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Abstract

The starch grains present in the dental calculus of four Neolithic individuals of the Dehesilla Cave (Cadiz, South of Spain)
were extracted and observed with light microscopy. The variant of the extraction technique used proved to be very effective.
A number of Poaceae-Triticeae taxa [wheat (Triticum sp., the main crop, including Triticum aestivum), barley (Hordeum
sp.)], Fabaceae-Fabeae-Cicereae and Fagaceae (oaks = Quercus sp., which constitute new data for the area in question) were
identified. Some pollen grains and fungal spores were also identified, which helped to provide information on the ecological
framework of the crops associated with the archaeological site.
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Introduction

The Dehesilla Cave

The Dehesilla Cave is located in the Cadiz province of
Spain, in the South of the Iberian Peninsula (Fig. 1). It was
first explored by Vifas Valverdd (1970, 1971), Marti et al.
(1975) and Acosta and Pellicer (1990). In the 21th century,
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Garcia-Rivero et al. (2018a, b, 2019, 2020, 2022a, b) carried
out relevant interdisciplinary works of archaeological and
paleoecological nature that allows a better understanding of
the human occupation of this important site.

Since 2016, new archaeological excavations took place
in Dehesilla Cave, under the direction of Daniel Garcia-
Rivero, in six different areas, two outside the cave entrance
(C001 and C002) and four inside the cave (C003, C004,
CO005, and C006) (Garcia-Rivero et al. 2018a, b, 2019,
2020, 2021, 2022a, b; Taylor et al. 2018; Taylor and Garcia-
Rivero 2020). On the platform outside the mouth of the cave
an Andalusian archaeological sequence, dating from the
eleventh-twelfth centuries, was recognized (Garcia-Rivero
et al. 2018a; Taylor et al. 2018). Inside the cave, the excava-
tion of two areas in the innermost room (C005 and C006)
revealed a Neolithic occupation, with different stratigraphic
levels dated from the Early to the Late Neolithic (Garcia-
Rivero et al. 2022a, 2023). In the test pit C003, besides a
Neolithic sequence, from the Early to the Late Neolithic,
a Chalcolithic stratigraphic level was identified as well as
two upper historical phases (Garcia-Rivero et al. 2018b,
2019, 2022b). Finally, in the archaeological area C004, the
only one that is still under excavation, there is, until now,
evidence of a broader occupation ranging from the Middle
Neolithic, Late Neolithic, Chalcolithic, Protohistory, and the
twentieth century, the latter in the uppermost layer.
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Fig. 1 Geographical location map of Dehesilla Cave and location of the archaeological areas C003, C004, and CO06 on the three-dimensional

plan of the cave

Dental calculus

Dental calculus, or tartar, consists of a calcified bacterial
dental plaque. It is essentially composed of calcium phos-
phate mineral salts (White 1997; Eden 2008; Fons-Badal
et al. 2020) and originates from intricate interactions
between bacteria and saliva (Radini et al. 2017). Dental
calculus is very common in human teeth and its formation
and quantity depend on a number of factors such as oral
hygiene habits, ethnicity, and diet type (White 1997; Arora
etal. 2017).

The nature and morphology of starch

Starch is a carbohydrate polymer, composed by two dif-
ferent molecules, both of them made of the monosacha-
ride D-glucose: amylose (linear, constituting 5-35% of
natural starches) and amylopectin (ramified, forming
95-65% of this polysaccharide) (Lodish et al. 2004; Seung
2020). It accumulates throughout the photosynthesis in

@ Springer

the amyloplasts, and is commonly found, as energy stor-
age granules, in various organs (e.g., tubers, rhizomes
and seeds) of vascular plants (Chakraborty et al. 2020;
Louderback et al. 2022), constituting the primary storage
carbohydrate in the Plant Kingdom (Lodish et al. 2004).
The morphology of these granular structures (shape, size,
internal and surface characteristics) varies significantly
within the different taxa, providing data for their identifica-
tion (Perez et al. 2009; Ashogbon and Akintayo 2013; Yang
and Perry 2013; Copeland and Hardy 2018; Gismondi et al.
2019; Louderback et al. 2022).

The relevance of starch in Archaeology

The importance of starch in Archaeology is mainly associ-
ate with two characteristics: a) its resistance, which allows it
to be conserved in the dental calculus (Copeland and Hardy
2018). In fact, tartar frequently captures and preserves organic
material (including starch) in its structure (Copeland and
Hardy 2018; Allende and Samplonius 2021); b) its relevant
variability among taxa, which frequently allows the identifica-
tion of the taxa (family, tribe, genus, species) that produced
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it (Aceituno-Bocanegra and Lépez-Saez 2012; Ashogbon
and Akintayo 2013; Yang and Perry 2013; Gismondi et al.
2019; Ahituv and Henry 2022; Louderback et al. 2022). In
an anthropological context, starch can be extracted from teeth
and various human tools, such as pottery and other artifacts
(Louderback et al. 2022) and even from pre-historic stone
tools (Copeland and Hardy 2018).

Material and methods
Material

The dental calculus founded in the teeth of four individu-
als of the Dehesilla Cave (Table 1) was used in this work.
These teeth were retrieved during different archaeological
campaigns in different areas inside the cave (Fig. 1): DH16-
3-15C-4 was recovered in 2016, from the archaeological area
C003, stratigraphic unit 15C; DH17-6-Locus 2-1 comes
from the archaeological campaign of 2017, archaeological
area C006, stratigraphic unit Locus 2, while DH19-4-74-
Flot.69.2 and DH19-4-74-Flot.71 were recovered in 2019,
from the archaeological area C004, stratigraphic unit 74.

With the exception of DH17-6-Locus 2—1, an upper right
first premolar, found in situ, in a cranium that probably
belonged to a female individual, aged between 24 to 45 years
old, all other were loose teeth recovered directly from the
sediment or indirectly from sediment flotation, and therefore
it is not possible to provide more information pertaining sex
or age at death of the individuals they belonged to besides
the fact that they are adults.

Only DH17-6-Locus2-1 has a direct radiocarbon dat-
ing placing it in Middle Neolithic A (MNA) (Garcia-Riv-
ero et al. 2020). The radiocarbon dates of the remaining
teeth are indirect ones, based on the dating of faunal teeth
found in the same stratigraphic unit as the human teeth.
The obtained date for DH16-3-15C-4 comes from the dat-
ing of a caprine/goat molar tooth (Garcia-Rivero et al.

Table 1 Characterization of the studied individuals

2019), while the dating of the two human teeth identified
in the stratigraphic unit 74, from the archaeological area
C004, was based on the dating of a caprine molar. This last
one is an unpublished AMS date performed at the Centro
Nacional de Aceleradores, University of Seville (Table 2).

Methods

After mechanical extraction, the dental calculus was tritu-
rated with a glass rod in a stainless-steel fine mesh filter
(mesh size =1/10 mm), to facilitate its maceration, washed
with diluted (1N) hydrochloric acid and put in Eppendorf
tubes (2 ml). Subsequently, the tubes were kept for 48 h
at 4° C, and, afterwards, centrifugated (9000 rpm, 3 min)
and decanted. Then, they were washed twice with distilled
water, decanted and filled with glycerol. A drop of 50%
glycerol with the sediment was transferred to a microscope
slide and the cover was doubly sealed with nail-polish. The
chemical identification of starch was made by the classical
Lugol’s iodine solution. The observations and micrographs
were made with a Motic BA 310 light microscope (LM)
operating at X 600 and equipped with a digital camera. The
material was kept in the reference pollen collection of the
Life Sciences Department.

In the identification of starch granules, a number of
articles (Aceituno Bocanegra and Lépez S4ez 2012; Yang
and Perry 2013; Gismondi et al. 2019; Chakraborty et al.
2020; Monge Calleja et al. 2020; Ahituv and Henry 2022;
Louderback et al. 2022), dichotomous keys (Yang and
Perry 2013; Monge Calleja et al. 2020; Ahituv and Henry
2022; Louderback et al. 2022) and specialized websites
(Starch Grain Database 2022) were used. The modern
starch collection of the Department of Life Sciences of
the University of Coimbra was also employed (Figs. 2 and
3). The terminology follows essentially the International
Code for Starch Nomenclature (ICSN 2011).

Reference Teeth Age Period BP date Cal BC-20
DH16-3-15C-4 Lower right central incisor (RI,) Adult ENB 6609 +35 5616-5490
DH17-6-Locus 2-1 Upper right first premolar (RPM') 24-45y.0 MNA 5900+ 30 48404713
DH19-4-74-Flot.69.2 Lower right canine (RC)) Adult MNA- MNB 5830+35 4786-4596
DH19-4-74-Flot.71 Upper left first or second molar (LM! or LM?) Adult MNA- MNB 5830+35 4786-4596
ENB Early Neolithic B; MNA Middle Neolithic A; MNA-MNB Middle Neolithic A-Middle Neolithic B

Table 2 Radiocarbon date of Lab. Code ID S.U.—C004 Sample %C %N CN BPDate CalBC—2¢

the stratigraphic unit 74 in the

archaeological area C004 CNA5180 DHI19-6 74 (NW)

Caprine —molar 35.7 13.1 3.2  5830+35 4786-4596

@ Springer



62 Page4of16

Archaeological and Anthropological Sciences (2024) 16:62

Fig.2 Modern starch grains of
A Hordeum vulgare; B Triticum
aestivum;, C T. durum; D Cicer
arietinum; E Lathyrus sativus;
F Lens culinaris; G Vicia faba

Results

Starch grains were obtained from all the four individu-
als that were studied. Their main characteristics and
identification are summarized in Table 3. As the starch
of barley and wheat species share several features (e.g.,
a marked bimodal distribution of the sizes of the smaller
and larger grains), Table 4 compares the dimensions
of the largest modern starch grains of these species.

@ Springer

There is a clear difference in size between the grains of
the two wheat taxa (which are significantly larger) and
those of barley.

The percentages of wheat and barley starch grains iden-
tified in relation to the total number of Triticeae identified
up to the genus, as well as the percentages of Triticeae,
Fabaceae and Quercus in relation to the total number of
identified starches for each individual analyzed are respec-
tively presented in Figs. 7 and 8.
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Fig. 3 Modern starch grains of

Quercus (Fagaceae). A Q. coc- A

cifera; B Q. faginea; C Q. ilex; >
D Q. suber. Scale bar=20 pm

Discussion
Starch extraction

The variant of the method for extracting the starch used in
this work proved to be very effective. In fact, the use of
a higher concentration of hydrochloric acid (IN instead of
0.1 N) for less time allowed the process to be faster (48 h
instead of 96 h) without damaging the grains of this poly-
saccharide. Also, the mechanical actions described above
facilitated the maceration of the calculus and the release of
the starch without harming it. The success of this variant can
be easily seen from Figs. 4 and 5. Indeed, in all cases the
amount of starch grains found was high. It should be noted
that they often constituted aggregates, including one or more
genera or families.

Starch identification

To identify the taxa that produced the starch granules, all
the qualitative and quantitative characteristics were consid-
ered. We agree with Yang and Perry (2013) that the larger
starch grains are the most informative and the ones that are
easiest to identify. However, in some cases, combining the

characteristics of large grains and small grains can also be
useful (see 4.2.1).

Poaceae-Triticeae

The dispersal of agriculture on the Iberian Peninsula is
recorded from, at least, 5550 cal BC (the first evidence of
farming—grains of Poaceae—belonging to the site of Mas
d’Is, in the province of Alicante) (Pefia-Chocarro et al.
2018), and cereals belonging to the Poaceae-Triticeae are
among the first of these crops (Alonso Martinez 2000;
Zapata et al. 2004; Pefia-Chocarro et al. 2013, 2018). During
the second half of the sixth-millennium cal BC, agriculture
extended to almost the entire Peninsula, including Andalusia
(Pefia-Chocarro et al. 2018).

Triticum was, without doubt, the most important crop of
all we found, and we could identify it in all the individuals
(Figs. 4A-E, F-L, 5C-E, K-L). The presence of an observ-
able hilum in the sub-polygonal smallest grains of Fig. 4(G,
H, K, L), in conjunction with other characteristics (e.g.,
size) made it possible to identify them as belonging to this
genus (Aceituno-Bocanegra and Lopez-Saez 2012), and, in
some cases, with a good probability (larger dimensions), to
the species T. aestivum. These identifications are in agree-
ment with the results previously described by Garcia-Rivero

@ Springer



Archaeological and Anthropological Sciences (2024) 16:62

62 Page6of16

(200T oyunno) eIra1og

wirl g [—1 soulds ‘oyeuryoo quasaid oeaaed ‘[eproroyds

{2661 21119y 861 231 1,61 uowi(]) dealfeydeun-oeaoeIalsy ue jo ureis us[jod QAe[qo ‘88 0=H/d ‘Wi ¢'1z=4 ‘wrl '] =d ‘uonoas [eondo [erroyenba ur prosdijig  v9 231y
(e3ep [euosiad ‘770z AIUSH pue AMIYY 0Z0T POYIWEI-UOU ‘PAJESUO[Q LU JOUnsIp
‘Te 32 elo[[e)) 9SuoN) stvunyno suay 1o “ds snidyivy ‘vgnf v1diA — dedqeJ-orddeqR] (q wn[Iy ‘pAe[[AWe[-uou ‘('g—¢ [ =m/[ ‘wil 4 ¢1—¢ 01 X wrl 8'17—0"0¢ ‘prosdig (q
(€107 A1194 pue Suex ‘7107 zoeS-zodoT wojnound wnyry ‘otrpayAod
pue eI32URO0g-0UMIAY 4007 ‘T& 10 ouradiq) "dds wnonii—oedonii]-oeadeod (e Apuanbaiy soqrews ‘wrl 417X 9°¢z [0 ‘prosdifo A[peoiq 0} Je[nonuol Ja3xe :fepowlq (8 j 3L
(eaep reuosiad ‘zz0g AIUSH pue AMIYY ‘6007 ‘T8 12
BIIGATIO $00T T 30 YSUIS 007 e 10 eiedez) wnuiialip 42310 — 9ea1dd1)-08adRqe,]
‘Kiqeqoud ssa[ “10/pue stpunyno suay 1o “dds snidyivy ‘vgnf v1o1A—oedqeg-oedoeqe] (q PAIBSUO[R OLNUD Joun)
(€10T A11og pue Sueg ‘710 zogS-zodo] =SIp w1y ‘paje[[owel-uou ‘z'g—¢ [ =M/[ ‘wr g'¢]—¢'6 X wrl ¢ 1z—=¢'61 ‘prosdrfid (q
pue ei1Soueocog-oumiaoy 00z ‘Te 10 ouradiq) dds wnonr—oeedniiy-oesoeo (€ uoynound winyiy ‘otapayAjod Apuonbeiy soqrews ‘wrl ¢ gz—/ 7z 1o81e] ;Jepownrg (8 M 2nSny
(eaep [euosiad izzOg ‘T8 10 SnoieZ (£ 17 BJAISOIN-TR[NOA
pue eyyoynog) xap1 ‘O Ajqeqold ss[ “uagns ‘0 10 paurdnf snoian)—oeddede (q 0'z=m/[ ‘wrl ' X (0 “re[nsuern-qng (q
(€107 K1194 pue Suex ‘7107 zoeS unoynound winyiy ‘orpayAfod
-zado T pue vI3ouLO0g-0UMIAY ‘(07 'Te 30 outadid) “ds wmouLi J—oeadnLI]-oedoeod (e Apuonbaiy 1o[rews prosdifje A[peoiq o3 renonud| ‘wirl () [ ¢ X §'G¢ [[1 193xe] ;[epourq (© {7 2131y
(eep euosiad ‘zz0g AIUSH pue AMIYY 6007 '€ 12 BILDAIQ 00T '8 10 PAYIWEI $SI] JO 2IOW SAWIIIWOS
ySurs 00 e 10 eedez) 1 wnuiiarp 1221)—oea101)-avaoeqe, ‘Ajqeqoid ssof ‘Jo/pue  ‘pajeSuo[e win(Iy ‘paje[owel-uou ‘¢ [— [ =m/[ ‘Wil ¢'01-7'8 X H'91—9°11 ‘prosdiig (q
stpuind sua] “dds snidyiny ‘pgnf p1o1A — JeAqEJ-9BAORqR] (q wuoynound winyiy ‘otipayAjod Apuanbaiy 1ojrews
(¢107 K119 pue Suex ‘7107 zovs-zodoT oy ‘pajefjowel-uou ‘sureis ysedrel oy ur 3dooxa aqIsiaur winyiy ‘wil ¢*g7—9| winipaw
pue eISoURd0g-0UMIAY (07 ‘[& 10 outedid) ‘dds wmoii—oeadnii]-oeaoeod (8 “(011U22U09 “YounsIp Je[[owe|) pajerjowe| ‘wi ¢'g7 ‘renonuay 3saSie| ;jepowrdg (8 { 2ndig
1I0Y[S “9)edI[op ‘[erpel
(€10T %Eum pue mcm.% 2102 Nowm.Numoq SAINSSY ‘OLNUID “JOUNSIP WN[IY ‘pIje[[ouie[-uou ‘arrl Q[ =Io)wWeIp ‘dJeqo[Li-qns (q
pue e1Saueo0g-oumioy 00¢ T 10 ouradid) *dds wnap.iop—oreodniir-oeaoeod (q urojnound wnyry ‘otrpayAjod Appuenb
(€107 A1194 pue Suex ‘7107 zoeS-zodo -0Ij I9[Tews Y} ‘SuOISSaIdop 9Je[NONAI YIIM SOWIIOWOS ‘PIJB[[OWER[-UOU ‘Q[qISIAUL
pue eI3oURd0g-0UMIAY 007 ‘e 10 outedld) ‘dds wnouii—oeadnLi] -oeaoeod (v wny ‘wi 8'47—07 ‘(eqo[n 10 xaAu0o-aue[d A[orer) renonuol Josre| :fepountd (e Hi 2InSi
(€10 A119d pue Suex ‘7107 29%S lounsiput
-zadoT pue vi3oued0g-0UMIAOY) T winansap [ K[qeqoid ‘wumol1L[—oeddnLI[-0ea0e0d wn(Iy ‘(JLNUIIUOD ‘JOUnSIPUl Je[[owe]) pAje[[owe] ‘0¢ | =M/ ‘W ['7¢ X '8 ‘WIoJLIAd D 2In31 [—C SN0 1-9-L THA
(£10¢ K119 pue Sueg Z10C Z9BS 91e3uo[d OLNUdd
-zodoT pue eiSouesog-oumiady) (‘dds wnoniiy 1o “dds wnapiofy) 9eONIII-0L30B0 JounsIp Wn[Iy ‘(JOUNSIPUI JB[[OWE]) PAB[[OWE] ‘G =M/ ‘Wil ¢'QT X [ ‘Te[nonue]  Jf oInSi
(€10 A11od pue uex ‘T[0T 2988
-zodoT pue eIourd0g-0UMIANY 007 Te 12 outadiq) *dds wmoni—oedon11]-oeadr0q Q[QISTAUT WN[IY ‘YIOOWS ‘pIJR[[We[-Uou ‘7 | =m/[ ‘wi [ 1ZX ¢ ‘prosdifig gy oISy
~dds wnouni Kjqeqoid ‘oeadni]-oeaoeod suorssa1dop 21e[noNAI YIM ‘QqISIAUT WNIY ‘PAIR[[AWE[-UOU ‘Wi 9'¢7 ‘Tenonua (It 2Ind1
[(@-gt St 99s) eiep reuosiad i7z0g ‘T8 10 Snoirez ¢/ (7 vJRISON-TR[NOJA PUE [RUN[oY
nog] 1 xa71 ‘0 Ajqeqoad ssa] ‘T 4agns () 10 “we] pauisnf snoranj—aoeadeseq (q  sooide oyl 1e tiod Yim ‘pz T =m/] ‘Wl 6°GT X L°6] XOAU0D-9ABIUOD 0] Je[nIueLn-qng (q
(€107 A1109g pue Suex ‘7107 zoeS-zodoT wroynound “ornuad wnpy ‘orpayAjod Apuenbaiy 1orrews (;) parerowe|
pue eI3oued0g-oumIady ‘00 e 12 ourediq) ‘dds wmoii—oeon1i[-9eadeod (8 -uou ‘99" |-Gz [ =M/[ ‘Wil §' 1791 X €' L7—G ¢ ‘PIOAO 0 Je[nonua[ J951e| ;fepowrtg (8 Df 231
(erep [euosiad (zzog AIUSH pue AMIYY 00T ‘T8 19 elo[e) a3uoA)
s1pulpnd sua 10 (1 snayps -7 Kqeqoid) -dds snidyivy ‘vgnf v1o17 — JeqeJ-0vAORqE.] (q poreSuo[d wnyIy ‘paje[[owe-uou ‘Gz “8d m/[ ‘wirl ¢'7 x9'g1 ‘prosdiig (q
(g10T A119g pue 3uex T[0T 20yS-22do] Gy “aripayAjod
pue eiSourd0g-oumIady ‘+0g ‘e 10 outediy) ‘dds wmonri—aoeeonui-oeaoeod (e Apuenbory sorfews wirl £ 1—97 X £'61—0"L] ‘PoIe[[oWE[-UOU ‘Ie[nonuo| JoSie ;fepowtg (8 gf oInSi
(erep Teuosiad zz0g AIUSH pue AmMIYY ‘0Z0T ‘T8 10
elo[[eD) 93UOIN) NIPIN Skpuifno sua Kiqeqoxd ssop “dds smikyiry 10 1 vqpf v12IA ( 1uasqe s19fe[ ‘payesuOLd WNTIY ‘07'Z-50'C=M/T ‘W L'TT X (0'82-0'9C ‘ProsdIid (4
(€107 A1194 pue Suex ‘z10¢ zoeS-zodo urroynound winqy ‘onpayAjod Apuonbary
pue eI3ouro0g-oumIAY H00g ‘Te 10 ourddiq) *dds wnoni—oeaoniI -oeaoeod (B  SUIRIS IO[[BWS $O[QISIAUI WN[IY ‘paje[[oure[-uou ‘Wi (¢ "ed ‘re[nonuol 1odre[ :fepouwnlq (e i 2Indi{ +-OS1-€-91HA
SOJURIAJAI PUB UOTIBIYNUAP] (ppm=m ‘YSus] =[) surers yoIes ay) Jo sONSLIIBIRYD o8y Q0UQIJY

S[ENPIAIPUT B[[ISOYS(] AY) JO SNNOTED [B)USP Y} UI PUNOj YoIe)s Y} JO UONEBIYIIUSPI pue SONSLISIoRIRY) € 3|qe]

pringer

AQs



Page7of 16 62

Archaeological and Anthropological Sciences (2024) 16:62

(€20t

‘er3ojojedoy] remaiA otreqioy) ‘dds nioydouaig 10 (0107 ‘Te 30 nniN) ‘dds snjoqory
-y20) K1qrssod ‘(G170 'Te 10 IenSewy (0007 YPws) snunj e jo arodsowSerydoreAq

(T10T T8 19

pysundny) -ds v ‘Aiqeqord ssof “(€7OT WeM ‘8TOT ‘T8 10 9SnIY ‘6¢61 [opuny) “ds
03vjus) Aiqeqoad «(G10g T 10 JonSew [y {007 YIWS) sndunj e jo asodsorowreoeAq

(€10¢ A11q pue Suex ‘710T 29pS-2odo]
pue ei3ouedog-oumiady) ‘dds wnap.iopy Ajqeqoid ssof “*dds wmon1L[—oeonLI ] -080R0]

(€10t K110 pue Suex ‘710T zops-2odo]
pue e13oued0g-0umIddy) wnaysap ;J KA[qeqoid dds wmnouriy — oeodnL]-oeaoeoq

Qeooeqe,

(€10¢ K119 pue Suex ‘10T ZovS
-zadorT pue e1Souro0g-0UNIAOY 007 T 10 ourediq) *dds wnap.iop—oreodniiI-ovaoe0q

(€10C A1ag pue Suex ‘7107 298
-zado pue e13ourd0g-0UMIAIY 4007 ‘T8 30 ourddid) “dds wnap.ioj—oedonLi]-oeadeod

(€10 K115 pue Suex ‘10T ZovS
-zado pue viouedog-oumIddy ‘007 ‘Te 30 ourodiq) ‘dds winouii—oeoonII]-oeadr0q

(€20 pueaIg
PUE UTeIIIg 18210 JO 3N ¢(T O[[NSNY-ZoIQNNg pue UL [-ZUoLs :000¢ YHs)
*dds wniiodsiiadsy 10 *dds wnriodsoppy) Kqissod ‘sn3unj e jo sarodsowpipooeyd

(eyep TeuosIod
1610T Te 10 IUNg ‘770T AIUSH pue AmIYY ‘¢[0T ‘T8 19 YOS 10T oAeunyy pue uoq
-3oysy) nqnf v1o1A K1qeqoid sso ‘(snayps 7 K1qeqoid) dds sn.yip7—oreoqe]-oeodeqe,]

(€10¢ K112 pue Suex 10T ZovS
-zado pue viSourd0g-0UMIAIY 4007 ‘Te 32 ouradiq) “dds wnonii—oedonLI]-9eade0q

(€10 A1104 pue 3uex ‘T10T 2988
-zado T pue eiouesog-oumiddy 007 ‘Te 30 ouradiq) ‘dds wnoii]—oeoonII]-oeadroq

(€10 K115 pue Suex ‘10T ZovS
-zado pue viourd0g-0UMIAIY 4007 ‘Te 30 ouradiq) “dds wnonii ] —oedonLI]-9eade0q
(eyep Teuosiad) sripunyno sua Klqeqoid sso ‘vgnf P1o1A—oraqe]-JeadRqR,]

(£10T K112 pue Sueg :710¢ zogS-zodo]
pue e139uBd0g-0UMIddY) winaysap ;J A[qeqoid dds wmonriy — seodnL-oeaoeod

[TeMm UIY) B YIIm “auIfeAy ‘qroows ‘paf[ao-Inoj ‘wid £ X ¢ ‘Suojqo-prosdifig

Tem

oIy B i ‘aureAy ‘(arenonail ‘Ajqeqoid ssay) ajeuryod-olotw ‘wrl g°g “ed ‘[eproroydg
uonoear

Suons e Surmoys ‘auIpor s,josnT ym pajyean ‘G- =m/[ ‘wr £ 0¢ X ¢'G¢ ‘prosdiig
uonoealr
Pl & SUIMOys ‘aurpor s Jo3n T yim pajean ‘(;) wrojnound 9ounsIpur OLnuad wnjry

(30UnSIpUI ‘OLIUAIUOD JB[[QWR]) PAIB[[WE] ‘G7 [ =M/] ‘W T'LE X G 9 ‘WIOJIUDY
QAT)ORIJAI ‘9)e3UO[D JounSIp

OLIUQD WINJIY ‘PIR[QWR[-UOU ‘19'9=m/[ ‘(PapuaIxd) wrl 411 X /'G/ ‘poaIno-prosdifig
re3uo[e JounsIpur winry ‘(3oun

-SIPUT ‘OLIJUIUOD JB[[AWE]) PAR[[AWER] ‘6] T =M/[ ‘WH ['Z] X '] ‘XOAUOI-IABIUOD)
1OUnSIpUr ‘OLNUI0

wn[Iy ‘(Jounsip ‘OLudUO0d JR[[AWeR]) paje[[owe] ‘g1 [ =M/[ ‘Wil (/07 X 9 €7 ‘WIOJIUDY
woynound ‘ornuad

wn[Iy ‘(IUNSIPUT *ILNUIIUOD JL[[SUIL]) PAE[AUE] ‘¢() T =M/ ‘Wil §'0¢ X 9" € ‘PIOAQ

wmdos pue [fem o1y}
© M YIEp ‘9JeONLIOA 0) 9JB[NUIYDD ‘Pa[[99-0m) ‘Wl ())§—G' L X §']1—G 11 ‘Prosdifiq

QATIORIJAI
91e3U0[9 JOUnSIP OLIIUID WN[IY ‘PAIR[[OWE][-UOU ‘66 [ = M/] ‘Wi '] X 6L ‘Prosdiig

JOUnSIPUI ‘OLIUID WN[IY
“(3oUnSIp ‘OLNUIDUOD JL[[SWR]) PAJR[[WE] ‘G T =M/[ ‘Wil 997 X /'€ ‘WLIOJIUAI-PIOAQ

SIJU2299 WIN(IY *(;,) 190€y aInssaid ouo
A “(BOUNSIP OINUIU0 SRT[SUIL]) Paje[[awe] ‘G T =/ ‘Wil 6'£7 X §"0 “Prosdig
uorssaxdop e yirm ooejIns “9[qISIAUT WN(IY ‘(30U

-SIPUI “OLIJUOUO0D SB[[OWR]) PIAR[PWR] ‘Q7°] = M/[ ‘Wi ()'€7 X §"6T ‘wojruedured-qng

uonoeal Juons
© SuImoys ‘aurpor s [oSnT yym pajean ‘0z z=m/ ‘wil ¢ 17X 694 ‘prosdifje-arejoig

uonoraI
Suons e Surmoys ‘QuIpor S, [0SNT YA pajedn ‘gz [ =m/[ ‘Wil ['8¢ X 9°9 ‘Tenonuo|

{9 2m31g

09 2m3ry

16 2m3Lg

D (SEIHIE |
[ em31g

IS 2m3ry

HS 2m31g

0g am31]

g9 om3r]

G 231

HG 231y

ds em31g

DG 2m3ry

g¢ om3r]

V¢ a3

[L30d-¥L~¥-61HA

T69101d-yL~¥-6IHA

SAOURIRJI pue uonedynuapyp

(pprm = m “yISus] =7) suTeIs YoIe)s Ay} JO SONSLINOLIEY))

Eriding

QIUAIRIY

(ponunuoo) ¢ 3jqey

pringer

As



62 Page8of16

Archaeological and Anthropological Sciences (2024) 16:62

% 3
.\F“‘.u:"‘ % ~_’4\

-

Fig.4 Starch grains. A-F: Individual DH16-3-15C-4. A-B Triticum
spp. (Poaceae, Triticeae) and Fabaceae-Fabeae (Vicia faba, Lathyrus
spp. or, less probably, Lens culinaris); C Triticum spp. and Fagaceae
(Quercus faginea or Q. suber, less probably Q. ilex); D Poaceae-Trit-
iceae (probably Triticum spp.); E Triticum spp.; F Poaceae-Triticeae
(Hordeum spp. or Triticum spp.). G-L: Individual DH17-6-Locus 2.
G Triticum spp. (probably T. aestivum); H Triticum spp. and Hor-
deum spp.; I Triticum spp. and Fabaceae-Fabeae (V. faba, Lathyrus

et al. (2019, 2022b) with the identification of wheat seeds
(Triticum aestivum-durum) in all Neolithic sequence, since
the ENB, in both analyzed archaeological areas (C003 and
C006) of Dehesilla cave.

Nevertheless, Hordeum was also present (Fig. SH-I), bar-
ley starch is quite similar to that of wheat, but in general,
it is smaller, with more frequent abnormal shapes and bet-
ter-defined lamellae (Aceituno-Bocanegra and Lopez-Séez
2012), which allowed us, in a number of cases, to separate,
with a good probability, the two genera. Garcia-Rivero et al.
(2019: 225, 2022b) have found a similar balance between
barley (Hordeum vulgare) and naked wheats (Triticum aes-
tivum-durum) in the carpological analysis of the sediments

@ Springer

spp. or L. culinaris) or, less probably, Fabeae-Cicereae (Cicer ari-
etinum); J Triticum spp. and Fagaceae (Q. faginea or Q. suber, less
probably Q. ilex); K Triticum spp. and Fabaceae-Fabeae (V. faba,
Lathyrus spp. or L. culinaris) or, less probably, Fabeae-Cicereae (C.
arietinum); L Triticum spp. and Fabaceae-Fabeae (V. faba, Lathyrus
spp. or L. culinaris). a) Triticum spp.; b) Fabaceae; ¢) Quercus spp.;
d) Hordeum spp; 1) pore; 2) depressions; 3) hilum; 4) fissures. Scale
bar=20 pm

of both archaeological areas (C003 and C006) attributed
to Early Neolithic B, where the individual DH16-3-15C-4
comes from. However, from the calculus analysis, we see a
clear predominance of wheat (96.3%) over barley (3.7%).
This predominance was observed in the MNA period, when
barley seeds appear very scarcely in the archaeological area
C003 (Garcia-Rivero et al. 2019), and were not identified in
the archaeological area C006 (Garcia-Rivero et al. 2022b).
In the calculus analysis of the individual DH17-6-Locus2-1
this cereal was identified, although in less quantity (8.3%)
than wheat (91.7%). In the MNB period, no barley seeds
were identified in the archaeological area C003 (Garcia-Riv-
ero et al. 2019), but in the archaeological area C006 there
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is once again a clear predominance of wheat over barley
(Garcia-Rivero et al. 2022b). The individuals that we have
from this period (MNB) were retrieved in the archaeologi-
cal area C004 from which there is still no archaeobotanical
data, but assuming a likely similar behavior between the
coeval stratigraphic levels the data obtained for the archaeo-
logical areas C003 and C006 can be used as a proxy. From
the calculus analysis for these two individuals (DH19-4-74-
Flot.69.2 and DH19-4-74-Flot.71) we can see an increase of
barley (45.5% and 42.9%) in relation to wheat, with a better
balance between these two taxa.

In this context, it is relevant to mention that several
authors (Alonso Martinez 2000; Zapata et al. 2004; Agro-
logia 2023) mentioned that wheat and barley were the first
cereals cultivated in the Iberian Peninsula, already since the
Early Neolithic, with the cultivation of rye (Secale cereale
L.) and oat (Avena sativa L.) being quite later (Zapata et al.
2004; Coleto Martinez et al. 2016). Regarding these two
species, it should be noted that oats have compound starch
grains and the grains of rye present a fissured, commonly
star-shaped hilum which is not the case with wheat or barley
(Gismondi et al. 2019; Monge Calleja et al. 2020).

Fabaceae-Fabeae / Cicereae

After the Poaceae, Fabaceae (Leguminosae) is, certainly,
the most important family in the feeding of humanity, their
presence in the Iberian Peninsula being as ancient as that of
cereals (Alonso Martinez 2000; Pefia-Chocarro et al. 2018;
Marinangeli 2020), and they were commonly cultivated
together (Zapata et al. 2004; Pefia-Chocarro et al. 2018;
2016—Anno Internazionale dei Legumi 2023). From the
point of view of human nutrition, pulses complement cere-
als in a harmonious and healthy way, because they are very
rich in proteins and amino acids [and other nutrients, such
as fiber, potassium, and iron (Marinangeli 2020)], so they
were—and still are—used as a meat substitute. On the other
hand, by fixing nitrogen, they fertilize the fields where they
are grown (Alonso Martinez 2000).

Fabeae is its more relevant tribe, including such impor-
tant crops as broad-bean (Vicia faba L.), lentil (Lens culi-
naris L.), and pea (Pisum sativum L.). However, some other
species, like grass-pea (Lathyrus sativus L.) and sweet-pea
(Vicia sativa L.) are also edible. All of these taxa have a long
history as foodstuffs, and have been consumed by human-
kind for thousands of years. It is worth noting that the starch
of Fabaceae-Fabeae was founded in the dental calculus of
all the individuals we studied (see Table 3 and Figs. 4A, B,
K, L and 5B, F, J). The separation of the Fabeae species by
the morphology of their starch grains is in general not easy,
as there are more or less extensive overlaps between them.
However, pea starch is an exception to this rule, because

it presents grains of the compound type, that are absent in
the other taxa. As for the other food species, some qualita-
tive [e.g., distinct/indistinct lamellae and hilum (Ahituv and
Henry 2022)] and quantitative characters [length and width
of the grains (personal data)] and ratios [length/width (per-
sonal data)], may, in some cases, be useful.

The tribe Cicereae includes chickpea (Cicer arietinum
L.), another important pulse. The presence of chickpea
starch in the tartar of individual DH17-6-Locus 2—1 should
not be ruled out. It must be pointed out that some grains
(Fig. 4K) present a somewhat bifid hilum, a common feature
with, for example, lentil (Lens culinaris L.), although, given
the available data in the literature, we consider it more likely
to correspond to this species or to fava beans.

Bearing in mind the relevant morphological diversity of
Fabaceae starch found in this work, we consider it likely
that, associated with the margins of the cereal fields (wheat
and barley) in the Dehesilla area, several pulse species were
cultivated together, a condition previously noted, for the Ibe-
rian Peninsula, by several authors (e.g., Alonso Martinez
2000; Zapata et al. 2004; Pefia-Chocarro et al. 2013, 2018).

As already mentioned, Fabaceae starches were identified
in the dental calculus of all the individuals under analysis
and it looks like there was a slight increase over time (19.7%
in DH16-3-15C-4, 23.8% in DH17-6-Locus 2-1, 20% in
DH19-4-74-Flot.69.2 and 40% in DH19-4-74-Flot.71).
From the archaeobotanical data available for Dehesilla
cave, the presence of legumes in the ENB period from the
archaeological area C003 is limited to one possible vetch
(Lathyrus sp.) identified in the stratigraphic unit 15A, while
in C006, two seeds of Fabaceae were identified. No leg-
umes were identified in stratigraphic unit 15C from where
the individual DH16-3-15C-4 was recovered. In the MNA
period, a fragment attributed to Vicia/Lathyrus was recog-
nized in the stratigraphic unit 14 of the archaeological area
C003 (Garcia-Rivero et al. 2019), but there is no record of
Fabaceae in the MNA levels from archaeological area C006,
namely in the sediment recovered from the stratigraphic unit
Locus 2 (Garcia-Rivero et al. 2020, 2022b), from where
the individual DH17-6-Locus 2—1 comes from. This may
result from the different use of both areas, while CO06 was
a unique funerary event, CO03 seems to have served as a
domestic space. For the MNB period, Garcia-Rivero et al.
(2019) only detected a faba bean seed in the archaeological
area C003 and no legumes in C006, while from the cal-
culus analysis, the calculated percentages of the starches
of Fabaceae were 20% (DH19-4-74-Flot.69.2) and 40%
(DH19-4-74-Flot.72).

Fagaceae

The human consumption of acorns is quite ancient. In fact,
acorns have been associated with archaeological finds since

@ Springer
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Fig.5 Starch grains. A-F: Individual DH19-4-74-Flot. 69.2. A Triti-
cum spp. (probably T. aestivum) treated with Lugol’s iodine, show-
ing a strong reaction; B Vicia faba or, less probably, Lens culinaris,
treated with Lugol’s iodine, showing a strong reaction; C-E, F Lathy-
rus spp. (probably L. sativus) or Vicia faba. G-L: Individual DH19-4—

the Mesolithic in Europe and the Mediterranean Basin,
throughout much of the distribution area of the genus
Quercus (Mason 1992).

@ Springer
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74-Flot. 71. G Triticum spp.; H-1 Hordeum spp.; J Fabaceae; K Triti-
cum spp. (probably T. aestivum) treated with Lugol’s iodine, showing
a mild reaction; L Triticum spp., less probably Hordeum spp., treated
with Lugol’s iodine, showing a strong reaction; 3) hilum; 5) lamellae.
Scale bar=20 pm

Some starch grains of Quercus were identified in the
dental calculus of individuals DH16-3-15C-4 (Fig. 4C) and
DH17-6-Locus 2-1 (Fig. 4]). Its specific morphology (see
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Table 3) suggests that they probably belong to the Portu-
guese oak (Q. faginea Lam. — Fig. 3B) or the cork oak (Q.
suber L. — Fig. 3D) or, less probably, to the holm (or holy)
oak [Q. ilex L. subsp. ballota (Desf.) Samp. — Fig. 3C], all
of them present in the Cadiz province (Galiano 1987; Franco
1990). The kermes oak (Q. coccifera L. — Fig. 3A), also pre-
sent in the Cadiz province, seems to be excluded. In fact, the
sub-triangular shape observable in the referred individuals
(Fig. 3B, D) is less frequent in the holm oak and, mainly, in
Q. coccifera (Fig. 3A). Also, the dimensions of the starch
grains of this last species are clearly larger than those of
our reference collection. We consider this as a relevant new
data for the archaeological excavations of the Dehesilla
cave. From the pollen analysis Garcia-Rivero et al. (2019)
have found in their palynological analysis high percentages
of pollen of Quercus ilex type in the ENB (38.9%-42.7%),
with similar values in the MNA, and a pronounced decrease
in the MNB (15.7-18%). This decreasing of Quercus over
time, apparently is what we see from the dental calculus
analysis, since Quercus starches were identified in low quan-
tities only in the dental calculus of the individuals from the
ENB (DH16-3-15C-4: 3.28%) and MNA (DH17-6-Locus
2-1: 0.6%).

Other structures
Pollen grains

The pollen grains found in DH17-6-Locus 2-1 undoubt-
edly belong to an Asteraceae, and, more precisely, to the
tribe Gnaphalieae (Fig. 6A). Indeed, the pollen of the
Anthemideae does not present caveae (Dimon 1971; Diez
1987), that of Cynareae have larger dimensions and more
robust spines (Dimon 1971; Diez 1987; Reille 1992) and,
with the only exception of Scorzonera humilis the pollen
of the Cichorieae present a very typical echinolophate pat-
tern of sculpture (Blackmore 1984; Diez 1987; Reille 1992).
As for the Astereae, Senecioneae, Eupatorieae, Inuleae and
Heliantheae s.1., the polar axis, equatorial diameter, and
spines are larger (Dimon 1971; Diez 1987; Reille 1992;
Pereira Coutinho 2002). It is important to emphasize that a
considerable number of species of Gnaphalieae [belonging,
for instance, to the genera Bombycilaena (DC.) Smoljan.,
Filago Loefl. ex L., Gnaphalium L., and Logfia Cass.] live
associated with or bordering crop fields (Pereira Coutinho
1939; Devesa 1987; Andrés-Sanchez et al. 2019), so, in this
case, their presence in the dental calculus would probably be
due to involuntary contamination of cereals with taxa of this
tribe, excluding Helichrysum Mill. and Phagnalon Cass.,
which pollen spines are larger and less numerous (Dimon
1971; Pereira Coutinho 2002). A less likely hypothesis is the
intentional consumption of plants from this tribe for health
reasons. In fact, some species of Gnaphalium are used in

folk medicine, because they have applications such as expec-
torant, suppressor, or reliever of coughing or anti-inflam-
matory (Zheng et al. 2013). This would also explain their
consumption and capture of the grains by the dental tartar.

Garcia-Rivero et al. (2019) referred to the presence of
a small number of pollen grains of Aster type (4-4.6%) in
the MNA. This type corresponds to the Bellis annua type
described by Diez (1987) that includes the genera of Gna-
phalieae above mentioned.

Fungal spores

It is worth noting that although the spore diversity in the
Kingdom Fungi is huge, in all cases the spores found in the
dental calculus of the studied individuals could be associ-
ated, with a relevant probability, with some graminicolous
genera. In fact, the phaeodidimospores extracted from the
individual DH19-4-74-Flot.69.2 could be associated with
the genera Cladosporium Link (Perell6 et al. 2003; Smith
2000; Fungi of Great Britains and Ireland 2023) or Asper-
isporium Maubl (Fig. 6B). The hyaline, 4-septed phragmos-
pore that was found in the DH19-4—74-Flot.71 individual,
could easily belong to Cochliobolus sativus (S. Ito & Kurib.)
Drechsler ex Dastur, Pirenophora tritici-repentis (Died.)
Drechsler (Benslimane 2015; Smith 2000; Rézewicz et al.
2021) or Ustilago tritici (Pers.) C. N. Jensen, Kellerm. &
Swingle [all infecting wheat (Benslimane 2015)] or Pire-
nophora teres Drechsler that infects barley (Herbario Virtual
Fitopatologia 2023) (Fig. 6C). Likewise, the presence of the
hyaline, microreticulate, or microspinulate amerospore that
was present in the same individual may, with good probabil-
ity, be associated with the crop-pathogenic genus Ustilago
(Pers.) Roussel (Fig. 6D) (Kruse et al. 2018; Fungal Spores
2023). Tilletia Tul. & C. Tul. could also be a good candidate,
but its teliospores are larger [ca. 16-24 pm (Trione 1974;
Pimentel et al. 2000; Zupunski et al. 2012)] so this would be
difficult unless the specimen photographed was quite imma-
ture, which is not probable. It is rather unlikely that this
last type of spores belongs to Puccinia Pers., a genus that
commonly infects wheat, causing rust. In fact, among their
different types of spores, the aeciospores and urediniospores
are similar in morphology, but not in size, while the oppo-
site is true for basidiospores (Smith 2000; Anikster et al.
2005). All the aforementioned fungi constitute common crop
pests that could easily be present in the cultivated fields of
the Dehesilla region. It must be noted that at least part of
the identified wheat grains, i.e., the larger, belong to the
free-threshing species bread wheat (Triticum aestivum) or
macaroni wheat (7. durum), which are more prone to fungal
infections than the hulled-wheats einkorn (7. monococcum)
and emmer (7. dicoccum), because the latter species, unlike
the first two, retain their tough glumes associated with the
caryopses when they are released, which gives them some

@ Springer
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Fig.6 A Individual DH17-6-Locus 2—Pollen grain of an Asteraceae-
Gnaphalieae; B Individual DH19-4-74-Flot. 69.2—Phaeodidimos-
pores of a fungus, possibly Cladosporium spp. or Asperisporium
spp.; C-D Individual DH19-4-74-Flot. 71: C) Hyaloamerosporae of

a fungus, probably Ustilago spp., less probably, Tilettia spp.; D—
Hyalophragmospore of a fungus, possibly Cochliobolus spp. or Pire-

nophora spp. Scale bar=20 pm

Table 4 Quantitative comparison between the largest starch grains of modern samples of Hordeum vulgare, Triticum aestivum, and T. durum

Species Statistical values (N=25)

Hordeum vulgare [=13.30-36.50 (23.70 £ 6.67) pm; w=11.50-36.50 (19.93 £7.03) pm; I/w=1.00-1.48 (1.22+0.12)
Triticum aestivum [=30.40-60.00 (44,73 +8.28) pm; w=23.40-50.00 (38.45 £7.95) pm; I/w=1.02-1.48 (1.17+£0.11)
T. durum 1=27.00-65.00 (46.26 +£9.31) pm; w=24.00-60.00 (38.66 +9.16) um; I/w=1.01-1.86 (1.22+0.19)

I=length of the grain; w=width of the grain

Fig.7 Cumulative bar chart
with the percentages of wheat
and barley in relation to the total
number of Triticeae identified
up to the genus

Fig.8 Cumulative bar chart
with the percentages of Trit-
iceae, Fabaceae and Quercus in
relation to the total number of
identified starches

@ Springer
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protection against fungal attacks (Nesbitt and Samuel 1996;
Curzon et al. 2021).

Dental calculus analysis represents direct evidence of
feeding behavior. Besides assisting in the paleoenviron-
ment reconstruction, it also allows for a glimpse of past
individual dietary habits, however, its interpretation is not
straightforward. Several aspects must be pondered. First,
with this technique only starchy foods can be identified so
we are far from scrutinizing the entire diet; secondly, we
should be aware that not all starchy foods are trapped in
dental calculus, therefore the use of proportions must be
interpreted with caution, the reason why there are research-
ers, such as D’Agostino et al. (2022) that consider dental
calculus analysis as a qualitative method; and lastly, another
important issue to be considered is that it is not possible to
determine when dental calculus deposits were formed, there
is great variability in respect to its formation and composi-
tion among individuals (Dobney and Brothwell 1988; Henry
and Piperno 2008; D’Agostino et al. 2022).

Our study is a preliminary analysis, given the small sam-
ple size, however, some important aspects are emerging.
Our data shows that wheat and barley were available in the
Dehesilla cave in the Neolithic period, which is in accord-
ance with the archaeobotanical date for this site (Garcia-
Rivero et al. 2019, 2022b). Assuming that these proportions
observed are reliable, apparently, the diet of the individuals
from the ENB and MNA periods had a strong emphasis on
wheat, the predominant cereal consumed, but the relative
importance of this cereal seems to decrease in the MNB
period, in which there is an increase in the consumption
of barley towards more balanced levels. This could be
explained by a greater availability of wheat over barley in
the surroundings of Dehesilla cave, in the ENB and MNA,
however the results obtained from the archaeobotanical
analysis points to balance between wheat and barley in the
ENB, which means that the much higher proportion of wheat
observed in the individual dated from the ENB may reflect
an individual consumption preference or a differential access
to these cereals, or in fact the individual consumed both
cereals in similar proportions but barley starches were not
trapped in dental calculus deposits. The archaeobotanical
analysis (Garcia-Rivero et al. 2019, 2022b) shows a notable
predominance of wheat over barley in MNA the archaeologi-
cal area C003, which is in accordance with our results, but
no barley in the archaeological area C006, what, as previ-
ously mentioned, most probably results from the fact that
Locus 2, in archaeological C006, was an intentional deposi-
tion of two crania associated to a juvenile sheep/goat skel-
eton with ritual purposes (Garcia-Rivero et al. 2020) and not
a residence area. Nevertheless, our results for MNB period
slightly disagree with the archaeobotanical data, since for
the archaeological area C003 no barley seeds were identi-
fied in MNB, and a predominance of wheat over barley is

observed in the archaeological area C006 for this period
(Garcia-Rivero et al. 2022b), while dental calculus analysis
denote a significant increase in barley consumption when
compared to the individuals from the ENB and MNA, with
a balance between wheat and barley. Personal choices seem
to be the most plausible explanation, since it looks like there
was no differential access to both cereals, as they appear in
similar proportions in dental calculus, and the possibility
that the individuals DH19-4-74-Flot.69.2 and DH19-4-74-
Flot.71were actually consuming more wheat, whose starch
grains for some reason were not retained in dental calculus,
loses strength since we have two individuals with the same
behavior. However, it should be noted that in C003, imme-
diately after MNB period, there is a part of the stratigraphic
sequence dating from the transition between MNB and LN
(Late Neolithic) where barley is represented with the same
ubiquity of wheat. Also, it must be noted that the analyzed
individuals DH19-4-74-Flot.69.2 and DH19-4-74-Flot.71
come from a part of the stratigraphic sequence of C004 area
dated from MNA-MNB, not exclusively MNB. The MNB
period is currently the most difficult Neolithic period to define
in terms not only of radiocarbon dating but also of material
culture, as has been noted previously (Garcia-Rivero et al.
2022a). We hope that the expected archaeobotanical data from
the archaeological area C004, where these two individuals
come from, may shed new light on this issue soon.

Cereals were indeed a very important component of the
diet of these individuals, but the consumption of vegetables
was also relevant and apparently much more so than antici-
pated by the archaeobotanical studies. While Garcia-Rivero
et al. (2022b) refers to the presence of few seeds or none in the
different stratigraphic levels analyzed on C006 area, Fabaceae
starches were recognized in the dental calculus of all the indi-
viduals, in orders of magnitude from approximately 20% to
40% in the MNB. This fact was better documented in MNB
period of C0O03 area, where other botanical specimens (fruits,
weeds, and legumes) were predominant over cereals, but, in
any case, highlights the importance of dental calculus analysis
as a complement to archaeobotanical research. In fact, we
have observed less total starch grains in the MNB, which can
be justified by a higher proportion of fruits in the diet, in line
with the results obtained by the archaeobotanical analysis that
points to a significant increase in fruits (Garcia-Rivero et al.
2022b) like wild apples [Malus sylvestris (L.) Mill. (Aedo
et al. 1998)], plums [e.g., Prunus insititia L. (Blanca and
Diaz de la Guardia 1998)] and grape vines [Vitis vinifera L.
(Morales and Ocete 1998)], which have little or no starch.

Apparently, acorns were consumed only in the ENB
and MNA, whereas in the MNB no Quercus starches were
identified. This may be explained by the forest decline
observed for this period related to animal grazing activi-
ties, as well as to the transition from an intensive to an
extensive farming system (Garcia-Rivero et al. 2019).
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Conclusions

Our results largely agree with those obtained by other
authors for the Dehesilla Cave. Namely, the presence of
Poaceae-Triticeae (Triticum, Hordeum) starch grains. The
presence of Fabaceae is however higher than anticipated
by the archaeobotanical analysis for this site and the exist-
ence of Quercus starch grains in the dental calculus of
the individuals is a new data, that demonstrates, for the
first time, the consumption of acorns by the inhabitants of
Dehesilla cave. By its turn, the identification of the pollen
grains and fungal spores contained in the dental calculus
are congruent with the existence of cultivated areas of
cereals near the Dehesilla Cave.
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