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PHYTOLITHS AND ARCHAEOLOGY: A CASE STUDY FROM 
THE STARCEVO SITE OF DUDEŞTII VECHI, ROMANIA 

Iosif Moravctz 

The i d e n t i fi ca t ion  and i n terpre ta t ion  of  phyto l i th s  recovered from 
archaeological soi l  samples have been gain ing acceptance i n  archaeology in the 
last severa! decades . Phytoliths are microscopic minerals consisting of si l ica bodies 
dcposited in the stcms, leaves, roots, and i nflorescences of plants whose shapes 
can be identified to specific p lants (Mulhol land and Rapp 1 992 : 1 ) .  Their potential 
appl icabil ity to issues of prehistoric agriculture and agricultura! technology, wild 
and domest icated plant  use, and the reconstruct ion of paleoenvironmcnts has 
strengthcned the p o s i t i on of phy to l i t h  research as a v i ab l e  mcthod for 
archaeologists. As part of phytol i th research it is  important that archaeologists 
become fami l iar with the h istory of phytol i th studies, the natural occurrences 
and systematics of phytol i ths, their recovery from soi l  sediments, and their role 
i n  d ifferent i ntcrpretive schemes. The a im of th is  paper i s  to provide a bricf 
outl ine of phytolith research and introduce a case study where phytol iths r�ovcred 
from soil sediments at the Neolithic site of Dudeşti i Vechi ,  Romania, are discusscd 
within an economic and environmental context. 

Phytolith Studies 
Calc ium phyto l i ths have been known to ex is t  as early as 1 67 5 ,  when 

Loeuwenhoek fi rst observed them under the microscopc (Arnott 1 97 6 : 5 7 ) .  
Howcver, i t  was not until 1 836, when Ehrenberg set out to systematically describe, 
al though he mis identified ,  s i l i ca phyto l iths as micro-organ isms that reside i n  
plants (Baker 1 960). M ore dcta i led stud ies o n  phyto l i th formal variation and 
their relation to p lant anatomy did not start until the turn of the 20111 Century. 
Interest in phytol iths steadi ly increased and soi l  scientists began to apply p lant  
s i l i ca studies to paleocnvironmental reconstruction and pa leosol identification 
and dating (Mu1hol land and Rapp 1 992 :5) .  By 1 900 plant silica research extendcd 
to the field of archaeology when wheat and barley phyto l i ths were reported at 
severa! European archaeological sites (Netol i tzky 1 900). Other studies i dentificd 
wheat and barley phytol i ths in the clay used to make pottery (Schel lenbcrg 1 908) .  

From an early bcg inn ing studics in Europe a i med at ident i fy ing  and 
c l ass i fy i ng  phyto l i t h s .  Chr i s t ian  Ehrcnberg ,  an early p i onecr of  phyto l i th 
classification is considered by some to be the father of phytolith studies (Powers 
1 992 :J 8) .  lnvolved in research throughout northern Europe and central Russia, 
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Ehrenberg produced numerous pub l i cations i l l ustrat ing a variety of phyto l i th 
fonns and laying the foundation for their biologica! correlates. Gennan schol ars, 
Grunt and  Grob, a l so expandcd upon botan ica !  i nvest igat ions ,  corrc la t ing 
phytol i th shapes to  plants and expanding the knowledge of the  long and short 
ce l l s  in the epidennal l ayers of a wide variety of grasses ( Powers 1 992 :  19 ) .  
Their work has been i nvaluablc to  thc development of phytol i th studies and 
became the foundation of the German school of phytolith research that included 
such members as Formanek ( 1 899), Neubauer ( 1 905),  Mobius ( 1 908a, 1 908b), 
Net l i tzky ( 1 9 14 ,  1 929) ,  F rohn meyer ( 1 9 1 4) ,  and Frey-Wyssl ing ( 1 930 ) .  I n  
Western Europe, i n  the 1950 's and 1 960's the Welsh conducted a study of the 
three dimensional characteristics of s i l icified cel ls in grasses. H ubbard ( 1 968) 
and Metcalfe ( 1 960, 1 97 1 )  publ ishcd significant syntheses of the re lationship 
between phyto1 i th morphology and monocotyledons. 

In the New World,  thc study of phyo l i ths in archaeology bas been a 
relatively new addition where the objective became the identification of cultivated 
plants. One of the earl iest uses of phytol i ths data recovered from an archaeological 
s i te was to i denti fy the crops at Kotosh, Peru (Matsutani 1 972) .  Subsequent 
research concentrated on methods of  ident ify i ng the earl ies t  occurrence of 
domesticated maize (Zea mays L.) .  This included the cross-shaped size techniques 
used to distinguish between i rrigated and non-irrigated plants in attempts to infer 
domestication (Mi l ler 1 980 ;  Rosen 1 987) .  Phyto l i th studies during the 1 960's 
and 1 970 's dealt  wi th the reconstruct ion of past env i ronments document ing 
changes i n  ecotone boundaries  and relat ive humid i ty ( Pearsa l l  2000:  3 9 8 ;  
Carbone 1 977: Lewis 1976, 1980). Phytol i ths recovered from lake sediments in 
Mexico, Belize, the Brazi l ian coast, Puerto Rica and Andean Ecuador contributed 
to both paleoenvironmcntal reconstructions and early tropical agriculture (Pearsa l l  
1976, 1 977, 1 985a, 1 985b, 1992, 1 994; Piperno 1 979, 1 980, 1 98 1 ,  1 983 ,  1985,  
1 989 ,  1 995 ) .  

PIJytolith development, morphology and systematics 
Plant phyto l i ths are created i n  both spec ia l ized s i l i ca-accumulating cel ls 

cal led id ioblasts, and in the cel lu lar and interce l lular spaces of plants (Pearsal l 
2000 : 359).  Their creati an begins with the absorption of monosi l icic acid, Si(OH\ , 
from the soil through the root system and upwards into the aerial system where 
they fonn solid s i l ica (Pipeno 1 988 :  1 2) .  The amount of monosi l icic acid present 
in the soi!  is dependent on moisture content, temperature, pH value, dissolution 
of decayed phytol i ths, thc extent of organic material  present, and the presence 
of aluminum oxides (Piperno 1988 :  1 5) .  Studies have explored the accumulation 
and deposition of si l ica in d ifferent species of plants and their relationship to soi l 
conditions (Bennett 1 980 ,  1 982a, 1 982b; B lackman 1 968 ;  Dare 1960) .  Such 
studics cxtend to different planl orders, such as the pteridophytes ( ferns and 
relatcd p l ants), gymnosperms (p lants l i ke p i nc, spruce, fir), monocotyl edons 
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(e.g. grass fami ly) and dicotyledons (e .g .  manioc and gourds). Archaeo\ogical 
issues on the origins of agriculture have compel led researchers to explore in 
greater detail many fami lies of plants within the monocotyledon and dicotyledon 
orders. Metcalfe ( 1 960, 1971 )  and Metcalfe and Chalk ( 1 973)  have researched 
these orders and have provided a detai led study re lat ing the distr ibution and 
morphology of phytol iths belonging to different plant genera. 

The morphology of phytol i ths created in i d ioblasts does not necessari ly 
conform to the shape of the plant's parent cell ,  making the association between 
plants and phytol iths variable. Consequently, morphological variations duc to 
different phytol ith creation processes can be observed in a si ngle plant species. 
Grasses have been the most intensely studied group of monocotyledon plants 
because they have the greatcst abundance of phytol i ths and they hold primacy 
in discussions of early agriculture. Based on their morphology, grass si l ica bodies 
have been grouped into two classes, the long cells and the short cel \s  (Pearsall 
2000 : 3 6 1  ) .  The long cells are usually s inuous with rectangular, i n terlocking 
borders . Their  identification is problematic unless other distinguishing features 
such as spines, hairs or epidennal projections are present. The short cell phyto li ths 
occur in  various parts of the plant and are divided into the festicoid, chloridoid, 
and panicoid c lasses, each characterized by a spec ific  morphology. Ut i l iz ing 
both long and short-celled s i l ica  bodies considerably improves the identification 
of grasses. A more recent method add ing to the ident ificat ion process is the 
three-dimensional morphological observations of phytol i ths mounted in a fluid 
medium on a m icroscope s l ide .  This  method a l l ows for a grcatcr degree of 
accuracy in  identi fying grasses with morphological ly s imi lar short cel \ s i l ica 
bod ies .  

I n  addition to morphological differences, considerablc variation can also 
be observed in  surface ornamcntation. Piperno ( 1 988)  has noted intri ca te detai ls 
on phytol ith surfaces and has categorized surface ornamentation into ten separate 
classes. These include surfaces that are spi nulose, nodular, rugu lose, smooth, 
irregularly angled or folded, verrucose, tuberculate, stippled, armed and nonarmed 
(Piperno 1988 : 58-60).  The intricate surface deta i l s  observed at magn ifications 
of 400x and 1 OOOx play a significant role in phytol i th identification .  

A press i ng  i ssue  in phyto l i th  s tud ies  relates to systemat i c s ,  or  the 
c l ass i fi cat ion of var iat ion i n  shape and d istribut ion of short and long ce l l s  
phyto l i t h s  ( M u l l ho l and  and Rapp 1 99 2 : 1  ) .  Ter m i n o l ogy and systems of  
classification are contentious issues to  analysts, and to  this day they sti l l  remain 
largely unstandardized and subject to the whims of individuals.  

Genera l l y, the c l a s s i fi ca t ion  of phytol i ths  fo l l ows two approaches 
(Mulholland and Rapp 1 992). First, the biologica! approach i s  usually employed 
when complete plant t issue fragments can be identified. A major tenet of this 
approach i s  the incorporation of morphology and the plant 's epidermal structure 
wi th orientation and growth posit ion of phytol i ths as s ign ificant elements i n  
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i dentificat ion.  The work of Metca lfe ( 1 960) provides a perfect example of a 
biologica! c lassi fi cation based on h is  study of 200 grass species.  Second, the 
morphological c lassification is used when phytol iths are disarticulated from plant 
ti ssue fragments and are found in isolat ion (Mulhol land and Rapp 1 992 :67) .  
This classification fol lows a hierarchical order by identifying different phytol i th 
categories, inc luding trichomes, stomata l complex, bu l l i form cel ls ,  ep idermal 
groundmass cel l s  rods, rectangles/squares, and si l ica-bodies composed of beveled 
pyramids, cones, rectangular boxes and cylinders (Mulhol land and Rapp 1 992 :69). 

Desp i te the d i s t i nc t ions  between the b io log ica )  and morpho log ica l  
approaches to  the c lassification of  phytol i ths, i t  is  sti l l  poss ible to  use them in  
combination. For instance, the University of  Missouri-Columbia uses a system 
of class ification that incorporates both approaches ( Pearsall and Dinan 1 992). It 
consists of a h ierarchical classification system with n ine distinct order divisions, 
starting with broad categories related to the cellu lar origin of the phytol i ths (Pearsal l 
and Dinan 1 992 : 39-40) .  The first order d iv is ion consists of  broad categories 
numbered 1 O, 20, 30  . . .  1 1  O, each representing a specific known anatomical origin, 
wi th the exception of the number 60 which is a l lotted to phytol iths from an 
unknown origin .  Second order div isions are assigned Roman numerals and are 
based on morphological differences. Edge characteristics are given capital letters 
in the third level d ivis ion of the classification scheme. Further, edge characteristics 
and surface texture is recorded using lower-case letter in  the fourth order level 
of class i fication. The remaining five order levels within the c lassification scheme 
are based on addi tional morphological distinctions ( Pearsa l l  and Dinan 1 992:39-
400) .  

A c lass ificat ion based pure ly on  morpho logica l  d i fferences has been 
compi led using a scanning electron micrograph to determine variabi l i ty in  surface 
texture of sedge phytol i ths (OIIendorf 1 992) .  This approach demonstrates the 
variabi l i ty inherent in the sedge genera phytol iths. O l lendorf's ( 1 992) study also 
i l lustrates the importance of the scanning electron micrograph i n  refining the 
classificat ion schemes establ ished by looking through an ordinary m icroscope. 
Such work reflects upon the work remaining to refine and examine many phytolith 
classifications. Of course, the first step, especia l ly  for the archaeologist, must 
start in  the field. 

Field Sampling, analysis and interpretation 
Col lecting soi !  samples is an important step leading to the recovery and 

ident ificat ion of phyto l i ths .  Two fie ld  sampl i ng s trategies are employed by 
archaeologists: 1 )  samples are recovered horizonta l ly across the excavated tloor; 
and/or 2) vertical ly along the excavation profite .  Phytol i th data result ing from 
the two sampl ing methods offer d ifferent k inds of infonnation. The vertical or 
column sampling method provides infonnation related to changes in vegetation 
through time by identifying variations in phyto1ith types. A horizontal sampling 
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reveal s  changes i n  vegetat ion types at a spec i fi c  strat igraph ic  l eve l .  P lan t  
explo i tat ion activ i ti es may be  obtained by  employing a horizontal samp l i ng 
strategy at a part icu lar cu l tural level .  These two methods have been used to 
address research questions re lat ing to farm ing pract ices involv ing i rrigation 
(Rosen 1 987) as  well as  identifying buried paleosols (Pease 1 967; Rapp and Hi l l  
1 998) .  As a general rule, vet1ical sampling is done every 5- 1 O cm, whi le horizontal 
sampl ing is dependent upon the extent of i ntrasite variab i l ity the researcher i s  
wi l l ing to  exam ine. 

The collection of soi !  samples must take into consideration the four major 
factors affecting the deposition of phytoliths in soi ! sediments (Piperno 1 988 : 1 4 1  ) .  
F irst, the amount of phyto l i ths produced and  deposi ted varies between plants. 
Comparative studies have demonstrated that domesticated plants produce lower 
quantities of phytol ith than wild plants. Second, horizontal redeposition is a type 
of disturbance of the original  phytol i th contexts. I n  other words, the deposition 
of phytol i ths occurs on the same stratigraphic levcl but is at a differcnt location 
from the source. Th ird, natural and cu l tura l  d isturbances can a lso redepos i t  
phytol i th vert ica l ly i n  space. Fourth,  preservat ion is dependent upon the  pH 
value of the soi ! matrix with more severe decomposition in acidic so i ls (Piperno 
1 988 :  1 4 1 - 1 4  7). Consequently, any horizontal and vertical d isturbance must be 
identified and the phytol ith production characteristics of most plants within the 
region recognizcd before any i nterpretation is attempted. 

Col lecting, identifying, and describing modern botanica! spccimens from 
the local area of the archaeological  s i te are other important  aspects of fie ld 
sampl ing .  Not only do these botanica! samples provide a record of the modern 
vegetation but they also offer a database of phytol i th varieties for comparative 
purposes.  Whole plant specimens shou ld  be col lected because, as mentioned 
earl i er, a plant may generate a number of morphological ly d ifferent phytol iths. 
Phytol i ths recovered ti-om the d ifferent segments of plants would i l lustrate the 
phyto l i th variab i l i ty offering a more complete base for comparison. 

Phytol iths are extracted from both soi !  and botanica! samples recovered in  
the field. A detai lcd account of different phytolith recovery methods wi l l  not be  
presented in  th i s  paper. Instead, the  reader is directcd to P iperno's ( 1 988)  and 
Pearsa l l  's (2000) handbooks where d ifferent approaches are l i sted, described 
and compared. S imi larly, phyto l i th extraction procedures are also found in  the 
works of Mulhol land and Rau ( 1 985 ), Fredlung ( 1 986) and Carbone ( 1 977). A 
d iscuss ion  of  l aboratory procedures i nc l ud ing  the sca n n i ng,  count ing  and 
documenting phytoliths from microscope s l ides is presented below. 

An optica! microscope is the most important p iece of equipment in the 
analysis process. Magnification ranging between 200X-400X, a mechanical stage 
for tine movement of the s l ide, an eyepiece micromcter, and a polarized l ight 
(Pearsal l  2000 :4 1 4) are a prerequ i s ite for the ident ifi cat ion and count ing of 
phytol iths. l dcally, many hours of strenuous observations through the microscope 
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can be avoided by using a computer imaging system equipped with software for 
recording phytol i th images. Lacking the imaging system, the documentation of 
morphologically d ifferent phytol iths can be done with a 35mm camera attached 
to the microscope (Pearsall and Dinan 1 992). The author has produced excellent 
results with a digital  camera taking photographs through the eyepiece of the 
1mcroscope. 

Scanning the sl ide for phytol i ths is the first task in the analysis process 
and invo lves three steps :  qu ick-scanning, short-ce l l  scann ing and d iagnostic 
scanning (Pearsal l  2000:446). Performed at 250X magnification, quick scanning 
al lows for the identification of broad categories relating to the cellular origin of 
the phyto l i th s .  S hort c e l l  and d i agnost ic  scan n i ng fo l l ow and cons i s t  of  
documenting the variab i l i ty i n  phytoli ths morphology, which can be  identified 
to specific plants. Phytoliths are recorded and tal l ied on specially designed fonns 
for reference and future comparative analysis .  Maintaining consistency is very 
important for future identification and interpretation. 

Phyto l i th count ing procedures bear d i rectly upon i nterpretation . For 
morphological ly  d istinct phytol iths, most analysts use a predetermined number 
of counts per microscope s l ide, usually between 1 00-200 counts. That is ,  if the 
predetermined number is 1 00 then a l i  morphological ly d ist inct phyto l i ths arc 
counted, stopping at 1 00 .  Percentages are used if the total phytol ith count per 
s l ide fal l s  below this predetermined number. Percentages can be presented in a 
d iagram format i l lustrat ing the h i erarchical  level from which each analyzed 
sample originates. Moreover, these d iagrams offer a quick v isual reference to 
changes occurring in phytol ith percentages from one sample to the next. 

I dent i fy ing the phytol i ths  is often conducted at  the same t ime as the 
count ing process .  The ident ificat ion process can be done us ing prev iously 
publ ished reference materials or by comparing phytol iths to those derived from 
a known biologica! sample. I t  is for this reason that a col lection of plants from 
the local area of research is imperative. Often the identification involves the use 
of both methods. 

Phytol ith studies offer valuable information on the origins of agriculture 
and the d ispersa! of domesticated plant species throughout the world (Wi lson 
1 9 8 2 ;  P i perno 1 9 84 ) .  P hy to l i t h  data have  been u sed in d i scus s ions  of  
domestication and origins of maize in the New World. For instance Pipemo ct al. 
( 1 985) ,  made the fine  d ist i nction between cross-shaped maize phytol iths and 
cross-shaped grass phyto l i ths using a five-variable discri minant mul t ivariate 
analysis. Their study revealed early occurrence of maize in  the early preceramic 
period of Panama (7600 B .C .-6 1 00 B .C . ) .  

Correlates have a l so been made between phyto l i ths and agri c u l tura! 
technology used by d ifferent prehistoric groups. For instance, phytol iths were 
used to associate prehistoric fields, canal systems, soi1 mounding and terracing 
wi th wetland agr iculture (Denevan 1 98 2 ) .  Wet land agricu l ture can a l so be 
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identifi ed through changes i n  the frequencies of diatoms and sponge spicules 
offering i n  formation on soi 1 dra inage (Piperno 1 98 8 :  1 80- 1 8 1  ) .  

Perhaps the most  i mportant archaeo log ica l  app l i ca t ion  of  phyto l i th  
i n terpretat ion i s  in  paleoecological  reconstruct ion .  Phyto l i th scquences ,  in  
conju nct ion  w i th m icrofoss i l  data sets and po l l en offer the bas i s  fo r thc 
reconstruction of regional vegetation and c limate. This  approach is based on the 
direct correlation between plants, temperature and humidity. For i nstance, dry 
and hot periods are more conducive to the growth and sprcad of spec ific plant 
speci es that are identi fied archaeologica l ly  by an i ncrease in  their phytol i th 
numbers. Unfavorable environmental conditions are observed by a decrease of 
phyto l i ths. 

Other researchers incorporate s tud ies  of ceramic  sourc i n g  based on 
phyto l i ths presence i n  the c lay fabric .  Ranks and Bargie lsk i  havc looked at 
phytol iths as identifiable markers of  Maya c lay sources. Others have explored 
the removal of phytol i ths from dental calculus as direct evidence of diet (Laluela 
Fox and Albert 1 996). Some researchers have even been successful in  the recovery 
of phytol i ths from stone tools (Kealhofer et al . . 1 999). 

Phytolith analysis of soil samples from Dudeştii Vechi - Case Study 
recovered from soi l  samples du r ing the 200 1 field season at the 

archaeo1ogical site of Movila lui  Deciov, near the present day vil lage of Dudeştii 
Vechi ,  Timiş county, Romania (F igure 1 ) .  This mult icomponent s i te with two 
Starcevo culturc occupations has come to be known simply as Dudeştii Vechi ,  
and this name wil l  be used henccforth in this paper. 

This region of southeastern Europe was occupied by various Neo l i th ic 
cultures starting with the Starcevo agriculturists dated circa 6 1 00 B .C . ,  a calibrated 
radiocarbon date obtained from the s i te of Grivac, Serb ia  (Manson 1 995 :69) .  
Debates on the origins of the Starcevo culture persist to th is  day, some scholars 
arguing for migration from the Near East (P iggott 1 965 ;  Vene) 1 986;  Cauvi n  
1 994) and others arguing for their origins from the local hunter-gatherers (Dennell 
1 98 3 ;  Chapman 1 994; Zvelebil  1 986, 1 995) .  

Starcevo chronological sytematics are based on ceramic sequences and 
vary from one rcsearcher to the next. Whi le  most agree on temporal ceramic  
differences throughout the cul ture, disagreement sti l l  continues with regards to 
the number of cultural divisions. M i lojcire ( 1 950), and Lazarovici ( 1 979), propose 
a four  phase S tarcevo ceramic sequence, while Arandelovire-Garasan in ( 1 954) 
and Garasan in  ( 1 979)  support a three part divis ion.  Absolute dates for these 
divis ions are provided by Manson ( 1 995 :69-70) (Table 1 ) . 
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Milojcic 1 950 and Arandclovic- Garasanin 1954 Radiocarbon Date 
Lazarovici 1979 and Garasanin 1979 ( calibrated) 

Starcevo IV Starcevo I I I  ca .  5400-5 1 00 B .C.  

S tarcevo I I I  Starcevo l lb  ca .  5650-5400 B .C. 

Starcevo II  S tarcevo Ila ca. 5950-5650 8.C.  

Starcevo 1 Starcevo 1 ca. 6 1 00-5950 B . C .  

Table 1 :  Chronology of the Starcevo culture (from Manson 1995:69-70). 

Starcevo subsistence was based on domcstic and wild plants and animals. 
Evidence of prehistoric economies from Starcevo-Grad, Divostin, Obre I , and 
Anzabegovo produced a list of domesticatcd cereals and legumes such as broom
corn mil let, emmer, einkorn, club wheat, six-row barley, peas and lenti ls (Manson 
1 995 :70; Wh ittle 1 996:40). Wild plants identified include cherries, wild grapes, 
apples,  hazelnuts, and acorns (Manson 1 99 5 : 70 ) .  From fauna) remains ,  wi ld  
animals identified include wi ld pig, brown bear, beaver, wolf, brown hare, fox, 
tortoise, catfish ,  pikc, and carp while domesticates inc lude dogs, cattle, sheep 
goats, and p igs (Manson 1 99 5 : 70) .  A study of fauna) remains from Dudeşti i  
Vechi by EI Susi (2002) shows the identified animal resources explo ited at the 
s i te  i n  a tempora l perspec t ive .  Overa l l ,  w i l d  and domest icatcd mammals  
predominate with 64 .5% thc  total fauna) assemblage (E l  Sus i  2002 : Tabel 7) .  
The data from Dudeşti i Vechi and other sites support a notion of different animal 
exploitation strategies by the Starcevo people. 

D irect evidence for the exploi tation of agri cu l tura )  crops has bcen a 
shortcoming of archaeological research on the Starcevo culture. This is due to 
the rarity of research strateg ies d i rected towards plant subsi stence research 
quest ions .  The present  case study is s ign ifi cant  for it retlects  upon pl ant 
subs istence and the local environmental . 

Dudeşti i Vechi  is within an area of l imitcd relief and is general ly below 
1 00 m asi (Chapman 1 98 1 : 1  O 1 ) .  It has been prone to periodic flooding prior to 
flood-protection works undertaken in thc 20th Century. Sedimentation from the 
periodic floods produced nutrient-rich soi ls making the area attractive for early 
agriculture. The site is in a modern agricultura) field and rises 3 m over an area 
of 200 m in diameter. Gornea Aranca, the southern tributary of the Arnaka River 
which starts 40 km northeast of Dudeşt i i  Vechi ,  i s  just north of the site .  The 
Aranca River is a tributary of the Tisza River drainage system that empties i nto 
the Danube River. Present day vcgetation is entirely composed of agricultura! 
crops and wecds in  comparison to the Postglacial vegetation cover which consisted 
of mixed oak forests, simi lar to those noted in Hungary (Zolymi 1 953) .  

Dudeştii Vechi is an important stratified site first excavated at  the turn of 
the 20th Century. Excavations by the local col lcctor "\lagy Gyula Kislegi in  1 906 
and 1 907 rcsu l tcd in the recovery of many c u i n p h : l�: arl i facls c urrcntly houscd 
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at Muzeu l Banatului ,  Timisoara, Roman ia. Kislegi recognized, but did not identify, 
three cultural occupations :  1 )  a layer of ash, pottery and animal bones 250 cm 
below the surfacc; 2) cu ltural material 1 50 cm below the surface; and 3) more 
cultural material  50 cm bclow the surface (Kis lcgi 1 909) .  Test excavations in  
2000 and 200 1 identified two Starcevo occupations. The  depth of thc  cul tural 
layer associated with each of the Starcevo occupations varies across the site and 
dcpends on the excavation location in relation to the tel l .  At the location sampled 
for phytoliths, thc earliest Starcevo occupation was between 1 40 cm and 1 60 cm 
below thc surfacc. At this level thc cultural laycr consisted of artifacts, charcoal, 
ash and fish scales. A !ater Starcevo occupation level was identified between 95 
and I l  O cm below thc surface represented by a house floor feature and artifacts. 
The lowest cultural occupation is identica! to the one Kislegi describes at 250 
cm, i l lustrating the variabi l i ty in topography at the time of occupation. Located 
south of Kislegi 's 1 906- 1 907 excavations, the test trcnches of 2000 - 200 1 ha ve 
a shal lower stratigraphy because they are on the periphery of the settlement and 
therefore on the tlatter portions of the site . .  

The discovery of two Starcevo cultural layers makes Dudeşti i  Vechi an  
important site for a temporal analysis of culturc change. Prel iminary examination 
of pottery materials suggest an occupation of thc site beginning in the Starcevo 
1 1 8  period and ending in S tarcevo I VA period, fo l lowing the chronological 
systematics  of Lazarovici  ( 1 979 : 5 5 ) .  This  period of occupation  encompasses 
the timeframe of 5950-5 1 00 B.C. ,  corresponding to Manson 's ( 1 995 :69) calibrated 
dates spanning from Starcevo I la  to Starcevo I I I  period . 

Methodology 
Eight soi !  samples were col lected from Dudeşti i Vechi  du ring the 200 1 

excavation field season. A vertical soi! sample collection strategy was employed 
with samples col lected from the excavated trench profi les at depths ranging from 
85 cm to 2 1  O cm below the surface. This approach offered the best assessment 
of vegetation changes through time at the site. Of particular importance was the 
collection of soi !  samples from the two Starcevo cultural levels. 

Phytol ith extraction from the Dudeştii Vechi soi! samples fol lowed standard 
methods used at the University of Calgary Paleoethnobotany laboratory. These 
methods are similar to those of Pipcmo ( 1 988) and consist of five steps. The first 
processing step is the sieving 4-6 g of each soi! sample through a 0.5 mm screen. 
Second, the screcned soi ! was then washed with a 1 molar HCI to remove a l l  
carbonate inclus ions. Third, the fine si l ts were removed by suspend ing the soi !  
sediment i n  a calgon solution. Fourth , polytungstate with a spec ific gravi ty of 
2 .3 was used to suspend and separate the phytol iths from the soi !  matrix. Upon 
siphoning off the polytungstate solut ion, d isti l led water was used to wash the 
samples and then recover the remai n ing phytol iths, which were mounted on 
sl ides with entel lan. 
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Scanning of the slides contain ing the phytol iths was the next step in the 
analysis. The identification process was made in the absence of a comparative 
col lection. As of yet, comparative phytol i th col lection for the Dudeşti i Vechi 
area does not exist at this t ime. l nstead, the means for phytolith identification in 
the present study is based on numerous published studies on the morphology of 
cereai plants. 

Rather than focus on individual phytol i ths, i t  was decided to concentrate 
on the classification and identification of multi-celled or aggregate phyto liths. 
The focus on aggregates is  adopted here because a more accurate comparison 
with published references can be achieved. This study relies on published works 
of Bai i  et al. ( 1 999), Rosen ( 1 993, 1 992), Baii et al. ( 1 993), Kaplan et al. ( 1 992), 
Hodson and Sangster ( 1 988),  Hayward and Parry ( 1 980), and Geis ( 1  978). Most 
samples processed from Dudeştii Vechi contain a large number of both individual 
and aggregate phytol i ths. Aggregate phytoliths were counted during the systematic 
scan ning of each sl ide under a 200X magnificat ion .  I n  add i t ion,  aggregate 
phytoliths were photographed under a 500X magnification with a digita l  camera 
and the morphological identification was done using these digital images. 

Results 
AII aggregates were counted during the scanning process of the eight thin

section s l ides .  These counts revcal an association betwcen the two S tarcevo 
cultural levels and h igh aggregate number (F igure 2). Specifical ly, there were 
1 67 phytol i th aggregates on the sl ide representing the soi! sample recovered 
from 1 40 cm below the surface.  This  corresponds with the l owest S tarcevo 
occupation level . S imi larly, 1 72 aggregates were counted on the thin-section 
s l ide representing the soils sample recovered from 1 00 cm below the surface 
and corresponding to the highest upper Starcevo occupation level .  Another sample 
associated with the upper Starcevo occupation was recovered from 95 cm below 
the surface and contained 1 1 7 aggregates. 

When examining phytol ith aggregates, attributes such as sizc, edge, and 
surface characteristics of phytol iths were considered leading to the creation of 
1 8  morphologica l  aggregate types (Table 1 :  F igures 3 to 20) .  Except ional  
preserva t ion  of  the  phyto l i t h s  a l l owed the  recor d i n g  of  some deta i l ed 
morphological  characteri s t ics .  I n  severa! instances type 5 aggregates were 
observed to occur together with types 9 and 7 aggregates. Morphological changes 
occur both horizonta l ly  and verti ca l ly through the aggregates.  Whi le  some 
phytol i ths  are superimposed on morphologica l ly d ifferent phytol i ths ,  others 
change from one type to another, when viewed on the same plane. 

Ten of the 1 8  aggregates have been tentatively identified from pub1 ished 
sources and are l isted in Table 1 .  Three aggregate types (Types 3, 1 5 , and 1 7) 
are possible hair cells, similar to those i llustrated by Pearsal l  and Dinan ( 1 992) 
and Bozarth ( 1 992) .  Type 2 aggregates are i dent ified as barley (Hordeum) 
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phytoliths i l lustrated in Rosen ( 1 992). Three aggrcgate types (Types 5 ,  7, and 9)  
are identified as wheat ( Triticum) from simi lar rcferences observed in Baii  et  al. 
( 1 999 ,  1 996 and 1 99 3 )  and Rosen ( 1 993 and 1 992) .  Type 1 0  aggregates are 
ident ified as possible cereai straw as i l lustrated in Rosen ( 1 993) .  Phytol iths of 
cereals are particularly important in this study for they offer the platform for a 
discussion of plant use through time. 

Graphs i l lustrating the overal l  frequency of aggregate types in  relation to 
stratigraphy offer a visual intcrprctation of plant use and vegetation changes at 
Dudeştii Vech i .  I ndividual graphs appear to mirror thc overal l  counts i l lustrated 
in F igure 2. That is ,  the frequencies of aggregate types are low in the deepest 
stratigraphic levels and tend to increase with less depth below the surface, reaching 
a bimodal  d i str ibu t ion  wi th maximum peaks represented at both S tarcevo 
occupation leve ls .  

Resul ts of the aggregate distributions are presented and discussed below. 
Barley appears in the stratigraphic record in the lowest Starcevo occupation level 
where most aggregates are found (Figure 2 1  ). There is a sharp dec l ine in frequency 
between the cultural components at 1 20 cm below the surface. The frequency of 
barley aga in increases 1 00 cm below the surface, reaching a second peak at 95 
cm below the surface corresponding with the top of the \ater Starcevo component. 

S imilar trends are observed in the frequencies of the three wheat aggregate 
types (Figures 22-24 ). Type 5 aggregates are most frequent at I 40 cm below the 
surface level (Figure 22) .  Their frequency is low at 1 20 cm below the surface 
but then increases in the !ater Starcevo component. Type 7 shows a steady increase 
in frequency starting in the early Starcevo occupation, reaching i ts peak at 1 00 
and 95 cm below the surface, again corresponding with the !ater Starcevo cultural 
component (Figure 23) .  Type 9 aggregate frequencies are binomial ly d istributed 
with one peak occurring at 1 40 cm below the surface the other at 1 00 cm below 
the surface, corresponding to the two Starcevo occupation levels. The remaining 
phytolith aggregate types have simi lar distribution patterns, also appearing most 
frequently in the two Starcevo occupation levels .  

Discussion 
I t  must be stressed that this research is biased towards cereai crops. Legumes 

such as lentils (Lens culinaris), broadbean ( Vicia faba), and pea (Pisum arvense) 
were a l so idcnt ified from pa leobotani ca l  remains  i n  some S tarcevo s i te s .  
Unfortunately, very l i tt le phytol i th research has been done on  legumes making 
any archaeological investigation of soi\ legume phyto l i ths at Dudeştii Vechi  
d ifficult .  Phyto l ith research on cereals has becn more rigorous rcsult ing i n  a 
number of publ ications used in th is  identification process. 

A most i ntr iguing fi nd during th i s  study has been the ex traord inary 
preservation of aggregate phyto l i ths.  Address i ng this phenomenon takes us to 
previous research on  the associ at ion of surface and ground moi sture to the 
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frequency o f  phyto l i th aggregates. The relat ionship between surface water, 
ground water and phytolith yiclds has been i nvestigated and suggested by Rosen 
( 1 993 ,  1 992),  stating that "prel iminary tests . . .  show that an increase in surface 
and ground water does induce higher phytolith yields in semiarid environments :"  
( Rosen 1 993 : 1 69 ) .  W h i l e  Rosen 's i n terpretat ion is  geared for semi ar id  
environments, i t  is l ikely that simi lar factors may have been responsible for the 
abundance of aggregate phytol iths at Dudeşti i Vechi .  Water at Dudeşti i Vechi 
was in  abundance given the c losc prox imi ty to the Gornea Aranca drainage 
channel. In addition, low-lying areas south and east of  the site may have been 
prone to seasonal floodi ng .  The relatively h igh ground/surface humidi ty is 
reflected in the abundance of the aggregate phytoliths. However, it is difficult to 
ascertain at this time i f  th is was due to natural or cu ltural factors. For future 
archaeological research at Dudeştii Vechi ,  investigations should also pursue the 
question of agricultura! practiccs invo1ving irrigation . 

Another intriguing tind is the abrupt decl ine in both aggregate and individual 
phytoliths below the earliest Starcevo occupation. This decl ine begins at 1 70 cm 
be1ow the surface. In conjunction with this decline is an increase in the quantity 
of microscopic charcoal .  P iperno ( 1 990, 1 99 1  and 1 993)  used phytolith data to 
address questions o f  l and use. In  one study (Pipcrno 1 993 )  she interprets the 
increase in microscopic charcoal with a slash-and-burn method of  land clearing. 
In view of this study it  can be suggested that anthropogenic deforestation using 
fire took place during the earl iest Starcevo occupation. Pol len data for the Dudeştii 
Vechi region do not exist at this time, but a pol len record from the neighboring 
Hungary i ndicates a postglacial vegetation cover of mixed oak forests (Zolymi 
1 953) .  Burned acorns, recovered from the lowest Starcevo occupation level at 
Dudeştii Vechi ,  provide testimony to the presence of such a forest. In forested 
env i ronments overa l l  phyto l i th produc t ion  is cons ide ra b l y  red uced .  
Archaeological evidence of  probable anthropogenic activity is seen in the many 
partia l  and complete stone tools recovered from the earliest S tarcevo levels at 
Dudeşt i i  Vech i .  Most of  the 1 50 pol i shed stone axes, hammers and ch i se l s  
recovered by Kislegi during the 1 906- 1 907 excavations originated from the lowest 
Starcevo cultural leve1s (Kislegi 1 909). An additional six stone axes were recovered 
du ring the 2000 and 200 1 test excavation.  These tool s  may ha ve been used in 
fel l ing the trees. Thus, the phytolith data, in conjunction with art i fact data support 
the idea of  land clearing for agricultura! purposes by the earliest Starcevo people 
at Dudeşti i Vechi .  
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CONCLUSION 

This paper has offered a brief in troduct ion to phyto l i th research and 
presented a case study that focused on the analysis of phytol i th aggregates 
recovered from soi! samples at the multicomponcnt Starcevo site of Dudeşt i i  
Vech i ,  Roman ia .  I t  has provided only a gl impse of  the potential appl ication of 
phytolith research to archaeological i nvestigations.  Phyto l i th studies make up 
an area of research sti l l  in its infancy. Additional research on phytol ith typology 
and morphometric variabi l i ty within individual plants have the potential of laying 
the groundwork for the identification of phytol i ths derived from different parts 
of the plant resu l t ing in poss ib le  inferences rcga rd i ng act iv i ty areas with in 
archaeological s i tes. Comparative materia l  of othcr p lants, such as lent i l  ( Lens 
cu l i naris ) ,  broadbean ( Vicia faba), and pea ( Pisum arvense), are desperatel y  
needed for southeastcrn Europe i f  questions related t o  the ear ly agricultura! 
practices are to bc addressed. 

For Dudeştii Vechi ,  this research has identified evidcnce for a plant 
subsistence economy based on cereals .  When combined with the fauna! remains 
i t  confirms some aspects of the known Starcevo subsistence practices idcnti fied 
at other sitcs. The sign ificance of th is find l ies in  the actual hard evidence that 
can be used in comparative research ,  focusing on subs istence economies in a 
regional context. I n  addi tion , land c learing and the probable i rrigation practices 
arc issues of debate by researchers working on the early Neolithic of southeastern 
Europe. The archaeological evidence from Dudeşti i Vechi  contri butes to th i s  
debate. I t  i s  ant ic ipated that future macrobotan ica l  analysis at th i s  s i te w i l l  
corroborate the findings of  this rcsearch and bring a finer resolution to  the early 
Neolithic subsistence economy and environmental man ipu lation. 
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FITOLITELE ŞI ARHEOLOGIA: STUDIU DE CAZ ÎN AŞEZAREA 
NEOLITICĂ TIMPURIE DE LA DUDEŞTII VECHI, ROMÂNIA 

Rezumat 

Ident ificarea ş i  in terpretarea fi to l i te lor recuperate d i n  probe le  de so l  
arheologic a intrat în practica ştiinţifică în  ultimele deceni i .  F itol itele sunt minerale 
microscopice fonnate din structuri de si l iciu care se găsesc în corpul plantelor şi 
care pot fi identificate după dispariţia respectivelor p lante. 

Scopul acestui studiu este de a prezenta metoda analizei fitol itelor aplicată 
pe un caz particular, în aşezarea neol i tică timpurie de la Dudeştii Vechi - Movi la 
lui  Deciov, cu relevarea contextului economic şi ambienta l .  

Cercetarea fi tol itelor a demonstrat existenţa în acest s i t  a unei subzistenţe 
bazate pe cereale .  
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Smooth 
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--- r- groo•·ed 
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- -

- - -- ----

Tahk l :  l lc,criplollll ul' a�grc!!alc l}J'C' l'rnm Duo.Jc,tii Vechi 

Possibl• id•mific ati ou 
Panicum 

Hordeum 

Haor CeU 

nla 
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nla 

Tnncum 

nla 

TnllCUI1t 
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- ----- -
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Rosen 1 992 
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Archaeolog i ca l  S i t e  
Dude s t i i  Vechi 

-

Figure 1 :  S a t e l l i te and aerial v i ews showing the l o c a t ion o f  the 
Early Neol i th i c  archaeolog i c a l  s i te 

Dudes t i i  Vechi 
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20 m1crons 

1-'igurl.' 3 :  TyJk' 1 aggr"·gah.: - �mooth 
'-Ju;u.lrilah.:ral " 1th a siiHH'th �urht�:c o.mJ th...: lcn!!th 

1s 2--1 111111..� tlll.· " iJth ami k·�� than tiO micron� 

�o 

ao 

-

20 microns 

Figurc 5 :  l "yp� 3 hair i.:dl aggr�g;th: - smooth 
IHlll-l)U:uhilatcral '' ith a smooth surf':u:c 

-

20 microns 

Figun.· 7: Typc � !' i l il·i licd �lonli.ltul <lf'Lir.Jhl� of 
,,·hcat agg:rcgatc - smoolh oval surl;lCI.!' with a 

Sllhloth ami g:roo\ �d surt:u:c 

Patrimonium Banaticum, 11, 2003 
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