia Juglandaceae RO, 39130, | O0DIBEIM0., Kiiltiir et al. 2007; Lim 2012c¢; Ganie et
(3935¢00) ©96O™, bogmgzo 363¢039wwdobommMo al. 2013; Menale, Mouio 2014; Miikemre
9305¢0Ldo, 3mbmgdols et al. 2015.
A3030¢00, 3530905, 3d0Ob
330300, FOHOEMDIGIO.
Juniperus (0309) Cupressaceae Bogmazo 9309RLos, 3MF-bsfarogols Adams et al. 2012; Lim 2012a;
55350090900, sb3H0LY33H030, | Quattrocchi 2012; Eissa et al. 2013; Tetik
05695, Bo6MI9bo, gmeol | et al. 2013; Alarcén et al. 2015.
&3ogoo.
Knautia (365m30s) | Dipsacaceae ROOMEO, 563039 dobomMo, dmbo, Newman, Wilson 1951; Duke et al. 2002;
935300 93053030, bggas, 4530905, | Allen, Hatfield 2004; Hatfield 2004;
49ob 3$3030¢00, Wiersema, Leén 2013.
FOHowmodgd0.
Lathyrus Fabaceae 0gbergdo, 93053 0Bd0, sbgdols Allen, Hatfield 2004; Quattrocchi 2012;
(85¢)33563565) 43530¢00, Lofobosmdgym, Meuninck 2013; Bibi et al. 2014.
BOMOIMEO 3905069998 9w0.
Malva (doq0ds) Malvaceae dowosbo dmGHboMds, 2530909, Bouriche et al. 2011; Razavi et al. 2011;
9396569 96BH0d7BHIM0Mo, Logbol Eissa et al. 2013; Bibi et al. 2014; Alarcon
©59(930, 96@0LY3EH030, et al. 2015; Giiler et al. 2015; Fontini et
3ol G3ogowwo. al. 2016.
Plantago m/m Plantaginaceae ABMOME0, 3930 | 96G0LY3EH030, 3560l Kiiltiir et al. 2007; Adams et al. 2009;
(06953500 do610230) 055350090900, SOMMOG)0, Menkovi¢ et al. 2011; Tetik et al. 2013;

Lobbondo aBgdols s 33~

B30l ©o93509d900,
©53(360mds, Lolbargbo.

Hayta et al. 2014; Fontini et al. 2016.
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Polygonum Polygonaceae do0sbo 369300605, Jmeg®s, 393- Kiiltiir et al. 2007; Lim 2013; Bibi et al
(B53H0GHW) 9396569 Bofars30l ©o93509d900, 2014; Jamila, Mostafa 2014.
36¢0do3mBMGo.
Polygonum Polygonaceae ©9OM, 4353000, | 3560L 5350090900, 00, | Duke et al 2002; Said et al. 2002;
aviculare ROOMEO S13oM0Y, SbTs, OSBYEO, Camejo-Rodrigues et al 2003; Menkovié¢
(BF39mw906030 dowowo (bg3s. et al. 2011; Zlatovi¢ et al. 2014.
EORVHNGD))
Polygonum bistorta | Polygonaceae ©9OM™, Y3530¢00, 963039 dobmMo, osMgs, | Duke et al 2002; Jari¢ et al. 2011;
(35 M) ROOMEO ©0BgbGHIM0s, Menkovi¢ et al. 2011; Shikov et al. 2014.
390mMOHM0©o 3356d0,
39b60b 93500909d0,
Lolbergbs, 56E&0bY33H030.
Polygonum Polygonaceae ©96O™M, y3530¢0, | Lolbargbo, Vereschagin et al. 1959; Sokolov 2000;
persicaria BROOMEO 390MOH MO0 3356d0, Dal Cero et al. 2014; Shikov et al. 2014.
(dmBEboL Fowrogzs) 3563900, LogssMomm.
Polypodium Polypodiaceae x39L30 59mbobg9w 90900, sbondo, Said et al. 2002; Allen, Hatfield 2004;
vulgare 35000l dbods@gdgaro, 3960l | Black 2004; Kiiltiir et al. 2007; Jari¢ et al.
(3053M60) 055350090900, 3)3¢0l 2011; Quattrocchi 2012; Wiersema, Leén
A30300, 3530909, 2013.
3M63H53933030.
Pteridium (9fj©ob | Dennstaedtiaceae | 39U30, oMo | ©93d5¢0Bd0, FHOWMBYdO, Kiiltiir et al. 2007; Mannan et al. 2008;
3300625) A30305859Bgdgo, Menale, Muoio 2014; Baydoun et al.
dowao (bg3s. 2015; Fontini et al. 2016.
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Quercus (0bs) Fagaceae 630L 300, FOOmdYd0, Jsmawo (6939, Sweet 1962; Keskin, Alpinar 2002; Said
Jo®do 3930905, 09GO, et al. 2002; Kiiltiir et al. 2007; Mikaili et
563030 30mBMo0. al. 2012, Hayta et al. 2014.
Ranunculus (3505) | Ranunculaceae 43530¢00, 693053 0B30, 5€gMQ00, Duke et al. 2002; Allen, Hatfield 2004;
BOOMEO, ¥JOM | 3303005059Bgdg0, Hatfield 2004; Kiiltiir et al. 2007;
39965939, 9309gRLOY, Quattrocchi 2012; Wiersema, Leén 2013;
99393900, mzseob j39009d0, | Baydoun et al. 2015.
3960L 55350090900, M.
Rhamnus Rhamnaceae A&m@9d0, FOHOEMdGO0, OSMYo, Menkovi¢ et al. 2011; Quattrocchi 2012;
(b936M9wo0) 43530¢9d0 3930909, Y9eob (30300, Alarcoén et al. 2015; Fontini et al. 2016.
3000l 30300 FoQOE0
#1b93>-
Rosa canina Rosaceae 43530¢0, boygmao | bggz®o@o, ostgs, bggws, Duke et al. 2002; Akcicek,Vural 2003;
(sb3oo) A3030y5859Bgdg0, Kiiltiir et al. 2007; Akgul 2008; Baydoun
9BBH0LY3H030, 3930909, et al. 2015; Fontini et al. 2016.
BIWOL ©593509BIV0,
Q©050930.
Rosmarinus Lamiaceae 43530¢00, 0YH™M B03molob Jo®o, sLmds, Al-Sereiti et al. 1999; Duke et al. 2002;
(G0BBs00b0) A3030g5859Bgdg0, Adams et al. 2009; Alarcén et al. 2015;
9305300, dm3Eol Giiler et al. 2015.
&3ogoo.
Rumex (055765) Polygonaceae dowosbo FOOWMdYd0, 569800, ysdBmds, | Allen, Hatfield 2004; Kiiltiir et al. 2007;
939bsty 3930909, 3000l ¢3030¢00, Cakilcioglu, Turkoglu 2010; El-Ghazali

dool Ambods@gdgero,
ds6dgbo.

et al. 2010; Eissa et al. 2013; Meuninck
2013; Wiersema, Leén 2013; Hayta et al.
2014.
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Salix ($o®ogo) Salicaceae BOOIO0, J9MJo | B3s®0s, LELLEYBOL Adams et al. 2009; Norn et al.2009;
30300, Lyerdmbys, Oggle 2009; Bussman, Glenn 2010;
3oG0g0>. Lim 2014a.

Serratula Asteraceae ROOMEO FMH0Md990, doMmdgbo, Uphof 1968; Duke et al. 2002; Adnan et

(063oldbsens) A3030¢9859Bgdg0, al. 2012.
59mbobggwgdgwo.

Symphytum Boraginaceae 339U30, FOOMEWO | EOSMYs, SLTs, OGO, Duke et al. 2002; Adams et al 2009;

(@58g5615) LoblMgdol 330300, Quattrocchi 2012; Giiler et al. 2015.
fyawwgdo, bggws,

Q59 36Mdo.

Taraxacum Asteraceae BOOMEO, BJU30 | 39F-bs(ersgz0l 9350090900, | Menkovic et al. 2011; Hayta et al. 2014;

(060 Bg0s) 9560960, dsols Lim 2014a; Alarcoén et al. 2015; Fontini
dbodoGgdgeno. et al. 2016.

Tilia (353b30) Tiliaceae g3930¢0 3930909, bggws, Logby, 39IOOIWJY, 3OOy 2002;
36303030, Lolbegbs, Mungaznse 1981; Demiray 2009; Giiler et
3oLGoGO. al. 2015.

Trifolium Fabaceae 1930, BEOMWOo | M930530DI0, sbmMs, OsGYs, | Cakilcioglu et al. 2011; Meuninck 2013;

(LsdgmEr) 3930l 330300, Polat et al. 2013; Hayta et al. 2014;
A3030005859Bqdg0 Baydoun et al. 2015.

©53(360M09, FOHOWMDdIBO.
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Ulmus (0geoo) Ulmaceae AMAGHO, BOMEWO | FOOWMIJIO, IFIOMd, Chevallier 1996; Duke et al. 2002; Khare
59mUbobggwgdgeo, 2007; Kiltiir et al. 2007; Quattrocchi
ddmd05MO™dOL d9damdo 2012.
396M09)939d0.
Urtica dioica Urticaceae dowosbo 693053 0B30; Sbdo, Foster, Duke 1990; Randall et al. 1999;
(3obFot0) 9396569 Lolbergbs, Lobgg, ydoymes, | Allen, Hatfield 2004; Kiiltiir et al. 2007;
bOHOM, 5693005, Lemzmzsbo Adams et al. 2009; Dyubeni, Buwa 2012;
55350090900. Quattrocchi 2012; Wiersema, Leén 2013;
Bibi et al. 2014; Zlatovié et al. 2014;
Fontini et al. 2016.
Viola (09) Violaceae doosbo 356d9bo, mzwdoqgbo, Kiiltiir et al. 2007; Jari¢ et al.
939bsty 59mbobggwgdgwo, bggas, 2011;Menkovi¢ et al. 2011; Bibi et al.
©900b6900L godmdf3930, 2014; Dal-Cero et al. 2014; Lim 2014b.
450bMmd5,00530L (330300,
B03molob Jo®o, yogobobggws.
Vitis vinifera Vitaceae Bogmazo, 930gx3L0s, 569000, Duke et al. 2002; Adams et al. 2012; Lim
(B39mgdMo30 ROOMEO A3030y5859Bgdg0, 2012c; Quattrocchi 2012; Hayta et al.
35%0) 3BE05WIMQ0I0, 3530909, 2014.
Lodbogby, 3doob G3030¢0,
3b6GH0dsgdBHgM0Mo.
Xanthium (0om®oL | Asteraceae ROOMEO, 3930, | 96FH0T03OMIMWO, 313~ Batanouny et al 1999; Quattrocchi 2012;
006 35) 43530¢0 B30l 0535099900, Eissa et al. 2013; Polat et al. 2015; Li,

3b6GH™MBIBHIO00, 3530909,
60bo@o, 3dowob ¢3030¢00.

Xing 2016.
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3.3. 5098606502l bsbs

F08569000L b59ealbsberséro.
bs8G9296902 268029800 35¢000bmema019m0o B39JEM9d0 OEBOEs OsREMT DY (L. 26).
HMAMO3 3690930, B39JGHMYOOLMZ0L TsbolnsMGdGE0s beMdol (Triticum) 9GH3GMOLS
5 Bb3s Lomgbio do®E3emazbgdols (Cerealia) Lo Fo60dg

MmM3m9gddo, bmEmdOL goMs, bs3mgbos Jodol (Hordeum), g9g@E30Ls (Panicum) s
33600l (Avena) 3@3M0L 35M(33900. 39MPods FoMdmEygbowo bmMdOL Bosmgligdols
LoG39ws 93gbsegms 333900, sGo@gws (Polygonum, Polygonum aviculare), bsgo®dsmsds
(Chenopodium album), 6568530 (Carduus), bgs6mndws (Convolvulus), @owowm (Centaurea),
HofodmGs (Fagopyrum).

565350bMEMYoM®  35obMmEmOHRqdL  ImEmOL  ¥93M0s  I[gMgdoLs s (3303900l
90360m3Mm3wwo Bsdmgdo, doM 33w m3bgdol goGmemo@gdo (byM. 27, 28). sobsbodbsgos,
™3 0»00Jdol 439as LsdgMOHbgem MmGIML doMdo 39300 Lgerob Jumgowol dmF3m.
F90.39cm0 @5 b9erbs3d352980. Fd56H9mOL  Bsmbobwsdosb ®o3omboll oboygbo
3°0m35MBogm ol 603M3gdo, Lowosg 3swobmemyom®o  13gdGHemo WRMM  IEOEIGO
50dmBbs. gbgbos 3MWEHMOMOo 3969006 TM3MZ3gdMo MM bywlsgdzszo ©s 5
F6 3ol dogmogliols Asbogns, MH™AEOL B3gd@MO0 IEB0W0s FMY3560e OLRMSTODY
(LG, 29, 30). 3swobmwmyomé U39dEHMgddo FoMdMdL bm®mdEols s bbgs Loomglio
3560330™36900L IBH3MOL MoMmEYbMds. oblobztrmEos 93605 (Avena), Joto (Hordeum),
19330 (Panicum). 5936005 3900OHO JoME30M36930 S beMdOL Bomgligdols boMgzgersms
9®3M0L  FoMmE35wo.  gugbos:  do@odgws  (Polygonum, P. aviculare), by3o6domsds
(Chenopodium album), 6563dsg0 (Carduus). 500bodbgds 51939 bgsGmdws (Convolvulus),
HofodmGs (Fagopyrum), gosysbm (Papaver). s0bsb603bs300, MM bgwlorydzs39d0l dobogrsdo
bgd3gbotgms 9BH3M0L  FoMmE3egdo, OHMaMOE  BHogJumbmdomEo, olg Momgbmdmozo
090500996mdom, ML doowgdom  JgBo, 300609  FOFwol  FoLoensdo.
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bme. 28. a — FmdsMgmol Bodmlobro®o. m®dm Nel7-80 500mbgbowro bmMdeol d@3mol dsmizargdo (1-3) s dsmo
BOGHM0GHJO0 (4-6); b — I Ne18-0o 50dmbgboo be®derols 3@3Mmol ds® 33w 00 (1-5) s 3500 godmeodgdo (6, 7).
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Chobareti. Grain grinders and pots. Pollen
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1399dBHM9ddo 23b3gds BoF30 (Pinus), s6ys (Betula), z0s (Juniperus), 9839Ms (Ephedra),
dmbs (Quercus), 353030 (Tilia), dgerdzs (Zelkova), dmrygsbo (Alnus) s B399 gdc030 35H0
( Vitis vinifera).

L593MbsErm  3gbo0gmaeb  bs3mgbos  ds0s  (Ranunculus), 938560 (Artemisia),
5396OLIsb30 (Achillea), @GOl doMIs (Xanthium), bsto (Cirsium), o6=Iobdbows (Serratula),
Job3oo (Urtica), 06r1535¢0ds003s (Plantago), bosbm®o (Apium), 36sm305 (Knautia),
oo (Centaurea cyanus), 8sbo®s (Campanula), 35350sesby (Valeriana), 659dbofzgco
(Geranium), ¢0s8g50s (Symphytum), ysgysbm (Papaver) (3gbGowo. 4).

56535¢0bmmyom® 65d0gddo mIobo®mgdl FoM(330M36900L BoBHMEo@gdo s bols
996 d60L s3F39M0 MXMYI00. 253Mbs3wolL0s IMROL Foams3L0, HMmdgerdoa bol dgMdbol
2R M9J00 BOgHMNME 56 50IMBBEs. ©IMHAOL 1B3gdEBHEo 2sdmo®mBg3s 0domss, Gmd dob
1399dBH9080 BMMEMPO0MHO Tobogws (AFgMgdoLs s (303900l dllgdo s JarsbFgdo)
9ogdLoToO MomMEgbMdsl 5093l (LwE. 30). Mog Fggbgds bgarliogdls39dl, o d936M0s Leagmls
B3OS, FBMWMmE  bgwbsxrdzszdos smdmBgbowo  bs3gwol  Lmzmb  LB3MOHMEOI0gESLS
(Sporormiella) @5 BgMOMUL3MOL (Neurospora) L3MMGOO S BHIVAHOIGHIOO 539ds, SOEFILSL
(Arcella) 6580900. 65303605 ool Jumgowol 3mF3m. bowlioggd3o30lL M6 b5dmngddo
930695 bols 996d60b X MO0l MoMmEIbmds.
bsBsmbgdo. 8gbfogerogos Bsdo UBsdoMbols dobowrs. glgbos: mdogdd Ne17-%Bg dgdsty
L5oOBO Ne4. 58 LsdoMbols Jogoegdols BmbRboL 3ol 5096 s©gdMwos 2 boddo
(Lme. 31, 32). m309d@ Ne8-Bg s0dmbgbon LsdsMb Ne1-do do(335¢0909emol 3«30l s609sb
50900 QS 359M 3305 3 Bodmdo (3, 4, 5) s N6 Md0gdEHBg 0569 LsTsOb Ne8-do
50dmB9gboo 396 Fosb s0gdmwo gHmo 6odmdo (Lobxo N6).
bsOsmbo  Ne4.  50b0dbmemo  bsdoGbol  dogoegdeols  bm®BRbol  dwawrol  sMgdo
5993965095396, 49Ms Fofizmzbgdols, spdmbgbowos dbmemo dMMHybols s mbogrols
933M0oL 36331900 (LE. 31). doEPbM3gbgddo 193005 boEIOJsMsAL (Chenopodium album)
93)3960. 35625055 Ho63MYgboo s3Mgm39 beaMdsero ( Triticum) s bbgs ds633wm3bgd0.
5006036985 bm®mdwol bomgligdol Lotn39egd0E. dowsbmzsbms ol 500bodbgds sbg3g
obgmo 1533900 9396969900, OMAMOGd0EsS Hofodn®s (Fagopyrum) s Fobsto (Urtica
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Chobareti. Grain grinders and pots. NPP \‘\oo
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Chobareti. Tombs. Pollen
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3®360L 9oME3w9gd0L MH5MOIBMOIMOZ0 OsYMSDs.
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dioica). L50BBHIOGLMS oL BoJBHOE, MMI obbowm Lobxgddo OOy Bsd3MObserm
05¢5bgdol IBHZOOL FoM33¢gd0l MomMmEabmds. glgbos: 938560 (Artemisia), BsOLIbM3O
(Achillea millefolium), 86535c0ds0©3s (Plantago m/m), m®ol do63s (Xanthium), QOVOEOM
(Centaurea), bos®o (Cirsium), b6s©dsg0 (Carduus), dsBo@gws (Polygonum), 330005 339¢0b
9bs (Ophioglossum) (3bGog0o 4).

365350bMmmyom® 65dmgdol IOl Mbgsss HoMdmpygbowo oM (33m369d0Ls @
055bMm3b6900L BOGHMWOGJO0 s oMo 930IMIOLO. 193005 BoF30L bols IgeJbols s
3969LsBO3Mgwo  dgmdbol 3sM9bJodmo MxGggdo (LyG. 32). s00bodbgds Lgwrol
Jumz0ol dmF3m, 8500 Mol Gxbo. sGHOL d3EPol JoMOEIOL 3M0LEWYd0. OE 0bE3YMHGLL
ofi393L o swdmBgbowo 3sMmsBoG Mo Fool, ©30dwol MO0l (Fasciola hepatica)
3396 3b0. 330609 o0 gbmdomss 3fgMHgdols s 3303990l b5dmgdo.
bsGsmbo Ne1. 59 Ly3sGbol Jo(335¢gdols 3930l 9B SPGIMWO s AOTM3IZWIO
0ym 3 Bobxo. om0 35¢0bMEMAO0MHO 139dEMIO0 OGBS 08539 OsYMT>DY (L.
31).
3obbowo 6083gdol 35¢0bmw Mmoo 139dBHMYd0 FOEFOWGOOD MRGM IO,
300069 dgmmby LooObOLY. &ogJbmbmdom®o LodEOOHOM 3°0Mm0Mbg35
59939656909xaR0. 256M©s fofizm3zbgdols, L3gdEH®Mgddo bs3mgbos Lszdom B3¢0 1153390
5 LBsd3MOmboscrm  d39bsGol  IBH3OOL o033 gd0.  Lsd3MOBswm  d3gbstngd0Eb o
500b03bgds: goF30 (Pinus), ©30s (Juniperus), g8go®s (Ephedra), styo (Betula), dw9bo
(Quercus), go3bgo (Tilia), dm0ysbo (Alnus), bg300mBbowo (Acer). o®s 5dobs, sMHOL bLmFol
(Abies nordmanniana), G@Eboobs (Carpinus caucasica) @S obowol (Corylus) 3@3960L
356 33w900. B3 sbMm3690d0 MIbOoMYOL bmMdobs ( Triticum) s bbgs Lsmglo
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Chobareti. Tombs. NPP >
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565350006 ™ma09)MH0 65dm0gdOL MoMYEMBGMINZ0 OsYMTo.
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9560330™3b900L, 51939 om0 LyMY39gdol 3E396M0 5J 653m3zbos ds0s (Ranunculus), Js@do
(Lavatera), 050ds (Malva), b69dbo()3g®s (Geranium), 3powm@Eos (Knautia). 5006096905
0583™396  J3gbstrgms 9339603  (Apiaceae, Brassicaceae, Fabaceae, Caryophyllaceae)
(EbOOowoO 4).

565350bMmEMyomE®  35obmIMOmBIOL  TmOMOL  FoMHdMOL  (3303900L5 ©@s  BfgMgdols
9036mb3Mm3mwo bsdmgdo. 13gdBHMdo 893G FoME3XM3b9d0L @S b3y doeobmgbgdols
RBOGHMMOGH0 s 930IMHToLO. 356G Homdm®agbowo bgwol Jumzowol dmF3m (L.
32). 893605 LB3MMS 53 LodsMbdog bodmzbos 3sMvbBoGMo Fool ©30dwol MmM306Msl
33963b900. 503mBBoE0s 53MgmM39 BMEIOOL dlmligdo.
UsGs0bo N8, 59 1L53s®bob Nel F9MHFeol Joamo3b0sb 50gdos Lobxo N6 (L. 31).
9olo 350bMmemyomMo 139dGHM0 36 5GOL 0liYmO FOEIMO, HMAMOE Bgdmm s©bodbmwo
60993900l LB39JGH®gd0. bgdEgbo®gmosb FMMFgwdo Bodmazbos Fbmwmme fofizmabgdols o
393b30L 33Ol FoM330900. dosbM3b6900b 3936005 bMMdOL dE39M0 s Lbgs byoglio
0560330™m3b900. 3960055 Po®dm©agbowo  sGodgws (Polygonum), B39wgdGH030
doBo@gws (Polygonum aviculare), 39)6H0 05033036900, bs0dsgo (Carduus),. s6Gob
5369039 b350Jomoedsls (Chenopodium album), 35603535350 (Cichorium), dsedol (Malva),
Pofodmesl  (Fagopyrum), bBgdbofggeobs (Geranium) @5 Go®OLIsbM3oL  (Achillea
millefolium) 9&3960.

565350bmmyomMo  3oobmdm®magdol xamxdo  d93M0s oM 33wm36900L
BOAHMOGH0 @5 23bMlsb3mgwo bols dgMdbol GModgomemo MxM9©o. 500bodbgds
09508396509 ©ObMBEsygEsdd, Lmzml B3MmMgdo, 303900l 9OHmgMo dozMmb3Mm3meo
658900, 93396560900 930gMAoLo. Bsdmzbos saMgm3g Lol GHgJuBowobs s Fogrols
0m3F3900. 56Ol bozMobygmo Lbgwol dmI3mg (Lwe. 32).
65,303,353900U, 00lgcerol bg®mobs s gos89mdysl bs9mbsbers@gdo.

309090 GYsl (42°1.058'N, 44°8.314'E), omoligerols LgMobs (41°43.830'N, 43°16.836'E) oo
BoF03393900L (41°32.624'N, 44°28.011'E) B58mbobars®gdols 9¢3350-50ogbols  399en@Eeydol

1396900056 8mMm3Mm39dMwo s 259Mm33wgMe0s 8 mobol F@Fol Foamoeglo s Bsmo
35Q0bMmEmy0mmo B39JGM900 IEIBOW0s Fm399E OsRGMST>BY (L. 33). 30639,
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L@, 33. 39909090GYobL (60d. 1-6), 65303F53900Ls (608. 7) s MoLgErol LyMob (60d. 8) 65dMbEbEsMdOL Fw96 Ferol Fogmogliols
350bMEMy0MMHO O0sRMTd.
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dgmMg ©s dgmmbyg FMOFwol Fogmoglido, OGMIMGdOE 29IOIOEGYSL BodmbobwsmBgs
93390990, FoMOMDOL brmMdol, bbgs Lyoglo o33 ™m3bgd0Ls s Fsmo LaMmgz9wgdoL
93960. bgd39bs6rgmogob 93060 Mom©gbmdomss LmFols (Abies nordmanniana), o330l
(Pinus), foxneob (Fagus), OEbowol (Carpinus caucasica), 30ybob (Alnus), 3mbol (Quercus),
3o3b30L  (7ilia), 9xngc0oLs (Ephedra) s> obowolb (Corylus) 93300l 056 E3¢900.
506036 Bod FM@Fgedo 093605 Bod3MObsEm dowsbmgzsbo dzgbs®ol d@3z9Gm0aE. gugbos:
53o6OBIsbm30 (Achillea millefolium), bs68s30 (Carduus), Jo@do (Lavatera), ©QOQOEOM
(Centaurea), 530560 (Artemisia), SbEH®bE0s (Astrantia), 0M935¢0ds0©3s (Plantago),
bgobmdws (Convolvulus), 69dbofj3g0s (Geranium), ymddem (Dipsacus), 36sm@os (Knautia),
330065 30@edmGs (Polypodium vulgare), 23000Fs (Asplenium), 930065 23900l 9bs
(Ophioglossum vulgatum) (3bGoo 4).

5653506 Myom® 65dmgdL JmMoL FoMmdmdL bols dgMdbol 3509bJodvremo MxMggdo
@5 o FmMoL 560l goFgol bols IgMdbol WxMgwgdoz (Ly®. 34). dgmedg ©MobsbEos
95633036900l B0EME0EJd0. bbowrmw 6039999030 B30 bLmZML L3MEs. 500bodbgds
bm3m ymdnbob (Glomus) s MmdoL Lemzmgdol (Mycoraceae) BL3MGMYOO3E. IMOZEPS LYol
Jumgz0ol dmF3m, 500bodbgds Mmbo, MOX0 s 8530 0™ F3Mgd0.930609 MHIMPOIBMOOMsS
93965M9gms  930gMHIoLo, 3g3ol FOHMOL JgdEwo, bogbol, 3H303900Ls s [gMgdol
Bsdongdo.

609999900l Ne3, Ne5, Ne6 3500060060 B39JGO9d0 3930090000 MBOHM MIMHOdME0S.
00650 53 FoMBMOL  Loyoglo BoM 33036900l @S FoMb  MIBAbEgdO  BoMgzges
939bsgms 3BH396M0. MBS bm3ol (Abies nordmanniana), §oF30Ls (Pinus) @S ®bowol
(Corylus) 933960. d5¢sbmgbqddo 930609 M5MmIbMdOMss [o®dm©Agbowo Bs®LAsb30
(Achillea millefolium), 538560 (Artemisia), SuE6s (Aster), Jnwamlbgdo s dobszolbsoMgdo
(L. 33).
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@O05y6535.
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65303353900l 659MLObEsMH0EL FM3M390w0s ghmo FMFgwo (bwe. 33, 6odwmdo Ne7).
50bodbmo  FMOFgero 0530308 LoBs®b  Ne3-@ob  9M0L  s8mEgdvIero.  dobo
35Q0bmEmaom®mo  B3gdAHHmo Moo  IE0EIM0s.  bgdigbsergms MOl FoMIMOL
B39 9dM030 350l (Vitis vinifera) dBZOOL JoME3Ego0l Mom@gbmds, 393005 393¢P0Ls
(Juglanc regia) s> ombogoolb (Corylus) 9¢39600. LmFols (Abies nordmanniana) 9@36MoL
95ME3wg00 30 9OHMIMO0S.  05EsbM3obms MOl EMIoboMmOL  35M 39 FoFoligdMbol
(Cichorioideae) 93360l 85603300900 ©s 3965b0l LoM939eqd0. 39MR5ds HoMdmepgboro
5369039 Lomgbo FoM33w™m369d0, 500 FMMOLLy beGdswo (Triticum) s dobo bsmglgdol
1569390 gd0. oM SF0LY, BMVZESdS FoMBmEAgbowo 08 LyMrg3zgws I3gbstrgoms 83960,
G0mIwgdoi 0BMEYds 9Hmgddo, gbol 306M9dLs s Bsbsy399dDY. gugbos: 3oGr3oFoFs
(Cichorium), 538560 (Artemisia), go®LIsbwM30 (Achillea), ©™MOL d063> (Xanthium),
96535 do®m3s (Plantago), ds0s (Ranunculus), 30bFs6o (Urtica).

36535¢0bmmyomem b5dmgdl dmGol 0936005 bols 4sbsbdoMgdmwo  3569bJodwo
2R MJO0, BOGME0GHJO0 S Lgerol dmF3m (L. 34).

0090l bgHoL BsdMbobEIsMm0EIB IM3M390ME0s 9MHO MOboL FIOHFwol dogmoglo
(60880 Ne8). dolo 3owobmwmyom®mo 13gd@mo galasgLYds  FMdsMYMOL  FMOFwol
AsLonals.  odog 893005 Fofigmgbado s goblogmmdgdom 30 xgoF3oL (Pinus) 9GHIOOL
509bmds. 3G Hoxzwob (Fagus), OEbowobs (Carpinus) s dmbols (Quercus) 93360l
9560330900 (L. 33). doEIbMZBMs X ART0 FoMDdMOL 33036M9d0L BL3MEMYOO, 8500 FMEOLSS
330305 30sdmGos (Polypodium vulgare) s 23900l 9bs (Ophioglossum vulgatum). 3306
509bMdomss FoMImygboro 39eMo Ba®g39wqd0: Bo®MLsb3o (Achillea), 530560
(Artemisia), 65603dsgo (Carduus), 06535¢0ds0©3s (Plantago), 356O©3IoFoFs (Cichorium),
FoObeolgd®mbo (Brassicaceae).

39096960 399¢7HIG0b YrrH356980. 1950MgLO© LHOBEBHIMGLM 50IMBBES MO 35@SMS
BMIob 35wsm0sb (L. 35) s 3069 Dmdol bob gmmosb (Lye. 36) Im3mzgdmwo
65600 55d009d0L 3oeobmemyom®mo b3gdE&o.
b6oddo N:1 5090990s 89960l 3eo@ml ymemsb Ne2-8o s0dmBgbowo  3sws00sb,
63903 3999 MmOQbme 65dm FoMBmoyqbs. dobo 3serobmemaom®o L3gd@®Mgdo
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bme. 35, 399bol  3eosdHm. ymOesb  N2-do bmE. 36. 39gbol 3Eo@dm. gm®mesb Ne10-do sdmBgbowro
sdmbgboero  Joosms s  sdo  Fmmz3Lgd o bol 3memgo.
29953560 gm30L bogmazo s mgliengdo ( X40).
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39600y M (39999 035D (. 37). ol FHogumbgdol LodEOEMO™ FodmoMbg3s.
59 2960L5B03Ms 38-00g MBoglio 3396560l FBHZMOL BoME3350., MHMIYEMIRSD MomJdols
g39es 1o93MMBowm d3gbstgl 8093936905 (EBGOWO 4). 13gdBHOTo FoMDdMOL GFo3b3oL
(Tilia) 93360l  FoME3EIO0L  MOMEIbMds. 0030000 Fgdmbggzss, MMmELss  EoEb3o
35¢0bmEmaom®mo 139dEGHMolL EMTobsbEos. bgdEgbgdgms @s 89hdbs0gdl mEmols 3069
509bMdoMss [o®dmoagbowo go3go (Pinus), dmbs (Quercus), mgws (Ulmus), dm6ygsbo
(Alnus), sb3owo (Rosa canina), Jo330 (Hippophae), smém (Hedera). d5¢0osbmgsbms xamado
OO M5MmEYbMmdom 500b0dbgds oo™l (Centaurea), dsGo@gwsl (Polygonum) ©s
53d60L  (Artemisia) @360l FoM33w9d0. bs3dmzbos 93M00L (Panicum) d@396M0. B30
3503530Fs (Cichorium), ®s6OLISOEM30 (Achillea), SLEge0 (Aster), ©®MOOL dOMIS
(Xanthium), 6563sg0 (Carduus), oygo (Heracleum), B39mwqd6030 dsGodgws (Polygonum
aviculare), 96535¢00560O©3s (Plantago), LOo®bs (Smirnium), w3mbs (Colchicum), JogmEs
(Filipendula), 356301bgd0 (Fabaceae), 355mbs (Rumex), mO:x3900 (Pulmonaria), ¢ow96x0 bs6o
(Eryngium), Jogoymlbgdo (Apiaceae), 3505 (Ranunculus), bs8y~®s (Trifolium), 353G
(Anchusa), bosbmeo (Apium), SLEGHEbEos (Astrantia).

56535¢00bMmE™ma0® Bsdmgdl Mol gobbowrman 35¢smsdo 393605 bgeols s Fogrols
Jumgzowo dmF3m. 500b0dbgds spMgmzg bol dgedbols 3sMmgbdodmeo MxGggdo, doom
dmM0oLss 80330l bob MxMggdog (Lwe. 38). Bsdmgbos Ii3gbstgms g3oamdolo o
653900l Bmgmb, LeMEIHOLL B3MOYdO. 500b0dbYds I3069 MoMmEIbMdOL JobmLsbL3zmgwo
b 3mb BL3MO(S.
bod=do N2 8033900905 890960l 3s@ml ymemesb Ne5-8o 50dmBgbowo 35e000sb.
ol, MMAMOE 339 900603bs, 35@9MS DBrMolovs @y 993l MmmbzMMbs JNWMBOl BMEDs.
35Q0bMmEMa0mMo 3300930L5L bodmgbos wrgwgol (Ficus carica) 8@3M0L dsM33 9003 (L.
37). byew 41 @ogdumbol @390l 863350005 49BLIBOZOIEo Asbbowww 60dwddo, 093605
58M356 d39bsegms dE3960.
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bq9396569900L Xamx3do bs3mgbos bm3ol (Abies nordmanniana), o330l (Pinus), Hoxzwob
(Fagus), (}odol (Castanea sativa), dmbob (Quercus), Ggbowob (Carpinus caucasica), 9ol
(Ulmus), 353b30L (7ilia), d~6ygbols (Alnus), dgendlolbs (Zelkova) s wogwgolb (Ficus carica)
933M0L 5M(3300900. dosbm3zbgddo FoMHdMAL Jmeramlbgdol (Apiaceae) dE3960. 39360009
5369039 35030mLbgdol (Fabaceae), 3560lgdMms (Rosaceae) s ool (Centaurea)
9®3M0L oM (33¢900L MroMmEYbMds. M 5doLd, OBOJLOMES 3gIOO FoME3wM3bgdOL
(Poaceae), 53860l (Artemisia), bm&Gdwob (Triticum), 936000 (Panicum), bs3560domsdsls
(Chenopodium album), 3560©3035358 (Cichorium), §s®LISbMIOL (Achillea), {HofodmMsL
(Fagopyrum), 3s¢o@gwsl (Polygonum), B3gmwgd®oz0 do¢o@gwst (Polygonum aviculare),
96535 dom35L  (Plantago), 0obszolbsocmgdols (Caryophyllaceae), ds05L (Ranunculus),
bo8ymEsl ( Trifolium), G sbolgdMms (Liliaceae), @w0lwesls (Primula), 356fy3505¢obols
(Potentilla), 05333503505 (Lathyrus), bosbwmeol (Apium), olLrobgd®bols (Cyperaceae)
93300l F9M(33wg003.  900b0dbgds  a30d6s  Jobocodol  (Botrychium  lunaria),
3603GHMaM505bs (Cryptograma crispa) s bbgs 33096930L bL3MmMgdO.

56535¢00bmmaom®  B5dmgdl JmEol 393605 83gbsMgms  930YMTOLO.  35MYOWSS
DoMdmepgbowo Lsmgbo Fs633wm36900L GBoGMeo@gdo, bols dgMdbol  G®maodgocmeo
X 090900, bLemzMb B3MGOYdO. J3009 MOMEIbMdOMSS Byl Jumgzomol dmF3m, dzwol
956000l 300LEYd0, BHILEAIGHMOO 53905l b5dmgdo s bbgs Lobol Bmmwmaom®o
Loy, 2obbow e 60999330 bo3dmzbos gm@3MOL (L. 38).
m0bg 69500980560 bob 302¢7m50 500mBgbowos 89gbol 3eo@ml ymemsb Nel10-8o. 53
30@ngl Lobw®msgo 3dmbos s 9gohHm-9M0 gobymzowgdsdo bols 3s@ots ©obsg ogm
I mo3L900. 3mEmBL Joaboms Tbomgbg Lgwol Jumgoo 3dmbs asdmztrmero. dsb
543L mmbo 4obgmR0wgds, HMIWgddo godbdsMmo MmMsbmwo Bsdmgdo 50dmBbs. obobo
939boMgms  BMOgdLy @O ©gmMmgdl  BogdLasglgdm®s  (byyG.  36).  mombogg
3969MmxR009006 @5 BobmE@og30b 90gdMo s @odm3zergmeos 6 Lobyxo. dsmo
35¢0bmmmaom®mo  139dBHMYdo  OEBOE0s  Bmyzsbow  OLEMLdsy  (bmM. 39). gL
139dGHMJO0 PO OO GOglMmbMBoMEO LOAOOMO™ JodM0MmBY3s. 3MEMAROL
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Bedeni. Wooden case.Pollen
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9sL5e0sb 23boLEBW3Ms 60-0g 3965001 dBH39M0 s B3MGYdO. FoGd, M3 Y39wsHY
Lo0bEIOGLMS, bol  3mwmxzol g3zgms  gobgmzowgdols B3gd@mo goblbgeggdrmo  ogm.
9525W0mMo©, 30039 496gmRogdsdo (bodmdo Ne3) FoMBMOL SLGHOSL (Aster) 9BH360OL
509bmds, dgmobgdo (bodmdo Neb) 30 — 530b0Ly (Artemisia). d5630bogrmm  g39gwms
603180l B39O (FoE-(35¢39
b6od=do Nel. gbs 60380 50900 30MAOL 300390 obymzowgdoEsb. dob bdgddE®do
FOOBMAL SLEHMIL (Aster) 3E396M0. 8936005 MboErols (Corylus) s dmMybolb (Alnus) IE3OOL
956M33w900L MomEabmds. bgd396569m956 3069 Momgbmdomss FoMdmoygbowo 10330
(Pinus), ogwo (Fagus) s Ogbows (Carpinus caucasica) (b9)6. 39). dowsbmzbgddo
5006036905 Bogo®domsds (Chenopodium album), bm&dseo (Triticum), 530560 (Artemisia),
oo (Centaurea), bst8sgo (Carduus), 96535ds0©3s (Plantago), Fs6bEobyd®Mbo
(Brassicaceae), Ldo®bomdo (Smyrnium), 0505 (Ranunculus), dsGHo@gws (Polygonum), 356530
(Cannabis), 3m®obwyes (Primula), 3000obwds (Sedum), Jogm®s (Filipendula).
36535¢00bME™ma07® 65d0gdl Mol mIobo®mgdls I3gbstrgms g3ogMTolo. 89360 bols
d96dbol »xM9g0. 5006036gds 8B3IbsM0 igwrol fyowdigbotg L3oMMYOMIL (Spirogyra)
6580900, 3563300369008 BOGHMW0EJd0, BgErols s 396sxol Jumgowol dmF3m. d306MY
(5mOIbMdOMOs 93639 Lm3mb 13m0 s Foo FmMoLss Lmzm  dMIBOL3MGOIo
(Brachysporium), 560 536939 mdol Lmzmgdol (Mycoraceae) L3m®Mgodo. 5939 b6s3mgbos
33039000 65900 s BOBOEOL ool 39Llgdo (L. 40).
bodndo N:2. ol 5090MEos  3memxgol dgmeg  gobymzowgdosb. dsewobmemyom®mo
139G 63 049 0l IEO0PIMO 5©IMBBS. bgd39bsMgms FmMOL bodmzbos BoF30l (Pinus),
dmbob (Quercus), 69396Bbol (Acer), dmMybobs (Alnus) s mbowob (Corylus) 33360l
9OmMIMwo 5M33Wwgd0. 35¢obmzbgddo 50bodbmwos Ro®LBbM3IoL (Achillea), SuEHEMSL
(Aster), dbon®sL (Inula), FrEOOLWMSL (Primula), 3¢000LEWAL (Sedum), VOO
(Centaurea), 05&03gusl (Polygonum), 35058 (Ranunculus) s Jmeoymlbgdol (Apiaceae)
93960 (LYYO. 39). 56H0L BHYol 303MdOL BL3MEMYO0. gigbos JoMswod)s (Botrychium lunaria)
5 9(60bL 43006 (Pteridium aquilinum). 56©535¢0bMmEMy0mE B5d0gdL IOl FoOrOMDdL
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bol, s dmGol dmbol, gedbol GHModgowmo MXEMIId0. 093005 DBMMEMYoMOO
dsbogms. gigbos 3Fge9d0L, 3$303900L5 @S BHILAHIGIOO 53905 bsdmgdo (LG. 40). 3MESS
LM dMHIHBOLIMMOMTOL L3MMYdO s Yo 396569 LIOOMAOMSL J0o3MMI3M3MYo bsIMYdO.
5006086905 LgErol Jumzowol dmF3m.
b60d=d0 Ne3 303390005 300emaol dglsdg 3obyma30eg0580, HMIOL 3seobmemyowme
1399dBH®do EMI0BoMYOL SLEHMIL (Aster) dE396M0. bgdagbodgms Jmeol dg3M0s MEbowols
(Carpinus betuluts), (jodools (Castanea sativa), 353b30b ( 7ilia), 316ybobs (Alnus) s mbogools
(Corylus) 9@360L 856330900l  Gom©gbmds  (bme. 39, 41).  dowsbmzbgdosb
DoM0mpqbowos bm®dwols (Triticum), 530b60L (Artemisia), wowowmbs (Centaurea) o
Bosbm@ol (Apium) 93396M0. 930609 Gom©Ibmdomss Bo®dogol (Carduus), B39wgdMH030
doBoBgsls  (Polygonum  aviculare), 965350005035  (Plantago),  F56OHbobgdms
(Brassicaceae), ULodgmGols (Trifolium), 9sBo@ob (Campanula), @9GHOLYSL (Primula),
056(g3905obsl  (Potentilla), dJogmeol (Filipendula), 3erobdsl (Sedum) 9360l
o633 gd0 (Lwye. 39).

565350bMmemyom® 65dmgdl dmMol d93M0s d3gbstgms 930gMdolo, bol dgemdbols
X 090. 153950 3936005 saMgmM39 Lol Jumz0wol 3mF3M O HBMMEMAOMOO Tolos.
99605 3H3039d0Ls s AgMYdOl b5dmYdO. ML LM dGIHBOLEMOOMToLS s 359G™T0Tol
(Chaetomium) UL3MmMgdo (bme. 40). Jgocmg MoMmEIbMdOMss Lbgs LmzmL  LB3MEMYOO3,
MMI9do3 33¢0930L 58 9BHo3Bg 396 49boLEBZMS. 500608bgds Fysed 396569 LIOOMAOGS
(Spirogyra).
b6odndo Ned. qs Bodmdo 50gdmwos 30memaol dgmmbg  2obymazowmgdsdo.  FoMHdMBL
B399 906030 oBH0GHJEsls s FoMberolgdOms 933960 (byG. 39). bgdEgbscngdosb
©MIoboMmgdl IMMysbo (Alnus), bows (Carpinus caucasica), 30330 (Pinus), 3mbs (Quercus)
5 obowo (Alnus). 930609 MomEIBbMdoMss Po®dm®pqbowo foxqwo (Fagus), 353500
(Juglans regia), 3s3bgo (7Tilia), ovgws (Ulmus), b6m (Hedera) o 3s%o (Vitis vinifera).
05sbm3b90d0 500b0dbgds boEo®Jomsds (Chenopodium album), bm®dswo (Triticum),
530560 (Artemisia), 06AoLAbsS (Serratula), sLGHOS (Aster), @owowm (Centaurea), 5563530
(Carduus), 6g0bo§j396s (Geranium), «9396s (Colchicum), 3sbo¢)s (Campanula), 3OOl
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b6, 41. 390969960 3MNWEHMOOL 39600MmEO0. Ynmesbo Ne10. bol 3mwmzol (553005J0)
3969mxr0wgd9g0do  50dmBgbowo Ls3M@Mbowrm  I39656M9gd0l  IBHZOOL doM33wgdo: 1 —
Bo®dogo (Carduus); 2 — bsgostdomsds (Chenopodium album); 3 — ds@EHo@gws (Polygonum
aviculare); 4, 5 — bo®dswo ( Triticum); 6 — o000 (Castanea sativa); 7 — 353bg0 (7ilia); 8, 9, 11
— dmeysbo (Alnus); 10 — dbs (Quercus); 12, 13 — Bggmergdmogo 35%o ( Vitis vinifera).
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(Primula), 9s6(jg3s0omsbs (Potentilla), 8505 (Ranunculus), Jogw~®s (Filipendula), 0557965
(Rumex), 3wobnds (Sedum), bosbm®o (Apium), Jogoamlbgdo (Apiaceae). bs3mgbos
336M9m39 330965 390l 9bols (Ophioglossum vulgatum) s 9HEoL 30060l (Preridium
aquilinum) L3900 (L. 39).

565350bmemmyommo  65dmgdol L3gdd®o o Lo Lbgs GHodobss. mdobo®mgdgb

9560330™m3b900L  BOGME0EJd0. 893005  F39bsMgms  g3ogMdolo @y bols dgMdbol
MXOIO. 9453 90Ol bmzm 359@™Iowmdols s 3MbOoL3MOOMIol LB3MGYdo. FbMEME
39bbowrm 60999930 b53mgb0s Lmzm yarmdnliol (Glomus) L3mMgdo (Lwye. 40). sGob Lgerol
Jumz0ol dmF3m, 13F5MmE 093605 3H303900Ls s IFgMOoL bsdomo. sdszss §godigbatg
L3oOHMYOMS (Spirogyra).
60030 N5. 956bowemo Lobxo 50gdwos 3mEmzol LobmEogol dos bsfowosb s
ol 3oeobmwmymem  139dGH®do  EMIoboMmBL  Jnwambbgdol dG3geo. bgdigbotgms
X3B0 FoMBdMOL 3o3b30 (Tilia) (bLwyE. 39). 093605 sxMgmgzg (odeol (Castanea sativa)
933M0L FomE3egd0. 500bodbgds R03F30L (Pinus), Hoxzgwol (Fagus), Gabowol (Carpinus
caucasica), d7bob (Quercus), d6ybols (Alnus), obowols (Corylus), GHo®oxgols (Salix) ©s
B39Mgd®ogo 35%ob (Vitis vinifera) 9G3960. 05sbm3zbgddo, 490  Jmeamlbgdols,
1399dBHMTo Bogdom Mbgzsss FoEoGgws (Polygonum aviculare), oo (Centaurea), 1505
(Ranunculus) s LGOS (Aster). 930695 bo3gos0domsdsls (Chenopodium album), bmGdEOL
(Triticum), Jogol (Hordeum), 53060l (Artemisia), BsG0sbm30l (Achillea), Bs6ds30l
(Carduus), bgdbofjgg®sl (Geranium), B39v)gd®030 do@oBdgwsl (Polygonum aviculare),
0mbEbOL Poewrozsl (Polygonum persicaria), 96535¢0ds00358 (Plantago), F56OHBEooLYdOMS
(Brassicaceae), Lodgm®ols (Trifolium), aeddst (Dipsacus), gmeoml (Scabiosa), 9s6{y3oL
(Fragaria), 3565580 (Cannabis), gmGHoLbIesls (Primula) @360l 356 33w 900.

5653506 My0m® B5dMNGOL TMEMOL FoMHdIMIL LMl L3MMGdO S Fom GO, bs390l
bem3gm BEOEM0S s B3MOMOTogws. 8306y MomEgbmdomss dgbstgms gdogMdolo,
956330369008 BOGMEW0GHJd0 s bob IgHJbol 3s6rgbdodmwo Mxcgwgdo (Lye. 40).
5006036935 g3mBH3M0oL  3LMLgdo, AHILAHOIGOO 53905 — Arcela-ll 65dmgdo @y sbY3g
3303900l s 3)gMgdol bsdmgdo.
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b60d=d0 Ne6. 500608610 603)do 509005 3MEmRol Jos bafowob 3965 39009w0@G.
139dBH®do  E™IoboMYdl  Lod3MMbogrm  J3gbo®mggdol IBH3MOL  dsMi3zegdo (L. 39).
05250005, 538560 (Artemisia). bgdagbo®gms MmOl Gom©YbmdMOZ5 30MZ9W0 SQYOWO
39305 dmeybol (Alnus) 9BHZOOL FoME3egOL, 3960 FoMdmygboo 1939 B0F30
(Pinus), Gbows (Carpinus caucasica) s 353630 (7ilia). 9900509000 bozegdos fogwol
(Fagus), 3030l (Juglans regia), 379bols (Quercus), (odeob (Castanea sativa), ogerol (Ulmus),
obowob (Corylus), Ho®ogol (Salix), bmoOml (Hedera) s B39mewgd@ogo 35%ob ( Vitis
vinifera) 9336ob 35M33gd0L Momgbmds.

05sbMm3b900L XaMndo, ots 93dboby (Artemisia), 893605 Jmeramlbgdol (Apiaceae),
doBoGgasls  (Polygonum) s SuGHOL (Aster) 933960. 500b60dbgds slgzg bemOderol
(Triticum), @sOLISBMIOL (Achillea), o6IoLIboSls (Serratula), ©oyob (Heraclium),
96535 doO35L  (Plantago), 5058 (Ranunculus), Lsdym®sb (Trifolium), 9699353000l
(Helianthemum), 05Bo3ol (Campanula), @mEGOLMsl (Primula), 0557656 (Rumex),
3oL wdsL (Sedum), {ywol 36M535¢dsMO3L (Alisma) GH3OOL JoM(330900. dsbbogrmem
60dxddo bs3dmgzgbos sligzg 9430065 @390l gbob (Ophioglossum vulgatum), 30063l
(Asplenium) s 9fe0ob 330960 (Preridium aquilinum) bL3mEOYdO (Lwye. 39).

56535¢0bmma0m®  658mgdl  Jmemol  ©mdoboMgdl bols  dg@dbols  GGadgowrmeo
X 09J00. Mbgo@ss 939  FoME3wm3bgdol  PgeML  bsdmgdo s BoGHMEo@gdo,
93965M9gms  9309MHA0LO. OO MoMmEIbMdOMss Lm3ml B3MGOdO @S AIbLSIMMOIdOM
bmgem 359¢™a0wdo, HMmIgeois bgarol Jumzow By Loberads @S s65EYMMYOL Aols. B9z
BMMEMmA0OHo oLy s LYol Jumzowol dmF3m. 500bodbgds Lmzm LMOEIOHOU,
B3OS,  BdMObOL3MMOMTols @S MdOL  Lmzmlb  L3MEMYdo. bsdmgbos  FmE3IMHOL
0LL9gd0, BOROEOL do@ol dlvlingdo s GHILEIGHMO 53905l BsTmgdo. Sdo3 33H3WYds
9336560 fyarob §yoed 396569 L3oOHMYoMs (L. 40).
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3bO0wo 4. dH0bx ML bsbob 1od3MBswM 83gbsNIBdO WS BP0 BIMTSIMEMAOIOHO MNZ0BYOJIO.

9396569 axsbo 3°00bsgg6989e0 | B3G5 3ME0HO M30LYdJdO OB JMsGHMs
bsfoero
Abies Pinaceae §of30, po6Bo, 9305¢0Bdo, Labbmdo 3Bgdol Duke et al. 2002; Khare 2007; Menkovi¢ et
nordmanniana dg6dobo 55350090900, 3dgM3M MO, al. 2011; Bussmann et al. 2016.
(39335000 394965935, 40g9b5b39ws, sboxds.
bm3o)
Acer Aceraceae Jotdo 0BgbEBHIM0s, 33eol B3o30wo, | Duke et al. 2002; Tashev, Tsakov 2008;
(69396BbsO) bggwo. Quattrocchi 2012.
Achillea Asteraceae ROOMEO, ©JOM, | 399F-b5{eo30L ©9350090900; 035605 LsdsbEM0T30o 1993;
millefolium 435930000 569005, 05090, Moerman, 1998; Duke et al. 2002;
(8260L3:60730) 96¢03gerdoboryto, mgserol Hassawi, Kharma 2006; Al-Mustafa, Al-
©2235@©QB)00; 33300 QOS> | Thunibat 2008; Lakshmi et al. 2011;
Menkovié et al. 2011; Eissa et al. 2013;
Alarcén et al. 2015; Al-Giiler et al. 2015;
dobqodg 2016; Fontini et al. 2016.
Alisma (yerob Alismataceae ROMOMO, Lolbegbs, sLmds, ygeol Duke et al. 2002; Allen, Hatfield 2004;
36535 dsM039) g3530¢0 A303000, 5mdgbo, 3mbRbgs, | Quattrocchi 2012; Wiersema, Leén 2013.

930980, 603MOLOL Jo6o.
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Alnus (396yg560) | Betulaceae Jotdo, 5630398060, oo™y, Kiiltiir et al. 2007; Quattrocchi 2012;
©0B9bBHIM05, 2oLGHMOEO, Menale, Mouio 2014.
Lolbergbs.
Anchusa Boraginaceae ROOMEO FOH0Md900, IHZOMdY, 453090, | Cakilcioglu et al. 2011; Quattrocchi 2012;
(35B56doo) 39930l 3303000, 1)IZ300Md, Wiersema, Le6n 2013; Hayta et al. 2014;
3990OHM0YMHO 3356d0. Miikemre et al. 2015; Fontini et al. 2016.
Apium Apiaceae ROOMEO, ¥JOM, | 3bEHOL3>BIMMO, Jotdgbo, Jouad et al. 2001; Peter 2006; Wiart 2006;
graveolens Bogmgzo 93053030, bogmolol Jo®o, Jari¢ et al. 2011; Eissa et al. 2013; Leto et al.
(Bosbw®o) A303005859Bqd9gE0, O0SMY, 2013; Alarcén et al. 2015.
©0BgbEBHIM0s.
Artemisia Asteraceae RONEYGOO o609, 2530909, 3bGHOLY3EBH030, | Adams et al 2009; Dyubeni, Buwa 2012;
(30560) 9305300, 56¢039wdobomMo, | Quattrocchi 2012; Eissa et al. 2013; Hayta
05695, 09GO, IPgO9d0L et al. 2014; Bussmann et al. 2016.
foboswdgy.
Artemisia annua | Asteraceae BMOYHO0 o609, 56EH0LY3BH030, 530909, Liu et al. 1992; Ferreira 2004; Mueller et al.
(»9x969960) 3096 9d0L Hoboowdwgy. 2004; de Ridder et al. 2008;White 2008;
Adams et al. 2009; Dyubeni, Buwa 2012;
Quattrocchi 2012; Eissa et al. 2013; Hayta
et al. 2014; Bussmann et al. 2016.
Asplenium Aspleniaceae 339L30, FOOMEWOo | 3bEH039edobomMo, bggws, Duke et al. 2002; Hatfield 2004; Mannan et
(330061 35) 3930909, gegbmOol 9350090900, | al. 2008; Quattrocchi 2012; Wiersema,

o609, Lolbergbs,
5850930009090, 9983900.

Leon 2013.
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Aster (SLES) Asteraceae 339L30, FOOMWOo | ST, 0bxggdoMco Han 1998; Lama et al. 2001; Saroya 2011;
55350090900, bLYIOM, bggus, Dyubeni, Buwa 2012; Quattrocchi 2012.
3b6E0dsgdBHgM0eo.

Astrantia Apiaceae ©96O™M, y3530¢0, | Lolbargbs, FOHoWwMdYdO, Menkovi¢ et al. 2011; Turker, Yildirim

(3961330539) BROOMEO Lolwmbodo gH9d0l 99350dgdO. 2013; Bussman et al. 2016.

Betula (5640) Betulaceae BROOMEO, Lobol ©sdf930, g30gxalos, Duke et al. 2002; Miller et al. 2005; Adams

330630 A30305859Bgdge0, 30LEH0G0, | et al. 2012; Papp et al. 2014.
93053H0bdo.

Botrychium Ophioglossaceae | 3930, FmOMWo | OHIBEHIM0s, FHOWMdYdO, Allen, Hatfield 2004; Hatfield 2004;

lunaria 36930mb0s, bggaws, 35G9Mg@o. Mannan et al. 2008; Quattrocchi 2012;

(0565 03)) Wiersema, Le6n 2013.

Campanula Campanulaceae dowosbo Sbds, G109 3MmBo, Duke et al. 2002; Quattrocchi 2012;

(05hos) 9396569 Lobbgbs, Jrnwgs, Logby, Meuninck 2013; Dal Cero et al. 2014;
35(>0d9bo, s39boio@o, Hayta et al. 2014.
36938mbos, Jomawo (16339,
4o35bsbggamo.

Cannabis sativa | Cannabaceae BOOMEO, VYO, BB o

(B392)€0dG030 4353000 PO Jouad et al. 2001; Butrica 2002; Hussain et

396530) @3930@308035%% 673 @30 ’ al. 2007; Quattrocchi 2012; Bibi et al. 2014;
56039@BoB0G0. Jamila, Mostafa 2014.
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Carduus Asteraceae 435300, 3993-65fao30l 5535090900, Dold, Cocks 2000; Khare 2007; Quattrocchi
(6563530) ROOMEO 3390l 6530960, Logbols sdfigz0, | 2012; Tetik et al. 2013; Hayta et al. 2014. .
30609006930b gsdmdf3930.
Carpinus Betulaceae Jotdo 05695, 39960, FdMB0SOMBOL Hatfield 2004; Quattrocchi 2012
caucasica 39L55030gdgo, Lobols
(GEboy) ©53§930.
Castanea sativa Fagaceae 0gbergdo, 403565b39wms, 0695, 2530909, Duke et al. 2002; Lim 2012b; Quattrocchi
(§ode0) ROOE900, Jghdo | M930s¢0Bdo. 2012; Wiersema, Leén 2013.
Centaurea jacea | Asteraceae doosbo 05090, 569900, 379FBsfersg30l Said 2002; Saroglou et al. 2005; Eissa et al.
(©000owM) d39bstg 059350090900, 5LEHMOE0, 2013; Kaval et al. 2014; Martkoplishvili,
A3030g5859Bgdg0, Kvavadze 2015.
FOH0Md900, H9305¢0B0.
Chenopodium Chenopodiaceae | gmomMmEo, ©9O®, | 56GH039wdobmmeo, ds0dgbo, | Jabbar et al 2007; Yadav et al 2007;
album »9bEgdo SHNOOG0, MY38s¢0bdo, Altundag, Ozhatay 2009; Egamberdieva
(6535673>02585) b6535600, Howr30- et al. 2012; Meuninck 2013; Polat et al.
2013; Bibi et al 2014.
Cirsium (6560) Asteraceae doosbo Lolbargbs, 3530909, Mason et al 1994; Allen, Hatfield 2004;
9396569 539600030G0, 06 339w gdol Adnan et al. 2012; Quattrocchi 2012;

QQ9535Q9ds.

Meuninck 2013.
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Colchicum Melanthiaceae bogmao, mgbero L3y, Jmerg®s, bogMmobol Jodo, Duke et al. 2002; Allen, Hatfield 2004;
(930965) MdoEMdd, M9305¢0Bdo, Logby, Peter 2006; Aboelsoud 2010; Adnan et al.
Lbodbogby, Lslmbodo 4bgdols 2012; Quattrocchi 2012.
55050090930, 560gds, 2390l
6s30960.
Convolvulus Convolvulaceae | doeosbo LoblMgdOL 330300, 3560l Allen, Hatfield 2004; Atta, Mouneir
(b3sONJes) 9396569 0553590900, g5BdMBY, 2004; Kiiltiir et al. 2007; Gonzélez-Tejero
FOOMd9B0, JotdEgbo. et al. 2008; Jabeen et al. 2010; Quattrocchi
2012; Leto et al. 2013.
Corylus Betulaceae J96do, oMo, | LolbEYbs, OMYs, 35M03MDO, Kiiltiir et al. 2007; Menkovi¢ et al. 2011;
(ooboro) 09beEgd0 0530L $3030¢00, 3OMLESES. Lim 2012a; Quattrocchi 2012; Sagiroglu et
al. 2012.
Dipsacus Dipsacaceae ROOMEO Lo, ©93053H0Bd0, 56mgds, Duke et al. 2002; Allen, Hatfield 2004;
(3™Jdm) FOHowmdgd0, Jo6dgbo, Hatfield 2004; Dahui et al. 2012;
mx3d9bo, boisby, 9abgds, Quattrocchi 2012; Wiersema, Leén 2013.
035¢0l crmbombo.
Ephedra Ephedraceae ROMOMEOO, 3905069090, b3sBIol I'poccreiim 1946; Xupamenu, [Tamynunze
(983906Ms) Bogmazo dmdblbgero, Lolbrgbs, Sbdo, 1985; Mahdihassan1986; George,Rogers
d6OHmbJoBo, 1999; Abourashed et. Al. 2003; Eissa et al.
A3030005859mBgdgE0. 2013; Hayta et al. 2014.
Eryngium (bs6o) | Apiaceae doosbo 3bGoLY3GH030, 3MF-bsfersgols Duke et al. 2002; Said et al. 2002; Hatfield
9396569 55350090900, 5693005, Imffsdzes, | 2004; Khare 2007; Lim 2014b; Baydoun et

b39ws, ¢Iz0mds.

al. 2015; Mikemre et al. 2015.
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Fagopyrum Polygonaceae ROOYO0, SLm3s, 330l (303000, Duke et al. 2002; Quattrocchi 2012; Lim
(Hohodmero) 94m®GH9oo 05699, 16930l ©sdfg30, 2013; Wiersema, Leén 2013.
Bo3moliols Jodo.
Fagus (foggero) | Fagaceae RNEY00, 93053030, 3935303 9d0, Duke et al. 2002; Hatfield 2004; khare
09beEgdo 3B6BH0LY3H030, 33090, 2007; Kiiltiir et al. 2007; Menkovi¢ et al.
d6MH™bJo0, bggas, oMTogoMs. 2011; Wiersema, Leén 2013.
Ficus carica Moraceae Bogmazo 363 039wdobomMo, 3m3- Khare 2007; Jari¢ et al. 2011; Hayta et al.
(9030) Bofers30l 95350099900, gen- 2014; Jamila, Mostafa 2014; Giiler et al.
LOLLEPoMHOZMS 5350 JOJOO, 2015; Fontini et al. 2016.
3930909, b39wo, d939do-
Filipendula Rosaceae 43930¢0 93053 0Bd0, dOHMbJoB0, bggwes, Duke et al. 2002; Hatfield 2004; Menkovié¢
(Joxzm) 39309095, 5609ds, OsMYs. et al. 2011; Quattrocchi 2012.
Fragaria Rosaceae ROMOMEOO, 93053 0H30, OSMYo, Menkovié et al. 2011; Mukundam Borah,
(056§y30) Bogmazo ©0D9bEGHM0s, 560939, bggws, Das 2012; Savikin et al. 2013; Zlatovi¢ et al
569909, 5bGH0dsdBHIM0MwO, 2014; Giiler et al. 2015; Polat et al. 2015;
Bsbioisbo, domdgbo. Jaradat et al. 2016.
Fraxinus (0gsb60) | Oleaceae J96do, Zmmmeo | ©530530Bdo, 33wol 330300, Kiiltiir et al. 2007; Wright et al. 2007;

Fymgaengdo, Bogmolbol Joto,
LogOM 50 Lodrgsegds.

Gonzalez et al. 2010; Menkovié et al. 2011;
Quattrocchi 2012.
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Geranium Geraniaceae do0sbo dsmdgbo, Said et al. 2002; Menkovi¢ et al. 2011;

(693bof39Ms) 9396569 A303005859mBgd9gE0, 0509H0, | Adnan et al. 2012; Meuninck 2013;
FO0Md9d0, 065, 9B, Menale, Muoio 2014; Baydoun et al. 2015.
3LG®0G0, 56mgds.

Hedera (byyhm) | Araliaceae BOOMEO, 5630d030mdMwo, bggws, Duke et al. 2002; Kiiltiir et al. 2007;

g43930¢0 QO0509H0, 3530909, AIOMDS. Lutsenko et al. 2010; Zlatovi¢ et al. 2014;
Alarcén et al. 2015.

Helianthemum Cistaceae ©9OM, Y3530¢00, 05695, ©0HY6E M0, ygeols Meckes et al. 1997; Duke et al. 2002; Allen,

(0%9Y3930¢s) ROOMEO A30300, FOHOWMdIOO0, 3560L Hatfield 2004; Rai et al. 2011; Quattrocchi
Q559350090900. 2012.

Heracleum Apiaceae RONEYGOO 3000l (330300, Patnaik et al. 1987; Duke et al. 2002;

(c00yo) 963039 dobmMo, sL;mds, Quattrocchi 2012; Bussmann et al. 2014.
FOH0Md900, 56mgds, L3sBAoL
dmdblibgero.

Hippophae Eleagnaceae bogmazo, 36303¢9906mM0, mz5¢ols Duke et al. 2002; Wiart 2006; Hussain et al.

(Jo330) BOOOMEO 55350090900, 31 3-bsHemogols 2007; Khare 2007; Quattrocchi 2012;
Q55350090900. Wiersema, Leén 2013.

Hordeum-type Poaceae 0gbergdo, 3935303990, 3930l (303000, Chevallier 1996; Kiiltiir et al. 2007; Abbasi

(d9®0)

b39ws, 0569,
(3030@pd0592)BIB9L0, 30O
G&3ogoo.

et al. 2009; Jari¢ et al. 2011; Lim 2013;
Tetik et al. 2013.
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Inula (3%ovmes) | Asteraceae ROOMO, PJOM | FOOWMIJI0, MY, OSBIGO, Ziyyat et al. 1997; Menkovié et al. 2011;
3960L 0639930900, BLMGOSBO, Savikin et al. 2013; Jamila, Mostafa 2014;
963000 360:Md)o. Alarcén et al. 2015; Jaradat et al. 2016.
Juglans regia Juglandaceae ROOMEO, 39130, | ODBIBEGHIM0s, BEG03gedobmw®mo | Kiiltiir et al. 2007; Lim 2012c; Ganie et al.
(3939¢0) ©96O™, bogmgzo 9305¢0Ldo, 3bmgdol BH3ogzoeo, | 2013; Menale, Mouio 2014; Miikemre et al.
3930909, 3000l (3030000, 2015.
FOH0EMd9d0.
Juniperus (00305) | Cupressaceae Bogmazo 9309RL0os, 3MF-bsfarogols Adams et al. 2012; Lim 2012a; Quattrocchi
55350090900, 56BH0LY3BH030, 2012; Eissa et al. 2013; Tetik et al. 2013;
QO056M95, BoMI9bo, geols Alarcén et al. 2015.
&3ogoo.
Knautia Dipsacaceae ROMOMEO, 363039wdobomMo, dmbo, Newman, Wilson 1951; Duke et al. 2002;
(3b9(309) 9439300 93053 0Bd0, bggas, 4530909, Allen, Hatfield 2004; Hatfield 2004;
49ob 3303000, FHOWMOIIO. Wiersema, Le6n 2013.
Lamium Lamiaceae ROOMEO, BJU30 | B30300d59mBIdI0, 39560 Ugulu et al. 2009; Benitez et al. 2010;
(3ob3Fe0l 55350090900, Lobbordo abgdol | Quattrocchi 2012; Tetik et al. 2013;
©JOd) 055350090900, sdgbo, Wiersema, Le6n 2013; Menale, Muoio
)do™ds. 2014.
Lathyrus Fabaceae 0gbergdo, 9305300, sbgdols Allen, Hatfield 2004; Quattrocchi 2012;
(05%335603965) 43530¢00, Lof0bso0IIYM, 39050MMgdgeo. | Meuninck 2013; Bibi et al. 2014.
BOOIMEO
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Lavatera (§5®00) | Malvaceae RO, 5630LY33H030, M0M39gdoL Vickery 1995; Kaul 1997; Allen, Hatfield
935300 Q055350090900,3560l 5535009900, | 2004; Hatfield 2004; Quattrocchi 2012; Mir
XO0dOdM. 2014.
Malva (doq0ds) Malvaceae dowosbo dmGHboMd, 2530909, Bouriche et al. 2011; Razavi et al. 2011;
9396509 3BG0dsgBHIMoMwo, Logbol Fissa et al. 2013; Bibi et al. 2014; Alarcén et
©58(930, 96@0LY3EB030, Mol | al. 2015; Giiler et al. 2015; Fontini et al.
A30300. 2016.
Ophioglossum Ophioglossaceae | doe0sbo 36303030, Lolbergbs, Duke et al. 2002; Allen, Hatfield 2004;
(3390b 9bs) d39bstg 56065, 3905@ ™o, 0900690, Hatfield 2004; Mannan et al. 2008;
FO0EMd9d0, 563H0300lyo, Quattrocchi 2012; Lim 2016a,b.
dmyobgzs, sd)Hzemmds.
Papaver (ysgobm) | Papaveraceae o0gbero, Bo63mE03w0, 0s6Ys, bggems, Eissa et al. 2013; Lim 2013; Hayta et al.
ROOMEO, A30305359Bqd9ge0, 3000l 2014; Yaniv, Dudai 2014; Giiler et al. 2015;
935300 A3030¢0, 5359930009090, Fontini et al. 2016.
Lbobgg.
Pinus (30330) Pinaceae 330630, Sbods, ©53d5E0B0, 0356005, LodIBEHIM0IZ00o 1993;
B0 363033030, 3693dmboo, 399MOIEdg, 3M9OEOIwsdg 2002; Black
3oLAOG0, B3030wd0gmBgdgero, | 2004; Kiiltiir et al. 2007; Lim 2012b;
FOH0EMd9d0. Alarcoén et al. 2015.
Plantago Plantaginaceae ROOMEO, BJ130 | 39F-bsfiersg30l 935090900, Adnan, Holscher 2010; Monigatti et al.
lanceolata 05695, 36mgds, $BEGHOLY3GH030, 2013; Hayta et al. 2014; Menale, Muoio
(@5bi39® FOH0EMd9d0, 2014; Alarcén et al. 2015; Fontini et al.
36535 doM39) A3030g5859mBgdgw0, Logbol 2016.

©sdf930.
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Plantago m/m Plantaginaceae RO, 3930 | 96EOLY3EH030, 3960L 9350090900, | Kiiltiir et al. 2007; Adams et al. 2009;
(863535 d5MI30) SODM0E0, Lobbodo ybgdols s | Menkovié et al. 2011; Tetik et al. 2013;
33-650 0030l 09350090900, Hayta et al. 2014; Fontini et al. 2016.
©53)360™ds, Lolbargbo.
Polygonum Polygonaceae dowosbo 36939mb0s, Jmemgs, 393 Kiiltiir et al. 2007; Lim 2013; Bibi et al
(030G ws) d39bst9 Bofers30l o535093900, 2014; Jamila, Mostafa 2014.
36¢0d03mBMGo.
Polygonum Polygonaceae ©9OM, 43530000, | 3560 5350090900, OO, Duke et al 2002; Said et al. 2002; Camejo-
aviculare ROOMEO 313560, sbBs, OBYGO, Rodrigues et al 2003; Menkovi¢ et al. 2011;
(39906030 dowao bggs. Zlatovi¢ et al. 2014.
353H0GHIWS)
Polygonum Polygonaceae ©9OM, Y3530¢00, 963039 d0bmM0, 0509, Duke et al 2002; Jari¢ et al. 2011; Menkovi¢
bistorta ROOMEO ©0BgbBHIM0s, 390mOMmosermemo | et al. 2011; Shikov et al. 2014.
(35 ) 339600, 3560 535050900,
Lolbagbs, s6E0lg3EHo3o.
Polygonum Polygonaceae ©96O™M, 4353000, | Lolbargbs, 390MMHMOIWYOHO Vereschagin et al. 1959; Sokolov 2000; Dal
persicaria BOOOMEO 339600, 8563960, Lyggsws®smm. | Cero et al. 2014; Shikov et al. 2014.
(dmLEboL
flowrogs)
Polypodium Polypodiaceae x39L30 59mbobg9w 90900, sbds, ool Said et al. 2002; Allen, Hatfield 2004; Black
vulgare 9mbodsGHndgeo, 3960 2004; Kiiltiir et al. 2007; Jari¢ et al. 2011;
(30@53M60) 055350090900, 313¢0l 330300, | Quattrocchi 2012; Wiersema, Leén 2013.

23930909, 3mbE®(3933030.
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Potentilla Rosaceae RO, BJU30 | O0MYS, JIBEMOG0, FOowmdgdo, | Peter 2006; Menkovié et al. 2011;

(856fygo ©300¢0l 59350090900, 3560l Meuninck 2013; Alarcén et al. 2015;

BOSbY) 06939J309%0. Baydoun et al. 2015;

Primula Primulaceae ROIOMEO, 9309RLOs, bggws, dMMmbJodo, Adams et al. 2009; Menkovi¢ et al. 2011;

(FMOOLmED) 4393000, BgLZO 3960L 5350090900, Moz0L Adams et al. 2012; Eissa et al. 2013;
A3030¢00. Alarcén et al. 2015.

Preridium Dennstaedtiaceae | 3930, ZMOMEO 9305¢0Bd0, FOHOWMdIOO, Kiiltiir et al. 2007; Mannan et al. 2008;

(9h60bL 9430065) A303005859Bgd9gE0, Fo®Er0 Menale, Muoio 2014; Baydoun et al. 2015;
$6939. Fontini et al. 2016.

Pulmonaria Boraginaceae 43530¢00, 06OHMbJoB0, 3530909, MY, Duke et al 2002; Hoffmann, Fnimh 2003;

(m6HR9mHO) ROOMEO ©0BgbEHIM05, GMdgMIMEMmbO, Allen, Hatfield 2004; Hatfield 2004;
FOH0Md900, 56GH0dsdBHIMoMwo, | Wiersema, Ledn 2013; Alarcédn et al. 2015.

Quercus (0mbs) | Fagaceae »30b 539300, FOH0Md900, Bowowo (6939, Sweet 1962; Keskin, Alpinar 2002; Said et

Jotdo 3930905, 009G, al. 2002; Kiiltiir et al. 2007; Mikaili et al.

96¢308030MBM0. 2012, Hayta et al. 2014.

Ranunculus Ranunculaceae 43530¢00, 93053 0B30, 5€gMQ 00, Duke et al. 2002; Allen, Hatfield 2004;

(0500) BOOMWO, ¥JOM | $3030005959mBgdgmO, Hatfield 2004; Kiiltiir et al. 2007;

3950905940, 930egaLos, 39FgFgdo,
0350l 390900, 3560l

55350090900, OSMYS.

Quattrocchi 2012; Wiersema, Ledn 2013;
Baydoun et al. 2015.
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Rumex (355mbs) | Polygonaceae do0sbo FOOomdYd0, 569009, 4odbMdo, Allen, Hatfield 2004; Kiiltiir et al. 2007;
939bsty 3930905, 3800l $H3030¢00, Cakilcioglu, Turkoglu 2010; El-Ghazali et
doobl Ambods@gdgero, al. 2010; Eissa et al. 2013; Meuninck 2013;
ds6dgbo. Wiersema, Le6n 2013; Hayta et al. 2014.
Salix (HoGoxyo) | Salicaceae RBOMEY00, JgBrdJo | Boes60s, LEbLEYOOL 330300, Adams et al. 2009; Norn et al.2009; Oggle
LoedMmbgens, 49309ds. 2009; Bussman, Glenn 2010; Lim 2014a.
Scabiosa Dipsacaceae doosbo 363039 d0bmM0, Jos60s, Duke et al. 2002; Allen, Hatfield 2004;
(3™oMm) 9396569 3630LY3H030, 3960, 3w0G0, Hatfield 2004; Bussmann, Glenn 2010; Rai
49ob 3303000, 3000l et al. 2011; Quattrocchi 2012.
A3030¢00, 4yogzsbsbggms,
FOHOM09d0, 9ddo®3o.
Sedum (3¢oolb | Crassulaceae ROMOMEO, ©@0BYbGHIM0s, FosM00, Duke et al. 2002; Hatfield 2004; Pala et al.
©)05) 43930000, ©9H™M FOH0EMd9d0, 35606 06g39J309%0, 2010; Menkovi¢ et al. 2011; Quattrocchi
Lobbergbs, bggws, ds0dgbo, | 2012; Alarcédn et al. 2015; Buessmann et al.
3096 9d0L Lofiobssmdgam, 2016.
BOOIdIIo.
Serratula Asteraceae ROOMEO FOH0Md9d0, doMdbo, Uphof 1968; Duke et al. 2002; Adnan et al.
(063oLdbos) A3030 5859 gdg0, 2012.
59mbobg9w9d9wo.
Smyrnium Apiaceae doosbo 363005d3HgM0wo, 0oM3d9¢do Allen, Hatfield 2004; Hatfield 2004; Ahvazi
(LBOObOMT0) 9396569 3963990, 8560960, LMogzsbo, | et al. 2012; Abbasi et al. 2014.

3000l ($30300.
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Sphagnum Sphagnaceae do0sbo 3bgwo Logggbo, Bodda®mmagos, dstq- | Souter 1995; Allen, Hatfield 2004; Hatfield
(GH™OGOL bsgbo) 9396569 Lolggbem LobiGYIob 935090900l | 2004; Meuninck 2013.
OB, MZ5¢oL wmbombo.
Symphytum Boraginaceae 339L30, BMOMo | LoblMYdOL 303000, Hywmegdo, | Duke et al. 2002; Adams et al 2009;
(@0o3d560) b39ws, s[3MMds, MY, Quattrocchi 2012; Giiler et al. 2015.
Sbods, Bogo.
Taraxacum Asteraceae ROOMEO, G130 | 3F-bofiersg30l 935090900, Menkovi¢ et al. 2011; Hayta et al. 2014;
(0 Fgs) 3560960, dools Lim 2014a; Alarcon et al. 2015; Fontini et
dbodo3dgeno. al. 2016.
Tilia (353b30) Tiliaceae 43930¢0 3930909, bggws, Logby, 39IOOIEJY, 3OO 2002;
9630LY33H030, Lolbwgbs, Munganse 1981; Demiray 2009; Giiler et
3oLGoGO. al. 2015.
Trifolium Fabaceae 339L30, FOOMo | M9305@0BI0, SLMTs, OS], Cakilcioglu et al. 2011; Meuninck 2013;
(LodgmEro) 39930l 330300, Polat et al. 2013; Hayta et al. 2014;
A3030005859mBqdg0 Baydoun et al. 2015.
53036005, FOHOWMDdIBO.
Triticum Poaceae doosbo A30305859Bgdg0, Duke et al. 2002; Kiiltiir et al. 2007; Tirgar
(bmOdse00) 9396569 3LGHO0G0, 3530905, LublMYdOL et al. 2011; Lim 2013; Giiler et al. 2015;

A3030¢0, 5359330009090,
ds6dgbo,

Fontini et al. 2016.
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Ulmus (0geoo)

Ulmaceae

GG, oMo

FOH0Md900, ©I)H3OMDd,
59mbobg9w 9090, 3dMdOSOMBOL

3990030 o601 909d0.

Chevallier 1996; Duke et al. 2002; Khare
2007; Kiiltiir et al. 2007; Quattrocchi 2012.

Urtica dioica Urticaceae dowosbo 693053 0Bd0; sbonds, Lobbergbs, | Foster, Duke 1990; Randall et al. 1999;
(3obFo60) d39bst9 bobEg, 4doymMs, Lvtem, 569000, Allen, Hatfield 2004; Kiiltiir et al. 2007;
bm 33960 9350090900. Adams et al. 2009; Dyubeni, Buwa 2012;
Quattrocchi 2012; Wiersema, Le6n 2013;
Bibi et al. 2014; Zlatovié et al. 2014;
Fontini et al. 2016.
Vaccinium Ericaceae Bogmazo, LoLbEdsM 3900l 99350390, Menkovic et al. 2011; Quattrocchi 2012;
(0m330) ROOMEO 3930905, 0dYA0, LEBLEYdOL Polat et al 2015; Fontini et al. 2016.
A30300.
Valeriana Valerianaceae dowosbo 9oM5¢0 (69395, 5953830009090, | Wiart 2006; Menkovic et al. 2011;
(39¢)905Ebo) d39bstg 33-650 0030l 09350090900, Monigatti et al. 2013; Meuninck 2013;
b39ws, 5306 (303000, Menale, Muoio 2014; Fontini et al. 2016.
MdOEMOS
Vitis vinifera Vitaceae Bogmazo, 9309RLos, 569000, Duke et al. 2002; Adams et al. 2012; Lim
(B399 gdMogz0 BOOOMEO A3030g5859mBgdg0, 2012c; Quattrocchi 2012; Hayta et al. 2014.
35%0) 9B G05gMHQ0MI0, 2530909,
Lodbogby, 3doob GH3030¢00,
363 0dsgdGHgMomo.
Xanthium Asteraceae RO, 39130, | 96GH0803OMdIMO, 319F-65(wo30L | Batanouny et al. 1999; Quattrocchi 2012;
(0060l 306 35) 43930¢0 055350090900, 56@MdogdBHgMomo, | Eissa et al. 2013; Polat et al. 2015; Li, Xing

3930905, ®obo@o, 3000l
&3ogoo.

2016.
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0530 4. 30000 89098900L 0b6EIM3MYEBH305

BoGo®gdmeds 3309350, 30639 gm3eools,  dmy33d LBodmegds,  0935¢00
3933909369006, 0099 MHMYMOE 033 IOMES 55F0b0L 33900L MoEgoMmbo dmerm 35 smslio
ferob 496353emdsdo. 51939, 3309308 F9IRO© 25dM3e0bEs 03 Bsd3MObserm dzgbscgms

bos,  OMIgbsg  ©EY3bg  LoJoMmM3gwmlb  BHYMoBHMM0sDg  0ygbgds  Bgws
35QgME00YM0, BYIMWomMMHO O dMHObK ML bobol ImBobergmds.

4.1. Bgos 35¢79m¢000290H0 bsbs

DI 35¢gM0m)H 39H0MmET0 5580560 dMbsoMy s FgdyxMm3909ew0 0Yym, MBS
3obbowo MOHMol B9bgddo Im3Mm3zgdmeo Bsbogws 393HY39egdl, LooE IMHZOSS
Lbgoobbgs 3bm3geol 3960350 3o d3ermgsbo dsbses (Bar-Oz & Adler, 2005; Adler et
al., 2006; Bar-Oz et al., 2008; Wifing et al., 2016). Bgs 35¢gmomol dgygdols
30 GHMOHMo 396gdol 3oobmmyom®mds 33¢09359, MGMIYEoE bgdmmss dobbowwo,
5B3965, MM 0dEOHM0bYE0 5530560, beaM30L oM, 530l 33900L Mm30Mmbdo 0ygbgds
20-009 9;396560L 65gmxB9dL, 0glEgdL, Aol BMMEGL, JarmEEOLS S dMEd39dL (Pryor et
al., 2013; Pleurdean et al., 2016). 153390 93965Mgs FMYOMZGALS S o Fsbdorosb
939l o300 gds Bgerols d5HMOLS S BHYsz0LYb FBoYdMwo Bsbmgdo (Bar-Yosef
et al., 2011). 9065 5doby, Lgwol BdsFOOM 539MJOS MM3IJOL, MMIgdLyz 0949bgds
939bo6g9d0L 306930Ls s BHMEHJOOL qlszMoegs (Kvavadze et al., 2009a, 2010a, 2011).

OmamOE  dmdvebslby  @s  bbgs  go8md3sdmegdol  dobogms  9B39690L,  sSsdosbo
3990g35099l  09gbgds oMol Tgbobobsss. MBOM bdoMs mbobs ©s 39O
3560330 ™m3b90L 0bsbs3s, MMIgEms 3BH39M0 gmzgwm3zoL FoMmdMOL 5dmd3z50v)col od
9539699390, Lo 9330560 MROM EOELIBL FBMZOMdEs. bdoGmsw F59s Hoxzwol bogmal,
000 3¢035@MO 3060MdJOT0 3OIRS 390 YyMd9bL, 393035 dMObIsMES 3530,
Doderobs s dmbol bogmxgdl. 0ygbgds 3o3gbgzol bmMb BmmErgdl. 3963603569006
0MM390s o F99s  9o33L, 30OEIWL,  SL30ElL,  FobL.  B9Eobmzbgdosb,
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9560330™36900L oMo, 115339050 HAIOMOPS BEIOOL, FMSZ5¢I>MPZOL, Bo®Togl (Tardio et
al.,, 2006). B9d 35900 IOHo bsbols 5@sd0sbo 1533905 3303MOLSE 0Y9690s.35000
B®bo gmmegdo 51939 LoboMgd™ bs33900s (Hedrick, 1972; Kunkel, 1984; Facciola, 1990;
Schofield, 2003) s dobgsb MgLss s3Dsgd9b dbsergerl (Kuhnein & Turner, 1991).

Bosdmmzwowo 939bsemggdol F580L MM J3ol bsbol s@sdosbo 339 9330MYdM©S
dool  Ubgoolibgs ™30Lgdslss (Teaford & Ungar, 2000; Murply, 2007). 9923000005
30395M5)M®, OMI OMEILSE 950l Mol 30300 SHbgds s dgdmbggzom
09359005 65633l 96 Bb3s 30300359 mPadgo ™M30L93900L dJmbyg d396s69L, b3wgdmMms,
03 3oL godmxsbaMMYEgosl MPYymds bgwls. MsbImsbmdom 53 yHBom dsergmeomemo
bsbol  5sd0sbo  gEbmdm@s 09360 1533990 F39bsMOL  LLd3MMbsErm  M30L9dJOLS
53503YmBmdobols 0fjygds 3500 8mbdoMgdsls. gobgzoms®mgdol d98ymd 9@93bg 9s0sbo
bbgs 9396569900l 39gb¢oMgdol 399y 3IMmdEs B3MBWM BsTMsEgdgdL w5
D9IOS 35¢gMEO0MIO OHMU.

o3 9995905 Bgs  35egMomIH0  @OMOL s Bb3s 39MH0M©YdoL  godm3zmgboem
15939Obsm  39bsGggdl, Tom0  GoMTs3MEMAO0OHO M30U90gd0  FobboWWOs dmeErm
fcrgddo Ampwomdo ho@sMgdgwo mobarglio 33¢093990L godmygbgdoom (Stuart, 1979; Font
Quer, 1995; Chevallier, 1996; Duke et al., 2002; Hoffmann & Fnimh, 2003; Schofield, 2003;
Allen & Hatfield, 2004; Hatfield, 2004; Wiart, 2006; Khare, 2007; Murphy, 2007; Rai et al., 2011;
Quattrocchi, 2012; Lim, 2012, 2013, 2014, 2016; Meuninck, 2013; Wiersema & Ledn, 2013).

50b0dbMmo  WoBHIOIGHMMOL  056sbds,  BYs  35¢gME0MIM0  bobols  5sdosbo
0996905 Loaboll sd(9g3 s Fo30gd0L LsHobsomdgym Ms89bodg Lodwogdsl. glgbos:
539OBIDM30, 9OYo, WIbEgBHS FMOZodIMPZS, ©Y3d,  (393b30, MMIgwoms  IB39M0
53555 BYO 35gMmeEomols 3099900l 39bgddo (sbGowo 1, 2) (Fs6EHYmBE0d30¢0
s bg., 2012).

3obbome 13969080  sdmBgbowo  Bsd3MEMbserm  F3gbseggdol  Losdo 09360
A30305d59mBgdgo @odumbgdog. gbgbos: 3965130 (Cannabis sativa), @owowm (Centaurea
jacea), 9890 (Ephedra), d5¢0ds (Malva) s GHoMogo (Salix). gb 839bs99gd0 43b309ds By
35¢gM0mol momgdol yzgws 139bsdo.
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dsLoensdo  500b0dbgds  3MF-65fes30L 9350090930l Bofiobsswdgam  Losd3MMbowm
93965M9gms 93396003 (bMOEO 2). gugbos: bs®dsgo (Carduus), Bs3dgwo (Cistus), 30OEIX0
(Sorbus) s ws8do6rs (Symphytum).

MmamOm3 BBL, Bgos 35gmEomIOHo EOMOL 5@30sbL bBoMs sfmbgds SLbmao,
dMHmbjodo o 36930mbos, MoBY3 993Y39gdl 5T ©95350090900L  LoHobsswdwgym
939botgms  9BH3MoL  Fo33egdol Lowbgg (gbGowo 2). qbgbos: dsPo@s (Campanula),
998300065 (Ephedra), 30330 (Pinus) ©s B3909gd6m030 dosGo@gws (Polygonum aviculare).

00MM0bgwo  5©sdosbo  3oLGOGHOLS s 0M3TY-3963Mm3560 99350 JOJOOL
159399MbsEME, MMM L, 3960 FsMomom, 0g4gbgds S0yl (Betula), 3oL (Pinus),
M 00oEmbs (Centaurea cyanus) s JoOfomgsls (Echium amoenum).

DI 35 gMW0omNIO 396g00L 35¢0bMmEMA0MM B3gdBHMTo 3o6MRYoss HoMdmygbowo
Lobbegbol  Lofobsomdaam s  FMoErmdgdol  Jgdsbmegdgwo  1sd3Obom
939bo6ggdol 3@3M0L FoMm33wgdo (bMowo 2). qugbos: dsbo@s (Campanula), H3ser0Jw0s
(Convolvulus), 983906s (Ephedra), oogo (Heracleum) @ bsdym®s (Trifolium).

3obbomw 39Hom©To 5@sd0sbL dmEHgbowMdol I3MEMBs™ds3 dggderm s s8olmzoL
09969005 35¢0dsLs (Malva) o 39658 (Cannabis sativa).

d3v1965L 49935090l Md0bsEY9dds 03mDYL 39601 535D JdOL LLH3MEbIEIM
d39bomggdois.  glgbos:  bgsbmdws  (Convolvulus), ULs3dgwo (Cistus), B399 gd®H030
dsBoBdgws  (Polygonum aviculare). Ub3solbgs  ©593500900L  gots  (sbMogro  2),
153569 ME HBYs 35WINWONYOHO  OOMOL  5©sd0sbo  53856L  (Artemisia) 0ygbgdo
3565BoGwwo dfgmgdol Lsfiobssmdgamo (Wink, 2012).

LOEOLYMEHSE0M 33009350 LOFMOEgds BMa3Es, 9396569900l bofoo sby3gLoBOZMS
Lobgmdol  mbgby. 93000 MROM  IGHIWNMHOI®  IHBNYUBGHES  35YMO9350JOJIOL
1530bgdO0.  BoROOMO®, Q9TMJ39dqddo Artemisia annuas-li 5©0IMPI6ST  ©5R06S
©obO3Eg  LogoMmMzgml bgs  39wgMmomol  EOHMOL  Imbsbargmdsdo  FogrsGools
5OLgdMds.  @ILLE gb  939bseY, 3039w gMm3zoLs, odM0Ygbgds 3 5350l
Lo939Obsm. doligob BRobgmdo 1971 fgwl s93BsEIL  Fogs®ool  Lofobssmdgym
fodoco Labgwhmgdoom ,90EHgdobobo” (White, 2008; Martkoplishvili & Kvavadze, 2015). 50
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3319399056  90md@obsy  oaMgmzg  S©0dMBBEs, MMI  250md3s0wgdol By
35Qgmeomol 33969030 0936005  Lolbgbols s  FMoEMdIdOL  Tgdobme (39090
9396569900L  Gomgbmds (3bGowo 2). 08M™MObgwo 53060l 3bmz®mgdol Fqlol
39035¢0olLjobgdom, MHmLsg ob ogm  dmboody, 9gmg3zbg @s  T9IM™3909w0O,
FOomdgd0 s Lolbwgbs 03305mMds 50 MbEs ymxzowoym. sBgem  Bsd3Obserm
LodMogdqdl  d093mmbgds:  dsko@s (Campanula) bgsGodws (Convolvulus), 9B9OOS
(Ephedra), ooyo (Heracleum) s Ls39m®s (Trifolium). 50bs603b65305 ol BsdBHoE, ®MI J3oL
bobodo, MHMymO3 9560 IV-ob 4s9mdzsdmendo, sbggg LosdosGmzgeml @gModmMosbHy
390339 430l bobol 830899830, Lsd3MMboswm d39bsggdol Losdo ¥g3M0s ob
Lot939ws 8396619900, MMAgdoE 3034390 505305BL s 0BMHYdS Job LosbM3zMGdgW M6
05339360 50 gdbY, B0W03gOMIb s  Lboy39)0mMb.  Log5MOMOM®, MY,
00MM0bg 553056l 56 Fggderm M dsbdoBg BosMWWO, 00, 30M39E YM3EOLY,
935MdM©s s Loz mds 0d I3gbsrgms M30L9dgdL, MHMIgdoE 0d39, dob LoyMDmMb
0DMYdMo.

dmbobergmds 03 dm3009900Ls, GMIgdos bgmdgddo s dobsMggdol  olfzMog
900905MH9MdS S bolosMIOMPS FoPw0 3HIB0BMdOm, MBOM FgBo© 0Ygbgds 53056l
5 306356 (Lw®. 15). gb 339669980 M19305E0BAOLS s Foes®0ool LsIZMMBs M 35MY0
15359055 S 1BOZIMOIOMS, MM ddMsbIL godmdlsdmedo dEbm3zMgdo 5@F0sbo MFBHM
3939 0ym 806930000 F5EM00LS QO M9305E0BTobT0.

0595L50dg, Bgdmm IMY3560W0 BIJBHMIMO30 FoboEr0sb Fgodegds 3035M9M™m, MH™MI
B9d 35¢gM@omMTo 55305635 0(3Ms BHTFMOMbsEM 396509900l 32 Lobgmds s dso
0996905 Bb3505Lb3s 9935009008 EOML. ©MT0bIBE) X3MBO© T9a30de0s 49dM3YMo
3Mgm39 9By gBH03Mmo  XaMBol  d3gbsegms  IBHZMOL o033 gd0. 3936M05  olgm
939bsMgms IBH3M0L FoME3egd0, HMIWIdOE 39530900Ls s Losbol sdFg3 LT SWGdI®
399099gbgdms. L5d3MMbsEm 39650905 LOOWIL A9FMIObIGY, 93030 IZ9L33b5m,
M3 B9 35¢INWONH OOML Fo3ME3ITGINWO 0Yym 0LYMO3Z9 O9350I0JO0, MHMYME ;3
93960y gL
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9003009900l 56599060M39 ©sbsengdgool Jglfogersd sb396s, MM obobo dg@fows
5699mz0mM©Ho 396569900l 3339l 9039396, HMIWGdOE JoOU SIS 99d3L O
956dobg (Burney & Burney, 1993; Navarro et al., 2002; Eugenia de Porras et al., 2011). G
399b905 96EMIMGBoME BoJumbgdl, dsmo MMEo sG@E olg 360d3bgarmazsbos dzgbsdgmero
933600l 09659900M™39 139d@®gddo (Navarro et al., 2000; Kvavadze et al., 2011). s30@™ds3
OO M5m©gbmdol  9bEGHMIMGBo Mo BHodumbgdol  sOLYdMds  65doMb  L3gdEmgddo
909096905 MmO 5053056930l Joge d501 Fg@sbsb.

4.2. 6902¢m0079650 bsbs

Bgmoomné 3gMomdo, H™Igbsg ,bymeomr® MHg3mmr30sL” Mimqdgb (Barker,
2009), 50530560L (3bM3zMgdoL Fabls s, oblLogMMGmgdom 30, 153390 Gogombdo bogds
93900000 (330 9gds, oD 0g0 539690l LogbmzMgdger Lobergdl, Losg 0bsbsgzEs
3565Ls3, 00ggdl 396569gd0Ls s (3b™M39wqdoL IMIobsmEOIL s b3  SMOL
59300090190 dbxdM03 ocmgdm 30HMdYODY.

LogoMM39emL BHgM0EHMO05Dg 30 d39egbo BgMTYMHGOOL bsTMBobErsdo 2ohbes 8.5-8
sm5L0o ol fobsor (Hensen et al., 2007; Bastert-Lamprichs et al., 2016). bgmeroomvy®o bsbols
50580560 439eoHg 9©M) Y396 J390m JoMmWdo OLLbErs s 0 MLYdMEO
Brgogho se30996H0 BoosRo s0mM30L..

339000 25999x% MdYLYd5T 2590305 FMbobEgMdOL LMo B (Roberts, 1998; Bocquet-
Appel, 2011). 53 @MML Mo®gbo oo 360d3bgemds 543l mobol Fm@Feol Fomdmgdol
509ygdsL. dogmHgds 93mbmdogs, 30s6MEYds Lmxwol dgmebgmdol 89300 IGMYO.
X MOgLYds o dmbobdsMo MBOM  ImbgObgdmwo bgds J30Ls s  dgoligsb
©53D5Y00Mwo  FOMIOL  0MOMId0, Bbgds 306390  J3ol  3wwo, Lobsgygdo o
bowlo®d3s3900. Bgeol mgbeEoligsb obgds bgmo, @IBYMdM030 oo odumazqds
JLM300 (Rosd5dg s b3, 2010; y3535d9 s Lbbg., 2014).
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UodoMM39eml  BIOO0GHMM05Dg  bgmEomGo  5EMgLsFofomdmddgom 3N EHIOOL
39600, HMAMO3 50360d9m, ofjygds 8500-8000 ool fobsm, sbermomdmlisgargmdo 30
9500 feols fob.

35¢0bmEmyom®mo 33930l Jobgz0m, FoIFM0Eo 3m®mols s bMHs3ol oo MmOl
9bobEgMds 0953 bmGmdOL M58Ybodg X 08, 8509330 8M3Ys3s MHOWO s 3535¢00.
390250 04m 256300560900 dg39bsbgmds. §Mo30s ©30bmbsE. 9@sdosbo 1533905
965350 39)MH0 I3965600L bogmals, mglierl 96 gem®mEgdl 0ygbgds. glgbos: bgFcmgwro,
Poxamol {odhgoo, sb3owo, @osgbzo, dmbol M3m, Fobwo, bsMo, BscmBsg0, bBoEs®msds,
05013960, MO39 AMMZ5, JoBNOS, Bobs, F9MPY30, Wodsdo, d5Eds, bosbMGO ©o
Job3oto (Medsger, 1939; I'poccreiim, 1946; Sweet, 1962; Tardo et al., 2006; Murphy, 2007;
Dénes et al., 2012; Lim, 2012a, 2014, 2016b; Kang et al., 2013; Meunink, 2013). v¢)bgd s 35256
Bogma3gol, be®degmeols 3sM33gdl, 0glergdls s 9;3gbstol bbgs bsfowgdl ssdosbo
bs6do3d LETBYMIMEM I60TbMWIdOL FM@F)ETo, MHOM3 05E30¢JdEs (396569 ME0
15339000 dMbgEgdsL. bgME00YH EOML 55305635 I0fYm Lgerol Bgmolis s Mogwols
93030 dmbdo®9gds, o3 Job X 6IOMIEMdsDY, B 0435 16, 35O S50LILYOdM..

M3 999bgds 153390 F5M(33M3690L, 550560 FoMP6 BJ30L STDEIOL o FoMOLOG
539090L,  0bsbogL  Lomoglmgddo. sdolo  sLGHMOO 30 FoME3™M3bgdol  MHTMmS30
LobIGIJW0s, OMIWYdoE 35¢obmemyomMo 33eg30l 39839mdom  sMOL  sMdmBgboo
Lo3O3LMYOOL Foloesdo. LEMoglmgdly s LdgMMbgMm MMIMYdTo 39300 SMINZg Lycmglo
9560330 m3b900L BoBHMmwo@gdos (Piperno, 2006).

5MgL530HomAMJIgo™  3MWEHMOOL  bsbsdo  s@sdosbo  M@G™ 9@ Lo MMBE™
93965M9L IMobTsM. 099 BYS 35WIME0MNIOH EOML A5IM3w9gboos 32 15d3MMbognm
9396569, 3505FOHOW0 MOHOLS S bGSToL OO JMOOL §ggbgddo gl MHoibzo F9500agbl 56-1s
(gbGowoO 3).

390053000 4oL 65dMLobsMgdol Lomoglimgddo, m®mAmgdls s F9MFgerdo FoOdMAL
53060 (Artemisia), 3sPobLs (Vitis vinifera) @5 @GoOLABM3IOL (Achillea) 93360l
0905003960 Mds, Mo 0dsL bodbogl, ®mI 0dEMmM0bIE0 5930560 Lod3MOBswMmE MGOH™
9GO 59 Lod 9396569 0949bgds. 3oWobMmEwMyomEds 33¢09350 5B396s, MMI AfgcMgdols
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Lofoboswdgam© bgmwom)Ho bobols 5sdosbo 53360l 59435390 GHMEHOL  Moz0l
LoEbM3M9IOL 05393D93 BIPs s BYIMPID LYol BoEPORSL 58MGOS (9353509
Ubg., 2014). 3bmdowos, M3 O 3H303900L5 @S O®fiyorgdol  IMLOEOW OIS
393960b5605d0  bdsermdgb  53360L  Boggbl, goblyzMMMgdom 30 ®9339d0Ls s 539
3H™39wqgdolm30l,  MHMmELy3  Jodomemo  LsdMogdgdol  Asdmygbgds o6  Fgodengds.
R 96QM0L (Artemisia annua) 93H36O0L OO GoMYbMds 30 00 IMVBIHBMHYIL d5YOL, BT
Bogmomme bsbsdo J398m Jo®mol  GHYMHoGHMEOOOL FmbObEgMds I935IOIIO  0Ym
355600m. LB50bBGHYMGLMS olog, G®md bgmwome ©OML 5©sdosbo Fgolfsgerols s
3654303900 godmyggbgdsl 0fjggdls 965 BomGHM 08 LoGgzgwrs Lod3MMbowm 9(3965699dL,
Mmdgeog dob gbmbs s 00e0390Dg 0BOYds, 50939 Fomsg, MHMIgdoi dob JogH
OM9LOO  bmGOdgMol  gobgddo, 050gdLy s 396sbgddo bgwgdmes. sdol oMo
3o5w0m0s fofodns (Fagopyrum). 53 23560H0L (o®dmMdoygbargdo do0bbg3056 sLmdol,
BO0MSMOL, 3M3e0L (330300Ls 5 BB3S 89350900l o3 MMbsEM 15TSWGOS.

Lo0bEIOGUMS oL BodBHoE, MM boE3MJomsdsl, QM 1533900Ls, Lod3MMBsWw M3
09496900b9b. 585%9 F0mMm0MgdL 0l A56M9IMgds, I dolo dBH39M0 393005 0d Lomoglimdo,
boo3 90IMBBoos bbgs LsdzwmEmbowrm d3gbstol bsdmo. o@gMs@EMMsdo  sMLYdMOL
3bmdgd0  0dol  Gglobgd, MM bo3oMJomsdsl  FmMEgdo  qodbdoG s ORJZ0
9MBoMm9Md5do  5b3H0LY3BH0ZMOO  BHow3os o BAoMsE sboedmdomo  d533d3930Lm30l
399Mm0y9gbgdmes (Yadav et al., 2007).

4.3. 500098(0bx52l bsbs

5QM90M0bX ML g3mds LoJoOMZgW ML BHgM0EMO05BY Y39wsBg boby®mdwogo 3gMmomos.
ol ofgygos d3. §. IV s0olfergmendo (d3. §. 3500-3400 §.) s omoomddob 1200 Fgwo
339 dMs. 3MEm3gbol 50bodbmer 39MH0MmEL SGHWIBGH03MNOL MHmgdgh. 58 OMUL
dmbs g439woHg IoghHo IMDdMDS, 30d53H03MO0 M3BH03M30 2EMISE  bsliosml
5GoM9dS 5 356 Im0(335 MomMJdol Jmgewo dbmgerom (Birks & Birks, 1980; Roberts, 1998).
Bodom3gembs s 5090353358050 50b0dbMWo sMdMBOL 3030 6000 Herol Hobso oym
(Kvavadze & Connor, 2005; Connor & Kvavadze, 2008, 2014; Connor, 2011).
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59 3960m©do 50dMm(396@s s 49630MMHS 333396 -56JLOL 3 EHMS (Sagona, 2014).
016905 b53MBIbEIsMGOOL MoMmEIBMBs. 50580560 0M30LGOL FoLoMSL (DoY) s bbg.,
2011; Kakhiani et al., 2013; Kvavadze et al., 2015).

dA3350-505760L 329¢7Hw1H0L bsbols mmbo dgaeols Bbgoabbgs dslioerols 33e0g359 5B396s,
09) OHMYMEO 30050©JIMES  BLME0SWIMHO 3060MdJd0 s 93mbmdozs F3H339M-5Moglols

30EGHMOOL  OOMOoEIL ¥909bMMo  3MEHMOOL dMm™IE]. Mo30Mmbo  godmzargbowos
OOz  F90Fosb s Lsdgm@bgm  MmMIMdoEsb  dm3mgzqdeo  Asbserols

35¢0bmmyom®, 51939 303339 gdEgdoL 3ol sM9gdo 5®gdvIro Lobxgdol 33eg30l
09092909 ©9YOHbMd0m. 5530560l 3 F-BosHerogols 6sdmgdoLs s 3M3OHME0E OOl
35¢00bmmmaom®mo dgbffogams Lsdowgdsl 0dmg3s OEROBEIL FoMmOE3LOWOlL dmeMm
©MI900L BHM539Dol 905090 mds (Bryant, 1974; Greig, 1994; Bryand & Dean, 2006;
DeForce, 2010, 2016; Smith, 2013; Brown et al., 2017).

35¢0bmEMaom®mo  33930LsmM30L  FMBIMGOL  65FMLobErsMO  5BMBby  Yyz9wsby
b9logmgeo d9ao, GroAsb o ooMbsMs GMAMmME LogbmzMgdgwo Jgol bsagdmdgdo,
31939 FNOFoms s bgwloxdzs3gdom Logly Lomoglmgdo, LsdgMMbgm MmOIMGdo ©o
Lodo®bgdo (Kakhiani et al., 2013; Sagona, 2014). gl go6M90mgds 30 LI gdsll 0derg3s,
399m3w0bgll  8(3H3396M-565JBoL  3MEEGHWMOL  5@T0sbol  gmxol  gzgws  S139dEo,
39bLO3MPMgd0m 3o dolo 33900l MvE30Mbo s LoAZMMBswM 158SEg0dgd0. FMdsMgmOL
B5dmbobero®Bg 50dmPBgbow momddol yzgars Lsdgmbgm mGIMTo bmGmdswro @s Lbgs Labol
Lomgbo FoMmE3w™36900 065bgdMEs. gb MMIMYGdO Bo3doMmP OO BMToLLY, F500 JOMO
B9 bsfowo Lgolb Jum30w00 0Ym IBIOMEO. 53R35M5©, 0IEOMObOYWO 5sdosbo
3OO0WMIPY, LYBMOE F99bsbo FoGrogo.

35¢0bmmmaom®ds  33e09359 983965 LodgMbgm mGIML GHodwemo 6odbgdo. glgbos:
bmMdwgmols s dosmo  Bomglgdol  LaGgggwoms  dG3MOL  JomE3ergdol, Lsmglo
950330™m36900L  BOGMEOEHIO0L, OAWOWO s MO JoBsbToMmgdmwo bols dgMdbols
356096Jodmwo  MxM9gEgdool, OMmIwgdoz  MmOIML  gosbm30L  b5dmgdos, oo
509bMds. 0LObO WO BIOOLLS S FoNDY 396 BIBL yzges IMORMMA0HO 50Tsbo;
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31939 Lemzm aemdnlols s Mol bemgmb L3OOl sOLYDdMDd; IFIMIOOLS S 3HI03900L
15305M© OO M>MPYHMBS.

50Ls60dbs305, OMI MomMJdol 09039 60dbgd0  SHOLOIMPIL O IMRIOL, Bowo3
be®doo 0bsbgdmes (Lwme. 42 ).

mbs 500b0dbml olog, MHMI 35¢obmwmyoMo 33w930L F9IRJO0 OGO
3sLoEol  35¢gMdMGHO603MM0  3300930M53. 90IMBgbowos ©389bodg bm®dOL xodol
(Triticum monoccocum, Iriticum diccocum, Triticum aestivum), ®9430bs (Panicum
miliaceum) s Jg®ob (Hordeum vulgare/distichum) 85633¢900L, JoLO 1M53053930LS s bbgs
65§owgool gobsdsmbgdmeo bsdmgdo (Messager et al., 2015).

330939935 91939 OoYobs  LEAGMEbgM  MGIMIOOL  B6J30900L  (33CP0GDS.
3529W0mMo©, OMEILsE BsdgMObgm MmOIML 1533900L oMol dgbobobo BMbJ300 5MM
3Jmbs s 3L M339 Loboa39g 09Ygbgdbgb. sSLgmo MMHIMPIL S©YdMwo 6odmdgdol
350bmemaom® 13gdG®do FoMdmdL 03 LyMY3gwsms B396M0, MHMIIdoiE Lsbsazq)by
0D6M9ds. gugbos: 35630 F5FoUBI0MYO0, PMMOL BOMIS, FMSZdIM3S, OLE0SBYdO. B3
bobo39 MMIML F5obMEZs 50sM 593L, Fobdo goro gmdYds s gu FMIGBGHO 39O
530JLBoMEI0S  2obsdsMbgdmen  dsboewsdo  3B3bsM0o  §god3gbstggdol  bsdmgodol
SOBYIMBOM(3.

LOTBOOIMWM I60TEMWGdOL Mobol FMEMFwols »dg@gl Bogmoglido sbg3g FoMOMDOL
bmMdwgmols 9339600,  Moyb Lo bmOdol  BsBgMo  0bsHIGOMS.
56535¢00bMMa0MH0 35¢0bMMMHBgdOL L3gdBH®To 3936M0s bol IgMHdbol AsbsbdoMgdmeo,
35696J0dmwo Mx®9o, OMIgdog dMdo 53gMobss. IFgMgools s 303900l bsdmgdo o
309, Bs3gM©bgm  mE®IMgdol  B3gd@®9dmsb FgsMgdom  LsdBsMIMwm  FOFgerdo
000gdob 56 5MOL bLrZM AEMIMLBOLS S MdOL LML L3mM9dO.

23905 LETBYMIMEM FMOFEols, 1533900 (396569900 IGROJBOMEs bgELRJ3939d0L
35Q0bmEmaom®d 139dB©9dd0, LyIE 9MYM39 B9300s Looglo FotEzermabgdols 333960
(LmE. 29). 4965 590ls, bgliogdzsgzol 13gdGH®MTo Mbgsss Bsd3Mbosm di39bsergms
9339603, BogsMomMm, dobdg obgbgdms 96 0gd39dmes 93 dzgbotgms sdbIsGo

Bogmagoo, 0gbergdo, 89L3gd0 96 Fmmegdo. Togowoms, Fbmmwm bgebsgdzsgzHgs
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spdmBgboero  dmeybols, ©300l, oGYol, dgud3olL, 9BIOMOL,  ZoBOL,  BIBMFIYMIL,
53oOBIBM3Z0L,  MmOOL VoML,  LETYMOSL,  FOBFMOU,  goysBml,  35EOBIWIBIL,
96535 dsMmM35L,  OPOWML, 0505L, bosbMMOL, bgdLo(zgMsls s sl dBH3MOL
956 3309%0. Y39es Bsdmmzeowo 939bs6g 1sd3m@bowms (bGowo 4). Loob@EgMgbms ol
R39dH0E, M 53 Lod3MMbocm d3gbsMggdol B3Ol oM33egd0 sIMPBBs s3Mgm3Y
9033590 gdol  dmaerol  sMgdo  (bme.  31).  Gmymes  BsbL, gl 5©sd0sbgdo
3905339090599 935000YMBMI©H96 s sFoFGHM™MI Fom Mg3om 03 OML SMLYdIMYWO
L5939MbsEm 93969M9700LYS0 sdBsYdIMO odwrgdol dowmgds.

b6, 42, F0056MHgmolL  bsdmbobers®o. ©ghyo, M®mIgedos doME3egel MO
0b5bogbqb.
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9(3)3356M-565Jbol  3MGHMOOL  3gMom©ol  FoLosdo  Lmew  aodmgzargboeros 48

L593MbsEm  J39bs6g (bmM. 29, 31, 33, 43). 29IOIOGYSL, mobgwol LgMolbs s

65303353900l 659mUobEro®qdol dsbogrsdo s3Mgm3g BBl 50530560l doge bm®mdegmeols

dmbdsMgdol  335¢00. 50bodbwo dgygdol FMMFgedo 093605 bmEMdMOLs s bbgs

956330369008 IBH39M0 @O TFoMO  BOGHMWOGHJO0. OO  MIMPOIBMOOMsS  53MI039

393@0ls s mbogrols d@36Mol omE3wgdo. bs3mgbos B3zgmargd®mogo 35%ol 93396M0. obog

b5 500603bML, MMI 65303353900l 053930l LsFsMbOL FOFgerdo sdmbgboero 03060l

6580 565 BoGHMm 993965bgmdoL ILE M0, 5589 030l EOTOPIBEVIMYOIO(35S, OH™MI

05393L ©3060m, 56 Fgloderms 3060l dBsG0, Boo@sbgl Mmam®mE Lsd3MMboem Lo gds

(domodg s Ubg., 2011). 3bmdowos, MHmI ©ELby3 bowby® dgoEobsdo, Tomswo

$993965@GH1IMH0L EOHML 15393900LM30L IF>MT0 OBZYEYO Fobwgdl bdsemdgb.

70

60

50

40

30

20

10

0

6500096mds

Lod37@bsEm
939bsGgms
&dgbmbgdol

N

oo
35QYMEOMO

Bgmeromo

93335M-5M5gdlo

09960

b6, 43. Bgs 35WgMmomv)O0, BgmwomIMHo 93 3356M-5Mogdbol bobols o
390 GO0L Lsd3EBserm 9396569900l MomEIbmdM030 T9doqbermds.
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39096960 39¢H29H0l HBOL YMOPHYOOL FoLos 5BMBBS Y39eoHY 8OO
0b6x3mMI>30Mwo, MoYsb Moz MEGHIRJAL 29b53sMbYdOL 30639039 9939006

3994965  3mbLYMZ35300L 0@YOMMHO 3060HMDJd0. 01939 CMAMOG 965bsOHOL  ymOHEbJo,
09960l  3EoGMby O MINOOHYIOIML  b5EMdIBY30  2-0L  YymMPbgddo  Bsdmzbos
5390 bob Lsabgdo (LoMgiE9wo, 9BHWo, bol 3mEmxzgdo), Jumzowols s d5HOOL
390290  ©O3MWOo  65dmYd0,  FOMmRgdo, JoWsmgdo s  Lbgs  Lobol  mGysbmwo
30398593900 (3mdgx0dzowo, 1981; Kvavadze et al., 2013, 2015; dsbs6rodg & 36356009,
2014; 9sbo6sdg, 2016; ygz535d9, 2016). 50bodbmew gm®OHEbiddo 39300 Foderol, 3o53wol,
oboools, 5633w gMwols s 396303560 9396569900l bogmmgdoi 3o. 09w09bIMo
39600oL 4y sbdo 30MH39Wsss
50dmBgbowo godmdEbzoM0 3MMH0 S 33000, MIRWDY s LoD TBsYdIMWO
mOiEbmdows (Kvavadze et al, 2016). Gmymema 5656599H0L ymGdOBOL obiogwsd sB39bs,
903350l OO FMNOFWom 5GHbbb Mexgwl (43535dg, 2016). BogMod, yzgwsby
B506GHYOHILM 0L ogdMgdss, BT 58 39MHom©To BBYds ©3MT>30L SO GHMOOEOY,
MOmdwoll  dobgzomsg, 0335 gdMl  5BHobab  LodzmEbocwm  (sdwgdl.  olbobo
9053903105 35omsdo 96 boll ymmgddo. gl 306390 IHTIMYOOL 5BM05JJd0s O
50dmBgboos 3990l 3@ MU LD YmMPsbdo (YmM@sbo Ne2, Ne5 Ne10).

dgmMg s  Jgbmg  gmOEboL  35mI-983m05J90d0,  dgomg  ymObols
mmbobymz30mgd0sb 3nwmag-s3msddo by gobolsBmz®s 61 1sd3MMbsem dzgbstol
9336M0bL oM (335c0. o3 1O305MmE OO 3583969090 0gm. F3H335M-5M5glol 3w EHMGOL
@OMOLmM30L  49dMmzwwabo Bsd3MOMbscnm F3gbsegms Loslmsb TgoMmgdom, 09wYbwIMHO
3960mob Lsd3ME@bBserm d3gbstgms Losdo BBgds sbseo, 9499y Ebmdo Lsd3MMbocm
b5 9d900 (LY©. 43).

0505b5sdg,  dmem 35  smobo  ferols  4963sgermdsdo  bogbmGo  dgoiEobols
3963000690590 3063900 oo bsbEmdo Imbs Bgmmwom® EOML, GmEILss By
35¢gMMmOMD 990009000 bgmeEom@ds 5©sd0sbTs Jogowgdom dgBHo (momddols
MmOx9g6O 9930) LEI3MObsEm F3gbotg Fgobffogams s dmobdsts o (Lwe. 43). dgmég
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960036903560 256MH@o@gbs bogb® d9030bsdo bgds 39w0gbmcmo 39w GOl GOMU,
MHMOgLYE 9530560 0949bgds 60-Bg 39 Lod3OBswm dzgbstgl (6. 43).

50Ls60dbs305, MHMI OMYMOE bgrlexd3zo390DY, 956939 0335wl FMEEEols
50900 ©5 09960l  3OGML  5BM05dgddo  bs3m3zbos dged3zol B396mo, Mog 085BY
d0Mmomgdl, GMI dgerd3oL Yzs3000qdl, 56 Tgboderms dol Bmomeol, b garmeEHgdl
15939ObswMm M30L90900 59d3L. ogMsd ML SOLYIME LTI WO EHIOIEHMEMST0
50599 3600900 56 5OBYIMOL. oYL FoOlimerdo Bzgbo HobosdMgdo bdoMow bdsermdbgb 53
939656M9gL, LsFoMMS ML BoMTSIMEMAIOOL YrMoEgds dooggomb dgend3zsd (Zelkova),
005 5063398 FoLO BoMTSIMEMYPOMEMO M3090930. 9IS dJEJ30Ls, 9830579080 ©o
90335900l 3aErol sM9do 90dmBbs olgmo 9396569930, MMIgdoE Bs339d© 9SO
390Mm0yYyqgbgds. qugboos: Prerocarya fraxinifolia, Ostrya carpinifolia, Cryptogramma crispa.
153965 ME, Fomd3 BOAZ3NOBsW M I60TEMWdOm bIsOIMdVBYD, 1¥9T35, WOEIOIEHMES
om0 1I3MObsEM 33090930l Fglobgd 58 Fgdmbgzgzsdog 396 dm30d090m. 99§9b
399306567, LsFoMMS 5T LobgmdIOOL Tgbfoges.
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513336900

e Do 35¢gMmomnvMo bsbols 5sdosbo 1s3390s 094gbgds 20-dg 9;396560L

Bogmalls, yarmeGHgol, 3mmegdl, 0gLEgdLy S dMEJ3900.

e Dgoo 35¢gMom)MH0 bobols 580560 godmd3sdmegddo oMol 5390790s.
0b5b5305 390 B 330M3690L, ML, Fodlis s 3535¢L.

o 1535MOMOMEO DS  35egMomMdo  9@F0sbds 339 o3ms  LYTIMObIETM
939bs69gdol 32 Lobgmds o 094gbgds dom  Lbgoolbgs  @93500909d0L
159 3MbsEM.

e Dy 35WIMOMNMO  55d0SBOL  BBsMbgdmML  sIMBIBowos  Lod3MMBoEM
9396569900, GMIgdoEg FoEsO0l, M9g335EH0BIoL, Lolbergbols ©s 393
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Abstract

The nature and timing of environmental changes throughout the last glacial-interglacial transition in the South Caucasus, and
more widely in eastern Europe, are still not fully understood. According to certain pollen records, forest expansion occurred
in many areas several millennia after what is considered worldwide as the onset of the Holocene. The current problem we
face is that the time lag in forest expansion varies from one sequence to another, sometimes with no delay at all. Moreover,
the potential forcing/controlling factors behind this complex pattern, contrary to the almost synchronous global Holocene
warming, are still a matter for debate. Accordingly, we revisit the issue of forest expansion through vegetation history
obtained in the South Caucasus using a new pollen record, retrieved from the Nariani paleolake (South Georgia). These data
attest to a steppic phase, initially dominated by Amaranthaceae-Chenopodiaceae (12,700-10,500 cal yr BP), then by Poaceae
(10,500-9000 cal yr BP), culminating with a more forested phase (9000-5000 cal yr BP). Although some palacoclimatic
regional reconstructions show a wet early Holocene, we interpret the delay in forest expansion recorded in Nariani (2500
years) as the result of reduced spring precipitation, which would have limited forest development at that time.

Keywords: South Caucasus; Paleolake; Forest expansion; Early Holocene

INTRODUCTION

Within the South Caucasus (equivalent of “Transcaucasia’),
previous pollen studies have already been undertaken (Mar-
galitadze, 1971, 1977, 1995; Kvavadze and Connor, 2005; de
Klerk et al., 2009; Connor, 2011; Messager et al., 2013;
Joannin et al., 2014; Leroyer et al., 2016). These studies have
delivered quite different vegetation histories. The timing of
postglacial forest expansion appears to vary between sites
and is quite different from the pattern observed in western
Eurasia. In fact, the major warming occurring at the transition
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between the Younger Dryas and the early Holocene (Von
Grafenstein et al., 1999; Rasmussen et al., 2006; Svensson
et al., 2006), marked in western Eurasia by the expansion of
temperate trees (Huntley and Birks, 1983; Wick, 2000), is
still associated with a steppic environment in several records
from the South Caucasus (Margalitadze, 1995; Messager
et al., 2013; Joannin et al., 2014; Leroyer et al., 2016). Sites
located in the eastern part of the region record later forest
expansion than sites located in the western part (i.e., on the
shore of the Black Sea; Kvavadze and Connor, 2005).
Among the records from the eastern region, the pollen
sequence from Lake Paravani (central South Caucasus,
Javakheti Plateau) has revealed a delayed forest expansion,
starting between 9000 and 8000 cal yr BP, almost 3 millennia
after the onset of Holocene warming (Messager et al., 2013).
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Depending on the sequence in the region, the major post-
glacial ecological shift becomes evident only 2 to 5 millennia
after the transition between the Younger Dryas and the early
Holocene (ca. 11,650 cal yr BP).

Some authors suggest that the delay between the Younger
Dryas—Holocene warming and forest expansion may be
explained by a period of aridity (Stefanova and Ammann,
2003; Wick et al., 2003; Wright et al., 2003; Shumilovskikh
et al., 2012; Connor et al., 2013). However, geochemical and
isotopic indicators from several lakes in Turkey suggest
increasing annual precipitation during the early Holocene
(Lemcke and Sturm, 1997; Roberts et al., 2001; Wick et al.,
2003; Jones et al., 2007; Dean et al., 2015). The reasons for
these differences among sites and regions are still unclear. In
order to obtain a more comprehensive overview of the
vegetation dynamics during the Younger Dryas—Holocene
transition in the South Caucasus, new sedimentary sequences
(Nariani, Saghamo, Kartsakhi, and Tabatskuri) have been
cored on the Javakheti Plateau (southern Georgia). This
article presents the initial results from this new coring pro-
gram, consisting of a 180cm sequence from the Nariani
wetland. A previous pollen analysis was carried out in this
wetland by Margalitadze (1977) on an undated sequence of
7.75m.

REGIONAL AND LOCAL SETTING

The Nariani wetland (41°41'N, 43°40'E; 2058 meters
above sea level [m asl]) corresponds to a completely filled
paleolake (area of ~10 km?) that evolved as extensive
marshland (Fig. 1). The wetland lies adjacent to the
Ktsia River and is located close to Lake Tabatskuri (Fig. 2) on
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the Javakheti Plateau. This plateau, located in the central part of
the South Caucasus, is composed of basaltic-andesitic lavas that
erupted during the Late Pliocene to late Pleistocene (Lebedev
et al., 2008; Nomade et al., 2016). The Javakheti region pos-
sesses the largest number of lakes and marshes within the
Caucasus (Matcharashvili et al.,, 2004). Inherited glacial
morphologies and formations occur on the Javakheti Plateau,
but today there are no glaciers present. The climate of the
Javakheti Plateau is continental with long, cold winters and
short, cool summers. The mean annual temperature is approxi-
mately 5.3°C, and the annual precipitation rate is
about 500-600 mm with a maximum in late spring and early
summer and a minimum in January (Matcharashvili et al.,
2004). Today, the Javakheti Plateau is covered by herbaceous
vegetation (Fig. 2) and surrounded by various types of forest
(Nakhutrishvili, 1999). The most widely distributed vegetation
community is mountain steppe, dominated by grasses (Poaceae
family, e.g., Festuca spp. or Stipa spp.). Forest communities are
mostly absent from the plateau, and only two small areas of
subalpine forest still exist: a patch of Betula litwinowii, Populus
tremula, and Sorbus aucuparia, located on the eastern part of
Lake Kartsakhi (Matcharashvili et al., 2004); and a patch of
dwarf beech forest located on the side of Mt. Tavkvetili (Arabuli
et al., 2008). Although the Javakheti Plateau is steppic, the
Bakuriani region, located only 20 km northwest of the Nariani
wetland (Fig. 2), is covered by different types of mountain
forest. These forests are composed of beech (Fagus orientalis)-
spruce (Picea orientalis) and fir (Abies nordmanniana)-spruce
formations. Open woodland (called Krummholz), characterized
by a mix of tall grassland, forbs, scrubs, and trees such
as birch (Betula litwinowii), and maple (Acer trautvetteri)),
occupies the northern border of the Plateau (Fig. 2).

5000m
2000m
1000m
500m
200m

 Zeribar

>

Figure 1. (color online) Physiographic map of the region showing the location of the Javakheti Plateau (dotted circle), Nariani and pollen
records discussed in the text (stars). Adapted from GeoAtlas (http://www.geoatlas.ft/).
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Figure 2. (color online) Vegetation map of the region (prepared using EuroVegMap software; Bohn et al., 2000). The stars represent the
two small areas of natural subalpine forest (Lake Kartsakhi and Mt. Tavkvetili).

MATERIALS AND METHODS

Core site and chronology

A core 180 cm long, NAR-10, was retrieved using a Russian corer
in the eastern part of the Nariani wetland. The core chronology
is based on nine AMS (accelerator mass spectrometry) '*C ages
determined on bulk sediment (Table 1). Clam v2 (Blaauw, 2010),
written for the open-source statistical software R, was used to
calibrate the "C ages with the IntCall3 calibration curve (Reimer
et al., 2013) and to construct an age-depth model. The top of the
core (30-0 cm) was not studied because it was impacted upon by
modern soil.

Pollen analysis

Forty-three samples were taken at 2—6 cm intervals for the
purposes of pollen analyses. For each sample, 1-2g of

sediment was processed following standard methods in
palynology using HCI, KOH baths (Faegri and Iversen,
1989), and heavy liquid flotation (Girard and Renault-
Miskovsky, 1969; Goeury and Beaulieu, 1979). If significant
amounts of silica particles remained, a HF bath was used. After
treatment, the residue was suspended in glycerol, mounted
onto microscope slides and counted using Zeiss standard and
Leica DM 1000 microscopes. Pollen grains were identified
using atlases of European and Mediterranean pollen types
(Reille, 1992; Beug, 2004). The pollen concentration ranges
from 50,000 to 100,000 grains g~ in the first part of the
sequence (from 180 to 140 cm), and from 150,000 to 300,000
pollen grains g~ in the second part (from 140 to 30 cm) of the
sequence. The pollen sum (reported in the diagram) was higher
than 300 in most of the samples. Percentage calculation was
based on the total terrestrial pollen (arboreal pollen [AP] +
nonarboreal pollen), excluding Cyperaceae and moss

Table 1. List of AMS (accelerator mass spectrometry) '*C dates from Nariani core NAR 10. The '“C ages were calibrated using IntCall3

(Reimer et al., 2013). Asterisks indicate the rejected ages.

Laboratory code Sample Depth (cm) Nature mg C 8'3C 4C yr BP Age (cal yr BP)
SacA 24019 CI1 30-31 30.5 Bulk 0.43 -28.90 4505 +35 5046-5300
SacA 24020 C2 60-61 60.5 Bulk 0.77 -27.40 6845 +35 7608-7753
SacA 28596 C1 84-85 84.5 Bulk 0.96 -27.0 8400+ 40 9305-9500
SacA 28597 C192-93 92.5 Bulk 1.12 -28.3 9380 +45 10,502-10,717*
SacA 24021 C2 95-96 95.5 Bulk 0.73 -29.60 3570 +30 3730-3970*
SacA 28598 C2110-111 1105 Bulk 0.95 -23.9 8905 +45 9835-10,198
SacA 28599 Cl1 131-132 131.5 Bulk 1.14 -25.3 9930 +45 11,236-11,601
SacA 24022 Cl1 140-141 140.5 Bulk 0.40 -29.00 10,460 + 45 12,071-12,516
SacA 24023 Cl1 170-171 170.5 Bulk 0.23 -24.40 10,740 £ 50 12,603-12,738
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and Pteridophyte spores. The diagram was produced using
Gpalwin software (Goeury, 1997).

Loss on ignition

Loss on ignition (LOI) analyses were carried out to estimate
the organic content of the sediment, following the procedure
used by Heiri et al. (2001). Forty samples were collected at
1-3 cm intervals, and these were then dried. Because organic
matter is oxidized to carbon dioxide and ash at temperatures
between about 200°C and 500°C, the record of sample
weights before and after heating (ignition at 550°C during
5h) allows us to estimate the weight of the organic content.
The heating of several test samples to 950°C (for a period of
2h) in order to estimate the carbonate content yielded so
negligible a weight loss (<1%) that this step of the process
was abandoned.

RESULTS AND INTERPRETATION

Chronology, lithology, and LOI

Turning our attention to the age-depth model (Fig. 3), one
date (3570 + 30 "*C yr BP) from a depth of 95.5 cm clearly
appeared too young and therefore was rejected. The date at a
depth of 93-92 cm was also rejected in the age-depth model
because it turned out to be too old. Sedimentation rate
(SR) is higher (0.88 mm yr’l) at the base of the sequence
(180-141 cm) and then decreases along the sequence to reach
0.05mm yr~', except in the middle part (close to 100 cm),

where it displays a slight rise up to 0.33 mm yr".

50

Depth (cm)

100

150
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Table 2. List of units with their lithology, sedimentation rate (SR),
and loss on ignition (LOI). NC, not calculated.

SR
(mm yr™)

LOI

Unit Depth (cm) Description (%)

1 180-155.3 Compact gray sandy silt 0.88-0.47 10-13

2 155.3-140.7 Grayish-green silt 0.47-0.20 17-19

3 140.7-90 Brown gyttja 0.33-0.16 23-39

4 90-28.5 Brown and dark-brown 0.28-0.07 46-16
gyttja

5 28.5-0 Dark-brown gyttja, crossed NC NC

by herbaceous roots

The stratigraphy of the Nariani sequence was subdivided
into five different units from the base to the top of the
sequence according to the sediment color (Table 2).

The LOI results (550°C) accord well with the sediment
description. The compact, gray to grayish-green sediment at
the base (units 1 and 2) has lower organic content
(10%—-19%), whereas the brown upper part features higher
(16%—-46%) organic content (Fig. 3). In the lowest deposit
(unit 1), the lower organic matter input may reflect limited
productivity in the former lake water and poorly developed
soils in the catchment area. The LOI tests at 950°C did not
reveal significant carbonate content in the Nariani sediment.

Pollen results

Results of the pollen analyses are presented in the pollen
diagram (Fig. 4). Local pollen assemblage zones (LPAZs)
have been defined (Birks and Birks, 1980) using the CONISS

o Sedimentation
rate (mm/yr)

@
o

|

Organic matter (%)
0 10 20 30 40 50

T T T T
12,000 10,000 8000 6000

Age (cal yr BP)

4000

T T
2000 0

Figure 3. (color online) Age-depth model, lithology, and organic matter content of the Nariani sequence. Rejected ages are indicated in red.
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Figure 4. Diagram of selected pollen data from Nariani versus age in cal ka BP. AP, arboreal pollen; LPAZ, local pollen assemblage zones; NAP, nonarboreal pollen. Pollen values lower
than 0.5% are represented by dots. Gray stars correspond to rejected '*C dates.
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method (Grimm, 1987). Five main LPAZs have been iden-
tified in the Nariani pollen record:

e LPAZ 1 (depth 178-158cm) is characterized by a
predominance of herbaceous pollen taxa. Pollen assem-
blages are dominated by Amaranthaceae-Chenopodiaceae
(40%—-57%), Artemisia (17%-28%), and Poaceae
(6%—13%), indicating open vegetation. Other herbaceous
families, such as Alismataceae, Apiaceae, and Asteraceae,
are well represented. The xeric and steppic taxon,
Ephedra distachya t., is frequently identified. Tree and
shrub pollen grains are scarce. Betula, Quercus, Fagus,
and Pinus are recorded in LPAZ 1, but the AP values
(sum of tree pollen grains) never exceed 8%. The end of
this zone is marked by a decrease in Amaranthaceae-
Chenopodiaceae.

e LPAZ 2 (depth 158-117cm) is characterized by rela-
tively stable values for Amaranthaceae-Chenopodiaceae,
around 30%. Among herbaceous taxa, Artemisia tends to
decrease whereas the Poaceae gradually increase. The
environment is still steppic (low AP values). This phase is
marked by the significant occurrence of Myriophyllum
pollen grains. Myriophyllum is an aquatic taxon, living
submerged in water, and its temporary abundance might
reflect the presence of permanent water. A very slight
increase in tree pollen grains is recorded at the end of this
phase (from 10% to 15%).

e LPAZ 3 (depth 117-81cm) is characterized by a
significant decrease in Amaranthaceae-Chenopodiaceae
and Artemisia values, whereas Poaceae values rise

E. Messager et al.

significantly, from 27% to more than 58%. The AP
values are stable (between 10% and 15%) and increase at
the end of the zone (up to 23%). Quercus and Fagus are
better represented than in the previous phases. The end
of this zone is marked by increasing percentages of
Cyperaceae, probably reflecting the beginning of the
filling of the lake. A decrease in Poaceae and
Amaranthaceae-Chenopodiaceae values is recorded at
the same time. The end of LPAZ 3 is also characterized
by a weak increase in AP values (exceeding 20%).
LPAZ 4 (depth 81-69cm) is characterized by a
simultaneous and significant expansion of Abies and
Pinus, suggesting a rapid colonization by coniferous
trees in the environs of Nariani. Among the deciduous
trees, Fagus displays the same rise (up to 13%) as the
coniferous trees but is lower in intensity. Quercus shows
a slightly increasing pollen curve (4%-9%). The tree
taxon Ulmus/Zelkova displays a continuous curve, and
Corylus a semicontinuous curve. AP values reach 65%
in this phase. The rise in Cyperaceae, initiated in the
previous phase, continues. Poaceae and Amaranthaceae-
Chenopodiaceae record a decline within this zone. The
end of this phase is characterized by a clear decrease of
Pinus and a slight decrease of deciduous trees such as
beech (Fagus) and oak (Quercus).

LPAZ 5 (depth 69-30cm) is characterized by almost
constant tree pollen values (AP), reflecting relative
stability in the contributions of the different tree taxa.
Spruce (Picea), which was sporadically present in the

Black Sea
SOFULAR VAN NARIANI PARAVANI Core 22-GC3 SOFULAR
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Figure 5. Comparison of several records from the Black Sea region, showing isotopic data from Sofular stalagmites (Fleitmann et al.,
2009) and pollen data from Lake Van (Wick et al., 2003), Nariani (this study), Lake Paravani (Messager et al., 2013), and Black Sea core
22-GC3 (Shumilovskikh et al., 2012). Except for Paravani and Nariani, the pollen curves are based on pollen data from the European
Pollen Database (http://www.europeanpollendatabase.net), VPDB (International reference standard “Vienna Pee Dee Belemnite”).
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previous phase, occurs in greater quantities in this zone.
Among herbaceous pollen taxa, the main relevant
change is observed in Cyperaceae values, which increase
significantly at the end of the phase. The Poaceae values
decrease at the same time.

DISCUSSION

Vegetation history inferred from the Nariani pollen
record

A two-step steppic phase

The pollen record for the lower Nariani deposits (LPAZs 1
and 2) indicates a steppic and arid environment from 12,700
to 10,500 cal yr BP. For the first part of this phase (LPAZ 1,
12,700-12,500 cal yr BP), Amaranthaceae-Chenopodiaceae
and Artemisia together represent more than 70% of the pollen
assemblages. Poaceae and other herbaceous plants, such as
Asteraceae and Apiaceae, are also observed. Steppic
conditions are reflected by the frequent occurrence of the
well-dispersed pollen of Ephedra (Connor, 2011). Such
vegetation, dominated by Amaranthaceae-Chenopodiaceae,
is characteristic of glacial phases recorded in the two regional
long sequences: Lake Urmia (Djamali et al., 2008) and Lake
Van (Wick et al., 2003; Litt et al., 2014). Similarly, a dry
steppe is also observed during the Younger Dryas at Lake
Paravani (Messager et al., 2013). In the eastern Mediterra-
nean and the Middle East, the Younger Dryas event is marked
by increasing climate aridity (Bottema, 1995; Wick et al.,
2003; Wright et al., 2003).

In the second part of this steppic phase (LPAZ 2, 12,500—
10,500 cal yr BP; see Fig. 4), Artemisia and Amaranthaceae-
Chenopodiaceae are still dominant, but their proportions
decrease slightly, possibly suggesting more humid condi-
tions. Like in the Paravani sequence, the steppic phase spans
the Younger Dryas, but also part of the early Holocene. In
Lake Aligol (1540 m asl, Tsalka Plateau), a short-lived
pioneer phase, composed of Corylus and Betula, was recor-
ded between 12,000 and 11,000cal yr BP (Connor and
Sagona, 2007). However, neither the Paravani nor Nariani
sequences, located at higher altitudes, display this phase. The
abundance of Myriophyllum at this time can be interpreted as
a sign of the presence of permanent water. However, because
Myriophyllum can grow in a wide range of water depths
(from a few decimeters to 7-8m), it is difficult to make
definite inferences regarding lake water levels.

From 10,500 to 9000 cal yr BP, the steppic vegetation
evolved progressively (LPAZ 3; see Fig. 4) from
Amaranthaceae-Chenopodiaceae steppes to grassland. The
Poaceae values exceed 50% at the end of this phase
(LPAZ 3). This herbaceous dynamic was recognized in the
pioneering study carried out by Margalitadze (1977), but in
the absence of absolute dating, an age between about 5000
and 3000cal yr BP was proposed. Such a pattern,
characterized by the rise of Poaceae and the decline of
Amaranthaceae-Chenopodiaceae, was also described for the

Lake Van sequence (Fig. 5) and dated between 11,500 and
9000 cal yr BP (Wick et al., 2003; Litt et al., 2009). The same
pattern was also observed in other pollen records from the
Near East: in Turkey (Eski Acigol: Roberts et al., 2001) and
in Iran (Lake Zeribar: Van Zeist and Bottema, 1977; Stevens
et al., 2001; and Lake Urmia: Bottema, 1986). Interestingly,
the Paravani pollen record does not display a ‘“Poaceae
phase” (Messager et al., 2013). This might be related to the
very low SR (sedimentation rate) observed for the early
Holocene in the first Paravani sequence studied (PAR 09-01).
Some of the new cores, collected in other sites of Lake
Paravani basin, yield thicker early Holocene deposits, in
which pollen records display significant Poaceae values
(more than 30%) for the early Holocene period (work in
progress). In the Nariani sequence, the very end of this phase
is marked by a decline in grasses and a very slight expansion
of trees (from 9500 to 9100cal yr BP). Such a pattern,
showing a moderate initial rise in AP values, is also
recorded in the Black Sea core 22-GC3 (Fig. 5). In the
Nariani record, this could reflect an initial tree expansion
in lower altitude vegetation belts, perhaps even from the
western part of the South Caucasus (by long-distance
pollen transport). The end of this phase is marked by the
decline of Myriophyllum and the beginning of the
Cyperaceae expansion. This probably indicates a lowering
of the lake level inducing the colonization of exposed
shores by sedges. In such edaphic conditions, some hygro-
phytic species of Poaceae (i.e., Phragmites) could have
grown and contributed to the Poaceae pollen increase
we observed.

Forested phase

The onset of the forested phase, starting around 9000 cal yr
BP, is marked by a significant expansion of trees. Although
the AP values rapidly reach 50%, they never exceed 65%
during the more forested phase (LPAZ 4). In the neighbouring
Paravani pollen record, the AP values also increase rapidly but
reach more than 80% (Messager et al., 2013). The question of
over- or underrepresentation of trees in pollen records from the
Javakheti highlands has already been addressed (Kvavadze,
1993; Connor, 2011; Messager et al., 2013), and the Nariani
paleolake is likely to have been smaller than Paravani, thus
probably limiting the “tree overrepresentation effect” seen in
large lakes. In the Nariani sequence, the main trees undergoing
expansion at the time are pines (Pinus), firs (Abies), and bee-
ches (Fagus). The Abies and Fagus tree taxa do not currently
grow in the Nariani watershed, but they are well developed in
the Bakuriani area located only 10-20km to the northwest
(see Fig. 2). Considering the low representation of Abies in
modern pollen rain on the Javakheti Plateau (Connor et al.,
2004; Connor, 2011), its significant values in the Nariani
record (10%-30%) indicate that fir forests were probably well
developed and could have expanded on the Javakheti Plateau
at that time. Compared with the Paravani record, the more
significant values for Fagus and Abies indicate the presence of
higher-altitude vegetation belts in the Nariani area.
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The trees representing lower vegetation belts, such as oak
(Quercus), elm (Ulmus), or hornbeam (Carpinus), are also
recorded in Nariani, but in lower proportions. They probably
reflect the midaltitude forest belt that developed on lower
plateaus, such as the Tsalka Plateau (Connor, 2011).
Just prior to 8000 cal yr BP, the tree cover decreased slightly
to reach a phase of equilibrium between the different
forest formations and the grassland. This situation lasted at
least until 5000 cal yr BP (end of the sequence; Fig. 4). Among
the herbaceous taxa, no sign of human impact has been
detected, and the development of Cyperaceae in the upper part
of the sequence probably reflects the filling of Lake Nariani.

Deciphering the delayed forest expansion recorded
in Nariani

In the Nariani pollen record, the beginning of the Holocene is
not characterized by the expansion of trees as observed in
most of the pollen records from western, northern, and central
Europe (Huntley and Birks, 1983; Watts et al., 1996).
Steppes were still the preponderant vegetation type during
the early Holocene, as observed in other paleoenvironmental
records from southeastern Europe and the Near East (Van
Zeist and Bottema, 1977; Bottema, 1986; Stefanova and
Ammann, 2003; Wright et al., 2003; Djamali et al., 2008,
2010; Connor et al., 2013; Leroy et al., 2013, 2014). In the
South Caucasus, this delay is well recorded in different
sequences, such as those from Gomnis (Margalitadze, 1995),
Paravani (Messager et al., 2013), Zarishat (Joannin et al.,
2014), and Vanevan (Leroyer et al., 2016). Depending of the
sequences studied in the South Caucasus, the afforestation
event ranges from 9200 cal yr BP (Nariani) to 8000 cal yr BP
(Zarishat: Joannin et al., 2014). However, one has to consider
a relative synchronicity in these ages because of dating and
age-depth model uncertainties. Different hypotheses have
already been proposed to explain this pattern: (1) the time lag
in tree migration from glacial tree refugia; (2) the impact of
burning (Roberts, 2002; Turner et al., 2010); (3) a relatively
dry early Holocene climate (Van Zeist and Bottema, 1991;
Roberts and Wright, 1993; Stevens et al., 2001, 2006; Wright
etal., 2003; Djamali et al., 2010); and (4) a negative feedback
from the “Black Lake” preceding the filling of the Black Sea
by Mediterranean waters (Leroy et al., 2013).

The time lag in tree migration

The delay in afforestation could be explained by a slow
eastward postglacial migration of trees from their refugia. In
the South Caucasus, the Colchis region (located in western
Georgia, bordering the Black Sea) is considered to be the
main glacial tree refugia (Shatilova and Ramishvili, 1990;
Kvavadze et al., 1992; Connor and Kvavadze, 2008).
According to different climatic model simulations (different
ECHAM models), the eastern coast of the Black Sea and the
southwestern coast of the Caspian Sea were highlighted as
possible refugia for summer-green trees during the Last
Glacial Maximum (Leroy and Arpe, 2007; Arpe et al., 2011).

E. Messager et al.

This area is located only 150 km from the Javakheti Plateau.
Of course, the Javakheti Plateau is separated from the refugia
by mountains, but there are no high mountain barriers in this
part of the Lesser Caucasus, and there are quite large valleys,
which would have permitted the reexpansion of trees. The
simultaneous expansion of the different tree taxa, recorded in
both Nariani and Paravani, shows that as soon as regional
climatic conditions were favorable on the Plateau, the trees
were able to reach the Javakheti Plateau concurrently (Mes-
sager et al., 2013).

The impact of early Holocene burning

The role played by grassland burning, as a brake on the
woodland expansion of the early Holocene, has already been
investigated (Roberts, 2002; Turner et al., 2008, 2010). In the
Eski Acigdl sequence (Anatolia), there is a positive correla-
tion between grass pollen and microcharcoal frequency
between 15, 000 and 8000 cal yr BP, “implying that summer
grass fires accounted for a significant part of the regional
atmospheric charcoal flux” (Turner et al., 2008, p. 321). An
increase in fire activity is also recorded for the early Holocene
in the Lake Van sequence (Wick et al., 2003). Is this pattern
due to wildfires or anthropic fires? The question of landscape
management through deliberate burning by early Neolithic
populations has been examined (Roberts, 2002; Turner et al.,
2010). For the Javakheti Plateau, although charcoal analysis
has not yet been undertaken on the Nariani and Paravani
cores, regional fire signals reconstructed from Aligol
(Connor, 2011) and Zarishat (Joannin et al., 2014) records
may be considered. Situated on a neighbouring plateau
(Tsalka region), the charcoal concentrations from Lake
Aligol (Connor, 2011) remain very low until the late
Chalcolithic (i.e., 5300-5000 cal yr BP). In Zarishat, there is
no significant charcoal input before 5500 cal yr BP. There-
fore, these regional results do not reveal any fire impact
during the time lag in forest expansion (11,500-8000 cal yr
BP). Nonetheless, charcoal analysis will be carried out on the
Paravani and Nariani sequences in order to test the correlation
between Poaceae and fire intensity. However, a potential
impact because of early Neolithic fires is unlikely in this part
of the South Caucasus because the oldest Neolithic sites
identified so far date to 8000cal yr BP at the earliest
(Hamon et al., 2016).

The question of seasonality

Despite the fact that Nariani and other regional pollen records
indicate ongoing arid climatic conditions, geochemical and
isotopic indicators from Lake Van (Lemcke and Sturm, 1997;
Wick et al., 2003), Lake Eski Acigol (Roberts et al., 2001;
Jones et al., 2007), and Nar Golii (Dean et al., 2015) in
Turkey, show much higher water levels and/or lower sali-
nities during the early Holocene. The hypothesis of higher
precipitation is also supported by stalagmite records
(Bar-Mathews et al., 1999; Fleitmann et al., 2009; Goktiirk
et al, 2011). These results suggest increasing annual
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precipitation during the early Holocene but do not necessarily
contradict the pollen data. In fact, one of the key bioclimatic
parameters that control the growth and development of tree
populations is spring (and late spring) precipitation.
So, although the annual precipitation might have increased
during the early Holocene, the forest expansion was probably
limited by low spring precipitation (lack of water during the
growing season of trees). The “wet early Holocene” identi-
fied by means of lacustrine geochemical and isotopic
indicators, as well as stalagmite records, could be the result of
increased precipitation in winter and/or in fall (Brayshaw
et al., 2011; Goktiirk et al., 2011; Dean et al., 2015). The
winter snowfalls may have melted during spring and summer,
thereby generating higher lake stands.

The seasonality of precipitation may be one of the “keys”
to understanding the regional ecological shift that occurred
throughout the early Holocene, and this issue is the subject of
much debate (Arz et al., 2003; Tzedakis, 2007; Rohling et al.,
2009; Goktiirk et al., 2011). For the Mediterranean basin,
different scenarios, including the following, have been pro-
posed for the period of sapropel deposition (between ~9 and
6 cal ka BP): (a) an increase in summer precipitation (Rohling
et al., 2009) and (b) enhanced autumn/winter precipitation
(Tzedakis, 2007). For the Black Sea basin, the Nariani pollen
record tends to support the hypothesis of increasing autumn/
winter rainfall at the beginning of the Holocene, followed by
a transition period marked by a slight increase in spring-
summer precipitation from 10,500 to 9000 cal yr BP, which
is indicated by the replacement of Amaranthaceae-
Chenopodiaceae by Poaceae steppes. This hypothesis has
already been proposed based on the expansion of Poaceae
(Rossignol-Strick, 1995). These phases are finally followed
by a marked increase in spring-summer rainfall beginning
between 9000 and 8000cal yr BP. The hypothesis of
increasing spring rainfall has also been proposed on the basis
of 8'®0 values from Zeribar Lake in western Iran (Stevens
et al., 2001) and Lake Van in Turkey (Wick et al., 2003). For
this region (Near East), the influence of the Indian summer
monsoon has already been proposed to explain the shift from
a Mediterranean-type climate to one dominated by spring
precipitation, which would have favoured the expansion of
deciduous oak forest just after the early Holocene (Djamali
et al., 2010). In the Caucasus region, the climate reconstruc-
tions based on pollen data from Zarishat Fen, in Armenia,
also support increasing spring rainfall after 8000 cal yr BP
(Joannin et al., 2014), but understanding the mechanisms
controlling this climatic shift remains a challenge.

The Black Sea influence

In the Black Sea pollen records (Fig. 5), an abrupt increase in
deciduous tree pollen is recorded between 9000 and 8000 cal
yr BP (Atanassova, 2005; Shumilovskikh et al., 2012;
Filipova-Marinova et al., 2013). The §'0 signature recorded
in Sofular stalagmites (Fig. 5) reflects the increasing input of
Mediterranean water into the Black Sea (Badertscher et al.,
2011). The opening of the Black Sea corridor led to the

conversion of lacustrine waters to marine waters (Ryan et al.,
1997; Bahr et al., 2006; Bardertscher et al., 2011). The
emergence of a larger water body, which was marine in
nature, in the Black Sea Basin, probably played a major role
in determining the nature, quantity, and rhythm of rainfall in
the neighbouring regions. Although the Black Sea effect on
vegetation in the western South Caucasus is significant at the
present time (Volodicheva, 2002), its role in the regional
climatic mechanism during the early Holocene is not well
understood (Goktiirk et al., 2011).

The change in precipitation seasonality, as attested to by
the Nariani and Paravani pollen records, is almost simulta-
neous with the process of Black Sea opening during the early
Holocene. However, further palacoecological and palaeo-
climatic studies are required to clarify these complex rela-
tionships. Further east, in the Caspian Sea records, the period
corresponding to the early Holocene (11,500-8400 cal yr BP)
and characterized by a major regression (Ollivier et al., 2015,
2016), is marked by a shrub phase associated with low AP
values (Leroy et al., 2013). This has been interpreted as the
result of dry climatic conditions in which the two large water
bodies (Caspian and Black Seas), filled by cold meltwater,
had a negative feedback effect (“lake effect”) by delaying
warming (Leroy et al., 2013). It is worth noting the relative
synchronicity (considering the '“C uncertainties) of the end
of the steppic phases between the Black Sea basin
(9000-8200 cal yr BP, depending on the record) and the
southern Caspian Sea basin (8400 cal yr BP). The effect of
the Black Sea on the regional precipitation regimes, as well as
its potential interactions with the monsoon mechanism
(Djamali et al., 2010; Goktiirk et al., 2011), need to be tested
as part of future studies using experimental modeling.

CONCLUSION

Pollen data from the Nariani paleolake sediment core reveal
significant environmental and climatic changes over the last
12,700 years. They indicate semidesert vegetation dominated
by Amaranthaceae-Chenopodiaceae, associated with arid
climatic conditions during the Younger Dryas and the
beginning of the early Holocene. The Nariani record sheds
new light on early Holocene vegetation history in the South
Caucasus, as it reveals a significant “Poaceae phase”
immediately following the Amaranthaceae-Chenopodiaceae
semidesert. This transition phase indicates a relative increase
in moisture during this period. However, this moisture
increase does not appear sufficient for woodland expansion in
the Lesser Caucasus at the altitude of Nariani. Between 9000
and 8500 cal yr BP, the vegetation history is marked by a
clear shift from open to forested vegetation. The chronology
of forest expansion (3 millennia later than in western Eurasia)
recorded in Nariani confirms the delay previously observed
in the Paravani sequence and in other regional pollen records.
The dry climate during the growing season favored steppe
vegetation until 9000-8500 cal yr BP. The delay in forest
expansion can be interpreted as being the result of variation in
seasonal distributions of moisture (transition from an
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autumn-winter to a spring precipitation regime). The origin
of the change in seasonality of precipitation is still open to
debate, but the filling of the Black Sea, which occurred at that
time, possibly played an essential role.
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ABSTRACT

Ethnopharmacological relevance: Palynological studies of cultural layers of cave sediments have been
used in order to better understand traditional practices. The Upper Palaeolithic in Georgia
(36,000—-11,000 cal. BP) provides a rich source of such material. However, up to day from such
sediments the identification of medicinal plants has hardly been achieved. Large quantities of pollen
most notably from entomophilous taxa in fossil spectra can serve as a tool to identify traditionally
important species. As these plants are used in modern popular medicine on the territory of Georgia (like
Achillea millefolium L., Artemisia annua L., Artemisia absinthium L., Centaurea jacea L., Urtica dioica L.) can
be served as an indirect evidence for their medicinal relevance from the Palaeolithic Period up to days.
Their modern uses may point that the main diseases during the Upper Palaeolithic were the same
as today.
Materials and methods: The Upper Palaeolithic sediments were studied palynologically come from four
caves: Dzudzuana, Satsurblia, Kotias Klde and Bondi. Modern sediments were investigated from 6 caves.
Fossil and modern samples were taken according to the standard procedure in palynology. The
laboratory treatment was carried out as follows: first, 50 g of the sample was boiled in 10% KOH. At
the second stage, centrifuging of the material in cadmium liquid was performed. At the final stage,
acetolysis treatment was used.
Results: Pollen of A. absinthium L. (Asteraceae), A. annua L. (Asteraceae), A. millefolium L. (Asteraceae),
C. jacea L. (Asteraceae), and U. dioica L. (Urticaceae) are identified to species level. This species are not
edible and are popular in present-day folk medicine. In the Upper Palaeolithic layers, significant amounts
of studies species pollen were recorded in the cave, likely due to their flowering branches being brought
in by humans for use. Detailed consideration of the pharmacological characteristics of the examined
species showed that almost all of them have anti-inflammatory, antibacterial, antimicrobial and
antipyretic activity.
Conclusion: The fossil pollen complex of medicinal herbs, dominated by A. millefolium and Artemisia
(A. annua and A. absinthium), suggests that the ancient population living in the studied caves could have
been prone to malaria, rheumatism and gastrointestinal diseases. In the Upper Palaeolithic, the
population inhabiting cave sites might have suffered from gout and callouses.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

are very important for inferring prehistoric uses of medicinal plants
(Chaves and Reinhard, 2003). Pollen data have demonstrated that

Palynological studies of cultural layers of cave sediments make it
possible to reconstruct palaeoecological conditions, due to the
transport of large quantities of plant pollen and spores into the cave
(Carrién, 1992; Carrién et al., 1999; Navarro et al. 2000, 2002; Arobba
and Caramiello, 2009; Kvavadze et al., 2011, 2012). Palynological data
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ekvavadze@mail.ru (E. Kvavadze).
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medicinal plants were used by Neanderthals around 60,000 cal. BP
(Petrovska, 2012) and work at the archaeological site of Shanidar IV
in present-day Iraq has shown that Middle Palaeolithic communities
used many medicinal plants (Leroi-Gourhan, 1975; Lietava, 1992),
including Ephedra altissima and Centaurea solstitialis. Achillea, Mus-
cari-type, Althae-type, Senecio-type.

Pollen of medicinal plants has been found in archaeological mat-
erial from other prehistoric sites worldwide (Merlin, 2003; Chaves
and Reinhard, 2003; Eshleman, 2003; Martkopilshvili et al., 2012;
Magyari et al, 2013). Yet there are very few data in the literature
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regarding the medicines used by Upper Palaeolithic humans (Roberts
and Manchester, 1995; Chaves and Reinhard, 2003). To solve the
problems of palaeopharmacology, caves are the most suitable object
of study since Palaeolithic people used caves as dwellings and for
storage of medicinal remedies.

The study of modern sediments of caves has shown that they
predominantly contain pollen of anemophilous plants that can
easily be transported by winds over long distances (Burney and
Burney, 1993; Navarro et al., 2002; Eugenia de Porras et al., 2011).
As for entomophilous taxa, their role is not very important in
recent pollen spectra (Navarro et al., 2000; Kvavadze et al., 2011).

The presence of large quantities of entomophilous taxa in fossil
spectra is therefore attributed to direct introduction by humans.
Humans may have brought in edible plants, medicinal herbs,
brushwood, branches and wood to make fire, moss polsters and
leaves to cover the cave floor, etc.

In the foothills of Imereti (western Georgia) the palynological
exploration of cave layers began in the 1980s and 1990s. In
Dzudzuana cave, 19 samples taken from the Upper Palaeolithic layers
were studied by David Lordkipanidze (Meshveliani et al., 1990).
Though the palynological material was not very rich, the researcher
could identify a rather long list of taxa which included pollen of
medicinal plants (Meshveliani et al., 1990). Systematic studies of the
Dzudzuana cave started in 2007 (Kvavadze et al, 2009b, 2010a;
Meshveliani et al., 2010, 2011; Bar-Yosef et al, 2011) and have
elevated Dzudzuana cave to a unique site of global significance since
the discovery of twisted and dyed flax and wool fibres as old as
35,000-30,000 years (Kvavadze et al., 2009b, 2010a, 2011). These
discoveries have significantly changed our understanding of the
activity of Upper Palaeolithic humans, who were not only hunter-
gatherers, but also might have been artisans.

The objective of the present publication is to investigate the
range of medicinal plants found in the pollen spectra of the Upper
Palaeolithic layers of karst caves in the western part of Georgia and
are not edible and are popular in present-day folk medicine.
However, the selection of taxa was also guided by the possibilities
to identify species using light microscopy. We could unambigu-
ously determine Centaurea jacea L. (Asteraceae), Artemisia annua L.
(Asteraceae), Artemisia absinthium L. (Asteraceae), Achillea mill-
efolium L. (Asteraceae), and Urtica dioica L. (Urticaceae), which
allowed us to specify their curative properties.

The main goals of our research are: 1) to consider the
pharmacological properties of medicinal herbs found in the cave
sediments and their uses in modern and traditional medicine; 2)
to establish the diseases typical for the Stone Age population
based on modern pharmacological data for the species identified.

2. Material and methods
2.1. Material, recent environment and palaeoenvironment

The Upper Palaeolithic sediments we have studied palynologically
come from four caves: Dzudzuana, Satsurblia, Kotias Klde and Bondi.
Modern sediments were investigated from Samertskhle Kide, Khve-
delidzeebis, Datvis, Dzudzuana, Satsrublia and Kotias Klde caves.
Fossil and modern samples were taken according to the standard
procedure in palynology (Moore et al, 1991). The need to study
modern sediments inside and outside the cave is determined by the
fact that we do not know how the pollen of different species is
preserved (or not preserved) in the specific conditions (type of soil,
microflora, climate, etc.). It should be noted that medicinal species
such as A. absinthium L., A. millefolium L, C. jacea L and U. dioica L.
grow in the neighbourhood of the caves studied. As ruderal (weedy)
plants they follow human activity, growing in disturbed habitats
along the roads and paths and other trampled places (Nakhutsrishvili,
2013). Pollen grains of the said medicinal species disperse readily over
long distances.

The karst cave Dzudzuana is located near the village Darkveti of
the Chiatura municipality at an altitude of 560 m a.s.l. (Fig. 1). The cave
is located in a deep gorge closed in deciduous forest with predomi-
nance of hornbeam and oak. The climate here, as in whole of Imereti,
is warm and humid. The average annual temperature is 13 °C and the
average annual rainfall is 1100-1200 mm (Bondyrev et al., 2014).

In the cave, 5 profiles were made, from which 86 samples were
taken and investigated palynologically. Each stratigraphic layer
was studied and the absolute age of the whole sequence was
defined by 23 radiocarbon readings (Meshveliani et al., 2006, 2010,
2011; Bar Yosef et al. 2011) covering the period from 36,000 to
6000 cal. BP. The palynological studies have shown that during the
formation of the layer D the climate, on the whole, was cooler than
during the formation of the layer C (Kvavadze et al., 2012). Unit D
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Fig. 1. Map of Georgia (B) and location of investigated sites in the Imereti region (A): 1-Dzudzuana Cave; 2-Satsurblia Cave; 3-Kotias Klde Cave; 4-Bondi Cave; 5-Samerckhle
cave; 6-Khvedelidzeebis Cave; 7-Datvis Klde Cave. Triangles indicate studied caves with Upper Palaeolithic layers; circles indicate caves where only modern sediments were
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(36,000—31,000 cal. BP) represents the early Upper Palaeolithic
Period, which comprises 21 samples. The upper limit of the birch
and pine forest zone was situated near the cave at the time of
deposition of layer D. The climate at this time appears to be cold
and dry. Later, during the formation of layer C, the climate became
warm and wet. Broad-leaved forests of oak, lime, walnut were
growing in the vicinity of the cave. Wignut (Pterocarya pterocarpa),
a good indicator of the warm climate, was growing in the river
floodplain. During the formation of the layer B the climatic
conditions became worse (LGM cooling), and dark coniferous
high-mountain forests were spread around the cave (Kvavadze
et al,, 2012).

The Satsurblia karst cave is located in the Tskhaltubo region near
the village Kumistavi at an altitude of 360 m a.s.l. (Fig. 1). Natural
vegetation around the cave is almost entirely destroyed and occupied
by crops of corn and other agricultural crops. Climatic conditions are
very similar to those in the vicinity of Dzudzuana cave (Bondyrev
et al., 2014).

In this cave, two profiles, as well as the second and the third floor
layer dated to the Upper Palaeolithic, were studied (Meshveliani
etal, 2013; Kvavadze et al., 2011; Pinhasi et al.,, 2014). The floor layers
were dated between 17,895— 16,215 cal. BP (Pinhasi et al., 2014).
Altogether, 22 samples were investigated from Sarsurblia Cave and
six samples of modern soils and moss were taken inside the cave and
at its entrance. From this material 10 samples, dating of Upper
Palaeolithic Period were chosen here, similar to the Dzudzuana
environs, during climate warmings there grew broad-leaved forests.
However, during the last glacial period (LGM) all the environs of the
cave were occupied by coniferous forests (Pinhasi et al., 2014).

The cave Kotias Klde is located in the Chiatura region near the
village Sveri at an altitude of 719 m a.s.l. and occupation levels are
dated to 10,900 — 9940 cal. BP (Meshveliani et al., 2006). Landscapes
around the cave are partially agricultural and partially covered with
deciduous forests of hornbeam, oak, chestnut and beech. Clearings
contain many azalea thickets (Rhododendron luteum Sweet). The
climate is warm and humid (Bondyrev et al., 2014).

Altogether, 9 samples were obtained from the Upper Palaeolithic
layers. In addition, samples of modern sediments were taken inside
the cave, at the entrance, and around the cave. The pollen spectra of
the material considered here documents that 11,000 — 10,000 years
ago the climate around the cave Kotias Klde remained cool, since
pine pollen is predominant.

The cave Bondi is 6 km away from Chiatura, by the village
Tsirkvali (Fig. 1). Its elevation is 477 m a.s.l. The absolute age of the
earliest layers is 38,700—35,000 cal. BP, while the upper layers
(layer III) date to 26,600 — 14,000 cal. BP (Tushabramishvili et al.,
2013). The cave is located on a bluff of the river Tabagrebi and the
landscapes are domesticated, occupied by gardens and crops. The
climate is warm and humid (Bondyrev et al., 2014).

It is a rather large karst cave and 11 samples (Profile 1 and floor)
were taken from the Upper Palaeolithic layers and investigated
(Tushabramishvili et al., 2009). The lowest layers VII-V corresponding

Table 1
Abundance of pollen in modern pollen spectra.

to the layer D from the cave Dzudzuana also reflect colder climatic
conditions when the cave was surrounded by coniferous forests with
admixture of fir. The upper layers formed during the LGM cooling
were distinguished by more severe climatic conditions, and in the
landscape, spruce and pine became more important.

2.2. Method

The laboratory treatment was carried out as follows: first, 50 g
of the sample was boiled in 10% KOH. The solution was washed
with distilled water and settled. At the second stage, centrifuging
of the material in cadmium liquid was performed. At the final
stage, acetolysis treatment was used. Identification and counting
of the material was conducted in glycerine on a light photomis-
croscope Olympus BX43 with magnifications up to 1000 x .

Existing atlases, publications and comparative collections of
recent material were used in identification. The determination of

Fig. 2. Pollen of investigated medicinal plants: 1,2,3-Centaurea jacea from Satsur-
blia Cave; 4,5-Urtica dioica from Satsurblia Cave; 6,7-Artemisia absinthium from
Bondi Cave; 8-Achillea millefolium from Dzudzuana Cave; 9-Artemisia annua from
Dzudzuana Cave;10- Centaurea jacea from Bondi Cave; 11,12-Centaurea jacea from
Kotias Klde Cave; 13-Centaurea jacea from Dzudzuana Cave;14,15-Achillea mill-
efolium from Kotias Klde Cave; 16-Artemisia absinthium from Kotias Klde Cave; 17-
Artemisia annua from Satsurblia Cave.

Caves Achillea millefolium L. Centaurea jacea L. Urtica dioica L. Artemisia
Inside Outside Inside Outside Inside Outside Inside Outside

Dzudzuana Cave 2 9 1 2 1 1 1
Satsurblia Cave 3 4 7 1 4
Kotias Klde Cave 7 2 2 16
Khvedelidzeebis Cave 11 25 7 1 3 10 1 15
Samertskhle Klde Cave 7 22 1 4 2 3
Datvis Cave 4 5 2 2
Total sum of pollen 20 70 9 28 3 24 3 41
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C. jacea is based on descriptions and micrographs of pollen grains
from pollen atlases of Reille (1992) and Beuh (2004). The morphol-
ogy of pollen grains from A.a annua, A. absinthium, A. millefolium, U.
dioica is described in detail by various authors (Kuprianova and
Alyoshina, 1978; Reille, 1992; Beuh, 2004). To plot the diagrams, the
“Tilia” software (Grimm, 2004) was used. In all block-diagrams
(Figs. 3-6) the absolute abundances (number of pollen grains) are
shown. The relative abundances shown in Figs. 7 and 8 are based on
the pollen sum of the five species investigated in this study.

2.3. Characteristics of pollen spectra of modern sediments inside and
outside the caves

Modern samples have been studied from the Dzudzuana, Satsur-
blia, and Kotias Klde, caves that also contain archaeological material.
Surface samples have also been taken from another three karst caves
in the same region: Khvedelidzeebis, Samercxle and Datvis Klde
caves (Fig. 1). The results of palynological studies are shown in
Table 1 and Fig. 2. The presence of five important medicinal species —
A. absinthium L. (Asteraceae), A. annua L. (Asteraceae), A. millefolium L.
(Asteraceae), C. jacea L. (Asteraceae), and U. dioica L. (Urticaceae) - in
the landscapes of the region is recorded perfectly in the palynological
spectra of the samples from outside the caves. However, as for the
modern spectra of the samples taken from within the caves, they are
either not reflected or the amount of pollen is strongly under-
estimated. The presence of nettle (U. dioica) pollen is especially
poorly recorded in the palynological spectra of the caves, although in
soils and mosses around the caves Satsrublia and Khvedelidzeebis its
pollen was found in fairly large amounts (Table 1). Wormwood pollen
(from the few species of Artemisia) is also poorly reflected in the
spectra inside the cave, but in the subfossil spectra outside the cave
its pollen is rather well represented. The quantity of A. millefolium
pollen and C. jacea pollen grains are also three and four times lower
inside the caves compared to outside.

Thus we can conclude that: 1) nettle (U. dioica) pollen is generally
not transported into caves by wind in the study region and is most
abundant directly near source plants; 2) Artemisia pollen is also very
poorly dispersed; 3) the majority of the yarrow (A. millefolium) and
knapweed (C. jacea) pollen (70-80%) is also accumulated near
populations of these plants.

Poor wind-dispersal of pollen grains of Achillea and Urtica as well
as of Centaurea and Artemisia in the humid zones of the Caucasus is
indicated not only by sub-recent spectra of soils and mosses (Stuchlik
and Kvavadze, 1987), but also by the results of pollen monitoring
conducted in Georgia since 1996 (Kvavadze, 1999, 2001; Hicks et al.,
2001; van der Knaap et al., 2010; Kvavadze et al., 2009a).

3. Archaeological and palynological results from Palaeolithic
layers

3.1. Cave Dzudzuana

In this cave, there are four stratigraphic layers belonging to the
Palaeolithic and the Upper Eneolithic (Bar-Yosef et al., 2011). Unit D
(36,000—31,000 cal. BP) represents the early Upper Palaeolithic tool-
kit of unidirectional short blades and small bladelets. The lithic
industry in Unit C (27,000—24,000 cal. BP) is dominated by small
bladelets detached from carinated cores. Unit B (16,000 — 13,000 cal.
BP) is rich in blades and bladelets removed from bipolar cores, shaped
into microgravettes, elongated straight-backed items and numerous
end scrapers. Unit A (6000— 5000 cal. BP) represents admixture of
Late Neolithic/Eneolithic and historical occupations. All the units
contain worked bone artifacts, including a perforated needle from
Unit C, as well as groundstone utensils and faunal remains.

During the accumulation of layers D and C in Dzudzuana Cave,
humans occupied the cave for a sustained period and, in addition
to the abundance of stone tools, numerous charred tracheal cells of
wood left after the fire, as well as fibres of flax yarn or textile were
found (Bar-Yosef et al., 2011). However, at the boundary of the D
and C layers (after 27,000 cal. BP) a significant deterioration of
climatic conditions is observed (Kvavadze et al., 2012). Archae-
ological and palynological data suggest that during the said cool-
ing, humans abandoned the cave. The cave was then occupied by
wild animals, whose presence was recorded in the spectra by
spores of coprophilous fungi and microscopic remains of mites and
insects that parasitized on animals (Kvavadze et al., 2010b).

During the formation of the upper part of layer C, the climate
again warmed, and humans returned to Dzudzuana Cave (Bar-
Yosef et al., 2011). In Unit D and the upper part of Unit C, textile
fibres, tracheal cells of burnt wood and Pooidea phytoliths indicate
that humans lived in the cave. Pollen spectra of this period contain
a significant amount of A. absinthium L., A. annua L., A. millefolium
L., C. jacea L., and U. dioica L. pollen (Figs. 2 and 3). Pollen grains of
these plants are observed in all five studied profiles. In this paper
we give the results for the profile where, on the whole, the highest
amount of plant pollen and spores have been counted. The pollen
diagram of profile II (Fig. 3) clearly shows that more intensive
habitation of the cave occurred during the accumulation of the
upper part of the layer D. Here, the increase in pollen of edible
plants and medicinal herbs is clearly seen. For example, the
quantity of pollen of wild grasses eaten by people increases.
Carduus (its young green twigs are sweet and juicy), Polygonum

Dzudzuana Cave

©

& &
Dcerﬁth ?,(\?’ \?,(@ Iv‘d\ * F > NG
(1)310
(2320 h |
(3)330 |
(4)340 |
1345 | |
(6)350 BE
(7)370
(8)380 | |
(9)390
o0 || ]
anato | | |
(12)420 |
(13)430
(14)440
(15)450 D4
(16)460
(7470
(18)480 | r D3
(19)490
(20500 i ' D2
@ensto b1 1 i" D1

L e e
100 200 300 400
Fig. 3. Absolute abundances of pollen from the investigated species in Profile II

from Dzudzuana Cave; the right column gives the total sum of pollen grains in the
samples.



46 I. Martkoplishvili, E. Kvavadze / Journal of Ethnopharmacology 166 (2015) 42-52

and Chenopodiaceae are also edible. In the D-5 layer, the content
of hazel (Corylus), walnut (Juglans) and vine (Vitis) pollen
increases, since these plants were also part of the diet of Stone
Age communities.

3.2. Cave Satsurblia

In this cave, 22 samples have been studied, but in this paper we
give the results only for 10 studied samples (from the Upper
Palaeolithic layers). Their pollen spectra also contain medicinal herbs,
including C. jacea L., A. annua L, A. absinthium L., A. millefolium L. and
U. dioica L. (Fig. 4). U. dioica pollen grains were also found in the
second and the third floor layers (Pinhasi et al., 2014). In these
samples, the amount of pollen of edible plants (hazelnut, chestnut,
beech, wild grasses, etc.) increases, which shows that during the
accumulation of the layers from which samples 16 and 19 were
taken, humans had been living in the cave for quite a long time. The
continued presence of humans, in addition to the archaeological and
palynological material, is also recorded by an increase in the amount
of flax textile fibres and charred tracheal cells of wood left after fires.

3.3. Cave Kotias Klde

Pollen of many medicinal plants is well represented in the
Upper Palaeolithic layers of the cave Kotias Klde (Fig. 5).

In the Upper Palaeolithic layers, the maximum content of
C. jacea, A. annua, A. absinthium, A. millefolium and U. dioica pollen
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Fig. 4. Absolute abundances of pollen from the investigated species in the Upper
Palaeolithic layers of Satsurblia Cave; the right column gives the total sum of pollen
grains in the samples.
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Fig. 5. Absolute abundances of pollen from the investigated species in the Upper
Palaeolithic layers of Cave Kotias Klde; the right column gives the total sum of
pollen grains in the samples.

is observed in samples 5 and 6. Here, there are also large
quantities of pollen of edible plants and especially of chestnut
(Castanea), hazel (Corylus), walnut (Juglans) and wild grasses
(Poaceae), which indicates human habitation in the cave for
prolonged periods.

3.4. Cave Bondi

Despite the fact that this karst cave contained rather small
quantities of pollen (Tushabramishvili et al., 2009), medicinal
plant pollen grains were found in nearly all studied layers
(Fig. 6). Wormwood (A. annua) pollen was recorded in the bottom
and top layers of the profile. Yarrow (A. millefolium) and brown
knapweed (C. jacea) are better represented in top layer 2. Pollen
grains of nettle (U. dioica) were not found at all, which might be
explained by poor conditions of pollen preservation. Of edible
plants, the pollen of wild grasses (Poaceae), hazel (Corylus), dog-
wood (Cornus), buckwheat (Polygonum aviculare, Polygonum-type)
was found in the Upper Palaeolithic layers of Bondi cave. In the
layers accumulated during the long human habitation, an increase
in the amount of flax and wool textile fibres and tracheal cells of
charred wood is observed. These non-pollen palynomorphs belong
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Fig. 6. Absolute abundances of pollen from the investigated species in the Upper
Palaeolithic layers of Bondi Cave; the right column gives the total sum of pollen
grains in the samples.

to the group of anthropogenic indicators (Tushabramishvili et al.,
2009, 2013).

4. Some phytochemical and pharmacological data on the
studied species

4.1. Achillea millefolium L.

A. millefolium L. prefers open and dry slopes, though it also grows
near human dwellings, along the roads and in waste places. It is
considered a ruderal plant (Radusiene and Gudaityte, 2006; Gagnidze,
2007; Nakhutsrishvili, 2013). The main pharmacological components
of A. millefolium are flavonoids, phenolic acids, alkaloids, terpens
(cineol, borneol, pinens, camphor, azulen), tannins, cis-Carveol, achil-
lin and leucosis (Shahbazi and Zadeh, 2008; Bimbirait et al., 2008;
Raju et al,, 2009; Lakshmi et al., 2011; Feizpour et al. 2013). Flavonoids
and phenol carbonic acids of yarrow constitute the most important
groups of pharmacologically active substances (Shahbazi and Zadeh,
2008; Bimbirait et al., 2008; Raju et al., 2009; Lakshmi et al., 2011;
Feizpour et al., 2013). The most noticeable effects of this plant are on
antioxidant and antimicrobial activity (Candan et al., 2003; Lakshmi
et al,, 2011); anti-inflammatory (Goldberg et al., 2006); antihyperten-
sive, bronchodilatory, (Khan and Gilani, 2011), gastrointestinal anti-
spasmodic (cramps, indigestion, epigastric distension, flatulence, and
intestinal colic), (Benedek and Kopp, 2007; Lakshmi et al., 2011),

diuretic, urinary antiseptic (Bag et al., 2008) and astringent and
antihemorrhagic effects (Iscan et al., 2006).

According to the traditions of folk medicine, A. millefolium is
mainly used for the treatment of gastrointestinal diseases, anae-
mia and as antistyptic (Odisharia and Sabakhtarashvili, 1993;
Chevallier, 1996; Moerman, 1998; Menkovi¢ et al., 2011; Zlatovi¢
et al., 2014; Jamila and Mostafa, 2014). According to other authors,
yarrow treats diabetes, hypertension and can be used as an
antimicrobial agent (Said et al, 2002; Hassawi and Kharma,
2006). It has also traditionally been used as an abortifacient,
emmenagogue, contraceptive, and for stimulating uterine contrac-
tions (Lakshmi et al., 2011). For this reason, it is contra-indicated
for use in pregnancy. There has, however, been little scientific
research (Lakshmi et al., 2011).

4.2. Artemisia annua L.

A. annua L. as a medicinal plant was first investigated in 1971 in
China, and the medicine made from it had the name artemisinin
(White, 2008). Artemisinin is a key-ingredient in the leading
treatment for malaria and is an extract of an ancient medicinal
plant. The re-discovery of A. annua as a medicinal plant reveals
something that Dalrymple (2008) calls a “golden triangle” - an
interaction between traditional medicine, modern medicine and
science (Mueller et al., 2004; Ferreira, 2004; Mamedov and Craker,
2008; Adams et al, 2009; Meier zu Biesen, 2010). A. annua
produces at least 36 flavonoids. Many of these have antimalarial
activity in vitro, although the inhibitory concentration is 50%
(IC50). Five of these, artemetin, casticin, chrysoplenetin, chrysos-
plenol-D, and cirsilineol, have been shown selectively to affect
the in vitro activity of artemisinin against Plasmodium falciparum
(Liu et al,, 1992). The effect of all the flavones in combination
with artemisinin has not yet been investigated. Other flavones,
and indeed other components of A. annua, may have a similar
effect; they have not all been tested because it is difficult to purify
them. The antimalarial properties of the traditional preparation of
A. annua most probably reside in the combination of many cons-
tituents, not just artemisinin (see Willcox et al., 2004). The fact
that artemisinin-based combination therapies are ‘ancient’ in their
use and ‘modern’ in their formulation shows the transformative
potential of the plant itself (see Meier zu Biesen, 2010).

4.3. Artemisia absinthium L.

A. absinthium L. is a ruderal plant (Radusiene and Gudaityte,
2006; Gagnidze, 2007; Nakhutsrishvili, 2013). Flavonoids, tannins,
glucosides, carotenoids, andphenolic compounds are major phy-
toconstituents of A. absinthium (Nikhat et al., 2013). Flavonoids
components include quercitin 3-glucoside and 3-rhamnogluco-
side, spinacetin 3-glucoside and 3-rhamnoglucoside (Nikhat et al.,
2013). One drug derived from wormwood is Afsantin, which has
been reported as an anti-inflammatory, antipyretic, hepatoprotec-
tive, antidepressant, antioxidant, deobstruents, analgesic, antisep-
tic and antimicrobial (Dettling et al., 2004; Lopes-Lutz, 2008;
Carner, 2008; Movilla Pires, 2009; Mahmoudi et al., 2009; Tariq,
2009; Amat and Upur, 2010; Karabegovie, 2011; Singhal and
Gupta, 2012; Saxena and Shukla, 2012; Efferth, 2014). Owing to
these properties, it has been used to treat various diseases, such as
atherosclerosis, cardiovascular diseases, fever, abdominal pain,
intestinal worms, cognitive dysfunctions, hepatitis, malarial fever,
cancer and rheumatism (Halliwell, 1997; Nikhat et al.,, 2013;
Menale and Muoio, 2014). Research shows that it is highly
effective and carries a low risk of toxicity and side effects. There
is a need to scientifically establish its efficacy and safety in order to
achieve global acceptance (Nikhat et al., 2013).
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4.4. Centaurea jacea L.

In the Caucasus C. jacea generally grows on forest edges and in
clearings (Agababyan and Fajvush, 1991; Agababyan, 1997; Gagnidze,
2007; Nakhutsrishvili, 2013).

Different types of secondary metabolites (flavonoids, sesquiter-
penes) were found to be responsible for the anti-tumour effects of
extracts of C. jacea; the highest activity was exerted by centaureidin,
in addition to moderately active compounds: cirsiliol, isokaempfer-
ide, apigenin, hispidulin, cnicin and 4’-acetylcnicin ( Forgo et al.,
2012). The chloroform extract of C. jacea afforded the isolation of
cirsiliol, apigenin, hispidulin, eupatorin, isokaempferide, axillarin,
centaureidin, 6-methoxykaempferol 3-methyl ether, trachelogenin,
cnicin, 4’-acetylcnicin and three aliphatic glucose diesters, including
the new natural product 1f-isobutanoyl-2-angeloyl-glucose (Forgo
et al., 2012).

In the Turkish folk medicine C. jacea was particularly recom-
mended against inflammatory conditions and to reduce fever
(Yesilada, 2002).

Other species of Centaurea have been used in traditional
medicine as a diuretic and to treat fever and diabetes (Font Quer,
1995). Many Centaurea were added to tonics in the belief that they
stimulate the flow of saliva and stomach acids, returning appetite
to invalids (Bernhardt, 2008). Centaurea species are famous in folk
medicine to have anti-diarrheic, anti-dandruff, anti-rheumatic,
anti-inflammatory, cholagogue, choleretic, digestive, stomachic,
menstrual, astringent, hypotensive, anti-pyretic, cytotoxic as well
as anti-bacterial effects and are used alone or mixed with other
plants (Farrag et al., 1993; Barrero et al., 1997; Orallo et al., 1998;
Kose et al., 2007).

4.5. Urtica dioica L.

U. dioica L. (nettle), being a ruderal species, grows in trampled,
shaded areas along paths and near human dwellings (Gagnidze,
2007; Nakhutsrishvili, 2013). Nettle leaves contain 1-2% flavonoids,
(particularly glycosides and rutosides of quercetin, kaemferol and
isohamnetin). The herbal substance contains silicates in a relatively

Table 2

large quantity (1-4% SiO,) partly as water-soluble silicates. Charac-
teristic components are scopoletin, sitosterol with its 3-O-fD-glu-
coside and caffeic acid esters. Other constituents include chlorophyll
(approximately 2.7%), proteins, fats, carbohydrates, traces of nicotine
and, in the stinging hairs, small amounts of acetylcholine, serotonin,
formic acid and leukotrines (Asgarpanah and Mohajerani, 2012;
Wichtl, 2002). According to other authors, alkaloids, tannins and
terpenoids are present in nettles (Kais Kassim Ghaima et al., 2013).
The available literature shows that U. dioica L. has antioxidant (Kanter
et al., 2005), anti-inflammatory (Hajhashemi and Klooshani, 2012),
anti-ulcer (Giilgin et al., 2004), anticancer, antimicrobial (Nisha et al.,
2011), cardiovascular (Asgarpanah and Mohajerani, 2012) and hepa-
toprotective (Kanter et al., 2005) properties.

U. dioica is considered a good remedy for rheumatism, asthma,
anaemia and gout (Launert, 1981; Foster and Duke, 1990; Adams
et al., 2009; Hayta et al. 2014; Zlatovic¢ et al., 2014). Moreover, nettles
are used to treat burns, viral, bacterial and fungal diseases (Foster and
Duke, 1990; Adams et al., 2009). Nettle is also a good pain reliever
for rheumatism (Randall et al., 1999; Bown, 1995; Hajhashemi and
Klooshani, 2012). New investigations showed that these recent
results confirm the folkloric use of the plant extract to treat painful
and inflammatory conditions. Further studies are needed to char-
acterise the active constituents and the mechanism of action of the
plant extract (Hajhashemi and Klooshani, 2012).

5. Discussion

The study of modern spectra of cave sediments inside and
outside the cave and the significant representation of C. jacea L,
A. annua L., A. absinthium L., A. millefolium L. and U. dioica L. pollen
showed that pollen grains of these species in the study region are
not always transported by wind over long distances. Therefore the
amount of their pollen in present-day caves tends to be very small.
However, they are quite well represented in the palynological
spectra of sediments taken outside the cave. In this regard, the
substantial presence of pollen from medicinal species - C. jacea,
A. annua, A. absinthium, A. millefolium and U. dioica - in the Upper

List of medicinal plant species (which pollen found in Upper Palaeolithic sediments) used in traditional medicine.

Species Pharmacological properties Use in folk medicine Reference

Artemisia Anti-malarial activity Malaria Liu et al., 1992; Ferreira, 2004; Mueller et al., 2004; Willcox
annua L. et al,, 2004; White, 2008; Dalrymple, 2008; Mamedov and

Craker, 2008; Adams et al., 2009; Meier zu Biesen, 2010.

Artemisia  Anti-malarial, anti-inflammatory, antipyretic, Rheumatism, atherosclerosis, Halliwell, 1997; Dettling et al., 2004; Radusiene and
absin- hepatoprotective, antiseptic, antimicrobial, analgesic, anti-  fiver, pain abdomen, malaria Gudaityte, 2006; Lopes-Lutz, 2008; Carner, 2008;
thium L.  rheumatic, cancer, cardiovascular, atherosclerosis fever, hepatitis, cancer Mahmoudi et al., 2009; Movilla Pires, 2009; Tariq, 2009;

Amat and Upur, 2010; Karabegovia, 2011; Saxena and
Shukla, 2012; Singhal and Gupta, 2012; Nikhat et al., 2013;
Efferth, 2014; Menale and Muoio, 2014.

Achillea Anti-inflammatory, antimicrobial, antioxidant, Gastrointestinal diseases, Odisharia and Sabakhtarashvili, 1993; Chevallier, 1996;
millefo- antihypertensive, bronchodilator, antibacterial, anaemia, anti-styptic, Moerman, 1998; Said et al., 2002; Goldberg et al., 2006;
lium L. gastrointestinal, antispasmoic, antidepressant, diuretic, diabetes Hassawi and Kharma, 2006; Iscan et al., 2006; Radusiene

urinary antiseptic, astringent, anti-hemorrhagic effect, and Gudaityte, 2006; Benedek and Kopp, 2007; Bag et al.,

abortifacient. 2008; Shahbazi and Zadeh, 2008; Bimbirait et al., 2008;
Candan et al., 2003; Raju et al., 2009; Khan and Gilani, 2011;
Lakshmi et al., 2011; Menkovi¢ et al., 2011; Feizpour et al.,
2013; Jamila and Mostafa, 2014; Zlatovi¢ et al., 2014.

Centaurea  Anti-inflammatory, anti-diuretic, antidandruff, anti- Inflammatory conditions and Agababyan and Fajvush, 1991; Farrag et al., 1993; Font Quer,
jacea L. rheumatic, antipyretic, antibacterial, choleretic, digestive, to reduce fever, diuretic, 1995; Agababyan, 1997; Barrero et al., 1997; Orallo et al.,

stomachic. diabetes 1998; Yesilada, 2002; Kose et al., 2007; Bernhardt, 2008;
Forgo et al., 2012.

Urtica Anti-inflammatory, antioxidant, antiulcer, anti-cancer, Rheumatism, asthma, Launert, 1981; Foster and Duke, 1990; Bown, 1995; Randall

dioica L.  antimicrobial, cardiovascular, hepatoprotective. anaemia, gout, fungal et al.,, 1999; Giilgin et al., 2004; Wichtl, 2002; Kanter et al.,

diseases.

2005; Adams et al., 2009; Nisha et al., 2011; Asgarpanah and
Mohajerani, 2012; Hajhashemi and Klooshani, 2012; Kais
Kassim Ghaima et al., 2013; Hayta et al., 2014, Zlatovic¢ et al.,
2014.
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Palaeolithic layers of the caves is best explained by the fact that
humans brought their flowering branches inside for their needs.
Thus, the presence of C. jacea, A. annua, A. absinthium, A. mill-
efolium and U. dioica, established by the pollen found in the
cultural layers in all four studied Upper Palaeolithic caves, may
help to reveal many details of palaeopharmacology and diseases of
prehistoric humans. As already noted, there are currently very few
data on Upper Palaeolithic palaesopharmacology, so palynology is
very important for finding solutions to this problem (Chaves and
Reinhard, 2003). The overview of the literature on the therapeutic
properties of the studied plants shows a fairly wide range of
applications for all five species (Table 2). Nettle (U. dioica) is
unique as it has the largest number of indications for treating
many (about 14) diseases (Kais kassim Ghaima et al., 2013). Yarrow
(A. millefolium) has more than 11 pharmacological properties. The
common pharmacological characteristics of the studied species
provide insights into the prevailing medical conditions among the
cave's Palaeolithic population. For example, all species except
A. annua have an anti-inflammatory activity. Antibacterial, anti-
microbial and antipyretic activities are also common traits (Plate
2) for these species. On the whole, the five studied species can
treat a very large number of diseases. It is probable that 35—25
thousand years ago, people might have known the medical
properties of these species, collected them and used them for
treating illnesses.

In the Dzudzuana cave, U. dioica, according to palynological
data, was an important remedy in the Upper Palaeolithic (Fig. 7a);
it accounts for 35% of the total counted pollen of the five studied
species.

In the cave Satsurblia, the content of nettle pollen grains is 15%,
but in the layers of the Kotias Klde cave, this figure does not exceed
6%, and in the Bondi cave nettle pollen is not found at all (Fig. 7b). It
should also be noted that the people could not eat raw, unprocessed
nettle because of its sting. The lack of pottery suggests that nettle
could not be cooked. However, there were stone mortars and cups,
one of which was found in the Dzudzuana cave (Meshveliani et al.,
2009), which were used to grind not only nettle, but also many seeds,
roots and fruits of medicinal plants. This mortar-ground nettle was
probably applied to wounds or aching joints.

In folk medicine, nettle (U. dioica) is considered to be a good
remedy for rheumatism, asthma, anaemia and gout (Launert, 1981;
Foster and Duke, 1990; Adams et al., 2009; Hayta et al., 2014;
Zlatovi¢ et al., 2014). Moreover, in folk medicine, nettle is often
used to treat burns, viral, bacterial and fungal diseases (Foster and
Duke, 1990; Adams et al., 2009). Nettle is also a good pain reliever
for rheumatism (Randall et al., 1999; Bown, 1995; Hajhashemi and
Klooshani, 2012). It should be mentioned here that, besides nettle,
antirheumatic properties are also characteristic for the medicinal
plant A. absinthium, which was also found in the layers of the
Dzudzuana cave and accounts for 4% of the pollen. A. annua
content reaches 26% in the same layers. Antimalarial activity is a
common trait in the pharmacological properties of these two
wormwood species (Table 2). This may indicate that the ancient
inhabitants of Dzudzuana, besides rheumatism, also suffered from
malaria. In the Dzudzuana layers, A. millefolium pollen content is
rather high and accounts for 28%. This plant differs from all other
studied species by having gastrointestinal antispasmodic proper-
ties. Yarrow is also a good antidepressant (Table 2).

According to the tradition of folk medicine, yarrow is mainly
used for the treatment of gastrointestinal diseases and anaemia
(Odisharia and Sabakhtarashvili, 1993; Chevallier, 1996; Moerman,
1998; Menkovi¢ et al. 2011; Zlatovi¢ et al., 2014; Jamila and
Mostafa, 2014). According to other authors, yarrow treats diabetes
and hypertension and can be used as an antimicrobial agent (Said
et al., 2002; Hassawi and Kharma, 2006).

As for the C. jacea pollen grains, their content is not high, and
reaches only 7%. Brown knapweed is used in folk medicine as a
remedy to reduce fever, diabetes, anaemia, cholecystitis, gastritis
and as an antifungal agent (Yesilada, 2002; Said et al., 2002;
Khammar and Djeddi, 2012).

Based on the quantitative composition of the studied species,
we can conclude that the ancient population of Dzudzuana cave
suffered from several diseases, with a predominance of rheuma-
tism, malaria, asthma and gastric diseases.

In the cultural layers of the Satsurblia cave, A. millefolium pollen is
predominant and accounts for 45% of the content of all five species
(Fig. 7b). This may indicate that the ancient population of the
Satsrublia neighbourhood was in greater need of this remedy. Yarrow,
as already noted, is used in folk medicine mainly to treat gastric
diseases. Yarrow is also a urinary antiseptic and diuretic (Table 2).

In the Upper Palaeolithic layers of Satsurblia cave, the second
dominant after yarrow pollen is C. jacea (25%), which treats
gastritis, anaemia, reduces fever and diabetes (Table 2). The pollen
of two species of wormwood (Fig. 7b) accounts for 15% (10%
A. annua and 5% A. absithium). The presence of Artemisia pollen
suggests the existence of malaria and rheumatism in the Satsurblia
area. The population might have treated rheumatism using nettle,
the pollen content of which is 15% (Fig. 7b).

The percentage of pollen of medicinal plants in the Upper
Palaeolithic layers of the Kotias Klde cave is noteworthy. Here
A. millefolium pollen is predominant and accounts for 46% (Fig. 7c).
This means that the local population had a great need for yarrow, i.e.
stomach and urological diseases may have been widespread here.
C. jacea was also collected and stored; in the palynological spectra it
accounts for 20%. The content of A. annua is slightly less than the
brown knapweed and accounts for 18%. The share of A. absinthium is
9%. Nettle pollen was not found in large quantities (6%).

The palynological spectra of the Bondi cultural layers (Fig.7d) are
dominated by A. annua pollen (58%). The second most prevalent is
A. millefolium (19%). C. jacea pollen accounts for 14%. Large amounts of
A. annua collected and used by the Bondi population may be
explained by the widespread occurrence of malaria at that time. This
would have been facilitated by its proximity to the river, the banks of
which might have been swampy. A. millefolium and C. jacea were used
to treat other diseases mentioned above

Thus, summarizing the data for all studied caves, we can see
that the Upper Palaeolithic population used a great deal of yarrow
(Fig. 8), which in modern medicine, as noted above, treats more
than 14 diseases. A. annua was also extensively used.

A comparison of the total amount of pollen of the five examined
genera in the studied caves (Fig. 8) shows that they have different
quantities of wormwood (A. annua and A. absinthium), yarrow
(A. millefolium), nettle (U. dioica) and brown knapweed (C. jacea) pollen.
The question arises: what caused such a significant difference in the
percentage of medicinal herbs in the above four caves? For example,
why was nettle more widely used by ancient people living in the
Dzudzuana cave than by residents of other caves? The reasons could
certainly be different. Primarily, the said plant genera, depending on
local geographical conditions in the surrounding environment, may
have had a different distribution. Nettle (U. dioica), being a ruderal
species, grows in trampled, shaded areas along paths and near human
dwellings. Animals do not usually eat it, and therefore its thickets
develop quite rapidly.

A. millefolium grows perfectly on pastures, and owing to its strong
smell, it is not eaten by herbivores. Animals do not eat any species of
Artemisia, since this plant is bitter. Being a ruderal plant, it grows
abundantly in trampled places, along the roads and paths and near
human dwellings. As for C jacea, it grows on forest edges and
clearings (Agababyan and Fajvush, 1991; Agababyan, 1997; Gagnidze,
2007; Nakhutsrishvili, 2013).
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Fig. 7. Relative abundances of pollen from the investigated medicinal plants in the different caves; a-Dzudzuana Cave; b-Satsurblia Cave; c- Kotias Klde Cave; d-Bondi Cave.
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Fig. 8. Total relative abundances of pollen from the investigated medicinal plants
summed up for all investigated caves.

Local geomorphological and geographical conditions could
also have influence on the nature of the most common diseases
of the population in the late Palaeolithic. For example, even at
present, the humid climate in western Georgia (and especially in
Imereti due to the proximity of the Black Sea and the western
transport of air masses) causes rheumatism and arthritis in the
local population. Until the advent of appropriate medicines and
mosquito control programmes, malaria was widespread in the
study region. In our opinion, these diseases existed in the Upper
Palaeolithic, since in the identified set of medications there were
plants for treating malaria and rheumatism. The caves located in
the gorges (Dzudzuana Cave and Bondi Cave) and along the rivers
were characterised by high dampness, perhaps making their
occupants more prone to malaria and rheumatism than people
living in the caves located in open and dry places (Satsrublia and
Kotias Klde).

In the Upper Palaeolithic, the biggest problem for the popula-
tion living in cave dwellings was probably gout and callouses.

Since most herbs are ruderal, communities of the Upper
Palaeolithic used for medical purposes essentially those plants
that grew near their dwellings.

6. Conclusion

The study of modern spectra of cave sediments inside and outside
the cave and of the role of C jacea L, A. annua L, A. absinthium L,
A. millefolium L. and U. dioica L. pollen showed that pollen grains of
these species in the study region are not transported by wind over
long distances and therefore in caves their pollen content is very low.

In the Upper Palaeolithic layers, significant amounts of C. jacea, A.
annua, A. absinthium, A. millefolium and U. dioica pollen were recorded
in the cave, likely due to their flowering branches being brought in by
humans for use.

Detailed consideration of the pharmacological characteristics of the
examined species showed that almost all of them have anti-inflam-
matory, antibacterial, antimicrobial and antipyretic activity and could
be used successfully for the treatment of many inflammatory diseases.

The fossil pollen complex of medicinal herbs, dominated by
A. millefolium and A. annua, suggests that the ancient population
living in the studied caves could have been prone to rheumatism,
malaria and gastrointestinal diseases.

In the Upper Palaeolithic, the population inhabiting cave sites
might have suffered from gout and callouses.

The population of the caves located in the gorges and along the
rivers and characterised by high dampness was probably more
prone to malaria and rheumatism than people living in the caves
located in open and dry places.
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ABSTRACT

Recent excavation at the site of Chobareti (1615 m a.s.l,, South Caucasus Mountains) reveals an important
Kura-Araxes settlement and eleven burials so far, for which a first multi-proxies approach was conducted
to understand both exploitation of plants and human dietary practices in this mountainous area. Thanks
to the excavation of several pits, in 2011, a well-reasoned sampling for archaeobotanical analysis,
including phytoliths, pollen and non-pollen palynomorphs, charcoal, seeds and other plant macro-
remains was undertaken. In parallel, human, animal bones and wheat seeds were recovered in order to
perform stable isotope analysis (3'3C, 31°N). Results show the strong presence of cereals (especially naked
wheat, as a hexaploid form, and emmer), highlighting the role played by cereal growing in the Kura-
Araxes farming activities. Plant macroremains, but also phytoliths recovered in pits, reflect processing
activities on the site. While animal dung seems to have been used to enhance cereal yields, different
herding practices can be suggested by 5'°N values. Whereas 3'>C values and archaeobotanical data agree
for a consumption of C3 plants, with no significant input in wheat for both animals and humans, a ho-
mogeneous mixed diet, with a great contribution of animal protein source (meat, secondary products)
has been observed.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

the hypothesis of their farming activities is often proposed based on
archaeobotanical and archaeozoological data, it remains difficult to

Around 3500/3400 cal. B.C,, the southern Caucasus played a
pivotal role in the development of one of the most widely known
archaeological cultures in the ancient Near East. Variously termed
Kura-Araxes or Early Trans-Caucasian, the tradition represents the
remains of village communities of stock-breeders and farmers
(Sagona, 1993; Connor and Sagona, 2007). Many Kura-Araxes (K-A)
sites have been discovered in the South Caucasus Mountains. While

* Corresponding author.
E-mail address: erwan.messager@cepam.cnrs.fr (E. Messager).

http://dx.doi.org/10.1016/j.jas.2014.10.014
0305-4403/© 2014 Elsevier Ltd. All rights reserved.

decipher their farming strategies in the high mountains. Despite
the considerable archaeological research conducted in the Cauca-
sus during the Soviet period, few archaeobotanical investigations
have been carried out on K-A sites, except in Armenia where recent
studies have been undertaken (Hovsepyan, 2009, 2010, 2011).
These previous investigations provide some information about the
cereal choices, but the diet strategies of K-A populations living in
high mountain environment is still little known. In Chobareti
(Javakheti, Georgia), despite the lack of archaeozoological data, the
issue is to evaluate how significant crops were in the diet, alongside
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other resources. In order to tackle this issue, the combination of a
multi-archaeobotanical analysis (phytoliths, pollen, non-pollen
palynomorphs, plant macroremains) with stable isotope analysis
(313C, '°N) have been conducted to assess crop choices, diets, as
well as subsistence strategies of K-A populations, in such a moun-
tain environment.

2. The site of Chobareti

The site of Chobareti (1615 m a.s.l., 41°35' N, 43’07 E) was
discovered in 2008 during the construction of the 32 km Aspindza-
Akhaltsikhe gas pipeline. Situated in the Samtskhe—]Javakheti re-
gion of Georgia (Fig. 1), an area that has received little archaeo-
logical attention, excavations have so far revealed a K-A settlement
and several burials, an Iron Age and Medieval stronghold, and a
kurgan of a date as yet unknown. It is significant for the late pre-
history of the Southern Caucasus for several reasons, but primarily
because it is revealing a detailed picture of life in high altitudes at
the elusive interface between the K-A tradition and its antecedents.
Thirteen radiocarbon (AMS) dates (including two new dates on
human bones), each falling comfortably within 3300—2900 cal. B.C.
(Table 1), but clustering within the 3300—3100 bracket, enable us to
better understand the nuances of cultural change and economic
subsistence patterns during the earliest phase of the K-A (Kakhiani
et al.,, 2013).

Chobareti was established on the slope of a mountain (Fig. 2).
That it is a terrace site is unusual enough, but its topography is also
distinctive, a saddle bookended by two rocky knolls. In choosing
the site, the ancient community no doubt had considered its stra-
tegic position, overlooking the Kura River valley not far from where
it meets the Uraveli River. Excavations have exposed an unusually
large, curvilinear building (Structure 4), a substantial number of
pits, and a growing number of burials. A distinctive feature of
Chobareti is the presence of fifteen pits probably used for storage
purposes and later for the disposal of waste (Kakhiani et al., 2013).
One may consider that some pits have been also used for ritual
purposes indicated by their structured deposition. That is, objects
of value deposited in an intentional and meaningful manner
(Chapman, 2000).
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Table 1

List of AMS'C dates from Chobareti. All data are from Kakhiani et al., 2013, except
samples Poz-56370 (Burial 5) and Poz-56370 (Burial 9). C ages were calibrated
using INTCALO9 (Stuiver and Reimer, 1993; Reimer et al., 2009).

Lab. Code Material Radiocarbon age BP Age cal BC

Wk-34451 Charcoal 4490 + 33 3349-3089
Wk-34452 Charcoal 4470 + 36 3341-3024
Wk-34453 Charcoal 4528 + 33 3244-3101
Wk-34454 Charcoal 4517 + 35 3359-3262
WKk-34455 Charcoal 4501 + 39 3356—3090
Wk-34456 Charcoal 4501 + 33 3351-3094
Wk-34457 Charred grain 4451 + 34 3338-3208
Wk-34458 Charred grain 4451 + 34 3195-3007
Wk-34459 Charred grain 4434 + 35 3125-2926
SacA 27471 Charcoal 4500 + 30 3348—-3096
SacA 27472 Charcoal 4535 + 30 3241-3104
Poz-56370 Human bone 4460 + 40 3346—2944
Poz-56371 Human bone 4380 + 40 3264—2902

3. Characterization of Chobareti population

Amongst the nine of the burials excavated, seven correspond to
rectangular structures delimited by small basalt stones walls. One
burial (Burial 5) is a circular pit and corresponds to a reuse of the pit
12 while the last one is a jar burial of a child (Burial 9). Removing
the two burials (3 and 6) for which no bones allowed an anthro-
pological study, biological analysis enabled the identification of 12
individuals of which three were subadults. The absence or bad
preservation of coxal bone, which wears the most reliable indicator
for sex and age at death assignation, restricts the evaluation of
demographic parameters of Chobareti population (Bruzek and
Murail, 2006). Nevertheless, based on skull morphology, sex
assessment yielded three males, four females and one indetermi-
nate, while age assessment yielded five young adults below 40
years old and three adults above 40 years old.

The archaeothanatology study reveals strict anatomical con-
nections for most of the skeletons with two types of body deposit:
primary burials and reductions or secondary deposits (see
Supplementary Material SD1). All individuals in primary burial
were deposited in a crouched position on one side, however a
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Fig. 1. Map showing the location of Chobareti.
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Fig. 2. Bottom: location of the pipeline corridor and the Kura-Araxes site of Chobareti, Top: Chobareti structures. A. Burials, B. Structure 4.

difference in side was observed between adults and subadults. The
deposit of the infant body in a jar (Burial 9) is surprising in a K-A
context and could evoke a link with Chalcolithic tradition
(Poulmarc'h, 2014).

4. Materials and methods
4.1. Phytoliths

For phytolith analysis, five samples from the lower part of pit 17
and five samples from the lower part of the pit 18 were collected at
regular intervals of 10 cm along the deposits to investigate the
evolution of the phytolith assemblages in each pit. Phytoliths were
extracted from sediment samples using HCl and H,0, baths,
sieving, clay removal and densimetric separation (Lentfer and Boyd,
1998). After cleaning, the residue was suspended in glycerine,
mounted on slides and observed under a Microscope at 600x
magnification. Each phytolith was classified according to its
morphology, following several systems (Twiss et al., 1969; Fredlund
and Tieszen, 1994; Mulholland, 1989) and the International Code

for Phytolith Nomenclature (ICPN Working Group et al., 2005).
Based on the previous literature, the observed phytoliths were
classified into 13 different categories (Table 2, see Messager et al.,
2010). Silica skeletons, corresponding to fragments of silicified
Poaceae epidermis, were also identified and counted, but not
included in the phytolith sum.

4.2. Pollen and non-pollen palynomorphs (NPP)

For pollen analysis, five samples from the lower part of pit 17 and
six samples from the lower part of pit 18 located in the trench 1
(Fig.3) were collected. The samples were taken at regular intervals of
10 cm in each pit section to evaluate the potential evolution of the
assemblages during the deposits. Pollen samples were prepared
using a 10 per cent solution of potassium hydroxide (KOH), followed
by heavy liquid separation and standard acetolysis (Faegri and
Iversen, 1989). Pollen and non-pollen palynomorphs (NPP) identi-
fications were made with reference to atlases (Beug, 2004; Reille,
1992, 1995, 1998; van Geel, 1998; van Geel and Aptroot, 2006) and
the modern reference collection of the Institute of Palaeobiology

Table 2
Phytolith morphotypes (following ICPN Working Group et al., 2005) identified in Chobareti with their taxonomic attributions and the corresponding literature.
Morphotypes Main taxonomic attribution Bibliography
Elongate Poaceae Twiss et al., 1969 (elongate)
Elongate dendritic Poaceae Ball et al., 1996 (dendriform)
Acicular Poaceae Twiss et al., 1969 (point-shaped)
Short acicular Poaceae Kaplan et al., 1992 (short point)
Bulliform (cuneiform & parallepipedal) Poaceae Twiss et al., 1969 (fan-shaped)
Papillae Poaceae Rosen, 1992 (papillae)

Rondel & trapeziform short cells
Sinuate trapeziform

Poaceae, Pooideae
Poaceae, Pooideae

Bilobate Poaceae, Panicoideae/Arundinoideae
Cylindric sulcate cf. Dicotyledonous

Globular cf. Dicotyledonous

Jigsaw cf. Dicotyledonous

Point-hair No taxonomic value

Fredlund et Tieszen, 1994 (keeled, conical, pyramidal)
Mulholland, 1989 (sinuate)

Brown, 1984 (bilobate)

Stromberg, 2002 (tracheid)

Runge, 1999 (spherical)

Bozarth, 1992 (jigsaw)

Pearsall, 2000 (hair cell)
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Fig. 3. Chobareti: trench 1 (2011) in which archaeobotanical sampling was undertaken.

(Thbilisi). The criteria used for NPP identification recovered in Geor-
gian archaeological sites have already been described in Kvavadze
and Kakhiani (2010) and Chichinadze and Kvavadze (2013).

4.3. Plant macroremains

For plant macroremains analysis, including seeds, fruits and
charcoal, sediment was collected from the three pits which repre-
sent a total of 48.6 L (Fig. 3). 34.2 L of sediment have been wet-
sieved in the laboratory of the University of Geneva (Switzerland)
with mesh sizes 4, 2 and 0.5 mm. Additional samples recovered
from pit 18 (14.4 L) were sieved in the field using a flotation ma-
chine (see Longford in Kakhiani et al., 2013). All residues were dried
and plant remains were extracted and sorted, either with the naked
eye (4 mm mesh), or with a stereoscopic microscope with
magnifications x6.5—x40 (2 and 0.5 mm meshes).

Seeds, fruits and other plant macroremains were identified us-
ing the modern reference collection of plant material of the Insti-
tute for Prehistory and Archaeological Sciences (Basel University),
as well as specialised literature (Cappers et al., 2006). Nomencla-
ture follows Zohary et al. (2012). The 0.5 mm organic fraction of pit
16 was sub-sampled because of its richness in plant macrofossils.
Due to its abundance, chaff was sorted in 10% of the volume of each
sample; other macro-remains in 25% of the sample; remarkable
elements were sorted in the whole sample. The numerical values
for each group were extrapolated to the total volume of the sample
applying a correction factor of x10 and x4 according to the used
division.

The wood charcoal fragments were sorted from the 4 and 2 mm
meshes only. Each fragment was hand-broken along the three
characteristic directions (transverse, longitudinal-radial, longitu-
dinal-tangential) in order to get fresh sections, and observed with a
reflecting light microscope fitted with a bright field/dark field de-
vice (magnifications x100—x1000). The identification is done by
comparing the anatomic structures with those of the modern
charred wood from the laboratory's collection (UMR 7264, Nice)
and with the published descriptions (Greguss, 1959;

Schweingruber, 1990). Most of the time, the identification reaches
the genus or group of species level, rarely the species level, and
sometimes only the family level or a group of several genera. Ac-
cording to previous methodological investigations (Chabal, 1997, p.
27-29), the study of scattered charcoal fragments recovered from
living surfaces is needed to display a reliable and complete image of
the past vegetation. Thus, considering the small size of charcoal
samples from Chobareti (29—183 fragments) and the fact that they
are coming from pits, the interpretation of the floristic list will be
mainly qualitative. Nevertheless, the relative proportions of the
various taxa have been figured to better visualize the results, but
they must be interpreted cautiously.

4.4. Stable isotope analysis

In order to reconstitute the nature of the consumed proteins,
carbon and nitrogen stable isotopes were measured on bone
collagen (Katzenberg and Saunders, 2008). Since carbon stable
isotope ratios (813C) are in relation with the photosynthetic pathway
of plants, they can discriminate plants from temperate environment
using the C3 photosynthesis and those using C4 photosynthesis, like
millet (Smith and Epstein, 1971). Nitrogen stable isotope ratios
(3'°N) permit to assess the trophic level of an individual within its
food web because the more animal proteins are consumed the
higher the isotopic values are (DeNiro and Epstein, 1981). In
terrestrial ecosystems, there is a small step-wise in 3'>C values of
about 0—2%o while the step-wise is higher in 8'°N values of 3—5%o
between trophic levels (Bocherens and Drucker, 2003). Isotopic
measurements on bone collagen authorize a food behaviour resti-
tution corresponding to the consumption of proteins of the 10—15
last years of life (Hedges et al., 2007). The interpretation of human
isotope values is dependant of those of the consumed potential food
items which make indispensable the characterisation of the local
environment of Chobareti population. It is well admitted that animal
bones need to be considered to avoid any misinterpretation of hu-
man data (Herrscher and Le Bras-Goude, 2010). Recently, studies
have also shown that anthropic factors, like manuring can



218 E. Messager et al. / Journal of Archaeological Science 53 (2015) 214—226
Table 3
Archaeological, funerary, biological data and isotope values for humans from Chobareti.
Burial #Catalog Individual Funerary practices Decomposition Stage Skull® Coxal Skeletal Yield %C %N C/N  33Cyppp 3" Nair
Age  Sex Age” Sex: Clement  (mgfg)
Burial 1 2838 Primary burial Filled space Adult 30-35 M 25-30¢ Phalanx 1043 42.1 15.7 3.1 -19.0 9.8
Burial 2 2846 1 Several inhumation ? Adult 40—-45 F Skull 58.7 389 141 32 -187 10.8
Burial 2 2840 3 Several inhumation ? Adult 50-55 M Skull 306 352 127 32 -188 11.2
Burial 2 2839 4 Several inhumation ? Adult 20-25 F 20-29° F° Skull 1069 379 138 32 -193 10.5
Burial 4 — Primary burial Filled space Adult 25-30 F Skull 784 41.0 151 32 -189 10.8
Burial 5 2845 Primary burial Filled space Adult 30-35 M 25-30¢ Phalanx 573 40.1 148 3.1 -188 11.0
Burial 7 2842 Primary burial Filled space Subadult 5y 2y-3y6m’ Skull 1149 413 150 32 -189 9.9
Burial 8 2843 1 Primary burial Filled space Adult 40-45 F >40° F Phalanx 336 409 149 32 -187 10.1
Burial 8 — 2 ? ? Adult 25-30 Skull 40.8 379 13.7 32 -19.0 11.0
Burial 9 2944 Primary burial Filled space Subadult 1y 1y® Skull 466 386 141 32 -18.1 13.9
Mean 672 394 144 32 -188 10.9
N 10 10 10 10 10 10
SD 318 21 09 003 0.3 1.2
Minimum 306 352 12.7 31 -193 9.8
Maximum 1149 42.1 157 32 -181 13.9

Several inhumation: no possibility to reconstruct the chronology/reorganization of the skeleton deposits and to cut off between reductions and secondary deposits (Duday,

2009).
2 Buikstra and Ubelaker 1994.
b Schmitt 2005.
¢ Bruzek 2002; Murail et al., 2005.
d Based on fusion of sternal extremity of clavicula.
€ Coxal bone could be associated with this skull but nothing is sure.
f Dental age expressed in years/months after Moores et al., 1963a, 1963b.

& Age expressed in years based on long bone measurements after Scheuer and Black 2000.

significantly raise nitrogen stable isotope values in cereal grains and
chaffs, affecting the isotope values in consumer tissues. It demon-
strates the interest of considering the isotope values of archaeo-
logical plant remains, for reconstructing human past diets (Bogaard
et al,, 2007). Only two individuals, among the twelve identified,
weren't sampled because of a bad macroscopic preservation and a
low skeletal representation (see Supplementary Material SD1).
Thus, the subsample of Chobareti population is composed of eight
adults and two sub-adults (Table 3). Animal sample includes 21
herbivores attributed to nine specimens of Bos sp., one Bison sp.

specimen and 11 specimens of Ovis/Capra (Table 4). In addition,
analyses were also carried out on six charred seeds of Triticum sp.,
sampled from the pit 16 (Table 4).

Bone collagen extraction was based on Longin's method (1971),
modified by Bocherens and collaborators (Bocherens et al., 1991)
and charred seeds were prepared following the ABA method (Brock
et al., 2010) at Aix Marseille University (UMR 7269). Samples were
analysed by elemental analysis-isotope ratio mass spectrometry
(EA-IRMS) using an elemental analyser (Europa Scientific) coupled
to a continuous-flow isotope ratio mass spectrometer (Europa

Table 4
Archaeological data and isotope values for animals and seeds from Chobareti.
#Lab Excavation Archaeological Species Skeletal element Yield (mg/g) %C %N C/N 3'3Cy-ppp 35 Nair
information
CHOFO1 2011 Trench | Bos sp. Femur 44.0 40.1 146 3.2 -19.9 6.0
CHOFO02 2011 Trench I Bos sp. Radius 67.4 41.0 14.8 3.2 —-18.9 55
CHOF04 2011 Trench I Bos sp. Talus 58.2 39.4 14.3 3.2 -20.2 8.1
CHOF05 2011 Trench | Bos sp. Calcaneum 75.6 399 144 3.2 -20.0 6.1
CHOF06 2011 Trench | Bos sp. Phalanx 15.6 394 141 3.2 -19.2 5.1
CHOF09 2009 Building 4 Bos sp. Talus 81.5 40.4 14.6 3.2 -19.2 7.9
CHOF10 2009 Building 4 Bos sp. Radius 40.2 374 13.7 3.2 -19.6 4.6
CHOF11 2009 Building 4 Ovis sp. Humerus 73.6 39.8 14.6 32 -184 33
CHOF12 2009 Building 4 Bos sp. Radius 101.7 42.6 15.3 3.2 -20.5 53
CHOF30 2009 Pit 4 Bison sp. Calcaneum 149.9 38.6 14.4 31 -18.5 7.1
CHOF31 2009 Pit 4 Bos taurus Mandibula 1283 35.8 13.1 32 -19.4 7.9
CHOF32 2009 Pit 4 Ovis/Capra Femur 156.9 41.6 15.3 3.2 -19.6 5.0
CHOF33 2009 Pit 4 Ovis/Capra Mandibula 130.1 38.0 139 3.2 -194 49
CHOF34 2009 Pit 4 Ovis/Capra Radius 164.7 39.9 14.7 3.1 -19.0 4.5
CHOF35 2009 Pit 4 Ovis/Capra Humerus 1203 404 14.7 32 -19.5 5.9
CHOF36 2009 Pit 4 Ovis/Capra Femur 1164 414 15.1 32 -19.5 4.3
CHOF37 2009 Pit 5 Ovis/Capra Metapode 94.4 36.1 13.2 32 -19.9 6.3
CHOF38 2009 Pit 4 Ovis/Capra® Mandibula 126.3 38.7 141 32 -19.1 5.7
CHOF39 2009 Pit 4 Ovis/Capra Tibia 155.6 389 14.2 3.2 -19.5 4.1
CHOF40 2009 Pit 6 Ovis/Capra Rib 146.5 39.0 14.2 3.2 -19.3 52
CHOF41 2009 Pit 13 Ovis aries Phalanx 204.4 384 141 32 -20.0 5.9
CHO.BLO1 2012 Pit 16 Triticum a/d/t Charred seed 66.1 4.8 16.0 -214 6.0
CHO.BL02 2012 Pit 16 Triticum a/d/t Charred seed 61.6 4.2 17.0 -20.5 6.6
CHO.BLO4 2012 Pit 16 Triticum a/d/t Charred seed 58.6 5.0 135 -20.8 6.0
CHO.BLO5 2012 Pit 16 Triticum a/d/t Charred seed 61.3 4.5 15.6 -21.2 3.9
CHO.BLO6 2012 Pit 16 Triticum a/djt. Charred seed 59.1 3.8 17.9 -21.7 111
CHO.BLO7 2012 Pit 16 Triticum a/d/t Charred seed 59.5 35 19.5 -223 4.8

¢ No age information; (Triticum a/d/t = Triticum aestivum/durum/turgidum).
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Scientific 20-20). International standards are V-PDB for carbon and
AIR for nitrogen. Precision of isotope measurements, calculated on
internal standard replicates (IA-R042, 1A-R045, IA-R046 and IA-
RO5, IA-R06), is inferior to 0.2%o for nitrogen and inferior to 0.1%o
for carbon. To ensure the good quality of collagens, four criteria:
yield of extraction (above 10 mg/g), percentages in carbon and ni-
trogen (respectively above 30 per cent and 11 per cent), carbon to
nitrogen atomic ratios (between 2.9 and 3.6) were checked (DeNiro,
1985; Ambrose, 1990; van Klinken, 1999).

5. Results
5.1. Phytoliths

Chobareti sediments yielded large amount of phytoliths
(200,000—500,000 phytoliths per gram of sediment). The sedi-
ments sampled in both pits (17 and 18) have relatively homogenous
phytolith assemblages (Fig. 4). Grasses (Poaceae family) are the
dominant taxon in all phytolith samples (Fig. 4). In this group, long
cells such as elongate and acicular morphotypes are preponderant
while short acicular forms and bulliform cells are rare (Fig. 4).
Rondels and sinuate short cells are well represented. They corre-
spond to Pooideae sub-family (Twiss et al., 1969; Fredlund and
Tieszen, 1994), the main group of Poaceae in temperate areas. In
Chobareti archaeological deposits, bilobate phytoliths are recorded,
attesting of the occurrence of the Panicoideae subfamily in the past
grasses (Fredlund and Tieszen, 1994; Lu and Liu, 2003; Messager
et al., 2010).

Owing to the significant values in “elongate dendritic” phytolith
class, the assemblages are rather different from natural phytolith
assemblages. This class of phytolith is produced in chaff (glumes,
lemma, palea) of Poaceae (Ball et al., 1996). Since domesticated

cereals Poaceae are selected for their abundant grains (and chaff as
a consequence), they produce many dendritic phytoliths. Moreover,
they also correspond to the nutritive part of the plant which is the
most subject to harvesting and storage. These are the reasons why
this class of phytolith is especially abundant in archaeological sites
in which cereals have been processed (Berlin et al., 2003; Portillo
and Albert, 2011). The other main feature of these assemblages is
the frequent occurrence of silica skeletons (Fig. 4) corresponding to
fragments of epidermis (linked phytoliths) (Rosen, 1992). They
represent the remains of fragmented pieces of stems, leaves and
chaff of Poaceae.

5.2. Pollen and non-pollen palynomorphs

The pollen grains and non-pollen palynomorphs (NPP) were
well preserved in the four lowest samples coming from pit 18
(Fig. 5). In the top of pit 18 as well as in every sample from pit 17,
pollen grains were not found in sufficient quantities (<100) to be
sure of the reliability of pollen spectra (Kakhiani et al., 2013). In the
pit 18 spectra, pollen grains of Cerealia type are predominant
(Fig. 5). Crop weeds were also identified (Polygonum, Convolvulus,
Carduus, Centaurea, Dipsacus). The group of arboreal pollen is
essentially represented by coniferous trees such as Pinus (pine),
Picea (spruce) and Abies (fir). Pine is predominant, although there
are also large quantities of fir (Abies nordmanniana) in the lower
part of the pit 18 (Fig. 5). In the group of NPP, spores of Glomus, a
fungus which settles only either on tilled or erosion soils (van Geel,
1998; van Geel and Aptroot, 2006) are well represented in the
Chobareti spectra. Spores of dung fungi, such as Sordaria or Arnium
are well-recorded. Another interesting feature of the NPP spectrum
is that in all samples, remains of mites and other insects were
found.

(4
>
0‘56 &
@ & S Qorb @@
: N5
c?’(b@ & . oo\b N
N N\ 3 3
N M S o & QOQQ\b
Q R RT QO™ O ()
8 s E
> £ £ o 2
(0] [0S £ c +6 S o o = K] =
(3] = © X
© = © © & 8 5 NO Lo zEocw =
£ o 5 3 L= <D 9% S22 5 Sm+t @ O
c c £ B Q. Q £8c <
Q c 2 o=ga co 5 09 =0E£ 0 %
0] o O © €353 ® o® Oc =2 oS0 = <
[a) [} s << v mao s Fo 0O S Ond 0 O
40 1 1 370
30 ] 369
N~
- |20 | 334
=
o, 345
0.1 330
40 231
30 236
[e0)
~ |2 262
=
o, 248
01 | 297
0 40% 20% 5% 5% 5% 5% 0 50% 5% 5% 5% 5% 5% 5% 10%

Fig. 4. Phytolith assemblages (%) of pits 17 and 18 from Chobareti.
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Fig. 5. Pollen and non-pollen palynomorphs (NPP) assemblages (%) of pit 18 from Chobareti.

5.3. Seeds and fruits

The preservation of plant macroremains is exclusively due to
carbonisation. Almost 50 L of sediment provided more than 11,000
plant remains (Fig. 6, Table 5). It represents an average of 231.6
items/litre but concentration varies from 6.2 item/litre in pit 18 to
almost 2000 items/litre in pit 16. We attested 43 different taxa, of
which 16 identified as species.

The assemblage is composed of cereal grains and chaff and of
wild plants seeds (Table 5). Domestic plants are represented only by
wheat and barley. This group includes einkorn (Triticum mono-
coccum), emmer (Triticum turgidum ssp. dicoccon often referred to
as the short term Triticum dicoccum), naked wheat (Triticum aesti-
vum/durum/turgidum) and barley (Hordeum vulgare) sometimes
hulled; the presence of connected rachis fragments, with typical
curved sides and striations, and no thickenings under the glumes
(Jacomet et al., 2006, p.36—37) allows us identifying naked wheat
as a hexaploid form, belonging to the aestivum type (see
Supplementary Material SD2). Cereals are badly preserved: more
than 70% are identified as Cerealia type or Triticum sp. and as
groups of species i.e. T. monococcum/dicoccum. Representing more
than 90% of the assemblage, cereals grains and chaff are dominating
in the three pits. More than 85% of cereals remains are chaff —
glume base, spikelet fork and rachis fragment — and could not be
assigned to a species. Few seeds attested trees and shrubs: Rosa sp.
(one seed), Rubus sp. (one seed) and yew, Taxus baccata (several
fragments of seeds). Ruderal and arable-weeds are dominated by
various Chenopodium (Chenopodium album and Chenopodium
hybridum), Fallopia convolvulus and Galium (Galium aparine and/or
spurium); we also determined Avena sp., Buglossoides arvensis,
Euphorbia sp. and Euphorbia helioscopa, Hyoscyamus niger, Papaver
sp., Polygonum sp., Polygonum aviculare, Rumex sp. and Urtica dioica.
Finally, various taxa mostly only assigned to a plant family are
grouped in the “Miscellaneous” section which includes Bromus sp.,
Brassicaceae, Carex sp., Caryophyllaceae, Fabaceae type Trifolium
and Vicia, Lamiaceae, Paniceae, Poa sp., Poaceae, Polygonaceae,
Rosaceae type Potentilla, Teucrium sp. and maybe Teucrium botrys.

5.4. Charcoal

Charcoal from the three pits was analysed (Fig. 7, Table 6). Nine
different taxa were identified, among 295 identifiable fragments.
The pit 16 yielded an assemblage composed of only two taxa: Acer t.
campestre (maple) and Quercus (deciduous oak). They could be

made of a few original fragments, broken into smaller pieces, as it is
sometimes the case when dealing with localized, concentrated
charcoal sample (Chabal, 1997). Pits 17 and 18 show more diverse
spectra, even if Acer and Quercus are still present but in low
amounts. Pinus sp. (Pine) is dominating the assemblages from the
pits, but broadleaved trees are also present: Carpinus sp. (horn-
beam), Fraxinus sp. (ash), Corylus avellana (hazel) and Ulmaceae
(wood anatomy does not allow discriminating between Ulmus sp.,
Celtis sp. and Zelkova sp.) and Ilex aquifolium (holly). All these
broadleaved taxa refer to mixed forests in contexts of high edaphic
humidity (humid mixed forests or riparian formations), some of the
deciduous ones being light-demanding species (in particular hazel
and ash) while the evergreen one (holly) is more shadow-loving.
Charcoal assemblages show that wood was in part collected in
humid mixed forest areas and on their edges, but also in dryer
places, as evidenced by the important amount of pine.

5.5. Stable isotopes

Isotope values of Triticum sp. charred seeds range from —22.3
to —20.5%0 and from 3.9 to 11.1%o, respectively for carbon and ni-
trogen (Table 4). The typical 8'3C values of modern Cs plants pre-
sent a modal value of —27%o (O'Leary, 1988), while archaeological
crop species can range between —26.7 and —21.1%o (Riehl et al.,
2008). A variety of environmental factors can affect their ratios
and explain the more positive 813C values measured on Chobareti
seeds (Tieszen, 1991). Compared to modern values, one could be the
depletion of atmospheric CO, in modern time due to anthropogenic
addition of CO; (Tieszen and Fagre, 1993), as well as the fact that
seed proteins isotope values are enriched relative to leaf tissue
because of their low cellulose content (Tieszen, 1991; Heaton,
1999). Among the factors which could affect 3'3C values, the alti-
tude could be a reliable one to explain the high Triticum sp. 3'3C
values. As altitude increases the partial pressure of CO,, an increase
of 1%o per 1000 m of 3'3C values can be expected in plant (Heaton,
1999). Similarly, a water stress as well as a high nutrient level in soil
can be correlated with an enrichment in 3C of plant tissues
(Tieszen, 1991). In addition, concerning the wide dispersion of 3'3C
values, the inter-individual seed variability could be related to the
short-term seasonal/annual indicating the presence of seeds from
different harvests (Heaton, 1999). 3'°N values of modern Cs and C4
plants of a wide variety of environments range from —1 to 6%o
(Heaton, 1987). Among factors which could increase the nitrogen
isotope ratios, the modification of the environment by human
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Fig. 6. Different proportions of cereals identified in pits 16, 17 and 18 from Chobareti,
according to the number of caryopsis and chaff. For chaff, we took into account only
spikelet fork and glume basis, estimating that one spikelet fork = two glume basis, and
only rachis segments for naked wheat.

Table 5
Plant macroremains identified in pits 16, 17 and 18 from Chobareti MNI = Minimum
number of individuals.
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Samples Pit 16 Pit 17 Pit 18 Total
(MNI)
Samples volumes (litres) 4.9 20.7 23 48.6
Domesticated plants
cf. Cerealia, grain 41 26 20 87
Cerealia, grain 296 189 66 551
Triticum sp., grain 14 31 12 57
Triticum sp., spikelet fork 136 - - 136
Triticum sp., glume base 5519 281 100 5900
Triticum sp., rachis fragment 218 44 14 276
Triticum monococcum, grain 1 — — 1
Triticum monococcum, spikelet fork 8 - - 8
Triticum monococcum/dicoccum, 40 5 6 51
spikelet fork
Triticum monococcum/dicoccum, 112 - - 112
rachis fragment
Triticum cf. dicoccum, grain 13 - - 13
Triticum cf. dicoccum, glume base 25 - - 25
Triticum dicoccum, grain 36 10 9 55
Triticum dicoccum, spikelet fork 50 1 1 52
Triticum dicoccum, glume base 89 94 21 204
Triticum cf. astivum/turgidum, grain 18 — — 18
Triticum eestivum/turgidum, grain 80 13 12 105
Triticum estivum/turgidum, 2059 18 12 2089
rachis fragment
Triticum stivum, rachis fragment 423 12 3 438
cf. Hordeum vulgare, grain 8 2 11
Hordeum vulgare, grain - - 1 1
Hordeum vulgare hulled, grain 6 — — 6
TOTAL CEREALS 9192 725 279 10.196
Trees and schrubs
Rosa sp., seed — 1 — 1
Rubus sp., seed — 1 — 1
Taxus baccata, seed — 2 1 3
Ruderal and arable-weeds
cf. Avena sp., grain — 1 1 2
Avena sp., grain - - 2 2
Buglossoides arvensis, seed - 1 — 1
Chenopodium sp., seed 20 28 10 58
Chenopodium album, seed 6 17 8 31
Chenopodium hybridum, seed - 5 4 9
Euphorbia sp., seed - 1 1 2
Euphorbia helioscopia, seed — 2 — 2
Fallopia convolvulus, seed 10 17 5 32
Galium sp., seed 49 62 15 126
Galium aparine, seed — — 3 3
Galium aparine/spurium, seed - 161 35 196
Hyoscyamus niger, seed — 2 — 2
Papaver sp., seed 4 - - 4
Polygonum sp., seed - 16 2 18
Polygonum aviculare, seed - 1 - 1
Rumex sp., seed 25 - - 25
cf. Urtica dioica, seed - 1 - 1
Urtica dioica, seed - 3 - 3
Miscellaneous
cf. Bromus sp., grain 135 1 — 136
Bromus sp., grain 161 25 8 194
Brassicaceae, seed 3 — — 3
Carex sp., seed 1 — — 1
Caryophyllaceae, seed - 1 — 1
Fabaceae type Trifolium, seed 15 29 10 54
Fabaceae type Vicia, seed — 1 — 1
Lamiaceae, seed - 3 - 3
Paniceae, grain - 3 - 3
Poa sp., grain 4 - — 4
Poaceae, grain 45 21 26 92
Poaceae type Poa, grain — 8 3 11
Polygonaceae, seed 11 7 3 21
Rosaceae type Potentilla, seed — 4 — 4
Teucrium sp., seed - 1 — 1
Teucrium cf. botrys, seed - 3 - 3
Foliar scar - 3 - 3
Total 9681 1157 416 11.254
Concentration/litre 1975.7 55.9 18.1 231.6
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Fig. 7. Charcoal assemblages from pits 16, 17 and 18. N = number of identified charcoals for each pit of Chobareti.

might be one of the more relevant (Bogaard et al., 2007; Fraser
et al.,, 2011).

Human and animal bones present yields of collagen extraction
above 15.6 mg/g (m = 94.3 + 47.0 mg/g, n = 31). The percentages of
carbon and nitrogen are above the required limits (%C: 39.4 + 1.8%:
%N: 14.4 + 0.7%) and the C/N ratios have a mean of 3.2 indicating a
well preservation for all collagen samples (Table 4). For herbivores
(Fig. 8), 813C values range from —20.5 to —18.4%0 (—19.5 + 0.5%o,
n = 21) and from 3.3 to 8.1%o (5.7 + 1.3%o, n = 21) for 5!°N values
(Fig 8). A sole wild animal, the bison, is included in the isotope
variability of Bos sp. indicating a similar environment occupancy. Its
carbon and nitrogen isotope values are amongst the highest
(—18.5%o0; 7.1%0) within Bos sp. group. Bovid group express signifi-
cant higher nitrogen isotope values in comparison to Ovis/Capra
group (p(8!°N) = 0.02, Mann Whitney test), for which no biological
explanation, as the age at death, can be evoked. On the other hand,
both groups exhibit no difference for 3'>C values, indicating a
similar environment occupancy constituted mainly by Cs plants.

Human 8'3C and 8N values range respectively from —19.3
to —18.1%0 and from 9.8 to 13.9%o (Table 3, Fig 8). The wide
dispersion of 3'°N values (4.1%o) can be explained by the value of a
young child (under one year-old), who was probably breastfed at
his/her death (Katzenberg et al., 1996). Removing this specific in-
dividual, the dispersion of 3'3C and 3!°N values becomes very low
(respectively about 0.3%o and 1.4%o), highlighting a homogeneous
dietary practice within the group (O'Connell and Hedges, 1999;
O'Connell et al., 2001). In addition, despite an apparent diversi-
fied funeral practices identified, any significant relation has been
observed between isotopic values, funerary and biological criteria,
confirming the strong homogeneity of dietary practices at
Chobareti.

6. Discussion
6.1. Surrounding vegetation

Despite the clear anthropogenic origin of botanical remains
accumulations in the pits, they can provide some information about
the surrounding vegetation. In the pollen and charcoal spectra from
Chobareti site, coniferous, as well as deciduous broadleaved trees,
are attested (Fig. 5). Pine is predominant according to both proxies.
In pollen assemblages, fir (Abies) is better represented than spruce
(Picea), which is a trend also recorded for the same period
(4500—4000 cal BP) in continuous pollen sequences from lakes
such as Aligol or Paravani (Connor, 2011; Messager et al., 2013). The
presence of Pinus in the form of charcoal indicates its occurrence in
the Chobareti vicinity. Deciduous trees such as oak, maple or
hornbeam have been identified in charcoals assemblages (Table 6),
whereas they are slightly recorded in pollen spectra. Charcoal re-
flects local environment, which is the one exploited for fuel

gathering according the “principle of least effort” defined by
Shackleton and Prins (1992). The occurrence of few fragments of
yew seeds (T. baccata), and holly (I. aquifolium) charcoal confirms
the local presence of dense forests, as both taxa are shade-loving
species. All archaeobotanical data deliver a partial picture of the
vegetation due to the anthropogenic origin of the assemblages but
the palaeoenvironmental information they provide fits well with
pollen records from regional natural sequences (Margalitadze,
1995; Connor, 2011; Messager et al., 2013). It's important to note
that the landscape depicted by palaeoenvironmental records on the
Javakheti Plateau is completely different from the present-day
landscape, mainly dominated by steppic  grassland
(Nakhutsrishvili, 1999; Matcharashvili et al., 2004).

6.2. Agricultural practices

6.2.1. Cultivated cereals

In Chobareti, phytoliths and pollen as well as plant macro-
remains show a predominance of cereals in the studied pits. Pollen
assemblages are not so well-preserved than in the lakes, but deliver
information concerning human practices, which are badly recorded
in pollen sequences from lakes (Messager et al., 2013; Joannin et al.,
2014). According to seed analysis, Triticum (wheat) is the most
important cereal in Chobareti, while Hordeum (barley) is found in
very low quantity. Within Triticum, it seems that naked wheat, and
probably the hexaploid form (T. aestivum), is the most cultivated
cereal, even if T. dicoccum (emmer) predominates in pits 17 and 18.
Indeed, cereals in pit 16 are much more abundant than in pits 17
and 18 (Table 5). In the latter, few grains and chaff of emmer
(n = 136) were identified whereas naked wheat widely pre-
dominates in pit 16 with more than 2000 pieces of chaff (Fig. 6).

The studied pits only draw a partial picture of the relative pro-
portions of cultivated cereals. The archaeobotanical analysis of
other sectors of the site is currently under process (C. Longford,
University of Sheffield) and will give further information. Never-
theless, these first data at Chobareti confirm that, as previously
observed on other K-A sites in the region, T. aestivum is one of the
most important cultivated cereals, with Hordeum. For instance, in
Armenia, on the sites of Tsaghkasar and Arapan III, located between
1860 and 2080 m a.s.l, T. aestivum and Hordeum, mainly hulled,
predominate while T. dicoccum is very discrete (Hovsepyan, 2010,
2011). In Gegharot, around 2000 m a.s.], hulled barley represents
96.1% of the assemblage, together with few bread wheat grains and
weeds (Hovsepyan, 2009). In northeast Turkey, at Sos Hoytik, bread
wheat and hulled barley also predominate (Longford et al., 2009).
In Azerbaijan, the site of Ovcular Tepesi (912 m a.s.1) also delivered
naked hexaploid wheat, and barley, including hulled form (Decaix,
2011).

In Chobareti, the presence of T. dicoccum is interesting, consid-
ering that hulled wheats (T. monococcum, T. dicoccum, T. spelta) are
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Table 6
Results of charcoal analysis from pits 16, 17 and 18 from Chobareti.
Pit 16 Pit 17 Pit 18

Acer campestre type 33 8 —
Carpinus sp. - 11 -
cf. Carpinus sp. — 1 -
Corylus avellana - 1 1
Fraxinus sp. - 8 6
Maloideae - 1 -
llex aquifoliuum - - 2
Pinus sylvestris type - 126 18
Quercus deciduous 50 26 1
cf. Quercus sp. — 1 —
Ulmu/Zelkova sp. - - 1
Total (identified) 83 183 29
Unidentified - 5 2
Total 83 188 31

rare, or even missing, on other K-A sites. At the contrary, we found
very few grains of Hordeum (n = 18, including six hulled forms),
whereas this cereal is predominant elsewhere. In this way, further
analyses on the site should precise the status of emmer and barley.
The abundance of cereal remains in Chobareti, as well as in other
sites we have mentioned above, shows that K-A populations suc-
cessfully managed mountainous environments for cereals cultiva-
tion. Indeed, Chobareti is located on the western part of the
Javakheti Plateau (1500—2000 m a.s.l), which is still today, a fertile
land where barley and wheat are widely cultivated.

6.2.2. Seed isotopic values: evidence of manuring?

Chobareti charred seeds display more positive 3'°N values than
excepted variability for plants (Heaton, 1987). The aridity is usually
evoked to explain this kind of shift (Ambrose, 1991). But, in this
region, the different palaeoecological records do not reveal a
drought phase at that time (Connor, 2011; Messager et al., 2013).
Recently, agricultural long-term and short-term experiments have
been done to understand the impact of animal manure application
on the 3N values of a broad range of crops and pulses (Bogaard
et al., 2007; Fraser et al., 2011). It has been demonstrated a
gradual increase of 3'°N values in modern wheat and barley sam-
ples related to low, medium and high manuring rates, with the
respective ranges: inferior to 3%o, from 3 to 6%c and up to 6%o

(Bogaard et al., 2013). The wide variability of Chobareti wheat 3'°N
values (from 3.9 to 11.1%o; Fig. 8) could be explained by different
strategies of manuring. Wheat may have not grown in the same
location, and/or in the meantime, indicating specific practices of
using animal dung, to restore nutrients and enhance crop yields.
Even if, only wheat seeds have been considered here, their specific
isotopic pattern constitute a great constraint to interpret animal
and human isotope values and assess the potential contribution of
domesticated cereals in their diets.

6.2.3. Animal husbandry practices

The animal 8'3C values display a range from —20.5 to —18.4%o, in
agreement with a consumption of C3 plants which fits well with the
archaeobotanical assemblages. Considering wheat seed 3'3C values,
whatever animal species, the diet-tissue spacing (ABCseed,
bos = 1.7%0; A Cseed-ovis/capra = 1.9%o) is significantly less important
than the average of 4+-5%o observed between 513Ccouagen and 83Ciet
in numerous experimental animal studies (Froehle et al., 2010). Our
data can't be explained by a regular consumption of wheat, what-
ever seeds, or chaff, even if these last have lower 5'3C and 3"°N
values than seeds (Tieszen, 1991; Bogaard et al., 2007). The high
3N values of Bos sp. in comparison with those of Ovis/Capra sp.
suggest various strategies to feed those animals. In addition, our
results could indicate herding practices based on the use of animal
dung for agriculture and the probable use of different pastures
rather than a feeding strategy based on wheat chaff.

6.3. Function of the pits

In the pits, among cereals remains, chaff is very abundant,
especially in pit 16, where only 6.8% of wheat remains are grains.
The assemblage is composed of rachis and awn (not counted)
fragments, spikelet forks and glume basis, probably waste products
of threshing. This hypothesis is strengthened by the presence of
common arable weeds in the macroremains assemblages (e.g. Fal-
lopia convolvulus, E. helioscopa, P. aviculare) as well as in the pollen
assemblage (Polygonum sp., Convolvulus sp.). The phytolith spectra
from pits 17 and 18, displaying a lot of dendritic phytolith and
fragmented silicified epidermis, support the interpretation of ce-
reals threshing.
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Fig. 8. Carbon and nitrogen isotope ratios for animals, seeds and humans from Chobareti. (Freshwater fish data from Higham et al., 2010; Svyatko et al., 2013).
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All these botanical remains evidence cereals processing, how-
ever their presence in these pits can have several origins. Threshing
by-products can be stored and used for fuel or forage. It is also
plausible that the pits were silos re-used as rubbish dumps. It is
difficult to determine whether there was in situ burning in the pits
or if the material has been deposited after being charred elsewhere.
Plant remains could also come from burnt dung. It has been
demonstrated that the burning of dung cakes is a plausible pathway
for the presence of charred cereals remains, especially threshing
by-products like chaff, which was used as fodder (Miller, 1984). In
Chobareti, this interpretation could be supported by the record of
spores of coprophilous fungi (e.g. Sordaria), but no spherulites have
been observed in the sediment. In this case, it is challenging to
assign a function to those pits.

6.4. Human dietary breadth

Animal and human 3'3C values (average respectively —19.5%o
and —18.8%0), as well as A'3C offset between the Chobareti
domesticated animals and human isotopic values of 0.7%o, suggest a
dietary pattern focussing on either the direct consumption of C3
plants and cereals, as recorded by archaeobotanical data, or the
exploitation of livestock products (meat, secondary products) of
animals fed on C3 plants. In the same vein, the AN of 4.9%0 be-
tween local animals and adult humans indicate a significant
contribution of animal proteins in human diet. It highlights an
exploitation of livestock products as much as, or more than plant
products. Alternatively, based on the theoretical enrichment in
heavy isotopes between two consecutive trophic levels (on
average +0.8%o in 3C and +4%. in '°N; Bocherens and Drucker,
2003), the expected mean isotopic values of the consumed food
items by the adult group would be around —19.7 + 0.2%0 and
6.6 + 0.5%o, for respectively carbon and nitrogen. These isotope
values would refer to a preferential consumption of bovid meat,
since these animals present significantly higher 3'°N values in
comparison with those of Ovis/Capra group.

Furthermore, recent isotopic data on modern freshwater fishes
from the Northern Caucasus can be used as proxy to question their
consumption by humans (Higham et al., 2010; Svyatko et al., 2013).
Even if freshwater fish did contribute to the diet, it was not sig-
nificant enough to be recorded in the isotopic composition of
Chobareti human tissues (Fig. 8). In addition, as previously
mentioned, concerning management practices of arable land, the
consumption of animal proteins could be overestimated instead of
the consumption of vegetal ones (Bogaard et al., 2013). Indeed,
wheat seeds of Chobareti show 8°N values, similar to those of
herbivores, making difficult the estimation of proportion of animal
versus vegetal proteins in human diet (Fig. 8). Another limit comes
from the magnitude of ABCdiet—collagen that can greatly vary
depending on the 3'3C values of dietary macronutrients (Froehle
et al., 2010). While archaeological seeds were analysed to eval-
uate the crop contribution to human and/or herbivore diet, their
isotopic values reveal a problem of equifinality for past dietary
reconstruction. To gain insight about the real contribution of Cs
cereals to Chobareti diet, carbon isotope analyses of human bone
apatite could be undertaken, as prescribed elsewhere (Kellner and
Schoeninger, 2007).

In any case, our results support the view of a mixed diet for the
Chobareti group involving a direct consumption of cereals as well
as a consumption of meat or dairy products from the livestock.
While funerary practices are diversified, the low dispersion of
carbon and nitrogen isotope values supports the hypothesis of a
community life, without any social, age or sex distinction in the
food item choices. Such a pattern could be in relation with either
the stability of the environment through time (Connor, 2011;

Messager et al., 2013), a homogenous range of food items at this
altitude, or the equality of the Kura-Araxes people, as already
proposed, based on socio-cultural features (Sagona, 1993).

7. Conclusion

This pilot study, involving archaeobotanical and isotopic in-
vestigations, performed at Chobareti site, has started to draw a
picture of the subsistence activities in mountainous environment of
the South Caucasus during the Kura-Araxes culture.

All botanical data indicate that inhabitant of Chobareti culti-
vated cereals. Cultivated crops were essentially naked wheat,
including T. aestivum and T dicoccum (emmer). The threshing
process is attested by phytoliths as well as macroremains assem-
blages, both dominated by cereal chaff remains. Chobareti com-
munity appears to be an efficient farming group, able to grow
wheat and barley up to 1600 m a.s.l. High 3'°N values of wheat
seeds suggest that animal dung were used to restore nutrients and
enhance crop yields. Animal nitrogen stable isotope data indicate
different herding practices based on differential occupancy of en-
vironments. In the meantime, both animal and human carbon
stable isotope data support C; plants and cereals consumption.
Whereas biological and funerary records support diversified cul-
tural traits, a mixed diet, with a great contribution of animal protein
source (meat, secondary products) seems homogenous within the
entire Chobareti population.
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The mid-third millennium BC, the approximate start of the Early Bronze Age III in the Southern Caucasus,
witnessed the emergence of a new cultural horizon characterised by the use of barrow burials (or kurgans).
One component of this so-called Early Kurgan Culture is particularly well represented in the Bedeni Plateau of
Southern Georgia. Although these barrow burials are noted for their large wooden mortuary chambers and
rich assemblages of grave goods, there is a hidden and equally important side of this funerary practice. Through
the analysis of pollen and non-pollen palynomorphs, this paper argues that the funerary process involved the use
of honey and of medicinal plants, which were probably tied together with flax string and placed in wooden or

Crown Copyright © 2015 Published by Elsevier Ltd. All rights reserved.

1. Introduction

The disposal of the dead is a subject that has always attracted the
attention of archaeologists. Burial customs have been used not only to
explain the wider social process associated with dying, but also to
infer the structural complexity of the community involved and its
relationship to the deceased (Chapman et al., 1981; Metcalf and
Huntington, 1991; Parker-Pearson, 1999). Most would agree that the
context of deposition is pivotal in any analysis of ancient burials.
Human behaviour is generally inferred by examining the relationship
between the mortuary architecture, skeletal remains, grave goods, and
position of the burial within the broader landscape (Carr, 1995). This in-
formation is usually derived from tangible remains which have survived
well enough to be obvious to the naked eye. Less attention has been paid
to the ‘invisible’ aspect of ritual, such as what can be derived from paly-
nological data. This paper will illustrate how palynology can enrich our
understanding of the funerary process. We present the results of the
analysis of several organic samples collected from three large and rich
barrow burials of the Bedeni culture (Gobedzhishvili, 1980), attributed
to the end of the Early Bronze Age in the Southern Caucasus (ca.

* Corresponding author. Tel.: +61 3 9853 8636.
E-mail address: a.sagona@unimelb.edu.au (A. Sagona).
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2500-2200 BC). The Bedeni barrows are well known for their wealth
of metalwork and prestige items, including wooden wheeled vehicles,
yet they also contain a considerable quantity of smaller, less eye-
catching organic items which for the most part have escaped notice.

2. Archaeological background

The third millennium BC was a period of great change in the Southern
Caucasus, the isthmus that connects the Near East to Europe (Fig. 1). It
witnessed the transition between two cultural horizons. During the first
half of the millennium, the Kura-Araxes culture complex (or Early
Trans-Caucasian culture) was preponderant (Sagona, 1984; Kushnareva,
1997; Kohl, 2007; Palumbi, 2008). Emerging around 3500/3400 BC
within the Kura and Araxes interfluve, this cultural horizon very quickly
absorbed and conflated a range of elements found in neighbouring
lands. Then, in a relatively short time, the bearers of this archaeological
culture migrated, initially occupying Northeastern Anatolia. By 3000/
2900 BC they occupied a vast area north of the Taurus Mountains,
stretching from the Euphrates River to Northwestern Iran. Represented
for the most part by hundreds of small settlement mounds, about 150 m
in diameter, these hamlets comprised a variety of architectural forms,
including freestanding single-roomed houses of rectilinear, sub-
rectangular or circular plan with walls of mud brick or wattle-and-
daub. Regionalism is evident across this cultural province. Even so,
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Fig. 2. Selection of items from the Bedeni Barrows: 1 Bronze axe (Barrow 12); 2-5 Black polished handled jar, carved wooden bowl (3) and ceramic bowl (4) with tripod bowl, and finely

worked hollow-based obsidian arrowheads.
Photographs: A. Sagona.
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Fig. 3. Cross section of Bedeni Barrow 5, showing the wooden mortuary chamber.
Adapted from Gobedzhishvili, 1980.

there are certain fundamental elements of its material culture that are
readily identifiable — red and black burnished pottery, round hearths
fixed into the floors of houses, portable andirons, and standardised
animal figurines, to mention a few.

Around the middle stretch of the third millennium BC the region's
social and political circumstances began to change. The most con-
spicuous shift is seen in the practices associated with disposal of
the deceased. From the Kura-Araxes custom of burying the dead in
either a simple earthen pit or a stone-lined cist tomb, communities
began to place the departed under a barrow, initiating what is
termed the Early Kurgan (Barrow) period (Dzhaparidze, 1994;
Edens, 1995; Sagona, 2004). This period comprises two broad and
chronologically overlapping phases named after eponymous sites:
the earlier phase includes the so-called Martkopi and Early Trialeti
traditions, whereas the second is termed Bedeni. The two phases
are distinguished through grave assemblages, especially ceramics,
and, to a certain extent, metalwork.

Fig. 4. Kurgan 5. The wooden bed on which the body was placed.
After Gobedzhishvili, 1980.

Fig. 5. Bedeni Barrow Burial 5, the wooden floor with a wheel lying on the top.
After Gobedzhishvili, 1980.

Unlike the Kura-Araxes culture, the Bedeni horizon has a restricted
geographical distribution in the Southern Caucasus, though its limits
are far from clear. Concentrations of barrows are found in the semi-
arid Bedeni Plateau south of Thilisi and also in the fertile Alazani Valley
to its east. The settlement at Berikldeebi (Period III), in the Shida Kartli
region, defines the northern boundary. Reports of Bedeni material
from Armenia, in the jagged northeast highlands and the fertile Ararat
Plain around Yerevan, where distinctive black polished ware has
appeared at the large mounds of Shengavit and Dvin, point to the south-
ern border the cultural complex (Sardarian, 1967). This paper focuses
on three barrows (nos 2, 5 and 10) from the Bedeni Plateau.

Some of the richest Bedeni barrows were massive constructions
of earth and stone. The large cairn at Tsnori, in the Alazani Valley,
for instance, rose 11 m above the plain and covered an area approx-
imately 168 x 136 m (Dedabrishvili, 1979). Among the most impres-
sive examples are those which sealed elaborate mortuary houses built
from wooden logs, such as Bedeni Barrow 5 (Fig. 3). These were the
resting places of elite individuals, whose social standing and power
are reflected in a range of prestige items (Fig. 2) including precious
metals and wooden wagons (Gobedzhishvili, 1980; Sagona, 2013).
Not all Bedeni barrows are large. Most, in fact, are low rises on the
horizon, averaging approximately 15-20 m in diameter, and conceal a
modest assemblage of grave goods, which rarely preserve organic
matter.

3. Palynological evidence

The holdings of the Georgian National Museum are rich in the mate-
rial remains of the Bedeni Culture. These include rare organic items such
as woven baskets, carved wooden bowls and trays, rugs, textiles, rope
and yarn, which have been preserved by the micro-conditions of the
well-sealed tombs. Not only are these items intrinsically important,
they are also significant for their residues. In the course of excavations,
the investigators of the Bedeni barrows collected organic samples
from a number of locations around the mortuary chambers. Between
2009 and 2012, during a stocktake of the museum's archaeological
collection, two of us (Jalabadze and Koridze) augmented a number of
samples for potential palynological analysis from Bedeni Barrows 2, 5,
and 10. Snippets of textile, yarn and basketry were added to the
visible residues scraped off various surfaces by the excavators. Here
we present the results of 17 samples.

The context of each sample is as follows:

Barrow burial 2:

A well-preserved woven basket.

Barrow burial 5:

Samples 1-3: remains of a rug (or mat) to which a textile fabric
had adhered; Sample 4: a woven basket; Samples 5 and 6: from
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Fig. 6. Bedeni Barrow Burial 10: wooden box thought to be a medicine chest, after cleaning.

Photograph: A. Sagona.

cross beams of the wooden bier on which the corpse was placed
(Fig. 4); Sample 7: a bronze dagger; Sample 8: log floor of the burial
chamber (Fig. 5).

Barrow burial 10:

Sample 1: remnants of a rug; Sample 2: wooden wheel axle of an ox
cart; Sample 3: attached to a textile fragment which lined the interior
of a wooden box (Fig. 6); Samples 4-6: textile fragments (Fig. 7);
Samples 7 and 8: carbonised yarn (Fig. 8).

Laboratory treatment of the material was carried out using standard
methods (Moore et al, 1991). The samples were first boiled
(10-15 min) in 10% KOH solution, which was then washed with
distilled water and settled. Then, the material was centrifuged in a cadmi-
um liquid. Finally, an acetolysis treatment was applied. Pollen and spores
were examined using a light photomicroscope Olympus BX43 with differ-
ent magnifications. Tilia software (Grimm, 1991) was used to plot the

it
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Fig. 7. Bedeni Barrow Burial 10, flax textile.
Photograph: A. Sagona.

diagrams. To highlight the significance of this new evidence for archaeo-
logical purposes, the palynological data are presented according to four
categories rather than sample by sample: (a) melliferous and medici-
nal plants; (b) other herbaceous plants; (c) other arboreal and
shrub plants; (d) non-pollen palynomorphs. Although the type and
quantity of pollen grains vary across the samples, some clear trends
can be detected.

3.1. Melliferous and medicinal plants

There are clear indications that honey played an important role in the
funerary rites of the Bedeni communities. Our first clue is the number of
samples that yielded high levels of pollen taxa belonging to melliferous
plants. From the basket in Burial 2 we have Polygonum aviculare,
Symphytum, Filipendula, Lathyrus, Cichorium, Colchicum, Trifolium,
Pulmonaria, Eryngium, Astrantia, Anchusa, and Heracleum (Tashev and
Pancheva 2011). Some of these plants are also found in Samples 1 and 3
from Burial 5, in association with Boraginaceae, Serratula, Primula,
Dipsacus, Filipendula, Lathyrus, Frangula, Liliaceae (Scilla), Apiaceae, and
Helianthemum, amongst others (lon and lon, 2007; Tashev and Pancheva,
2011).

Melliferous plant pollen is also well represented in the majority of
specimens from Burial 10 (Samples 3, 4-6, 7 and 8), especially from
the textile fragments, including the lining of the wooden tray (Fig. 6).
It appears that both herbaceous (melliferous) and arboreal species,

Fig. 8. Bedeni Barrow Burial 10, yarn.
Photograph: A. Sagona.
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Fig. 9. Burial 5, sample 3. Pollen of Cerealia: 1, 2, 3, 6-Triticum; 4-Hordeum; 5, 6-12 undifferentiated Cerealia.

such as chestnut (Castanea) and lime (Tilia), were placed in the container.
Sample 8, a fragment of yarn, also had pollen belonging to the Rosaceae,
Boraginaceae, Fabaceae, Apiaceae, and Asteraceae families (Tashev and
Pancheva, 2011). Given the abundance of melliferous plant pollen, it is
not surprising to find residues of propolis, wax and honey (Kvavadze et
al,, 2010; Kvavadze et al,, 2013).

Medicinal plant pollen is also discernible. The greatest concentration
derives from Burial 2. In the pollen spectrum there are high quantities
of lime (Tilia), of which there were no less than 54 pollen grains recorded
(Demiray et al., 2009). Other known medicinal plants are also well
represented, such as Plantago, Centaurea, Artemisia and Achillea. Almost
all of these plants have anti-inflammatory, antibacterial, antimicrobial
and antipyretic pharmacological attributes. As such, they could be used
successfully for the treatment of many inflammatory diseases (Hassawi
and Kharma, 2006; Adams et al., 2009; Benedek and Kopp, 2007; Forgo
et al.,, 2012; Martkopilshvili et al.,, 2012; Khammar and Djeddi, 2012).
The fossil pollen complex of medicinal herbs dominated by Achillea

millefolium and Artemisia annua suggests that the ancient population
was mostly prone to rheumatism, malaria and gastrointestinal diseases
(Ferreira, 2004).

The character of the spectrum and the context of the samples -
containers and yarn both with high pollen count - suggest that bunches
of medicinal and melliferous plants were probably tied up with string
(see 3.4), and placed in the woven basket found in Barrow 2 and the
wooden container of Barrow 10.

3.2. Other herbaceous plants

Looking at the macroscopic remains of herbaceous species first, the
greatest variety comes from the woven basket placed in Burial 5 (Sample
4), which contained charred cereal grains of wheat (Triticum) and millet
(Panicum) along with a whole fossilised fig and some fig seeds
(Kvavadze et al., 2013; Fig. 9), representing food for the deceased. Grains
of Panicum were also found in the basket in Burial 2 together with
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fragments of string. Cereal pollen is attested in virtually all other samples
except Burial 10, Samples 3-8, which have high levels of melliferous plant
pollen instead, suggesting that cereals and honey products might have
been kept separate in this tomb. In addition to wheat and millet, barley
(Hordeum) was also placed among the food items for the deceased in
Burial 5 (Sample 3; Fig. 10), and identified up to genus level (Beug, 2004).
Ruderal plants form another category. They grow in disturbed soils as-
sociated with crops or near human habitats and along pathways, and are
well represented in many samples. The identified pollens include Polygo-
num aviculare, Centaurea, Carduus, Papaver and Rumex from Burial 5, Sam-
ple 1 (Rabotnov, 1971). Similar crop weeds predominate in Sample 8
(Burial 5). From Burial 10, Sample 2, we have Plantago (plantain), Carduus
(thistle), Urtica (nettle), and Artemisia (wormwood) among others. Other
herbaceous plant pollens include Cichorioideae and Polygonum (Burial 5,
Sample 2), Apiaceae and Fabaceae (Burial 5, Sample 4), and Asteraceae
species and especially Cichorioideae (Burial 5, Sample 7). High levels of
woodland fern spores, especially in Burial 10, Sample 2, which has
Adiantum and Botrychium spores identified up to the genus level, suggest
nearby humus-rich, moist, well-drained sites, or even seepage areas.

3.3. Other arboreal plants

A wide range of arboreal plants is represented in the various spectra,
and the levels of the different species vary from sample to sample. Besides
the presence of lime, mentioned above, arboreal and shrub plants in Buri-
al 2 (Fig. 11) are represented by oak (Quercus), maple (Acer), chestnut
(Castanea sativa), ash (Fraxinus), alder (Alnus), pine (Pinus), ivy
(Hedera), sea-buckthorn (Hippophae), and cultivated vine (Vitis vinifera).
Burial 5, Sample 1, has also yielded high levels of willow (Salix) pollen,
as well as lime (Figs. 11, 12). Beech (Fagus) and hornbeam (Carpinus
caucasica) are present too. Among shrub plants in Burial 5 (Sample 2),

Fig. 10. a — remains of the basket with fossil fig (Ficus carica) fruit and seeds; b — fig seeds
found in the basket of burial mound No.5.

we have Ephedra, Juniperus, Vitis silvestris and Corylus pollen. Zelkova
(Zelkova carpinifolia) pollen from Burial 5 (Samples 3-6) and Burial 10
(Samples 1, 2 and 4) is characteristic of thermophilic species (Fig. 13),
and in the Caucasus it is a very good indicator of climatic warming
(Kvavadze and Connor, 2005; Connor and Kvavadze, 2009; Connor,
2011; Shatilova et al., 2011).

3.4. Non-pollen palynomorphs (NPP)

The presence of bees' hairs and other micro remains such as bees'
claws and epidermes from Burial 5 (Samples 1 and 3) and Burial 10 (Sam-
ples 4-6 and 8) add weight to the view that honey or honey products
were an important commodity in the Bedeni culture (Kvavadze, 2008).
Other zoological NPP include remains of Arcella (testate amoeba) found
in Burial 5, Samples 2, 4, 7 and 8, and Burial 10, Samples 1 and 2. These
micro-organisms live in moist places such as the habitats of wet mosses,
and their epidermis has been documented in these tombs (Begens and
Meisterfeld, 2001). Other plants favoured by Arcella include freshwater
algae Pseudoschizaea (Burial 10, Sample 2), which is a warm climate indi-
cator (Scott, 1992), and algae Spirogyra (van Geel, 2001) found among the
samples (nos 2 and 8) of Burial 5. Insect setae (stiff bristles) from Burial 5
(Sample 7) and Burial 10 (Sample 2), as well as animal hairs, wing scales,
mite claws and zooepidermis, collectively constitute a discrete group. Fur-
ther zoological evidence is provided by Burial 10, Sample 4, in the ova of a
parasitic pork worm (Taenia solium).

Flax (Linum) textile fibres, some dyed, are clearly evident in the spec-
tra. They predominate amongst the NPP in Burial 2 (the basket), where
black, red and blue fibres have been identified. The spectrum also contains
several wool fibres. Flax was also used in Burials 5 and 10, where it is pres-
ent in virtually all samples from both tombs and includes remnants of
dyed specimens — black (Burial 5, Sample 7; Burial 10, Sample 1) and
pink (Burial 5, Sample 7). Burial 10, Sample 4 contains many flax fibres,
which is understandable given that it is a flax textile (Fig. 7). By contradis-
tinction, Samples 5 and 6 contain many wool fibres (Fig. 14), and only
small quantities of flax (Fig. 15). It seems, then, that flax fibres were
blended with wool to strengthen the textile.

Fungi spores are quite common. From Burial 2 we have phytolites of
Pooideae, small quantities of parenchyma cells of wood, including pine,
and dung fungi spores (van Geel, 1986; Van Geel et al., 1983). Many
spores of the fungus Chaetomium, which destroys phytogenous textile, es-
pecially flax fibres, are represented in Burial 5 (Sample 1). This is possibly
why the spectrum, unlike those in other burials, does not contain high
levels of flax. Burial 5 also attests the spores of dung fungi Sordaria,
Sporormiella, Neurospora, Podospora, and the spores of fungi Thecaphora
and Glomus (van Geel and Aptroot, 2006). There are many parenchyma
cells of wood and plant epidermal cells (Burial 5, Samples 2, 3 and 4).
The wood cells from Samples 5 and 6 from the same burial can be identi-
fied as elm (Ulmus) and pine (Pinus). Finally, we can record substantial
quantities of phytoliths of crops from Burial 5.

4. Discussion

Southern Georgia comprises three broad vegetation zones: semi-arid
steppe lowlands where Chenopodiaceae grasses are preponderant; a for-
est belt covered by deciduous trees, especially oak (Quercus); and the high
altitude region above the tree line where pine (Pinus) and Poaceae form
the main vegetation. In interpreting the palynological data from the
Bedeni barrows, it is important to keep in mind several factors that
might affect the levels of pollen. These are particularly important in deter-
mining the amount of forest cover.

Connor has studied the relationship between modern pollen and veg-
etation in this region and concludes that, although the correspondence is
not exact, it is on the whole trustworthy (Connor, 2011). The main discor-
dance derives from the high levels of grasses (Poaceae), whose pollen
morphology does not enable the distinction between plants from the
wetlands and dry land, and thereby “constitutes a major source of
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Fig. 11. Bedeni, pollen and spores from Burial 5 and Burial 2: 1, 2, 3 — Tilia; 4, 5 — Carpinus; 6, 7 — Castanea sativa; 8 — Hedera (Burial 2); 9,10 — Zelkova; 11,12 — Quercus; 13, 14 — Vitis

vinifera type; 15 — Polypodium vulgare; 16 — Ophioglossum vulgatum.

‘noise’ in the pollen data from this region” (Connor, 2011). Another factor
to consider is the pollen production characteristics of various plants. Some
trees such as ash (Fraxinus) and hazel (Corylus) that grow in the lower
tree line, for instance, emit a limited quantity of pollen. Xerophyte
scrub, too, is very difficult to detect in a pollen spectrum, and its presence
is established by association, namely by high levels of Plantago and Arte-
misia. By contradistinction, trees such as pine (Pinus) have a very efficient
pollen dispersal system, accounting for the abundance of its pollen. Final-
ly, there is the human factor — the impact that farmers and stock-
breeders have had on the environment.

Two pollen cores taken from lake sediments in the Tsalka (Trialeti)
Plateau are of value as points of comparison for the Bedeni barrow pal-
ynological spectra, owing to their relative geographical proximity — no
more than 30 km to the east of the burial sites. One is the pollen diagram

from Lake Aligol, which stretches back 14,350 years, and the other is the
core taken from the deposits at Lake Imera, which covers the last
7000-8000 years (Connor and Sagona, 2007: 23-26). Both spectra
show that for the period 3000-1500 BC, culturally the Early and Middle
Bronze Ages, the landscape around the Trialeti sites was oak savannah.
Moreover, judging by the macrofossils from the sites of Beshtasheni,
the predominant oak species was probably Quercus macranthera
(Connor and Sagona, 2007: 33). The forest canopy, however, was most
likely not dense. Both the abundance of grass pollen and the presence
of agricultural settlements suggest a degree of openness.

The Lake Aligol and Imera cores tally with the pollen spectra from
Bedeni Barrows 2, 5 and 10. According to the samples from the burials,
the environment of the Bedeni Plateau around 2400-2300 BC com-
prised broad-leaved forests of heat-loving species such as chestnut,
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Fig. 12. Bedeni, pollen diagram of arboreal pollen of organic remains from Burial 5 (red colour

indicates heat-loving species), showing the total quantity of pollen grain. (For interpretation

of the references to colour in this figure legend, the reader is referred to the web version of this article.)

lime, zelkova, oak, hornbeam and walnut. Their dispersal was facilitated
by the warm and humid climate experienced in the central Caucasus at
this time. In the Trialeti region, mixed forests comprising lime, oak and
hornbeam flourished between 2600 and 2400 BC, and extended up the
mountain slopes to 2289 m a.s.l. (Kvavadze, 2006; Kvavadze et al.,
2007). Presently, lime, chestnut and zelkova cannot grow in the Trialeti
region, owing to cooler climatic conditions; only beech forest thrives.
While a cool climate is conducive to the spread of beech, we should
also consider that beech may have outcompeted other deciduous
trees. Likewise, human impact and selectivity may have played a part
in the preponderance of beech. Even so, when compared to the pollen
spectra some 4500 years ago, the contemporary pollen counts of the
Bedeni environs presented in Fig. 16 have a completely different profile,
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characterised by a dominance of conifer species (Pinus, Abies, Picea) and
beech (Fagus) pollen.

It will suffice to describe the spatial arrangement of objects in one of
the Bedeni barrows (no. 5) in order to provide some contextual back-
ground to the palynological samples. Three individuals were buried
within the log funerary cabin. The central figure was male. His remains
were found on a wooden bier decorated with golden fitments, which
was ceremoniously placed on a solid four-wheeled wooden wagon. A
gold double-spiral-headed pin with an elaborate design was on his per-
son. His status has been inferred by the central location of his burial and
the lavish goods placed on and around him: jewellery, rugs, animal
fleece, woollen and flax fabrics, finely knapped obsidian and flint arrow-
heads, and highly polished black ceramics. This Bedeni community, like
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Fig. 13. Pollen diagram (arboreal pollen) of organic remains from burial mound No. 10 (red colour is heat-loving species). (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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Fig. 14. Bedeni, Burial 10: 1 — wool fibre; 2, 3 — fibre of flax (Linum); 5, 6 — bee hairs
(Sample 4).

other elite groups of the Early Kurgan period, had a deep appreciation of
wood and woodworking. Carved wooden utensils and furniture, and
wheeled vehicles that are often constructed from various kinds of tim-
bers, displaying sophisticated joinery, are a hallmark of this mid-third
millennium BC period. This array of goods is in stark contrast to the
modest furnishings associated with a female and a young male who
were placed along the periphery of the tomb. Unfortunately, detailed
examination of skeletal material has not been performed, so we cannot
determine whether the female and youth suffered trauma and were
dispatched when the older male died, nor whether any of the individ-
uals were related. The funerary rite most likely included a feast, the
remains of which - animal bones, cereals, walnuts and hazelnuts -
were found scattered in the tomb.

The palynological results from the burials add another dimen-
sion to what we know about Bedeni mortuary customs. Crane has
articulated well the long history of beekeeping, and of the con-
sumption and usage of honey and its products (Crane, 1983, 1999;
Kvavadze et al., 2014). Among its many uses, honey has performed
an importantrole in death rites, both as a food for the dead and as an
agent for embalming, often together with balsamic herbs (Boukraa
2013).

The Southern Caucasus shows no exception to this practice.
Although we have no texts to guide us, palynology suggests that
honey and beeswax were used in burial rites, and most likely in a
form of embalming. The human remains found in the spectacular and
recently excavated Ananauri barrow and in the tomb at Dzedzvebi,
both in eastern Georgia, for instance, appear to have been smeared
with honey (Kvavadze et al., 2012). Both burials belong to the Martkopi
tradition, which is slightly earlier than the Bedeni. In this regard, the

discovery of honey or beeswax under the older male skeleton in Bedeni
Burial 5 is significant, in so far as it might well be the residue of a
rudimentary attempt at embalming.

Turning to plants, it seems probable that a wide variety of medic-
inal herbs, tied in bunches, were placed in the baskets and wooden
containers found in the Bedeni burials. This evidence can be
interpreted in one of two ways. Either the identified plants, or at
least some of them, might have been purely ornamental, as they
are in funeral rites today, or they might indicate that folk pharmacol-
ogy was well developed among the communities from the Bedeni
Plateau. Although we have no texts to guide us on the Bedeni view
of the afterlife, these medicinal plants might have been placed in
the tombs to ensure the deceased a ‘healthier’ life in the hereafter.
In addition to a possible connection with their belief system, it is
quite likely that herbs were used with honey in the embalming pro-
cess, a known practice among some ancient societies (Crane, 1983,
1999). Among the ailments that the herbs are known to treat success-
fully, we can list the following: Tilia and Centaurea could be used
to treat many inflammatory diseases; Achillea, Urtica and Artemisia
were possibly given to people prone to rheumatism, malaria and gastro-
intestinal diseases (Petrovska, 2012; Zaurov et al., 2013; Savikin et al.,
2013). Most of the herbs belong to the group of ruderal plants, such as
plantain, cornflower, wormwood, goosefoot, thistle, nettle, poppy and
yarrow, which grow in household yards and along pathways, and thus
readily accessible.

Textile manufacture was already developed by the mid-third mil-
lennium BC. The first woven textile fabrics from Georgia, made from
flax, were found in the Neolithic layers of the Gadachrili Gora, dated
to the 6th millennium BC (Jalabadze et al., 2010; Kvavadze et al.,
2014). These Neolithic textiles were treated with beeswax to stabi-
lise the yarn and to waterproof the fabric, a practice seen among
the flax, hemp and wool remains found in Bedeni Burial 5. Clearly,
then, beekeeping can be attested as far back as the Neolithic period.
Later, in the Early Bronze Age, evidence for beekeeping was found in
the palynological materials from the barrow at Kodiani (2700-2400
BC), located in the Trialeti Mountains at an altitude of 2289 m
(Kvavadze, 2006; Kvavadze et al., 2007).

Finally, the fossil spectra indicate that around the mid-third mil-
lennium BC communities in Southern Georgia were engaged in fully
fledged farming: they cultivated grain crops (wheat, millet and
barley) and also practised horticulture and vine-growing, the latter
of which requires a warm climate. These communities also cultivated
walnut, hazel and even fig. This evidence of farming is significant,
given the almost invisible presence of Bedeni settlements. Industrial
crops such as flax and hemp might also have been cultivated, as
suggested by the large quantities of textiles found in other burials
of the Bedeni Plateau.

5. Conclusion

Around 2400-2300 BC, the Bedeni Plateau was covered with for-
ests of thermophilic deciduous species such as lime, chestnut, horn-
beam, oak and zelkova, which were nurtured by the warm and
humid climate the territory experienced. For some time now we
have known about the impressive tomb architecture and rich as-
semblage of grave goods afforded to socially and politically power-
ful leaders of Bedeni communities. Through palynological research
we have been able to learn more about the funerary rites. Medicinal
plants were probably tied and bundled in boxes and baskets. That at
least some of these plants were used in folk phytotherapy, possibly
also in rudimentary embalming, is likely. Their presence in the
tombs can be can be interpreted either as ornamental, or functional,
namely a belief that they would serve to provide a healthier
afterlife.

In addition, honey and beeswax were also used for their therapeutic
qualities and in textile production, and were also smeared on the bodies
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Fig. 15. Bedeni, Barrow Burial 10: 1, 3, 4, flax (Linum) fibres; 2-hemp (Cannabis) fibre (Sample 8).

of the deceased. This extensive use can only be explained through de-
veloped beekeeping. The warm climate and fertile volcanic soils of the
Bedeni Plateau also created favourable conditions for the development
of farming and horticulture, including cereals, flax growing, and possi-
bly viticulture. Despite the conspicuous presence of barrows, we have
no Bedeni settlements on the plateau to determine whether grape
domestication was practised there in the mid-third millennium. Even
so, we need to bear in mind that viticulture was practised as far back
as the Neolithic in the Marneuli Plain, about 60 km to the east (Batiuk,
2013; McGovern, 2003). Stock-raising was also part of the economy,
which is indicated in the pollen record by spores of dung fungi, pork
tapeworm ova and sheep wool. Textile manufacture was certainly
based at home and the surviving examples point to a relatively high
level of competency. For strength and waterproofing, textile fibres

were treated with beeswax, and those textiles used in mortuary ritual
might, in fact, have been heavily coated with wax to preserve them
for longer.
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THE SIGNIFICANCE OF POLLEN AND NON-POLLEN
PALYNOMORPHS IN ARCHAEOLOGICAL MATERIAL
FOR HUMAN PALEODIET RECONSTRUCTION

Eliso KVAVADZE and Inga MARTKOPLISHVILI

ABSTRACT

Paleodiet is an archaeological signature of social organisation. Nowadays, to reconstruct it,
mainly isotope and chemical analysis of bone remains from archaeological sites is used;
therefore, the identification of new potential indicators of paleodiet by applying biological
methods is very important. This article discusses palynological evidence of the presence of
different food matter in vessels coming from various archaeological sites in the Caucasus.
This evidence begins from the Neolithic period, the time when the first pottery was made
in this region. Rich material has been extracted from vessels found in burials, especially
from tumuli of the Early Bronze Age. Palynological analysis reveals that not only raw
edible products but cooked food as well, including cream, meat, and vegetable soups, was
buried with dead. Pollen of cultivated cereals and freshwater algae (from the water in
which the cereal powder was cooked), as well as abundant carbonised parenchymal cells
of wood (introduced into the food together with smoke, soot and ash) are indicators of por-
ridge in the vessels. Charcoal cells are extant in any kitchen vessel. Microscopic bone
crystals are indicators of meat. An abundance of insects and arthropods point to dry,
unprocessed cereals stored in pots and household pits (insects consumed the seeds). Asso-
ciations between the pollen grains of cereals, their phytoliths and large quantities of starch
grains signal the presence of flour in a pot. Remains of insects that usually infest flour are
always present in the assemblage of pots used for storing flour. Bee hairs, claws and epi-
dermis, together with plentiful pollen from melliferous plants, are good arguments for the
presence of honey in a pot.

INTRODUCTION

At present, there are several methods for establishing the contents of a paleodiet from the
data of archaeological excavations. Based on a stable isotopic analysis (nitrogen and carbon
isotope) of bones, it is possible to determine the ratio of plant to protein food in the diet of
ancient humans. This method can be employed to identify both terrestrial and marine food.!
Using chemical methods, especially phosphate and lipid analysis, the presence of dairy
products in vessels can be established.? In the study of paleodiet, of great importance are
macroscopic and microscopic plant remains in pots, baskets and grain grinders, as well as in

! Ambrose 1993, pp. 59-130; Bourbon and Richards 2005, pp. 63-72; Al-Bashaireh et al. 2010, pp. 645—
652; Messager et al. 2015, pp. 214-226.

2 Barba 1994, pp. 321-329; Demkin 2000; Dudd and Evershed 1998, pp. 1478-1481; Sprangenberg et al.
2006, pp. 1-13; Evershed et al. 2008, pp. 1-4.
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the stomachs, coprolites and teeth of the deceased.’ The introduction of a new trend in
palynology, where all non-pollen palynomorphs (NPPs), including phytoliths, starch, spores
of various fungi, remains of freshwater algae, tracheal cells of charred wood, and remains of
insects, including bee hairs and claws, are studied opens up new opportunities for establish-
ing the diet of ancient humans.

Previously, when pots contained large quantities of cereal pollen, it was very difficult for
a researcher to say whether their contents had been dry grain, porridge or some other cereal
product; hence any interpretation was based largely on assumptions.* The development of
new methods of investigation, however, makes it easier to solve this problem. For example,
if the pots contained cooked porridge made from cereal, in addition to Cerealia pollen grains,
their phytoliths and starch, the assemblage will exhibit many charred parenchyma cells of
wood, transferred from the fire during the long cooking process.’ In pots containing dry
grain, Cerealia phytoliths and remains of insects and arthropods that consume wheat consti-
tute the majority of identified NPPs; these spectra also contain large quantities of Glomus
and Mucoraceae fungal spores.

Based on the study of pot contents, the aim of our research is to: 1) reveal the criteria for
the existence of cookware in which food was cooked; 2) establish the presence of meat on
the basis of the NPP composition in the organic remains; 3) reveal the criteria for determin-
ing the types of beverages poured into these pots by ancient humans.

MATERIAL AND METHOD

Organic remains were studied from a range of pots, grain grinders and sieves from many
archaeological sites in Georgia, Armenia and Azerbaijan, using the palynological method
(Fig. 1, Table 1). The contents of Neolithic and Eneolithic wooden and ceramic ware from
the territory of Georgia have been studied: these came from the settlements at Gadachrili
Gora, Shulaveris Gora, and Kviratskhoveli. Vessels, grinding stones and household pits of
the Early Bronze Age have been studied more comprehensively. They were excavated from
both settlements (Chobareti, Tiselis Seri, Natsar Gora, Nachivchavebi, Grakliani Gora,
Shengavit, Nerkin-Naver, Verin-Naver, Areni cave) and barrows (Kodiani, Paravani, Bedeni,
Tkemlara, Ananauri). Late Bronze Age samples were collected from burials (Saphar-
Kharaba, Tkemlara, Grakliani Gora) and from pots found in the cultural layers of settle-
ments. Material from pots of the antique period (burials at Khovle, Grakliani Gora, Vani,
Pichvnari, Nokalakevi, Darakovo) and medieval era (Chailuri, Abanotubani, Dodosrka,
Areni cave) was also studied.

The laboratory treatment was carried out as follows. First, 30-50 g of the sample was
boiled in 10% KOH (potassium hydroxide).® The solution was washed with distilled water
and settled. In the second stage, centrifuging of the material in cadmium liquid was per-
formed. Finally, acetolysis treatment was used. Identification and counting of the material
was conducted in glycerin on a light photomicroscope Olympus BX43 with different mag-
nifications. Existing atlases, publications and comparative collections of recent material

3 Kvavadze et al. 2007; 2009; 2012; Asingh 2009, pp. 40-41; Oeggl 2009, pp. 1-11; Kvavadze and
Narimanishvili 2010, pp. 573-606; Moe and Oeggl 2014.

4 Lageras 2000, pp. 169-173.

5 Kvavadze et al. 2009; 2012.

6 Moore et al. 1991.
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eration

= Archaeological
A sites

Fig. 1. Map of Transcaucasia and archaeological site locations: 1 — Kabala; 2 — Ananauri Kurgan;
3 — Nekresi; 4 — Gadachrili Gora; 5 — Shulaveris Gora; 6 — Abulmeki’s Marani; 7 — Nachivchavebi;
8 — Tkemlara Kurgan; 9 — Bedeni Kurgans; 10 — Grakliani Gora (1-2); 11 — Khovle; 12 — Saphar-
Kharaba; 13 — Darakovo; 14 — Paravani Kurgan; 15 — Chobareti; 16 — Kodiani Kurgan; 17 — Tiselis
Seri; 18 — Vani; 19 — Pichvnari; 20 — Nokalakevi; 21 — Abanotubani; 22 — Dodos Rka; 23 — Chailuri;
24 — Areni Cave; 25 — Karmir Blur; 26 — Shengavit; 27 — Nerkin-Naver; 28 — Verin-Naver;
29 — Dzedzvebi Tomb; 30 — Kviratskhoveli.

Table 1. List of investigated archaeological sites and reconstructed vessel content
(site numbers cross-reference with Fig. 1).

Archaeological site Age Object type Content
Abulmeki’s Marani (6) 17th—18th Cent. AD Pots and Qvevri Wine
(= pitcher)
Nekresi, tomb no. 46 (3) 7th-9th Cent. AD Jug Wine
Abanotubani, Tomb no. 5 (21) | 12th Cent. AD Vessel Sweet porridge with honey
Dodos Rka Monastery (22) 12th Cent. AD Organic remains of | Cereal, honey product
candle wax
Chailuri Castle (23) 5th—6th Cent. AD Abdominal area of Honey
skeleton
Areni Cave (24) Middle Ages Coprolite, pits Cereal
Khovle, Tombs (11) Antique period Pots Cereal
Vani, Tombs (18) 5th—4th, 1st Cent. BC |Pots Honey, wine, cereal
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Archaeological site

Age

Object type

Content

Phichvnari, Tombs (19) 5th—4th Cent. BC Pots Cereal and water
Nokalakevi, Tombs (20) Antique period Pots Wheat porridge, cereal
Kabala Settlement (1) Antique period Pots Wine, flour, cereal

Grakliani Gora, Tombs (10.2)

7th—5th Cent. BC

Pots and pits

Sweet porridge with honey, cereal

Darakovo (13)

Antique, Middle Ages

pots

Cereal, porridge

Saphar-Kharaba Tombs (12)

15th—14th Cent. BC

Pots

Sweet porridge, porridge with
meat, cereal, mead, vegetable
salad

Grakliani Gora, Tombs (10.1)

13th—12th Cent. BC

Pots and pits

Meat, cereal, vegetables

Karmir Blur 2, Tombs (25)

Seventh Cent. BC

Pots

Wheat porridge, vegetables with
vinegar

Ananauri (2)

3rd Mill. BC

Organic remains from
floor and pot

Honey, nuts, walnut, chestnut,
cereal

Bedeni (9)

25th-22nd Cent. BC

Contents of basket
and box

Honey, fig, grapes, cereal,
chestnut, walnut, miscellaneous
other nuts

Verin-Naver (28)

23rd-10th Cent. BC

Pots

Wine, sweet porridge with grape
juice, goosefoots porridge, cereal

Chobareti, Settl., Tombs (15)

24th-20th Cent. BC

Pots and pits

Wheat porridge, goosefoots
(Chenopodium) porridge, cereal

Nachivchavebi (7)

Kura-Araxes Period,
3 Mill. BC

Pots

Wine

Paravani (14)

27th-26th Cent. BC

Organic remains from
floor

Cereal, honey remains

Tkemlara (8) 24th Cent. BC Pots Cereal
Tiselis Seri, Settlement, 4th Mill. BC Pots Wheat porridge, cereal, water
Tombs (17)
Kodiani Kurgan (16) 27th-25th Cent. BC Pots Three types of honey
Shengavit, Tombs (26) 4th-3rd Mill. BC Pots Wheat porridge, goosefoots
(Chenopodium) porridge, cereal

Nerkin-Naver (27) 26th-25th Cent. BC Pots Wine, water, flax oil, cereal
Dzedzvebi (29) Kura-Araxes Period, Pot Honey

3 Mill. BC
Kviratskhoveli (30) 5th Mill. B.C Organic remains Honey, cereal, flour
Gadachrili Gora (4) 6th Mill. BC Pots and pits Wine, wheat porridge, cereal
Shulaveris Gora (5) 6th Mill. BC Pots Honey

were used for the identification of pollen and NPP.” To plot the diagrams, ‘Tilia” software

was used.

7 Chernova and Tselikova 2004; Beug 2004; Piperno 2006; Reille 1992, 1995, 1998; Richter er al. 2004;

Van Geel 1998.
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RESULTS AND DISCUSSION

1. Pollen spectra of kitchen vessels in which food was cooked

The main feature of the spectra of the contents of cooking pots is the predominance of
tracheal cells of charred wood among the group of NPPs.® Remains of freshwater algae are
always present in the pots in which food was cooked in water. Freshwater algae were intro-
duced together with potable water. These remains are important elements of the pot-content
spectrum. Microscopic remains of wood are transferred into the pot from the fire, in the
form of ash, smoke or soot. In particular, many wood cells were found in the pots where
cereal porridge, which requires a long period of boiling, was cooked (Fig. 2a—c). The por-
ridge pollen assemblage contains many pollen grains of cultivated cereal and weeds that
occur in grain-crop fields. In the remains of such porridge, many cereal phytoliths and starch
were found (Fig. 2a), but in much smaller quantities than charred tracheal cells of wood.
Our studies have shown that in pots that contained wheat porridge with meat, or just a meat
dish, there were crystals of bone salts (Fig. 2d). It should be mentioned that the palynologi-
cal spectrum of vessels coming from settlements and burials were compared with the
spectrum of organic remains found in proximity to the pots (for example, on the floor or
other nearby objects), in order to exclude cases of pollution of the vessel content spectrum.

In the cookware, besides porridge remains, traces of many edible plants were found. For
example, in the Neolithic ceramic vessels from the settlement of Gadachrili Gora, a large
amount of nettle and Chenopodiaceae pollen was found along with the abundance of charred
wood cells, and this indicates the presence of cooked food from those plants in the pots.® The
remains of Chenopodiaceae plants were also found in cookware from the Early Bronze set-
tlements at Chobareti, Natsar Gora, Tiselis Seri, Shengavit, Nerkin-Naver, and Verin-Naver.

In some cases, the Chenopodiaceae food was dressed with cereal and grape products, pos-
sibly a mixture of flour and grape vinegar. For example, in pots I and XI from burial 2
excavated in Verin-Naver and in pots 1 and 2 from the burial at Karmir Blur, an abundance
of Chenopodiaceae pollen is accompanied by grain starch that came from admixed flour.
Grape pollen found in the assemblage got into the food when wine was added. It should be
noted that even today in the Caucasus, fresh or cooked salads of various herbs and vegeta-
bles are dressed with grape wine or grape vinegar. The food found in burial 11 from the
settlement at Grakliani Gora, dating to the seventh century BC, was made of boiled fern
leaves, identified in the pots by a great quantity of spores.

2. Pollen assemblage from pots where reserves of grain, cereal, flour and nut fruits were
stored

Interesting data were obtained through study of the contents of certain large vessels from
the settlements of Chobareti, Grakliani Gora, Shengavit, Verin-Naver, and Nerkin-Naver.
Their pollen assemblage differs substantially from that of the vessels in which food was
cooked, but is very similar to the pollen assemblage of household pits where wheat was
stored.'® In samples from storage pots and pits, pollen from wheat and other cereals are the
most common type of herbaceous pollen found. Among non-pollen palynomorphs, many

8 Kvavadze et al. 2012, p. 31.
9 Kvavadze et al. 2015.
10 Messager ef al. 2015, pp. 214-226.
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Chobareti, Small pot b

i Total zoomaterial

M Total ascospores

W Total fibres

@ Total wood remains

Fig. 2. Chobareti. a. Tomb no. 8; b. NPP cyclogram of pot material, Saphar-Kharaba; c. bone salt
crystals from tomb no. 90; Chobareti. d. Tracheal cells of charred wood from pots of tomb no. 8.

remains of insects that eat grains and destroy grain stocks were found (Fig. 3a, ¢). In addi-
tion, there were many cereal phytoliths in the pots. Spores of the fungus Glomus, which
grows on cultivated land and gets into grain during harvesting, were also found (Fig. 4a).
In addition, spores of the mould Mucoraceae were often recorded. When studying the Eneo-
lithic dugout at Kviratskhoveli, it became clear that wheat flour was stored in a wooden
vessel. The main argument for the presence of flour and flour products is an abundance
of starch!'! and phytoliths of cereal (Fig. 4b). The flour contains many pollen grains of wheat
or other kinds of Cerealia. Remains of flour were also found in pots of the settlements
at Kabala and Areni, and at the Shengavit necropolis burial. Walnut, hazel, beech nuts,

' Torrence and Barton 2006.
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Chobareti, Room Nol, Pithos C

M Total zoomaterial
M Total ascospores
il Total fibres

Fig. 3. Chobareti, room no. 1. a. Pithos with dry crops;
b. Remains of acari and insect from pithos; c¢. NPP cyclogram of pithos material.

rosehips, figs, grapes, and dogwood fruits were put into Bronze Age burials, in either baskets
or large vessels.'” Evidence for these plants was the abundance of pollen left behind from
their fruits.

12 Kvavadze et al. 2015.
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Fig. 4. Abulmeki’s Marani. al, 2. Starch grain; 3, 4. Spores of Glomus;
bl, 2. Triticum; 3. Hordeum; 4—6. Phytoliths of Cerialia.

3. Pollen assemblage from pots where honey and its products were stored

A distinctive feature of the assemblage of honey remains in archaeological pots is a high
concentration of perfectly preserved pollen grains of melliferous plants.!*> Another good
argument for the existence of honey in a pot is the presence of bee hairs and claws in the
assemblage.'* The earliest remains of honey at the bottom of pots were found in the Neo-
lithic ceramics of the settlement at Shulaveri Gora, dating back to the sixth millennium BC.'3
It was a meadow honey, with a prevalence of pollen of such well-known melliferous plants
as Lathyrus and Trifolium. The composition of the assemblage also shows that the honey
was a product of domestic rather than wild bees, since it contains only the pollen of cereal
and weeds growing near human dwellings, or among grain crops; that is, in a landscape
of cultivated vegetation.'® In the assemblage of the honey from these pots, bee bristles and
claws were found.

In 2013, near the settlement of Shulaveris Gora, in the southern part of Georgia (near
Kazreti,) a Eneolithic dugout was excavated. On its floor, the remains of honey stored in
wooden vessels were found.!” The pollen assemblage shows that this was lime honey and of
very high quality (Fig. 5). Lime honey remains were also found in a pot from the excavated

3 Dickson 1978, pp. 108-113.

14 Kvavadze 2006, pp. 595-603.

15 Kvavadze et al. 2014, pp. 34—46.
16 Kvavadze et al. 2014, pp. 34-46.
17 Kvavadze and Licheli 2015.
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Fig. 5. Kviratskhoveli settlement. 1-3, 5-9. Bee hairs; 4. Bee claw.
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barrow at Kodiani that dates to the Early Kurgan era (27th-25th century BC).!® In this
burial, three pots were found. Each contained honey of a different variety: one of was a
white honey, another was a meadow honey dominated by the Apiaceae species, and in the
third, meadow grasses predominated. In all spectra, bee hairs and claws were also present.
It should also be noted that the pollen assemblage contains pollen of cultivated grasses and
weeds that grow near human dwellings.

Another discovery of fossil honey belongs to the era of the Kura-Araxes culture. Not far
from Kazreti, in the burial at Dzedzvebi (Fig. 6a—c), a very high quality forest honey was
found, along with a great amount of pollen from various melliferous plants (more than 60
taxa). The pollen of the lime tree (Tilia), which gives off a special aroma, prevailed. Forest
honey in this fairly large ceramic vessel was put into the burial for the deceased.!” Further-
more, it was found that the deceased himself, a middle-aged man, was embalmed using the
same honey.

In the burials at Saphar-Kharaba and Grakliani Gora (burial 139) dating to the Late Bronze
Age, remains of mead were found in a ceramic pot with a narrow neck. ?° The palynological
spectrum of mead differs from the spectrum of honey in terms of lower concentrations of the
pollen of melliniferous plants.?!

Honey from rhododendron flowers (Rhododendron luteum) was found in an ancient
bronze vessel (fourth century BC) from burial 24 at the site of the ancient settlement of
Vani.?? Most likely, this was the honey from which mead was prepared in ancient Colchis.
In addition to causing intoxication, the mead would also have had a soporific effect, due to
the presence of rhododendron pollen. This is the drink that was used to put Pompey’s army
to sleep (Strab. 12.3.18). Remains of chestnut honey were found in the hoard of ancient
Vani, dating to the first half of the first century BC.?® Traces of honey were also found in
material of the Middle Ages from Dodos Rka Monastery and Chailuri Castle.?* On the terri-
tory of Chailuri Castle, a tomb (no. 1) was excavated, dated to the fifth—fourth centuries AD.
Honey remains were found under the skull and cervical vertebrae, as well as under all the
long bones of the deceased (nine samples were studied from the tomb). This is evidence of
embalming with honey and well-developed beekeeping as well.

4. Pollen spectra of sweet desserts

The studies we undertook where, in addition to pollen, all the organic non-pollen micro-
scopic remains were examined revealed the existence of sweet porridge combined with nuts
and walnuts cooked in grape juice. Sweet porridge, besides wheat pollen, also contains
honey remains that can be identified by melliferous plant pollen and bee hairs (Fig. 7a, b).
Porridge, dressed with honey and nuts was found in a pot excavated from burial 148 of
the barrow at Grakliani Gora, dating to the seventh—fifth centuries BC. Traces of honey in
the contents of the pots comprised pollen of melliferous plants and bee hairs. In the medie-
val child’s burial at Abanotubani (in the environs of Tbilisi), sweet wheat porridge with
nuts, hazelnut and honey was put into a very beautiful pottery vessel (Fig. 7a). The pollen

18 Kvavadze 2006, pp. 595-603; Kvavadze et al. 2007, pp. 399-404.

19 Kvavadze et al. 2012, p. 31.

20 Kvavadze and Narimanishvili 2010, pp. 573-603.

2! Dickson 1978, pp. 108-113.

22 Kvavadze et al. 2012; Chichinadze 2013.

23 Chichinadze and Kvavadze 2013, pp. 2237-2253.

24 Makharashvili er al. 2013, pp. 82-90; Bitadze ef al. 2011, pp. 495-576.
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Fig. 6. Dzedzvebi tomb. a. Tomb no. 1; b. Pollen of melliferous plant: 1-3. Tilia; 4, 5. Carduus;
6. Cichorioideae; 7, 8. Serratula; 9—12. Convolvulus; c1-3, 5, 6. Bee hairs; 4. Bee claw.
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: M. [ERP-SE— PN '
Fig. 7. Abanotubani. a. Vessel from a child’s tomb that contained sweet porridge with nuts and honey;
b1-3. Triticum; 4, 5. Corylus; 6, 7. Hair of bee; 9, 10. Bee claw; 8, 11. Tracheal cells of charred wood.
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assemblage of this porridge contained large amounts of wheat, walnut and hazelnut pollen
as well as pollen grains of melliferous plants and bee hairs and claws.?® In Armenia, sweet
porridge and pastila (a confection) with nuts were mainly prepared with grape juice. Remains
of porridge and pastila with grape juice were found in the vessels from burial 2 of the set-
tlement at Verin-Naver, as well as in a pot excavated in the necropolis of Shengavit.

5. Pollen assemblage of wine remains

As shown by palynological data, the main evidence for wine in archaeological vessels is
well-preserved vine pollen and the presence of pollen grains from vineyard weeds.?® The
high concentration of pollen in the wine assemblage is explained by the presence of alcohol,
which is a good preservative. Chemical analyses can also identify wine residues on ceramic
sherds.?” The earliest finds of fossil wine in Georgia go back to the early Neolithic and have
been C14 dated to the sixth millennium BC (5815-5783 BC).?® During excavations carried
out at the ancient agricultural settlement of Gadachrili Gora from 2007 to the present day,
material was collected from pots, two of which showed signs of having contained wine.
A large quantity of grape pollen was recorded at the bottom of pots found in household pit 1
in autumn of 2014 (Fig. 8a, b). In addition to grape pollen, large quantities of pollen from
typical vineyard weeds, as well as ruderal plants that grow in disturbed ground near human
habitation, were present in the pollen assemblage, which suggests that the grapes may have
been domesticated. Pollen grains of domesticated wheat and other cereals are also present in
the assemblage, which indicates that the inhabitants had knowledge of plant cultivation prac-
tices. It should also be mentioned that vine pollen was found in household pits, on the floors
of dwellings, and in other cultural layers of the settlement at Gadachrili Gora.

In Georgia, according to palynological data, wine remains were also recorded in pots
from a child’s burial at Nachivchavebi dating back to the Kura-Araxes culture.? According
to our data, the vessels found in the burials at Verin-Naver (burial 2, ware XII) and Nerkin-
Naver (burial 7, dishes XXV) belong to the same period. Winemaking reached its climax
during the time of the Kura-Araxes culture, in Georgia and in Transcaucasia in general,
according to the palaeobotanical data. This is supported by archaeological data (diverse pots
for wine drinking, storage and making). Some archaeologists suggest that winemaking
spread to Turkey and other countries of Western Asia from Transcaucasia.

In the Bronze Age, the development of viticulture in the mountains of southern Georgia
is indicated by palynological data from the contents of baskets in the barrows of the Bedeni
culture. These baskets contained large quantities of vine pollen that had been transferred
from clusters of grapes.’! Vine branches from these barrows were discovered in the 1950s
and are now kept in the collections of the National Museum of Georgia. Grape pollen was
identified in almost all the cultural layers of the Early Bronze Age settlements at Chobareti,
Grakliani Gora, and Tiselis Seri. Vine pollen grains were also found in the stomach contents
of the deceased from the cemetery at Saphar-Kharaba.’> According to palynological data,

25 Kvavadze et al. 2012, p. 31.

26 Kvavadze et al. 2010a; 2010b.

27 McGovern 2004; Kvavadze et al. 2010.

28 Jalabadze et al. 2010, pp. 17-32; Kvavadze et al. 2014, pp. 34-46.
2 Bitadze et al. 2011.

30 Batiuk 2013, pp. 449-477.

31 Kvavadze et al. 2015.

32 Kvavadze and Narimanishvili 2010, pp. 573-603.
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Fig. 8. Gadachrili Gora, pit no. 1: a. Bottom of pot that held wine;
b1-9. Pollen of Vitis vinifera from ceramic pot.
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traces of wine were present in ancient amphorae from the burials at the settlements of Vani
and Kabala.’®> Remains of wine were discovered in the contents of a medieval qvevri from
the archaeological site Abulmeki’s Marani and the monastery complex at Nekresi. The study
of several of the Abulmeki’s Marani qvevri showed, besides a large number of vine pollen
grains, the presence of spores of specific undifferentiated fungi (Fig. 9a, b), which were
probably used to accelerate the fermentation of wine. The spores of these fungi can be used
to identify ancient wine in pots.

DISCUSSION OF RESULTS AND CONCLUSION

The material studied shows that in all periods, and especially during the Bronze Age,
the main food in the human diet was porridge made from cereal, since most of the funeral
vessels were filled with this substance.?* Palynological data shows that the remains of meat
in pots are mostly recorded from burials in the mountain regions of the Late Bronze epoch.
In Georgia, honey and honey products were extensively used by the ancient population.
According to palynological data, beekeeping existed even in the early Neolithic period
and was facilitated by huge quantities of melliferous plants among the flora of Georgia and
of Transcaucasia as a whole. Most probably, beekeeping, agriculture and viticulture origi-
nated and developed simultaneously in the alluvial fertile valleys of lower Kartli, as soon as
people began sedentary life there. During the period of the Kura-Araxes culture, the inten-
sive development of viticulture and beekeeping also began in mountainous areas of the
South Caucasus, reaching altitudes of up to 2200-2300m, and possibly higher, facilitated
by significant climate warming 6000-5000 years ago.*> From the Neolithic period up to the
Middle Ages, wine, grapes and grape products continuously played an important role in
the human diet.
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Fig. 9. Abulmeki’s Marani. a. View of medieval Marani;
b1-8. Spores of undifferentiated fungi; 1 (left), 9—11-pollen of Vitis vinifera.
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ARCHAEOLOGICAL AND PALYNOLOGICAL INVESTIGATION
OF THE PARAVANI KURGAN, GEORGIA

Kakha KAKHIANI, Eliso KVAVAZE,
Inga MARTKOPLISHVILI and Nino PATARIDZE

ABSTRACT

The Paravani kurgan (or barrow) was excavated in the surroundings of Paravani Lake, near
Khulgumo village, in the Javakheti region of southwest Georgia. It has a diameter of
28.50 m and dates to the 27th—26th centuries BC, according to archaeological and radio-
carbon analyses. The mound heaped over the burial chamber was 2.50 m high and con-
sisted of three layers. The first and third layers were made of stones; in between was an
earthen layer that completely covered the first layer of stones over the burial pit. The upper
layer of stones covered not only the mound itself, but also a wall encompassing it, level-
ling the relief at the same time. A sub-rectangular pit grave was cut into the soil beneath
the central part of the kurgan. There was no sign of human remains in the pit, but the
remnants of a four-wheeled timber wagon, a clay jar and mug, and a one-and-a-half-spiral,
solid gold volute were discovered. Both ceramic containers have tripartite bodies and are
black burnished. Their form and ornamentation suggest that they might have belonged to
the Martkopi group of the early kurgan culture. Palynological study of the 40 cm-thick soil
layer beneath the Paravani kurgan shows that this area was well developed by humans long
before the construction of the kurgan. Humans were engaged in agriculture there from
the fifth millennium BC.

INTRODUCTION

Many of Georgia’s Bronze Age barrows have been comprehensively studied from an
archaeological standpoint, however, palynological studies of organic material from the
mounds started only recently.' Pollen data makes it possible not only to establish the nature
of the environment in which Bronze Age humans lived, but also to identify aspects of their
economic activity, diet, diseases, traditions and other conditions of life.

The Paravani kurgan is a Bronze Age burial mound located on the Javakheti plateau,
800 m from the northeastern shore of Lake Paravani (Figs 1 and 2). The elevation of the site
is 2100 m asl and its geographical coordinates are 41 29 25 N and 43 36 36 E. Today, the
climate of the region is cool and somewhat continental. The average temperature of the
Paravani region varies between 2 and 6 °C.? In January, the average temperature is -7 to
-11 °C, and in July, 14 to 18 °C. Annual precipitation is 650-700 mm, and snow cover in

' See Kvavadze et al. 2004; Kvavadze et al. 2007 for palynological studies from kurgans at Tkemlara and
Kodiani, southern Georgia.
2 Lominadze and Chirakadze 1971.
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Fig. 1. Map of Georgia showing the location of the Paravani kurgan.

Fig. 3. Paravani kurgan. 1. Plan of the stone barrow from above; 2. Plans of the barrow at different levels.
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winter lasts four to five months.? The prevailing wind direction is from the southwest. The
gentle, undulating terrain with its volcanic chernozem soils is presently covered with subal-
pine steppic grassland. Although this vegetation is very rich in species, grasses are abso-
lutely dominant.*

Archaeological excavation of the Paravani kurgan took place in 2003—2004. The Javakheti
region is renowned for its large number of ancient sites, yet it remains less explored archae-
ologically than any other part of eastern Georgia. This can certainly be said about the areas
surrounding Lake Paravani. A few of the kurgans there have already been investigated,
including four that were excavated by B. Kuftin during the construction of a new highway
in 1940.° One of these was without a pit (No. 60) and was preserved in relatively good
condition. Grave goods found within it enabled the excavator to date the barrow burial to the
Early Bronze Age. More recently, E. Gogadze explored another kurgan, situated near Lake
Paravani at Khulgumo village, and dated it to the transitional period between the Middle and
Late Bronze Age.% Elsewhere in Javakheti, kurgans have also been excavated in the areas
surrounding Lake Tabatskuri, at Satkhe and Akhali Khorenia villages, Aghchia and Berta
Kanebi and in the Niala Valley.’

The main purpose of this study is to establish the Paravani kurgan’s construction type and
the burial traditions associated with it, as well as to identify the palacoecological conditions
and the nature of the landscape at the time of the burial and in the preceding period.

DESCRIPTION OF THE PARAVANI KURGAN

The barrow burial is cut into a valley that slopes from north to south, and its mound forms
an artificial hill, covered with earth and grass (Figs 3 and 4:1). Its configuration changed
over time because medieval herdsmen built their shelters there. The diameter of the mound
is 28.50 m, and its maximum height is 2.50 m in its southern part. The central, sunken area
of the tumulus is 0.20 m beneath the stone surface of the mound. A trench 29 m long and
5 m wide was made along the west—east axis of the central part of the mound in order to
determine its structure and locate the burial chamber itself (Fig. 5). The trench revealed
that the mound had three layers: two of stone with an earthen one between (Figs 4:2 and 6).
The first layer of stones was laid directly over the burial chamber, which is 2 m high and has
a diameter of 17 m at its base. It has a semi-spherical outline and was built of irregularly
shaped, andesite rag-stones. A deliberately compressed second layer was of brown-blackish
earth, brought specially from off-site. It is 1.40 m wide in the eastern part of the base and
1.80 m in the west, with a thickness of 0.40 m. The earthen layer was made with the aim of
insulating the burial chamber from moisture and it completely covers the first stone heap.
The third layer—that is, the second layer of stones—is 27.5 m along the west—east axis,
4.20 m wide in the eastern part of the base and 3.50 m wide in the western part (Figs 7
and 8). It too was constructed of andesite rag-stones, including flat examples. The upper-
most layer of stones covers not only the mound, but also a wall that completely encompasses

3 Maruashvili 1970; Bondyrev et al. 2014.

4 Magakian 1933; Maruashvili 1970.

5 Kuftin, 1941, p. 101; Zhorzhikashvili and Gogadze 1974, pp. 13, 26.

6 Gogadze 1980, pp. 42-46.

7 Kuftin 1941, p. 80, Djaparidze 1960, pp. 31, 32 (Lake Tabatskuri); Pearce et al. 1992, pp. 17-20 (Satkhe);
Ordjonikidze and Mumladze 2004, p. 21 (Akhali Khorenia); Djaparidze et al. 1981, pp. 19-97, 108-135
(Aghchia, Berta Kanebi, Niala Valley).
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Fig. 4. Paravani kurgan, cross sections of the barrow and burial chamber.
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Fig. 6. Paravani kurgan, artefacts uncovered in the burial chamber. 1, 2. Clay containers; 3. gold volute.
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Fig. 7. Paravani kurgan, the stone barrow — a view from the north.

Fig. 8. Paravani kurgan, the stone barrow — a view from the west.
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Fig. 9. Paravani kurgan, a section of the stone and soil barrows — a view from the north.

the mound, and it levels the area. The wall is a dry masonry structure of flat stones, perfectly
preserved in the eastern, northern and western parts of the kurgan. It is 1 m high and 0.80 m
thick in the east, running along the sloping terrain and becoming lower towards its northern
and western sides (Fig. 9). Flat stones laid vertically to support the wall are found alongside
it and they, in turn, were fixed with additional large and medium-sized stones. We can
suppose that the original diameter of the encompassing wall was about 25-25.5 m (Figs 4:2
and 6).

Pottery fragments of various periods have come to light in different areas and levels of the
stone mound. The burial chamber is located in the central part of the mound, beneath the
first layer of stones (Figs 4:2; 65 10). Yellow-brownish earth removed from inside the
chamber during its construction was heaped at the edges of the pit on the original surface of
the ground. The burial chamber was oriented from west—east. The pit, wide at the mouth,
narrows towards the sub-rectangular floor. The chamber is 3.10 m along the west—east axis
and 1.60 m south—-north. It is situated 5.40 m below the uppermost layer of stones. The
chamber had collapsed and filled with stones and black clayey soil (Fig. 11). Remains of a
timber ritual hearse were found on the floor of the chamber. Two of its wheels were situated
against the northern wall, the third was leaning on the southern wall and the fourth, frag-
mented, wheel was found on the southeastern wall. The wheels were fixed in 0.20 m-deep
bow-shaped grooves in the floor of the chamber (Fig. 12). Fragments of a pair of black
burnished and ornamented clay containers were discovered in the northwest corner of the
tomb (Figs 13:1-2 and 14). A one-and-a-half-spiral volute of solid gold was next to the
containers, lying on a fragment of the chariot (Fig. 13:3). Black pieces of leather or some
other organic material were uncovered at various levels of the pit. There was no trace of any
human remains in the burial chamber (Fig. 10).
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Fig. 10. Paravani kurgan, a section of the stone and soil barrows — a view from the east.
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Fig. 12. Paravani kurgan, barrow roofing the burial chamber — a view from the north.
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BURIAL RITES

There is clear and unmistakable evidence of certain burial rituals having been performed
inside the chamber, which, as described above, has yielded a four-wheeled wagon and
other grave goods, but no trace of human remains. It is in fact true of the great majority of
Trialetian kurgans that they have contained well-preserved animal bones, but none belong-
ing to humans. For this reason, Kuftin believed that the dead were cremated somewhere
other than the tombs, then their remains were placed in the pits.® There are hundreds of
barrow burials where human bones are absent, normally referred to as ‘cenotaphs’. Also
supporting Kuftin’s theory is the fact that a number of tombs have yielded vivid traces of
cremation; for example, the Samgori kurgan had a container with the ashes of the deceased
in it.? There is also evidence of cremation in the Zurtaketi,'® Zeiani No.l and Khramebi
tumuli.'! It is quite feasible that the Paravani kurgan fits the same pattern.

The presence of a wagon in the Paravani barrow burial is very important. Regrettably,
the timber was badly damaged and only remnants survived. Each wheel had a diameter of
about 1 m and would have been 0.10-0.12 m thick. The excavators were unable to determine
the number of wheel segments or find any other fragments of the hearse. Trialetian kurgans
produced the first examples of ritual wagons in Georgia. From the Sabid-Akhcha 29 kurgan
come four wheels and an axle.'? Later, the fifth kurgan excavated in the vicinity of Sabid-
Akhcha held a relatively well-preserved four-wheeled wagon.'? Bedeni burials nos. 5 and 8
yielded four-wheeled hearses.!'* Half a wheel came to light in the first kurgan at Tsnori, and
the second contained a four-wheeled wagon dismantled into parts.!> Three of the Irganchai
kurgans had remains of wooden wagons: the first contained a well-preserved hearse sepa-
rated into parts at the time of burial; the second had only a pair of wheels; and the ninth
contained fragments of four wheels.'® Pieces of a wheel came to light in Aghchia’s third
kurgan.!” Two more wagons were uncovered in the Ananauri no. 3 barrow burial (in the
Lagodekhi municipality).'® Remains of wooden wheels and wheel-tracks have been located
in quite a large number of Georgian kurgans.

Two groups of barrow burials have been identified in early kurgan culture. The first is
called ‘early’ or ‘Martkopi’ and the other is ‘later’ or ‘Bedeni’. It has been suggested that
burying the deceased on wagons became common during the Bedeni period,' but the pot-
tery found in the Paravani barrow belongs to the earlier group; that is, the Martkopi culture.
As to the wooden ritual wagon in the Paravani kurgan, it must be one of the earliest hearses—
together with the example at Kheltubani’*—so far unearthed in Georgia. A wide distribution
of wheeled transport emerged in the Caucasus in the Early Bronze Age.?! Wagon burials

8 Kuftin 1941, p. 81.

% Djaparidze 1991, p. 139.

10 Djaparidze 1969, p. 68.

1 Pitskhelauri and Varazasvili 1988, p. 50.

12 Kuftin 1941, p. 95, fig. 102.

13 Djaparidze 1960, pp. 12-14.

14 Gobedjishvili 1980, pp. 39, 93.

15 Dedabrishvili 1979, pp. 22, 40.

16 Kakhiani and Ghlighvashvili 2008, pp. 229, 230, fig. 2: 2; Djaparidze et al. 1981, pp. 33, 160.

17 Djaparidze er al. 1981, pp. 33, 160.

18 Makharadze 2014, pp. 227, 228. See also Makhardze, this volume.

19 Djaparidze 1998, p. 103; Mirtskhulava 2011, p. 111.

20 Mindiashvili et al. 2003, p. 66.

There is a large body of literature concerned with the origins and distribution of wheeled transport not only
in Georgia, but also in many other countries, but the scope of the present paper does not allow us to offer a
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were not common in the Kura-Araxes culture, but clay models related to wheeled transport
were a characteristic feature at its sites. Diminutive in size, clay models of wheels have fre-
quently come to light in both highland and lowland burials. Clay models of carts have also
been uncovered in many parts of the region.?? A model of a triangular two-wheeled cart with
a shaft came from the Early Bronze Age settlement at Badaani in Georgia.?? Clay models of
various cart types were uncovered at the Armenian Arichi settlement of the same period.?*
Given the distribution and abundance of clay models of wheels and chariots coming from
the Caucasus, it is clear that wheeled transport was quite common in the Kura-Araxes period.

ARTEFACTS FROM THE PARAVANI KURGAN BURIAL CHAMBER

As mentioned, only three grave goods were found in the tomb—a pair of clay containers
and a one-and-a-half-spiral gold volute. The pottery consists of a jar and a mug; both are
made of well-levigated clay, perfectly baked and black burnished. The sizeable pear-shaped
jar has a tripartite body with a long neck and a rounded rim. The body, sharply bulging in
the middle section, is separated from its upper and lower sections by ribs (Fig. 13:2).
A steeply sloping lower part of the jar ends in a narrow base. A strap-like handle is attached
to the body and a shoulder, where it widens and bears a pair of relief lines along both edges.
A mug, smaller in size, is tripartite as well. It has a wide rim and short neck (Fig. 13:1).
A strap-like handle is attached to the rim and body. Both of the containers are ornamented
with polished incised and relief sloping motifs, forming triangles and rectangles. Pear-shaped
jars have come to light at sites elsewhere in Samtskhe-Javakheti such as Amiranis Gora and
the Satkhi settlement mounds.?> Such containers are common in Trialeti Kurgans 4, 13 and
24, and have provided the closest parallels to the Paravani jar.® Similar vessels come from
Tedotsminda, Naomari Valley and Martkopi kurgans 1, 2 and 4,%” but none of them have
tripartite bodies. A smaller-sized container comes from the second cenotaph of the Badaani
settlement mound.?

Diverse versions of mugs similar to the one at Paravani were uncovered in Trialeti kurgans
13 and 24, at Akhaltsikhe Amiranis Gora, Takhumta, Okami, Tsikhiagora B, layer, Akhali
Zhinvali settlement, Kodiani, Samgori, Nazvrevi, Martkopi No. 2, and the Naomari Valley
burial mounds, and in the second burial pit of Kasristskali’s second tumulus, Orkhevi’s
second burial, and the Ilto settlement burials 1, 2 and 5.2 It is very clear that there are dozens

detailed review and more parallels. For further information, see, for instance, the work of Child 1951,pp.177—
194; Piggott 1974,pp 16-24; Sagona 2013: 277-297.We have limited the discussion here to examples discovered
in Georgia.

22 For the distribution of earliest wheeled transport in Georgia see, Sagona 2013, pp. 277-298.

23 Mirtskhulava, 2000, p. 38. pl. 2:1.

24 Khachatrian, 1975, pp. 73-74, figs 35, 37.

25 Chubinishvili 1963, fig. 534 (Amiranis Gora); Kikodze et al. 1998, p. 43, tab. 5, Ordjonikidze, 2004, fig.
50 (Satkhi).

26 Kuftin 1941, p. 105, figs 111-113, tab. 114; Gogadze, 1972, tables 8:8, 9:1, 10:4; Zhorzhikashvili and
Gogadze 1974, tab. 48.

27 Mindiashvili 2003, p. 67 (Tedotsminda); Pitskhelauri er al. 1995, tab. 128 (Naomari Valley); Djaparidze
1998, figs 3, 5, 7 (Martkopi).

28 Mirtskhulava 2011, tab. 15.

2 Kuftin 1941, fig. 114, tab. 114 (Trialeti); Ordjonikidze 1983, p- 55 (Akhaltsikhe Amiranis Gora, Takhumta,
Okami); Makharadze 1994, tab. 32 (Tsikhiagora); Mirtskhulava er al. 1992, tab. 103 (Akhali Zhinvali);
Kvavadze et al. 2007, pp. 399404 (Kodiani); Mirtskhulava er al. 1992, tab. 137 (Samgori); Sadradze et al.
2007, tab. 26 (Nazvrevi); Djaparidze, 1998, fig. 6 (Martkopi); Pitskhelauri et al. 1995, tab. 128 (Naomari);
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Fig. 13. Paravani kurgan, the burial chamber, burial chariot and pottery — a view from the south.
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of parallels for the Paravani jar and mug from Eastern Georgian burial and settlement mounds
of the Early Bronze Age, some with tripartite bodies. Such containers were widespread in the
Kura-Araxes sites uncovered in the Ararat Valley, and in northern and northeastern Anatolia;
for instance, at Sos Hoyiik.** The earliest evidence of tripartite containers appeared in eastern
Georgia during the third stage of the Kura-Araxes culture and they continued into the fourth
stage.’! The culture of the earliest kurgans—that is, the Martkopi period—emerged at this
very time, to co-exist alongside the Kura-Araxes culture for a certain period.??

Gold volute

A one-and-a-half-spiral volute (Fig. 13:3) is made of a golden rod, ovoid in section. It is
14 mm long. The metal is an alloy consisting of 80.433% gold, 16.846% silver, and 2.478%
copper. The volute is likely to have been used as an adornment. Volutes first appeared in the
Late Neolithic period,*® and continued in Georgia through the Early and Middle Bronze
Ages. The majority of volutes are one-and-a-half spiral, but there are two- and even three-
spiral examples. Normally they are made of copper, silver or gold. Gold volutes are either
of solid gold or hollow or sometimes of some other metal plated with gold.>*

DATING

The majority of scholars date the burial mounds of the Early Kurgan Culture to the
24th-22nd centuries BC.*> Kavtaradze attributes them to the second phase of the Early
Bronze Age, dating to the earlier half and middle centuries of the third millennium BC.3
Pitskhelauri dates the Naomari Valley burial mound to the mid-third millennium BC or
the beginning of its second half.?” The Kodiani kurgan has been dated from the 27th to the
25th centuries BC.?® We initially dated the Paravani kurgan to the earlier half of the third
millennium BC,* but a subsequent radiocarbon analysis of a charcoal sample rectified the
date, yielding a reading of 2698-2481 BC.* This radiocarbon result does not, however,
exclude an earlier date such as 2857-2812 BC or 2748-2724 BC, given the 95% probability
(sample number Wk-34460). The pottery from the Paravani kurgan chronologically connects
it to the previously mentioned burial mounds and therefore it belongs to the earlier, Martkopi
kurgan culture. It can be dated from the 27th to the 26th centuries BC.

Maisuradze, Rusishvili, 2004, tab. 56 (Kasristskali); Mirtskhulava, 2011, tab. 28 (Orkhevi); Dedabrishvili 1969,
figs 6, 7, 8 (Ilto).

30 Sagona and Zimansky 2009, p. 189, fig. 5:21(3).

31 Ordjonikidze 2004, pp. 111, 160.

32 Japaridze 1998, pp.167.

3 Ghambashidze et al. 2010, p. 413 :82 tab. 100-2:2.

3% Ghambashidze et al. 2010, p. 208, tab. 025-027.

3 Kuftin 1941, p. 101; 1949, pp. 74-75; Gogadze 1972, p. 95; Djaparidze 1998, p. 151; Mindiashvili ez al.
2003, p. 69.

3 Kavtaradze 1981, pp. 95-96; Kavtaradze 1999, p. 81.

37 Pitskhelauri ef al. 1995, p. 77.

38 Kvavadze et al. 2007, pp. 399-404.

¥ Kvavadze and Kakhiani 2010, p. 471; Kvavadze et al. 2007, p. 99.

40 Special thanks are owed to Prof. Antonio Sagona for his generous help in facilitating radiocarbon tests
being made in the Waikato University laboratory, New Zealand.
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Fig. 14. Paravani kurgan, the burial chamber, a detail — a view from the south.

PALYNOLOGICAL DATA

Palynological analysis was conducted to gather information on the vegetation, land-use
patterns and climate of the Early Bronze Age in the surroundings of the Paravani kurgan.
The first results of palynological study of the material from the Paravani burial chamber col-
lected over the years 2003-2004 have been published.*! During fieldwork in 2007, the struc-
ture of the eastern and southern parts of the Paravani kurgan under the earth fill that con-
sisted of layers of yellow clay and stones was studied. At this time, the surface of the ancient
buried soil, preserved from the time of the kurgan’s construction, was exposed. We previ-
ously encountered buried soils of this kind when studying the Kodiani kurgan. Fossil soil
there, studied palynologically, contained interesting and important information about the
palaeoenvironment on a local scale.*? At Paravani, for the purpose of palynological analysis,
three trenches were excavated in the southern and eastern parts of the kurgan. Samples were
taken at every 5-10 cm (Profiles IV, V, VI). Profile VI (Fig. 15), from the eastern part of the
kurgan, exhibited the richest pollen and spore content. From the uppermost layer of buried
soil, five samples (1-5) were taken. Samples 6 and 7 were collected from the stone embank-
ment (Fig. 1). The soil of the stone embankment was extremely rich in pollen and spores,
because, in addition to buried soil remains, it contained moss used to cover the stones and
insulate against the humid climate that prevailed in the era of the early kurgans.

41 Kvavadze et al. 2007, pp. 97-107; Kvavadze and Kakhiani 2010, pp. 469-478.
4 Kvavadze 2006, pp. 595-604; Kvavadze et al. 2007, pp. 97-107.
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Fig. 15. Paravani kurgan pollen profile VI and sampling locations.

ARBOREAL AND SHRUB POLLEN

Sixteen taxa can be distinguished in the pollen spectra of arboreal and shrubby species.
The fossil soils are dominated by the pollen of coniferous species and especially of pine.
However, in the stone embankment, where a large amount of moss remains, the pollen of
deciduous species and especially of oak is predominant (samples 6, 7). Soils typically pro-
vide poor conditions for the preservation of pollen and spores of broad-leaved plants, such
that their abundance is greatly underestimated, since most of the pollen is destroyed during
the early stages of fossilisation.** As for pollen grains of pine and spruce, these are more
resistant to destruction than other arboreal species (Fig. 16). Moreover, coniferous plants
produce large quantities of pollen, which, in mountainous regions with complex wind condi-
tions, can be transported very long distances.** The combination of all these factors results
in the over-representation of coniferous pollen in kurgan sediments. Of the pollen of thermo-
philic plants represented in profile VI, lime (7ilia), hornbeam (Carpinus caucasica), oriental
hornbeam (Carpinus orientalis), oak (Quercus) and walnut (Juglans regia) are recorded.
Forest elements in the studied samples include the pollen of alder (Alnus), birch (Betula),
ash (Fraxinus) and elm (Ulmus). Among shrub species, pollen of hazel (Corylus), juniper
(Juniperus) and ephedra (Ephedra) are present.

43 Kvavadze 1993, pp. 347-360; 2000, pp. 205-212; Stuchlik and Kvavadze 1987, pp. 133-151; 1995,
pp- 73-83; Kvavadze and Stuchlik1990, 1991, 1993, 1996, 2002; Kvavadze and Efremov 1995, pp. 57-72;
Connor 2011; Pardoe et al. 2011, pp. 53-54.

# Kvavadze 2000, pp. 205-212; Kvavadze and Stuchlik 2002, pp. 63-92; Kvavadze et al. 2009, pp. 22-25;
Connor et al. 2004, pp. 229-250; Connor 2011.
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Fig. 17. Paravani kurgan pollen profile VI: Non-Arboreal Pollen diagram (percentage).
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HERBACEOUS POLLEN

In this group, pollen of cultivated grasses and accompanying weeds (altogether 16 taxa)
that grow in agricultural fields is predominant (Fig. 17). Wheat (Triticum), millet (Pani-
cum), rye (Secale) and barley (Hordeum) pollen can be identified to genus level. Second
most predominant are weeds typically found growing near human dwellings, on trampled
places, and along roads and paths.* These include wormwood (Artemisia), plantain (Plan-
tago), nettle (Urtica), yarrow (Achillea), and others (Fig. 17). There are small quantities of
pollen from pasture weeds, which suggests that the main occupation of the population at that
time was farming.

Of the elements of meadow vegetation, there are many members of the carrot family
(Apiaceae or Umbelliferae), carnation family (Caryophyllaceae), sedges (Cyperaceae),
and others. However, among the herbaceous species, forest elements were also recorded,
such as spores of forest ferns, especially those that grow now in the deciduous forests of
the lowlands and midlands. These include the ferns Ophioglossum vulgatum, Polypodium
vulgare and Pteridium aquilinum. Now Viola and Chaenorhinum are found only in forest
communities.

NON-POLLEN PALYNOMORPHS

This group contains many spores of various fungi, including Glomus, which is usually
found growing on cultivated or eroded loose soils.*® There are spores of the dung fungi Sor-
daria and Neurospora, which in this case indicate cattle breeding. It should be noted that
more spores of coprophilous fungi occur in the lower part of the profile, which may indicate
better livestock development at that time compared with the later period.

In addition, in almost all the samples, tracheal cells of charred wood were found (Fig. 18).
They might be connected with swidden farming, when the forest is set alight to clear the
territory for wheat and other crops. The number of charred wood cells is again greater in the
lower part of the profile (samples 1 and 2).

Microscopic remains of mites and insects that live in the soil, such as bristles, nippers,
claws and other remains, are consistently present in the buried soil samples. Remains of the
testate amoeba Arcella, which inhabits damp mosses or mossy soil, were found.*’” Arcella
remains were particularly common in the organic material between the large stones of the
kurgan embankment (sample 7). Flax textile fibres, which in this case are anthropogenic
indicators, were recorded in small quantities.

4 Behrel1981, pp. 225-245.
4 Van Geel 1998.
47 Tsyganov and Mazei 2006, pp. 279-294.
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Fig. 18. Paravani kurgan pollen profile VI: Non-Pollen Palynomorph diagram (quantity).

Table 1. Comparison of the number of pollen taxa in archaeological material and buried soil from
the Paravani kurgan with the lake sediments of Lake Paravani.

Taxa Palaeo-soil | Archaeological material Lake sediments
(Kvavadze et al. 2007) | (Messager et al. 2013)

Abies nordmanniana X X X

Picea orientalis X X X

Pinus X X X

Juniperus X X X

Acer X

Ephedra X
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Taxa Palaeo-soil | Archaeological material Lake sediments
(Kvavadze et al. 2007) | (Messager et al. 2013)

Ephedra fragilis X

Ephedra procera X

Ephedra distachia-type X

Betula X X X

Alnus X X X

Alnus barbata X

Fagus orientalis X X X

Carpinus cf. C. betulus X X X

Carpinus orientalis X X X

Ostrya carpinifolia X X

Quercus X X

Quercus ilex-type X

Quercus deciduous-type X

Tilia X X

Tilia cordata-type X

Castanea sativa X

Ulmus X X X

Zelkova carpinifolia X X

Fraxinus X

Fraxinus excelsior-type X

Juglans regia X X

Corylus X X X

Rosaceae undiff. X

Filipendula-type X

Buxus X

Rhus X

Salix X

Total AP taxa 16 23 21

Cerealia X X X

Cerealia-type X

Triticum X X

Panicum X

Secale X

Hordeum X X

Poaceae X X x

Centaurea cf. C. cyanus X X

Centaurea X X X

Centaurea montana-type X
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Taxa Palaeo-soil | Archaeological material Lake sediments
(Kvavadze et al. 2007) | (Messager et al. 2013)

Centaurea nigra-type

Carduus
Achillea

Xanthium

Asteraceae subf. Cichorioideae

X [ X | X | X | X | X

Artemisia

Cirsium

Serratula

Chenopodium album

Chenopodiaceae

Polygonum

Polygonum aviculare

Polygonum bistorta/P. viviparum

X [ X [ X | X | X |X [X [X [X |[X |[X |[X |X

Polygonum cf. P. persicaria

Polygonum alpestre-type

X

Convolvulus

Fagopyrum x

Plumbago

X | X | X | X [ X | X [X |X [X |X |X |X

Lamiaceae

Gentianaceae X

Urtica X

Plantago X

Plantago cf. P. lanceolata

Plantago major/P. media

Chaenorhinum

X | X | X | X

Rumex

Linum

X

Papaver

Caryophyllaceae X

Cerastium-type

X | X | X | X [ X | X

Saxifraga X

Polemoniaceae X

Polemonium-type X

Asteraceae X

Aster X X

Helianthemum X X

Geraniaceae X

Geranium X X
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Taxa Palaeo-soil | Archaeological material Lake sediments
(Kvavadze et al. 2007) | (Messager et al. 2013)

Ranunculaceae X X

Ranunculus-type X

Rubiaceae X

Scrophulariaceae X

Hypericum perforatum-type X

Boraginaceae X X

Onosma-type X

Apiaceae X X X

Apium-type X

Astrantia X X

Smyrnium-type X

Heracleum-type X

Cyperaceae X X X

Valeriana X

Scabiosa X X

Knautia X X

Dipsacus X X

Fabaceae X

Lotus-type X

Liliaceae X X X

Colchicum X

Viola X

Campanulaceae X

Campanula X X

Primula X

Onagraceae X

Epilobium X

Brassicaceae X X X

Typha X

Sparganium X

Potamogetonaceae X

Myriophyllum X

Alismataceae x

Alisma X

Polypodiaceae X X

Polypodium vulgare X X

Ophioglossum vulgatum X X

Cryptogramma crispa X
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Taxa Palaeo-soil | Archaeological material Lake sediments
(Kvavadze et al. 2007) | (Messager et al. 2013)

Adiantum X

Sphagnum X

Botrychium lunaria X X

Pteridium X

Pteridium aquilinum X

Trilete spores X

Monolete spores x

Total NAP taxa 55 64 30

Total taxa (AP and NAP) 71 87 51

DISCUSSION OF PALYNOLOGICAL RESULTS

Pollen data from the 40 cm of buried soil shows that this place was well developed by
humans long before the construction of the kurgan. A soil layer of such thickness in the
climatic and edaphic conditions of Javakheti, as shown by previous studies, may have taken
at least 2000 years to accumulate.*® This could suggest that humans lived in the area under
discussion and were engaged in agriculture from the fifth millennium BC. This theory is
consistent with the data obtained from Holocene sediments in cores from the central part of
Lake Paravani, which show that traces of farming first appear in the pollen spectra of
7000 years ago, a time when significant climatic warming began.*® According to our results,
in the initial stages of development of the landscape, farming was not as intense as cattle
breeding. The spectra of samples 1-3 contain more spores of dung fungi and fewer spores
of the fungus Glomus, which is a good marker of the existence of farmland. Later, around
the time of the construction of the kurgan, agriculture, and especially grain farming, became
a priority sector. In soil layers from that era, an increase in the number of spores of Glomus
and pollen of all cultivated cereals is observed. During the formation of the uppermost part
of the soil profile, in the 27th to 25th centuries BC, human population density appears to
have increased significantly, since, according to the spectra, the role of pollen of weeds
growing near dwellings and along roadsides and paths increased.

Significant numbers of pollen of ruderal plants such as Artemisia, Plantago, Achillea,
Rumex, and Xanthium were also found in the organic remains of the burial chamber
(Table 1).%° It should be noted that the material taken from the burial chamber was, from a
palynological standpoint, the most diverse in comparison with the soil and even with the
lake sediments (Table 1). The source of this richness is the abundance of items that, in
accordance with the traditions of that time, were placed in the grave to equip the deceased
for the afterlife. These included baskets containing medicinal and edible plants, many of
which probably held flowering branches. Hair-covered, freshly dressed animal skins would

4 Arabuli et al. 2008, pp. 194-213.
4 Messager et al. 2013, pp. 125-140.
30 Kvavadze and Kakhiani 2010, pp. 469-478.
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also have contained a significant amount of pollen and spores.’! Hence, 87 taxa were found
and identified in the organic material from the burial chamber, of which 23 are arboreal and
64 are herbaceous. In the lake sediments of the same period, only 51 taxa (21 arboreal and
30 herbaceous) were found. In the buried soil layer, pollen of 71 taxa growing in this place
was found and identified.

Summing up all the data on the Paravani kurgan and Lake Paravani sediments, the follow-
ing conclusion can be drawn. In the 27th to 25th centuries BC, the climatic conditions in
Javakheti were very warm and humid in comparison to today. These conditions persisted
into the following period, that of the Bedeni culture.’? In the southern part of Georgia, sig-
nificant climatic warming began in the fifth millennium BC,>* and according to the existing
data, reached a peak during the emergence and development of the Kura-Araxes culture.>
This warming phase was the longest of the entire Holocene epoch.>® The vegetation of the
region in the Early Kurgan Period included various forest types. At an altitude of 2000—
2200m, there were broad-leaved forests, dominated by oak and hornbeam with admixture of
lime, beech, elm and ash. At lower elevations, in the hollows and sheltered places, were
chestnut and zelkova forests. On floodplains there grew alder forests with admixture of
willows. Highlands above 2200m at that time were covered by birch and coniferous forests
of fir and spruce. Pine forests were also widespread at higher elevations. The warm and
humid climate facilitated intensive development of Bronze Age farming. Cattle breeding
became of secondary importance. Various crafts, including weaving, were developed.

CONCLUSION

The complex structure of the kurgan erected over the burial chamber, and the timber
wagon and gold adornments accompanying the deceased, suggest that the Paravani kurgan
belonged to a person of some social or political importance. The burial mound also indicates
that the Early Kurgan culture/Martkopi group sites (kurgans) occurred in Javakheti just
as they did in other parts of eastern Georgia. The era of the early barrows emerged and
developed in the Javakheti mountains in a period of warm and humid climate. Winter at that
time was mild and without severe frosts, which contributed to the intensive development of
agriculture. The warm climate lasted throughout the entire fifth millennium BC.
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