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ABSTRACT

This research presents for the first time a comprehensive study of charcoal directly related to
the multiple burials interred in Tomb 2 of El Cafio (Coclé province, Panama). This funerary
context, which dates to between AD 880 to AD 1020, contained three different burial levels
accompanied by substantial ceramic offerings and rich mortuary assemblages. The challenge
of taxonomically identifying charcoal from tropical areas was addressed by combining
standard procedures in tandem with chemical analysis (Py-GC-MS) of archaeological
charcoal and fresh wood from the reference collection. Nine charcoal types were identified
at the genus level: AVICENNIA SPP., RHIZOPHORA SPP., HANDRANTHUS/TABEBUIA, CF. COPAIFERA SPP.,
INGA SPP., GUETTARDA SPP., ROUPALA sPP., ALLOPHYLUS sPP. and cF. RyaNiA spp. Charcoal of cF.
COPAIFERA SPP., ROUPALA sPP., GUETTARDA sPP., and probably HANDROANTHUS/TABEBUIA might be
related to their use as firewood for producing smoke. The presence of Copaifera and
Roupala indicates the selection of odorous woods for burning in the sahumerios. Diverse
habitats, such as coastal mangroves, riverine and dry forests, were exploited to obtain wood,
highlighting the complex management of wild plant resources developed by the
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hierarchical societies of the Isthmo-Colombian area.

Introduction

The complex societies that emerged in Panama c. AD
750-800 developed a diversified management of natu-
ral resources (Linares 1977; Cooke 2004; Cooke et al.
2003; Dickau 2010; Mayo and Carles 2015), including
wild plant resources such as wood (Martin-Seijo
et al. 2016, 2018) and resins (Kaal et al. 2018, 2020),
amongst others (Dickau 2010). El Caio (Coclé pro-
vince, Panama) is an archaeological site including a
ceremonial area and a necropolis with multiple burials
(Mayo and Carles 2015, Mayo et al. 2016, 2020) similar
to those of Sitio Conte (Lothrop 1934, 1937). Inside the
large tombs of El Carfio, different burial episodes have
been identified, more specifically the interment of mul-
tiple individuals to accompany elite in their afterlife
(Mayo et al. 2016, 2020). The high-ranking individuals
were accompanied by rich mortuary assemblages such
as pectorals, ear ornaments, pendants, belts and brace-
lets made of tumbaga or gold, as well as other objects
made of resin, copper, stone and bone, massive
amounts of ceramics and perishable goods (Guinea
and Mayo 2013; Mayo and Carles 2015, Mayo et al.
2016; Kaal et al. 2020; Mayo et al. 2020, 2021a, 2021b).

The perishable nature of wood and other plant
remains conditions their preservation in archaeological

contexts. They only survive in very humid (water-
logged) or very dry contexts, at very low temperatures,
or when preserved by carbonisation in the absence of
oxygen, by charring (limited air supply causing incom-
plete combustion) (Braadbaart and Poole 2008), or by
mineral replacement in contact with metal (Cartwright
2015). In addition to preservation problems, scarce
representation of plant remains is often exacerbated
due to their poor visibility compared to other materials
(bone, shells, etc) or non-perishable objects (pottery,
metal or lithics), and a lack of recording if recovery
processes (dry or water sieving, floating) are not
implemented during excavation (Hastorf 1999).
Wood and other plant remains recovered from
funerary contexts can originate from the remains of
wooden structures, goods and offerings associated
with graves, or other kinds of features (Dussol et al.
2016). Research on plant macro-remains have the
potential to facilitate reconstruction of funerary
rituals, sometimes even revealing symbolic aspects of
the worldview and self-conceptualization of past
societies (Dussol et al. 2016). Previous archaeobotani-
cal studies in the area have highlighted the role of
plants in funerary contexts; in line with recent multi-
disciplinary studies in Central America which
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emphasised the diversity of plant resources and their
multiple uses, and highlighted the importance of
fibre and wood processing (Helms 1979; Morell-Hart
et al. 2019).

Wood was probably burnt during the mortuary rite
for producing smoke, and timber was used for build-
ing structures and crafting implements (Helms
1979). Other plant resources such as resins have
been described in the ethnohistorical sources and
attested recently in the archaeological record (Kaal
et al. 2018, 2020). Burning wood as small offerings
to zoomorphic or anthropomorphic carved wooden
figures has been reported amongst indigenous groups
from the Isthmo-Colombian area belonging to the
Chibchan language family (Martinez-Mauri 2020).
The lexicon of speakers of Chibchan or Chocoan lin-
guistic families also reflects the importance of plants
and their products in the cultural and physical world
of these communities (Paché 2016; Velasquez-Runk
2017; Martinez-Mauri 2020).

This paper explores the usage patterns of wood in
funerary rituals of hierarchical societies in the
Isthmo-Colombian area, by studying plant macro-
remains recovered from Tomb 2 (AD 880-1020) at
El Caifio. For this purpose, the taxonomic identifi-
cation of the plant remains was undertaken, includ-
ing a pilot study combining anthracological analysis
with molecular composition data obtained by pyrol-
ysis-GC-MS. The second aim of this research is to
define wood procurement areas and forest manage-
ment strategies developed by these societies, and to

understand the role of wood during the mortuary
rituals.

Material and Methods

Site and Present-day Vegetation in the Study
Area

El Cano (Coclé Province) is located at 50 m.a.s.l. on
the Pacific side of Panama, in the alluvial plain of
the Rio Grande river, which flows from the mountains
of the Cordillera Central to Parita Bay (Figure 1). It is
in the Pacific dominion, Guatuso-Talamanca province
of the Neotropical biogeographical region (Morrone
2017). This is an area of tropical climate (Awi), with
average temperatures ranging from 26.4-29.3°C, and
a maximum annual rainfall of 1,216 mm and several
months with less than 30 mm precipitation. Current
vegetation patterns at El Cafio are highly modified
by intensive agriculture and gardening, and the
archaeological area itself is currently a park. In its
immediate surroundings there are pastures, fields
dedicated to intensive cultivation of sugar cane, rice,
and onion, as well as small orchards.

Tropical dry forests are the climax vegetation in this
area. These forests, of smaller stature and lower basal
area than tropical rain forests, are composed mainly of
deciduous trees accompanied by thorny shrubs (Mur-
phy and Lugo 1986; Pennington, Lavin, and Oliveira-
Filho 2009), and they tend to occur on richer soils than
savannahs (Linares-Palomino, Pennington, and
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Figure 1. Location of El Cafio in the Isthmo-Colombian area of America.



Bridgewater 2003). Woody vegetation is dominated by
arborescent species belonging to the Fabaceae family,
whilst the Bignoniaceae dominates the liana flora.
Other families such as Anacardiaceae, Flacourtiaceae,
Euphorbiaceae, Myrtaceae, Rubiaceae and Sapinda-
ceae are also well-represented (Linares-Palomino,
Pennington, and Bridgewater 2003; Pennington,
Lavin, and Oliveira-Filho 2009; Condit, Pérez, and
Daguerre 2011). Mangroves in estuaries and coastal
areas of the Pacific include species such as red man-
grove (Rhizophora spp.) with monospecific stands of
this tree along deltas and rivers where tides oscillate
between 2 and 6 metres. Mixed communities of red
mangroves and mangle pifiuelo (Pelliciera rhizo-
phorae), as well as communities of white mangrove
(Laguncularia racemosa) and black mangrove (Avicen-
nia germinans, A. bicolor) are also present (ANAM-
ARAP 2013).

Archaeological Context and Samples

The complex site of El Cailo (Gran Coclé archaeologi-
cal tradition) comprises a ceremonial area and a cem-
etery (Figure 2). The ceremonial area contains stone
structures including a cobblestone pathway, two align-
ments of basalt columns and a group of 37 stone sculp-
tures, two altars and two carved columns (Verril 1972;
Zelsman 1959; Doyle 1960; Cooke 1976; Mayo and
Mayo 2013a, 2013b; Mayo et al. 2020). Inhumations
of multiple individuals, buried to accompany the
high-ranking members of the society in their afterlife,

1. Excavation
2. Aligment columns
3. Aligment columns

b,

4. Causeway
5.Sculptures
6. Earth mounds

1 Scale 10

Meters.

Funerary area
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have been recorded inside the tombs (Guinea and
Mayo 2013; Mayo and Carles 2015, Mayo et al. 2016,
2020, 2021a, 2021b) Figure 3.

Tomb 2 is one of the most complex funerary contexts
of this archaeological site, in which the latest funerary
event has been dated to cal. AD 880-990 (Beta-
294052, 1120 + 30 BP), and the earliest to between cal.
AD 900 to cal. AD 1020 (Beta-303193, 1070 + 30 BP)
(Mayo and Mayo 2013a, Guinea and Mayo 2013;
Mayo et al. 2020). This sunken feature was probably
covered with a wood structure and a roof made of
plant material. It is a stepped tomb, dug during three
levels of burials that were identified during the archae-
ological excavation. Five individuals were buried in the
first burial level, three in the second level, and nineteen
in the third. The highest-rank individual (I7) was an
adult male (Mayo et al. 2020). He was buried in the
centre of the third level with his head oriented to the
east and his arms crossed over his body. Identification
of lipids and series of sesquiterpenes (an important con-
stituent of essential oils in plants) by gas chromato-
graphy-mass spectrometry (GC-MS) suggests that the
corpse had been treated with Fabaceae (Copaifera or
Hymenaea) resins (Kaal et al. 2020). This individual
was adorned with four embossed pectorals, four brace-
lets and two earrings made of gold, a belt made of feline
teeth with gold cases, several gold-bead necklaces, pen-
dants made of stone, resin, bone and gold (Guinea and
Mayo 2013). A package of multiple gold and tumbaga
objects was placed on top of the body, as well as copper,
stone and bone artefacts, a pyrite mirror, and a bundle

i Ritual area ™.,

Figure 2. Main structures identified at the El Caflo complex and position of the excavation area.
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Figure 3. View of archaeological deposits SU131 and SU107 (a) a censer from SU104 (b) and a broken pottery vessel from SU107 (c).

of fish bones of the order Rajiformes (Guinea and Mayo
2013).

Handpicked samples (N=21) of plant material
were recovered during the excavation of the tomb.
These samples include wood charcoal and other
kinds of plant material not preserved by carbonisation.
In total, 127 charcoal fragments were studied. The
samples were gathered from ten stratigraphic units
(Table 1), including samples from the three burial
levels previously mentioned, and other deposits
associated with offerings composed mostly of ceramics
amongst other kinds of goods.

Charcoal Analysis

Each charcoal fragment was broken manually follow-
ing the three anatomical sections of wood: cross, tan-
gential, and radial. Taxonomic identifications were
made following standard procedures (Cartwright
2015). Charcoal fragments were observed under a

Table 1. Description of the Stratigraphic Units (SU) and
chronology of provenance of archaeobotanical samples.
14C Dates (2 Sigma

SU Description Calibration)

088  First burial level. Deposit. Burial of 5 Cal AD 880-990 (Cal BP
individuals. 1070-960)

104  Second burial level. Collapsed platform
over SU106.

106  Second burial level. Deposit. Burial of 3
individuals.

107  Broken ceramic with charcoal remains.
128 Deposit interpreted as burial/offering.
130 Deposit with material slip from tomb 6.
131 Deposit with massive ceramic offerings.
134  Third burial level. Burial of 19
individuals and secondary burials.
135 Deposit. Offerings.
136  Deposit with massive ceramic offerings

Cal AD 900-1020 (Cal BP
1050-930)

reflected-light microscope (Olympus CX40) and
photographs were obtained using a stereoscopic
microscope (Olympus SZX7) and a Scanning Electron
Microscope (ZEISS EVO LS 15, RIAIDT-Universi-
dade de Santiago de Compostela). The SEM was
equipped with an energy-dispersive X-ray (EDX)
spectroscopy device, which allowed both the detailed
observation of anatomical features at high magnifi-
cations as well as the identification of chemical
elements (Carlquist 2013; Hubau et al. 2013).

The complexity of tropical wood identification is
related to the large biodiversity of the area, in addition
to the scarcity of anatomical studies and identification
keys in comparison with temperate areas (Wheeler
and Baas 1998; Hohn and Neumann 2018). These
difficulties are increased by the alterations produced
by the combustion process on anatomical features of
wood, which are already poorly known especially for
tropical woods, e.g. significant reduction in the tangen-
tial diameter of vessels (Prior and Gasson 1993; Gon-
calves, Marcati, and Scheel-Ybert 2011) due to heat
shrinkage (Braadbaart and Poole 2008). Therefore,
absolute measurements need to be interpreted with cau-
tion (Hubau et al. 2012). Some diagnostic features of
hardwood (IAWA Committee 1989) are hard to recog-
nise in charcoal, e.g. growth rings, arrangement of inter-
vessel pits, vestured pits, vessel-ray pitting, druses, other
crystal types and silica (Hubau et al. 2012). Given these
difficulties, the four-step process described by Hohn
and Neumann (2018) was followed in the current study.

Firstly, the microscopic characteristics described by
the JAWA Committee (1989) as well as other publi-
cations that follow the TAW A standards (Le6n and Espi-
noza 2001; Garcia-Esteban et al. 2003; Crivellaro and
Schweingruber 2015) were observed and the charcoal



types were classified and assigned a numerical code; all
fragments with similar characters were grouped
together. The charcoal types were then allocated to
taxa from the Isthmo-Colombian area, using the Inside-
Wood database (InsideWood 2004-onwards), which
uses the descriptors in the TAWA hardwood list
(IAWA Committee 1989), atlases and papers of tropical
wood anatomy (Espinoza and Melandri 2000; Espinoza
and Leon 2001; Miller and Détienne 2001; Ledn 2002;
Carpio 2003; Ogata et al. 2008; Carreras et al. 2012,
2013; Scheel-Ybert and Gongalves 2017), as well as the
modern reference collection of tropical woods available
at the GEPN-AAT Archaeobotany Lab (Universidade
de Santiago de Compostela) collected in El Cafio and
its surroundings since 2008. The third step was the
differential diagnosis that separated the respective char-
coal types. Finally, the charcoal type was named indicat-
ing the highest taxonomic level reached of species,
genus, family, or sub-family. The genus name with the
suffix ‘spp.” indicates that several species of this genus
must be considered. When a type matched the anatomy
of two species or genera, both names were given, separ-
ated by a slash. The names of charcoal types are given in
small capitals to discriminate them form the botanical
taxa (Hohn and Neumann 2018). In the case of poorly
preserved charcoal fragments, the absence of sufficient
diagnostic features and/or their alteration due to com-
bustion or taphonomical processes, hampered their
identification. Such fragments
classified under the label ‘unknown’ taxonomic groups
with the number of the charcoal type assigned during
the identification process as described previously (i.e.
Unknown 01, Unknown 02, etc.).

In tandem with the taxonomic identification, den-
drological and taphonomical features were registered
to characterise the kind of wood resources managed
(part of the plant, calibre and maturity of wood), the
combustion process (vitrification, cracks), the con-
dition of the wood before burning (biodeterioration),
and the depositional and post-depositional processes

taxonomic were

Table 2. Charcoal analysis results from Tomb 2.
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(fragmentation, erosion) (Théry-Parisot 2001; Margu-
erie and Hunot 2007; Schweingruber 2007; Braadbaart
and Poole 2008; Schweingruber, Bérner, and Schulze
2008; Lancelotti et al. 2010; McParland et al. 2010; Mos-
kal del Hoyo, Wachowiak, and Blanchette 2010; Théry-
Parisot, Chabal, and Chrzavzez 2010; Théry-Parisot and
Henry 2012; Martin-Seijo 2013; Chrzazvez et al. 2014).

Pyrolysis-GC-MS Analysis

As this was a pilot study to improve charcoal identifi-
cation, Py-GC-MS was applied to identify the chemical
composition of the archaeological charcoal, as well as
fresh wood and resin of the reference collection depos-
ited at the GEPN-AAT Archaeobotany Lab (Universi-
dade de Santiago de Compostela). Archaeological
charcoals identified as CF. COPAIFERA sPP. and ROU-
PALA SPP. were selected from sample 9133, along
with wood and resin samples from the reference collec-
tion, which were gathered in the surroundings of the
site of El Caiio (Panama): Roupala montana fresh
wood and Copaifera aromatica resin. The sample
material was introduced into quartz tubes and pyro-
lysed at 650°C for 20s by means of a CDS Pyroprobe
5000. The pyrolysis products were separated and ident-
ified using a gas chromatograph and mass selective
detector of Agilent Technologies (model 5975). The
methodology is described in detail in Kaal et al. (2020).

Results
Charcoal Assemblage

Results are summarised in Table 2. Of 127 charcoal frag-
ments, 77.8% have been assigned to charcoal types at
genus level. The presence of poorly preserved (vitrifica-
tion, cracks, mineral coatings, etc.) and small size charcoal
fragments (0.3-3 cm.) prevented identification in several
cases (Table 2, Figure 4), and some of them were classified
as Unknown 1-7, and dicots. The main alterations related

Family Taxon/SU 088 104 106 107 128 130 131 134 135 136
Acanthaceae AVICENNIA SPP. 1 2 6 1 1
Bignoniaceae HANDROANTHUS/ TABEBUIA 3
Fabaceae-Caesalpinoideae CF. COPAIFERA SPP. 48
Fabaceae-Mimosoideae INGA sPP. 5
Proteaceae RoupALA sPP. 7
Rhizophoraceae RHIZOPHORA SPP. 4
Rubiaceae GUETTARDA SPP. 14 3
Salicaceae CF. RYANIA SPP. 1
Sapindaceae ALLOPHYLUS SPP. 1
- UNknown 01 5
UNKNOWN 02 3
UNKNOwN 03 8
UNKNOWN 04 1
UNKNOWN 05 1
UNKNOWN 06 3
UNKNOWN 07 3
- Dicot 2 3
TOTAL 10 3 4 72 16 1 8 6 1 5
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e f

Figure 4. a-b AvICENNIA sPP. a: TS. wood diffuse-porous with vessels in radial multiples of >4 vessels, included phloem concentric,
fibres very thick-walled, b: RS. body ray cells procumbent with one to 4 rows of upright and/or square marginal cells, and prismatic
crystals present in upright and/or square ray cells and in procumbent ray cells. c-d. RHIZoPHORA spP. c: TS. wood diffuse-porous,
fibres very thick-walled and tyloses common, d: TLS. vessels with scalariform perforation plates, intervessel pits scalariform, larger
rays commonly 4-10 seriate, ray height > 1 mm and sheath cells. e-f HANDROANTHUS/TABEBUIA. €: TS. diffuse-porous wood, with
solitary vessels and in short radial multiples, fibres thick-walled to very thick-walled, paratracheal parenchyma aliform, confluent
or unilateral paratracheal, marginal (or seemingly marginal) banded parenchyma present with very fine bands mostly uniseriate. f:
rays homocellular, typically procumbent with 2-3 cells wide, all rays, axial parenchyma, vessel elements and fibres storied.

with the combustion process identified in the charcoal =~ Under the reflected light microscope, presence of hyphae
assemblage were vitrification (60.6%), radial (18.9%) was under-represented compared to the SEM in which it
and tangential cracks (4.7%). Evidence of wood decay =~ was observed more frequently.

prior to charring, such as xylophagous’ galleries Two mangrove genera have been identified: Avi-
(11.02%) and fungal hyphae (0.78%) were also observed. CENNIA sPP. and RHIzZOPHORA spPp. (InsideWood



2004-onwards, Leon 2014, 219-220) (Figure 4a to d,
Table 2). AVICENNIA SPP. is the most ubiquitous taxa
in the charcoal assemblage and it has been identified
in SU088 -together with RHIZOPHORA spP.-, SU106,
SU128 and SU130. Although both AvVICENNIA and
RHIZOPHORA presented a high degree of vitrification,
they preserved diagnostic features. It is worth noticing
that approximately 50% of the charcoal fragments
from AVICENNIA showed evidence of vitrification.
HANDROANTHUS/TABEBUIA charcoal has been ident-
ified only in SU104 (Figure 4e to f, Table 2). In SU107, 48
charcoal fragments were classified as CF. COPAIFERA SPP.
(Fabaceae-Caesalpinoideae) (Figure 5a to d, Table 2).
Even though, these fragments are poorly preserved,
they present anatomical features similar to those
described for Copaifera genus (Leén and Espinoza
2001, 219; Marcati, Angyalossy-Alfonso, and Benetati
2001; InsideWood 2004-onwards, Melandri and Espi-
noza 2009, 306; Albuquerque 2012, 103-104; Nisgoski
et al. 2012; Santini 2013, 106-107; Bhikhi et al. 2016,
102; Gongalves et al. 2016). Species of Copaifera genus
have wood resin with a volatile fraction containing few
labdatriene diterpenoids, which polymerise to form
hard copals (Langenheim 2003). In SU107, RoUuPALA

100 ym EHT = 20.00 kV
WD = 4.0 mm

Signal A=NTS BSD
Mag= 250X

Contrast = 476 %

Brightness = 53.6 % W

20 pm EHT = 20.00 kv
WD = 45mm
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spp. (Proteaceae) (Chattaway 1948; InsideWood 2004-
onwards, Bhikhi et al. 2016, 130-131) and GUETTARDA
spP. (Rubiaceae) (Welle et al. 1983; Jansen et al. 2002;
InsideWood 2004-onwards, Leén 2011) were also ident-
ified (Figure 7a to d, Table 2). This charcoal type was also
identified in SU136, as well as CF. RYANIA spp. (Salica-
ceae) (Bannan 1943; InsideWood 2004-onwards)
(Figure 7e and f, Table 2). Five fragments from SU128
were classified as INGA spp. (Fabaceae-Mimosoideae)
(Baretta-Kuipers 1973; Miller and Détienne 2001; Insi-
deWood 2004-onwards, Ledn 2008, 2014) (Figure 6a
to d, Table 2), together with ALLOPHYLUS sPP. (Sapinda-
ceae) (Carreras and Dechamp 1995, InsideWood 2004-
onwards, Ledn 2013) (Figure 7g and h, Table 2).

Molecular Characterisation of Selected Samples

Archaeological charcoal classified as CF. COPAIFERA SPP.
was analysed several times applying Py-GC-MS analysis.
This charcoal was consistently productive of not only
benzene, toluene and PAHs, which originate from the
condensed polyaromatic structures of char (Kaal et al.
2008) but also of a series of sesquiterpenoid and diterpe-
noid derivatives (mostly alkylhydronaphthalenes and

Signal A = NTS BSD
Mag= 1.00KX
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Brightness = 563.9 %
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Mag= 500X
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WD = 9.5 mm
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ZEISS|
Brightness = 53.8 %

C

Figure 5. cr. CoPAIFERA sPP. a: TS. diffuse-porous wood, b: TS solitary vessels, parenchyma paratraqueal vasicentric, ¢: TLS. rays 1-4
cells wide composed of procumbent ray cells with one row of upright and/or square marginal cells, d: RS. rays with one row of

square marginal cells.



8 M. MARTIN-SEIJO ET AL.

Brightness = 87.9 % ﬁ

100 ym EHT =20.00 kV Signal A= NTS BSD Contrast= 40.7 % 100 ym EHT=20.00 kV Signal A= NTS BSD Contrast= 41.2%
WD= 5.5mm Mag= 200X WD= 6.0 mm Mag= 200X Brightness = 88.4 %
a b

Contrast= 41.2% ZEISS
Brightness = 87.5%

Signal A= NTS BSD
Mag= 300X

100 ym EHT =20.00 kV
WD = 9.0 mm

EHT=20.00 kV
WD= 7.0 mm

Signal A= NTS BSD
Mag= 1.50KX

ok £
Contrast= 42.6 % ZEISS
Brightness = 85.7 %

C

Figure 6. INGA sPp. a: TS. wood diffuse-porous with solitary vessels and in short radial multiples of 2-4, occasionally in clusters,
sometimes in small clusters, axial parenchyma vasicentric, aliform, lozenge-aliform, winged-aliform and/or confluent, b: TS.
growth ring boundaries in most species indicated by crystalliferous fibres, often linked to some terminal parenchyma, wood
diffuse-porous with solitary vessels, axial parenchyma vasicentric, aliform, lozenge-aliform, winged-aliform and/or confluent, c:
TLS. ray width 1-3 cells, all ray cells procumbent; prismatic crystals in chambered axial parenchyma cells, septate fibres, d:

TLS. vessels with simple perforation plates and circular or oval intervessel pits.

dimethyl-isopropyl-naphthalene) (not shown). These
compounds probably originate from remains of labda-
noid diterpene resins (in the same way that retene is
formed from incomplete combustion of abietane diter-
pernes in pine resin). The same compounds were
found in the resin of Copaifera aromatica (Kaal et al.
2020) from the reference collection but an unequivocal
identification at the taxon level is impossible as charring
affected the distribution of formed products, and other
species may form similar patterns, especially after ther-
mal alteration. Either way, the analysis supports an ori-
gin in Copaifera aromatica or a species with a similar
resin composition and shows that biomarkers may be
preserved in archaeological charcoal.

A sample of uncharred (fresh) wood of Roupala mon-
tana produced a Py-GC-MS chromatogram in which
peaks of lignin products prevailed (not shown), with the
peculiarity of a very dominant syringyl lignin. The main
products were syringol, 4-methylsyringol, syringic alde-
hyde, Cs,;-syringols [4-(prop-1-enyl)syringol, cis 4-
(prop-2-enyl)syringol and trans 4-(prop-2-enyl)syringol]

and sinapaldehyde. Guaiacyl lignin groups were rep-
resented by minor peaks 4-vinylguaiacol and Cs,;-guaia-
cols. Polysaccharide products were also abundant
(furans, furaldehydes and pyrans). Resinous substances
were not detected. Unfortunately, the archaeological char-
coal sample produced a chromatogram with only traces of
benzene, toluene, and polycyclic aromatic hydrocarbons
(PAHs), indicative of strongly charred biomass (Suarez-
Abelenda, Kaal, and McBeath 2017). Hence, this material
had been subjected to intense heating and all the diagnos-
tic features of the Roupala wood had been lost.

Discussion
Taxonomic Identification

There are multiple constraints in charcoal analysis
applied in tropical areas with species-rich environments
because a large number of woody taxa share similar and
overlapping wood anatomical features and the identifi-
cation to family, species or genus is not always feasible
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Figure 7. a-b. RoupaLA spp. a: TS. wood diffuse-porous with vessels in tangential bands and vessel clusters common, fibres very
thick-walled, axial parenchyma in narrow bands or lines up to three cells wide, b: TLS. larger rays commonly > 10-seriate, ray
height > 1 mm, rays of two distinct sizes, body ray cells procumbent with one up to 2-4 rows of upright and/or square marginal
cells, sheath cells, c-d. GUETTARDA spP. c: TS. wood diffuse-porous, vessels in radial multiples of >4 and clusters common, solitary
vessel outline angular, d: TR. body ray cells procumbent with >4 rows of upright and/or square marginal cells, prismatic crystals
present in upright and/or square ray cells and crystal sand, e-f. cF. RYANIA spp. e: TS. wood diffuse-porous, solitary vessel outline
angular, f: TLS. larger rays commonly 4-10-seriate or more than 10-seriate, body ray cells procumbent with >4 rows of upright
and/or square marginal cells, g-h. ALLoPHYLUS sPP. g: TS. wood diffuse-porous, fibres thin to thick walled, axial parenchyma absent
or extremely rare, h: TLS. rays exclusively uniseriate and all ray cells procumbent.
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(Wheeler and Baas 1998; Gasson 2011; Hohn and Neu-
mann 2018). Within the charcoal assemblages from El
Cano, other constraints on identification relate to the
preservation of the material, and the difficulty in observ-
ing diagnostic features: coatings on vessel walls that orig-
inate from non-wood related deposits such as minerals,
intense vitrification, presence of radial and tangential
cracks, small size, brittleness. The abundance of vitrifica-
tion and cracks, as well as fractures affecting the parench-
yma cell walls in tropical wood after charring has been
widely attested (Prior and Gasson 1993; Gongalves, Mar-
cati, and Scheel-Ybert 2011, 2016; Nisgoski et al. 2012).
The specificity of wood anatomical features of Rhi-
zophora spp. (scalariform perforation plates and inter-
vessel pits) and Avicennia spp. (conspicuous growth
rings, alternation of bands of xylem and phloem tissue)
(Ledn 2001, 2008; Robert et al. 2009; Tomlinson 2016)
has facilitated their classification in the charcoal types
of AVICENNIA sPP. and RHIZOPHORA SPP. even when
affected by vitrification and cracks. In the case of HAN-
DROANTHUS/TABEBUIA, quantitative and qualitative
similitudes identified in wood anatomical features of
Tabebuia and Handroanthus (Pace et al. 2015; Pace
and Angyalossy 2013) have conditioned their classifi-
cation in the same charcoal type. Tabebuia alliance
include 14 genera, although the archaeological samples
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Mag= 300X

S . y
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WD= 7.0 mm

Contrast= 544 %
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presented features described specifically for Han-
droanthus serratifolius (Miller and Détienne 2001,
182-183; InsideWood 2004-onwards, Albuquerque
2012, 75-76; Le6n 2014, 52-53; Bhikhi et al. 2016, 36).
In the case of Fabaceae family - the second largest
family of trees in Panama (including 234 species; Condit,
Pérez, and Daguerre 2011) - their taxonomic identifi-
cation is problematic (Hohn 1999). In the present
study, it has even been more challenging because char-
coal fragments were in a poor state of preservation
(Figure 5) or small in size (Figure 6). Forty-eight char-
coal fragments were classified as CF. COPAIFERA SPP.
(Fabaceae-Caesalpinoideae), combining both micro-
scopic features observed in the SEM with chemical mar-
kers identified through Py-GC-MS analysis. The
presence of Copaifera aromatica and C. rufescens has
been reported in the Pacific area of the country
(Lopez, Pérez, and Mariscal 2015; Condit, Pérez, and
Daguerre 2011). The subfamily Mimosoideae is rep-
resented by the charcoal type INGA spp., which is one
of the largest tree genera in tropical America, with 55
species in Panama (Condit, Pérez, and Daguerre
2011). Within the genus Inga there is much variation
in wood anatomy (Baretta-Kuipers 1973; Espinoza and
Melandri 1999-2000; Evans, Gasson, and Lewis 2006),
which inhibits identification at species level Figure 8.
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Figure 8. Cross sections of Unknown taxon 1 (a); Unknown taxon 2 (b); Unknown taxon 3 (c); and Unknown taxon 6 (d).



In the case of RoupPALA spp. (Proteaceae), combined
charcoal analysis with Py-GC-MS was also carried out,
but the latter technique only provided chemical pro-
ducts of charred biomass. Nevertheless, it is interesting
to note that RourALA spp., CE. COPAIFERA SPP. and
GUETTARDA SPP. were burnt together but chemical
markers similar to those in Copaifera resin were not
identified in ROUPALA spp. This excludes the possibility
that the presence of Copaifera resin markers associated
with CF. COPAIFERA SPP. were related to the burning of
copal obtained from this genus. The differentiation
between different species of the Roupala genus is not
possible because they present a very similar wood anat-
omy structure (Chattaway 1948). In the analysis of
archaeological charcoal, it would be an advantage to
select charcoal samples that show visual evidence of
charring at reduced temperatures, for instance interior
uncharred cores, and that way avoid the analysis of
samples which did not preserve precursors of Py-GC-
MS markers such as terpenoids.

A total of 17 charcoal fragments have been
classified as GUETTARDA sPP. (Rubiaceae). Recent
research on Rubiaceae wood anatomy resulted in sev-
eral subgroups of the family (Jansen et al. 2002) and
within it, tribe Guettardaceae has been described as
heterogeneous and morphologically rather isolated
(Welle et al. 1983 Jansen et al. 2002; Le6én 2011).
The identification of CF. RYANIA spp. (Salicaceae)
was based on microscopic features (Bannan 1943),
but differentiation between Ryania species is difficult
because diagnostic features overlap (Bannan 1943).
Finally, the ALLOPHYLUS sPP. charcoal type (Sapinda-
ceae) has been identified by anatomical features (Insi-
deWood 2004-onwards, Leén 2013).

Wild Plant Resources Procurement

Charcoal types identified at El Cafio suggest that hier-
archical societies of Panama isthmus procured wood
from diverse ecological zones. The presence of AvI-
CENNIA SPP. and RHIZOPHORA SPP. in Tomb 2 indicates
that wood was procured in mangrove forests. The
exploitation of mangals was previously attested by
the presence of RHIZOPHORA sPP. in a post-hole in
Tomb 7 (Martin-Seijo, Mayo, and Mayo 2018) and
in six features in Assemblage 5, one of which also con-
tained another mangrove species such as PELLICIERA
RHIZOPHORAE (Martin-Seijo et al. 2016). The nearest
mangals are located several kilometres downstream
at the mouth of the Rio Grande. Mangroves are the
only vascular flowering trees that can live in the
confluence of land, freshwater, and ocean, and these
forests are regularly flooded in the intertidal zones of
tropical and subtropical coasts (Kathiresan and Bing-
ham 2001; Robert et al. 2009; Lépez-Angarita et al.
2016; Tomlinson 2016). In the Pacific coast of
Panama, the presence of Avicennia bicolor and
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A. germinans, Rhizophora mangle, R. harrisonii and
R. racemosa has been reported (Condit, Pérez, and
Daguerre 2011). Although Avicennia and Rhizophora
are the two dominant mangrove genera, Avicennia is
observed near the sea as well as in the more inland
parts of the mangrove area, while Rhizophora only
grows at the seaward end of the mangrove forest
(Robert et al. 2009). Pelliciera also occupies the inter-
tidal zone, commonly in association with Rhizophora,
but typically in sheltered sites such as estuarine banks
or protected beaches (Tomlinson 2016).

Mangrove forests, despite their low floristic biodi-
versity, provide numerous raw materials, such as tim-
ber for construction, fuel, fodder, and tannins
(Tomlinson 2016). The mangal create unique ecologi-
cal environments that host rich species assemblages
(Kathiresan and Bingham 2001). Their exploitation
by the hierarchical societies has been demonstrated
not only by the presence of wood charcoal of mangrove
genera in funerary contexts (Martin-Seijo et al. 2016,
2018) but also by the identification of marine fish
bones including many taxa that frequent mangroves
(Cooke and Ranere 1999; Cooke and Jiménez 2004;
Mayo et al. 2020). Within the tombs of El Cafio, exca-
vation has identified the remains of animals that inhab-
ited the mangrove’s shallow waters (e.g. sharpnose
shark/Rhizoprionodon longurio, lemon shark/Nega-
prion brevirostris), its soft floor (e.g. bullseye puffer/
Sphoeroides annulatus, spotted pufter/Guentheridia
formosa), and its forests (e.g. raccoons/Procyon lotor)
(Jiménez 2015; Mayo et al. 2020). There are also icono-
graphic representations of animals that live in the man-
gal waters, such as the spiny lobsters (Guinea 2015) or
the seahorse (Cobb, Beaubien, and Harrison 2015), in
figurative tumbaga pendants.

Other charcoal types would be related to the exploi-
tation of the plant resources of dry forests. This is the
case of HANDROANTHUS/TABEBUIA. Its presence was
also attested in three stratigraphic units of Tomb 7
(Martin-Seijo, Mayo, and Mayo 2018). Three main
species are currently present in Panama: Tabebuia
guayacan -currently named as Handroanthus guaya-
can-, T. ochracea, T. rosea and T. palustris (Correa, Gal-
dames, and Stapf 2004; Condit, Pérez, and Daguerre
2011). Handroanthus guayacan is not common on
Panama’s dry Pacific side, whilst other two species,
T. ochraceae and T. rosea, are distributed mostly in
the dry zone of Panama, in pastures and dry forests
(Condit, Pérez, and Daguerre 2011). Tabebuia palustris
is a deciduous shrub or small tree mangrove associate
with a strictly Pacific distribution, in a limited range
from Costa Rica to Colombia, which grows in the
drier marginal parts of mangrove swamps (Tomlinson
2016). Its presence was reported in the swamps of Rio
Grande (Correa, Galdames, and Stapf 2004). RoupaLA
spp. charcoal type refers to Roupala species which are
present in shrublands, savannas and rainforests in
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tropical South and Central America (Weston 2007). In
Panama, the presence of Roupala montana,
R. percoriaceae and R. panamensis is reported (Condit,
Pérez, and Daguerre 2011), with R. montana common
in the extremely dry areas (Condit, Pérez, and Daguerre
2011; Pérez and Condit 2020).

The GUETTARDA sPP. and ALLOPHYLUS SPP. char-
coal types are related to species found in dry and
wet forests. Seven species of Guettarda genus, which
includes shrubs and trees occurring in the Neotropics,
are found in Panama, including species from dry for-
ests (Condit, Pérez, and Daguerre 2011, 394), whilst
Allophylus psilospermus is widespread in Panama
and A. racemose is present in very dry areas (Condit,
Pérez, and Daguerre 2011, 426). Other charcoal
types, such as Ck. COPAIFERA SPP. and INGA spp,
might be related to wood procurement on riparian
forests. Copaifera aromatica grows in the dry zone
near the Pacific, especially along streams (Condit,
Pérez, and Daguerre 2011; Pérez and Condit 2020);
in this area another species, Copaifera panamensis, is
rare and endemic (D’Arcy 1987). All species of the
large genus Inga are well developed trees that prefer
a humid habitat (Baretta-Kuipers 1973), non-inun-
dated primary and secondary forest, marsh forest,
savannah forest, riparian forest, and is widely distrib-
uted throughout the Neotropics (Bhikhi et al. 2016,
130). In the area of El Cafio the presence of at least
10 species is reported: Inga chocoensis, 1. cocleensis,
I goldmanii, I  marginata, 1  oerstediana,
L. pezizifera, 1. punctate, 1. thibaudiana, 1. venusta
and I vera (Condit, Pérez, and Daguerre 2011, 190-
207). Previous research also identified the exploitation
of Hymenaea trees, which also grows in riparian for-
ests (Condit, Pérez, and Daguerre 2011), to obtain
resin for producing figurines and beads deposited as
grave goods in Tombs 2 and 7 (Kaal et al. 2020).
The exploitation of moist to wet forests was registered
in Tomb 7 by the presence of CHRYSOPHYLLUM SPP.
(Martin-Seijo, Mayo, and Mayo 2018). Eight Chryso-
phyllum species (Sapotaceae) are found in Panama,
all of them large forest trees that exudate white latex
from broken leaves or cut bark, while one of the
species, Chrisophyllum cainito, produces an edible
fruit (Condit, Pérez, and Daguerre 2011; Pérez and
Condit 2020). Finally, cF. RYANIA spP. charcoal type
could be related to Ryamnia speciosa, which is an
understory tree present in lower montane sites, always
within mature forest, and rare or absent in the dry for-
ests of the Pacific side of the Panama (Condit, Pérez,
and Daguerre 2011; Pérez and Condit 2020).

Wood and Funerary Rituals

The results obtained point to wood playing diverse
roles during the mortuary rites. In Tomb 2 most

samples were recovered from burial contexts

(SU088, 104, 106 and 134), deposits of massive offer-
ings (SU128, 130, 131, 135 and 136) and within a bro-
ken ceramic vessel probably used as incense burner
(SU107) (Table 1). The presence of charcoal remains
in relation to burials and offerings was probably
related to the use of wood as firewood in different epi-
sodes at the time of burial -kindling for censers, burn-
ing resins, torches, etc.- or even timber for making
ephemeral structures or implements that were par-
tially burnt. The burning of plants during funerary
rituals has been attested in the Mesoamerican area
since at least the Late Classic period (ca. A.D. 600-
900) and have continued through colonial and mod-
ern times (Morehart 2011; Morehart, Lentz, and Pru-
fer 2005; Dussol et al. 2016).

Charcoal fragments recovered from SU107 were
remains of firewood burnt inside a broken ceramic
vessel, probably used as a censer (Figure 3a and c).
The presence of CF. COPAIFERA SPP., GUETTARDA
spp., RouPALA spp. and DICOT wood was identified
(Table 2). These charcoals were probably part of a
sahumerio (perfuming with smoke), in which wood
was burnt for producing aroma, as part of the funerary
ritual. The burning of plant materials for producing
fragrant smoke has been reported for different kinds
of rituals (Pennacchio, Jefferson, and Havens 2010),
and it is widely attested in El Cafo and other sites of
the Gran Coclé cultural area such as Sitio Conte by
the presence of ceramic censers (Figure 3b). Three
charcoal types (CF. COPAIFERA SPP., ROUPALA SPP.
and GUETTARDA spp) are related to plants that pro-
duce odour. The aroma of the smoke probably was a
symbolic offering, as in other areas of Central Amer-
ica, it represented the ‘breath-soul’ (Houston and
Taube 2000; Garcia Gonzalez 2015). The cabimo
(Copaifera aromatica) is a resin-producing tree with
fragrant resinous sap, exuded from cut bark (Prance
and Nesbitt 2005). The fresh wood and crushed leaves
or branchlets of carne asada or drbol ratén (Roupala
montana) produce a strong odour described as ground
fish, tuna fish or meat odour (Condit, Pérez, and
Daguerre 2011). Several species of the Guettarda
genus produce hard and durable wood, which was
used traditionally for making tools and poles, and
burnt as firewood, while dead wood is used to
smoke objects, and the essential oil produced by the
flowers is used for scenting (Condit, Pérez, and
Daguerre 2011; Thaman et al. 2017).

Three ceramic censers were recovered from SU103,
104 and 218 within Tomb 2 (Figure 3b). In SU104,
charred remains of HANDROANTHUS/TABEBUIA wood
(Table 2) were identified; this charcoal type was pre-
viously reported in Tomb 7 of El Cafio (Martin-Seijo,
Mayo, and Mayo 2018). Handroanthus produces an
incredibly hard wood, whilst Tabebuia wood is not
particularly hard or heavy (Condit, Pérez, and
Daguerre 2011). In both Tomb 2 and Tomb 7,



HANDROANTHUS/TABEBUIA was probably burnt as
firewood because the wood produces long-lasting
embers. It must also be considered that these trees
might have been selected for their symbolism.
H. guayacan has one of the most extensive flowering
responses to precipitation after the dry season in the
tropics. These trees are leafless when they flower and
their crowns are completely covered in yellow
(H. guayacan, T. ochraceae), pink or white (T. rosea)
(Carpio 2003; Condit, Pérez, and Daguerre 2011).

For the other contexts, it is more difficult to estab-
lish the role played by wood, which could be related
to the burning of torches or firewood, or with the par-
tial or complete burning of wooden objects. Avicennia
and Rhizophora produce heavy and durable wood,
difficult to manipulate. Wood from both genera has
been traditionally used for making posts and also for
producing charcoal (Carpio 2003). Rhizophora is
recognised as an ideal firewood with high calorific con-
tent, burning well even when freshly cut, while its bark
also makes an excellent fuel (National Research Coun-
cil 1980; Prance and Nesbitt 2005). In Assemblage 5 of
El Carlo, it was possible to recognise the use of RH1ZO-
PHORA SPP. type as poles through the presence of
charred wood within post-holes (Martin-Seijo et al.
2016, 2018). Regarding other charcoal types, the
wood obtained from Inga spp. has been traditionally
used as firewood (Zamora, Jiménez, and Poveda
2000), and Allophylus spp. for making implements
and poles (Condit, Pérez, and Daguerre 2011).

Finally, Ryania spp. is a highly toxic plant that con-
tains the alkaloid Ryanodine which is used to produce
a poison for humans and animals (fish, caiman) by
macerating the bark and the leaves; the stems of Rya-
nia speciosa were used for producing insecticide
(Prance, Campbell, and Nelson 1977; Gupta et al.
2003). The inhalation of the smoke produced by this
wood is considered fatal (von Reis and Lipp 1982; Pen-
nacchio, Jefferson, and Havens 2010). The presence of
charred cr. RYANIA spp. wood could be linked to other
toxic substances identified in Tomb 2 such as fish
specimens belonging to the family Tetraodontidae
that could have been used for their toxin in sacrificial
acts (Mayo et al. 2020).

Conclusions

Archaeobotanical research in tropical areas is challen-
ging. The usual methods used to recover plant remains
(dry and wet sieving, flotation, hand collection) have
not always been implemented during excavations,
and for charcoal analysis the tropical wood taxa are
extensive and poorly known with overlapping or simi-
lar diagnostic features. The pilot study presented has
demonstrated that the combination of standard char-
coal identification methods and chemical characteris-
ation using Py-GC-MS is useful not only for the
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identification of traces of resins to species of the Faba-
ceae family, but also for the characterisation of the
combustion process. In future studies, samples with
morphological features indicating a relatively low char-
ring temperature will be selected, increasing the likeli-
hood of identifying chemical markers and therefore the
benefit/cost ratio of the Py-GC-MS analyses.

Charcoal recovered from funerary contexts of the
complex societies of the Isthmo-Colombian area
offer a glimpse into the performance of their mortuary
rituals. The practice of ritual sahumerios involving the
burning of resins was already known by the presence
of ceramic censers within the tombs, and by written
sources (Gonzalo Fernindez de Oviedo 1853, IX,
XXX, 357), but in two different stratigraphic units in
Tomb 2, burning of odorous wood, probably for pro-
ducing smoke, was identified (Mayo et al. 2020). Taxa
used included wood of Ryania genus, which produces
a fatal smoke, and might be related to the use of other
toxic substances during the sacrificial acts.

Charcoal types identified in the archaeobotanical
assemblage of Tomb 2, together with those identified
previously in El Cafio (Martin-Seijo et al. 2016, 2018),
have provided evidence for the complex strategies of
wood procurement in diverse ecological zones. Plant
materials were obtained from mangrove forests for pro-
viding raw material for perishable constructions linked
to the tombs, or even as firewood, as attested previously,
together with resources from riparian areas and the dry
forests of the Pacific side of Panama (Martin-Seijo et al.
2016, 2018; Kaal et al. 2020).
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