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Abstract

The Caatinga is dominated by a semiarid climate and a high plant biodiversity dealing with anthropogenic disturbance and climate change. Previous
studies suggest that Caatinga became a completely soil-water pulse-dominated forest in response to reduced water availability at the end of the last
ice age, around 10 cal kyr BP. This work aimed to identify vegetative and climatic evolution, and the human influence in the Cariri region, one of
the driest parts of Brazil. We sampled soil in a temporal pond to identify pollen. The testimony is 170 cm in lenght and achieves 6,216 cal yr BP at
the base. Pollen analysis indicates the presence of taxa representative of humid climates, between 6,216 and ca. 5000 cal yr BP, like Azolla,
followed by implantation of Caatinga's modern configuration from ca. 4,900 cal yrs BP. After 2,700 cal yr BP, humid episodes occurred, possibly
related to the El Nifio - La Nifia variation across the region, marked by increased algae and aquatic herbs concentrations. The occurrence of human
activity species like Caryocar, Dioscorea, Spondias, and Licania suggest possibly landscape manipulation by pre — Columbian populations, and
exotic Pinus and Prosopis reveal changes in the tree cover caused by European colonization in the Caatinga.

Keywords: Anthropocene; Dry Forest; Paleogeography; Semiarid Region; Sedimentology, Lakes, Lagoons & Swamps.

Resumo / Resumen

COBERTURA VEGETAL, ACAO ANTROPOGENICA E PALEOCLIMAS NA CAATINGA

A Caatinga ¢ dominada por um clima semiarido e uma alta biodiversidade vegetal que lida com distirbios antropicos e mudangas climaticas.
Estudos anteriores sugerem que a Caatinga se tornou uma floresta totalmente dominada pelo pulso de 4gua do solo em resposta a redugdo da
disponibilidade de agua no final da Gltima era glacial, por volta de 10 cal kyr AP. Este trabalho teve como objetivo identificar a evolugdo vegetativa,
climatica e a influéncia antrépica na regido do Cariri, uma das regides mais secas do Brasil. Amostramos o solo em uma lagoa temporal para
identificar o pdlen. O testemunho tem 170 cm de comprimento e atinge 6.216 anos cal BP na base. A analise polinica indica a presenga de taxons
representativos de climas imidos, entre 6.216 e ca. 5000 anos cal AP, como Azolla, seguido pela implantagdo da configuragdo moderna da Caatinga
de ca. 4.900 anos cal BP. Apos 2.700 anos cal AP, ocorreram episoédios imidos, possivelmente relacionados a variagdo El Nifio - La Nifia na regiao,
marcados pelo aumento da concentragdo de algas e ervas aquaticas. A ocorréncia de espécies de atividade humana como Caryocar, Dioscorea,
Spondias e Licania sugerem possivelmente manipulagdo da paisagem por popula¢des pré-colombianas, e as exdticas Pinus e Prosopis revelam
mudangas na cobertura arborea causadas pela colonizagdo européia na Caatinga.

Palavras-chave: Antropoceno; Floresta Seca; Paleogeografia; Regido Semiarida; Sedimentologia, Lagos, Lagoas e Pantanos.

COBERTURA VEGETAL, ACCION ANTROPOGENICA Y PALEOCLIMA EN LA CAATINGA

La Caatinga esta dominada por un clima semiarido y una alta biodiversidad vegetal que se enfrenta a la perturbacion antropogénica y al cambio
climatico. Estudios previos sugieren que Caatinga se convirtié en un bosque completamente dominado por pulsos de suelo y agua en respuesta a la
disponibilidad reducida de agua al final de la Gltima edad de hielo, alrededor de 10 cal kyr BP. Este trabajo tuvo como objetivo identificar la
evolucion vegetativa y climatica, y la influencia humana en la region de Cariri, una de las partes mas secas de Brasil. Tomamos muestras del suelo
en un estanque temporal para identificar el polen. El testimonio mide 170 cm de largo y alcanza 6.216 cal afio BP en la base. El analisis de polen
indica la presencia de taxones representativos de climas hiimedos, entre 6.216 y ca. 5000 cal afio AP, como Azolla, seguido de implantacion de la
configuracion moderna de Caatinga desde ca. 4.900 afos cal BP. Después de 2700 afios caloricos AP, ocurrieron episodios himedos, posiblemente
relacionados con la variacion de El Nifio - La Nifia en la region, marcados por un aumento de las concentraciones de algas y hierbas acuaticas. La
presencia de especies de actividad humana como Caryocar, Dioscorea, Spondias y Licania sugieren una posible manipulacion del paisaje por parte
iie(l:as poblaciones precolombinas, y las exdticas Pinus y Prosopis revelan cambios en la cobertura arborea causados por la colonizacién europea en
a Caatinga.

Palabras-clave: Antropoceno; Bosque seco; Paleogeografia; Region Semiarida; Sedimentologia, Lagos, Lagunas y Pantanos.
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INTRODUCTION

Understanding the evolution of vegetation over time is a key factor in predicting landscape
dynamics in response to future climate changes (WERNECK et al., 2011). Ecosystems are constantly
subject to change, both from natural and anthropogenic causes, and, therefore, this dynamic must be
analyzed to develop conservation strategies to avert current climate changes (HANNAH et al., 2002;
IPCC, 2019, 2022).

The Caatinga covers 11% of the Brazilian territory (844,453 km?2) and is also home to 26 million
people (IBGE, 2010). It is considered the largest seasonally dry forest ecosystem in the neotropics,
composed of xeric shrubs, dry forests, and deciduous forests. All these vegetation types cover
depressions, plateaus, and highlands, with diverse mosaics (SILVA; SOUZA, 2018). It has 3,347 plant
species, 962 genera, and 153 recognized families, of which 526 species and 29 genera are endemic
(FERNANDES, CARDOSO; QUEIROZ, , 2020). The presence of species initially described in Amazon
and Atlantic rainforests in elevated plateaus of Caatinga, above 700 meters, suggests a potential biotic
corridor which connected the two rainforests in the past (BEHLING et al., 2000; SOUZA, et al., 2022;
WANG et al., 2004). The retraction of Northern Hemisphere ice sheets and northern sea-ice cover
caused a northward shift in the Intertropical Convergence Zone position, which induced dry conditions
after the end of the last ice age after 10 cal kyr BP (LEDRU; MOURGUIART; RICCOMINI, 2009;
LEDRU et al., 1996; PRADO et al., 2013; WERNECK et al., 2011).

Humans migrated along South America about 15,500 yr BP (CRAMON-TAUBADEL et al.,
2015). They produced evidence of occupation in several biomes, such as the Amazonia rainforest
(FRANCO-MORAES et al., 2019), Atlantic rainforest (Araujo et al., 2017), Brazilian savanna (SOUZA
et al., 2016), pampas region (DUBOIS; POLITIS, 2017) and dry forest (SOUZA et al., 2020).
Pre-Columbian peoples may usage many species for food, medicinal, and fire uses, such as Astronium,
Caryocar, Cordia, Dioscorea, Licania, Mimosa, Myracrodruon, Passiflora, Solanum, Spondias, Sida, and
Tabebuia (ANDRADE et al., 2019; LUCENA et al., 2017; MENEZES et al., 2021).

Atmospheric circulation changes in this part of Brazil reflects Intertropical Convergence Zone
migration, as well as atmospheric circulation changes in other tropical areas worldwide (WANG et al.,
2004, 2006). Consequently, this part of Brazil is fundamental as a reference in paleoclimate studies in
intertropical zone. However, the paleoenvironmental history of the Caatinga Quaternary is poorly
known. This lack of information is mainly due to the lack of favorable environments for the preservation
of palynomorphs, due to the hot and dry climate. Besides, predominance of erosive processes instead of
depositional ones reduces the abundance of registers (MABESOONE; LOBO, 1980).

Among the studies carried out in the region, sediments found in the Catimbau Valley, in the state
of Pernambuco, revealed the occurrence of tree taxa adapted to high humidity between 10,000 and 6,000
cal yr BP, followed by a gradual tendency towards dry conditions (MEDEIROS et al., 2018). In the
Icatu River Valley, in continuous sediments with 11,000 cal yr BP, the predominance of taxa adapted to
tropical rainforests in the Pleistocene/Holocene transition was observed, with a gradual decrease in
humidity until the Middle Holocene, when a semiarid climate was established at ca. 4,500 cal yr BP
(OLIVEIRA et al., 1999).

Marine sediments deposited in the Jaguaribe River Delta, 90 km off the coast of the state of Ceara
noticed a decrease in Hedyosmum and Cyathea pollen around 8,500 cal yr BP (BEHLING et al., 2000).
Studies conducted in elevated regions of the Caatinga in Ceard, Piaui, and Paraiba (MONTADE et al.,
2014; PESSENDA et al., 2010) revealed the return of humid conditions from approximately 3,200 cal yr
BP. Geochemical analyzes conducted in the Caatinga region support this climatic variations, with
humidity at the beginning of the Holocene, followed by a dry phase starting at ca. 4,500 yr BP, with a
period of torrential rains ca. 2,000 yr BP (CRUZ et al., 2009; MENDES, 2016; NACE et al., 2014;
NOVELLO et al., 2012). These climate changes were linked to the sea surface temperature and
atmospheric circulation that influenced the Intertropical Convergence Zone and the El Nifio — La Nifia
phenomenon (CHENG et al., 2013).

Despite the data and the large area that Caatinga occupies in the country, this ecosystem has the
lowest scientific information in Brazil (SANTOS et al., 2011; WERNECK et al., 2011). Therefore,
significant gaps need to be filled in this area of knowledge. In this study, we analyzed soil samples to
identify palynological records to describe the influence of the middle Holocene climate and
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anthropogenic intervention on vegetation structure. We hypothesize that the lagoons represent essential
records of recent paleoclimate evolution and human activities in Brazilain semiarid. )

MATERIAL AND METHODS
STUDY AREA

Climate is equatorial tropical semiarid, with 6 to 11 dry months (KAYANO; ANDREOLI, 2009).
Annual precipitation varies between 300 and 800 mm and mean monthly temperature are always above
22 °C. The region is subject to the influence of subtropical high- pressure areas linked to the

semi-permanent South Atlantic anticyclone, which is in turn influenced by the Hadley (meridional) and J;;
Walker (zonal) circulations(GUERREIRO et al., 2013). This produces a rainfall regime that depends on =
geographical position once humidity carried out by oceanic mass is barred by the highlands (LUCENA IQ
et al., 2022). m
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Figure 1 - Distribution of study area and previous studies according to vegetable cover (a), satellite
image (b) and ombrothermic diagram (c) of the study area.

The altitude varies between 300, in pediment surfaces on Proterozoic gneiss and schists, and
1,100 m, highlands, cliffs and inselbergs associated with resistant rocks and horst—graben systems
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(XAVIER et al., 2016). The vegetable cover has large endemic biodiversity (APG, 2016; COSTA;
PERALTA, 2015; MAIA et al., 2015). Shrubs, 3-9 m height-trees that shed their leaves seasonally, cacti
and arid-adapted grasses partially cover the soil (PRADO, 2000; SANTOS et al., 2012). Weathering and
leaching are incipient, and the soil is intensively eroded during the four rainy months. Luvisols (40.9 %
of the total area), Leptosols (35.6 %) and Regosols (3.9 %) dominates the study area (ARAUJO FILHO
et al., 2017). These soils are dominantly loamy, shallow (

The analyzes were carried out on sediments collected in a temporary lagoon located in the
municipality of Sdo Jodo do Cariri, state of Paraiba, in the driest portion of Brazil at coordinates 7° 22’
24.72”S and 36° 31’ 40.32”W (Figure 1). The average annual rainfall is 399 mm, and the average
temperature is 23.2 °C. The dry seasonal mean rainfall is 10 mm.

Erythrina velutina and the exotic tree Prosopis juliflora cover the sediments accumulated in the
studied lagoon. The vegetation surrounding this area is typical of the Caatinga and shaped by humans by
centuries of wood removal, agriculture, and livestock (cattle, sheep, and mainly goats). Pioneer species
dominated the surrounding area, such as Aspidosperma pyrifolium, Pilosocereus gounellei, Croton
sonderianus, and Jatropha mollissima (PAES-SILVA et al., 2003; SILVA et al., 2019).

SAMPLING AND ANALYSIS

The sediment collection was carried out in a trench dug 1.5 x 1.5 m wide and 1.70 m deep in a
periodically flooded lagoon until the outcrop of fresh rock. Sediments were described and sampled in
situ, with intervals of 5 cm. Aliquots were extracted from samples at the Micropaleontology Laboratory
of the University of Sao Paulo.

Samples of 1 cm® were submitted to the standard techniques of preparation for pollen analyses of
Quaternary sediments (COLINVAUX et al., 1999), using HF to silicates removal, acetolysis reaction,
and addition of one tablet of spores of Lycopodium clavatum (exotic marker) for calculating the pollen
concentration (STOCKMARR, 1971). Pollen grains, spores, and other palynomorphs were identified,
described, and counted with an optical microscope with a digital image capture system. The charred
microparticles were counted in different sizes, above and below 100 um. Crumpled, torn, or broken
grains were identified as damaged pollen grains. The analyzes were performed under 600x and 1000x
magnifications. The pollen types were identified according to the reference collection of the Laboratory
of Micropaleontology and literature (COLINVAUX et al., 1999; LORENTE et al., 2017; OLIVEIRA,
1992; ROUBIK; MORENO, 1991; SALGADO-LABORIAU, 1973). The counts were performed up to a
minimum of 300 pollen grains or 200 or 100 grains for samples with low palynomorph preservation.

After identification and morphological description, the taxa were quantified and treated
statistically by the programs TILIA and TILIA GRAPH (GRIMM; TROOSTHEIDE, 1994). The zoning
of the palynological profile was carried out using a similarity dendrogram by CONISS program
(GRIMM, 1987). Diagrams were also performed using TILIA and TILIA GRAPH (GRIMM;
TROOSTHEIDE, 1994). The percentage was calculated for pollen grains and other palynomorphs
through separate sums.

Radiocarbon isotopes were determined in soil samples collected at 5-cm intervals. Samples were
dried at 60 °C to constant weight, and root and plant remains were discarded by handpicking. The
remaining plant debris were removed by flotation in 0.01 mol L-1 HCI, and then samples were dried and
sieved. The particles which are finer than 0.210 mm were used for 13C enrichment (613C), total organic
carbon (TOC), total nitrogen (TN), and C/N determination with a continuous flow isotope ratio mass
spectrometer at the at Carbon 14 Laboratory of the Center for Nuclear Energy in Agriculture (Sao Paulo,
Universidade de S@o Paulo). The 813C results are expressed concerning the VPDB standard using the
conventional & (%o) notations. Analytical precision is £0.15%o. The 613C, TOC, TN, and C/N express
environmental changes during sediment deposition. The photosynthesis process can be identified by
013C (MONTADE et al., 2014; PESSENDA et al., 2010); values close to —32%o indicate a
photosynthetic process of type C3. Enriched 813C values represent grassland vegetation and reflect the
significant presence of C4 plants. Variations above 4%o of 813C in the same soil profile indicate changes
in the plant community. High TOC and TN values are related to anaerobic conditions, which favor
organic compound accumulation (MOREIRA et al., 2013). On the other hand, low TOC and TN values
indicate oxidation and decomposition of organic matter. The C/N ratio expresses the polymerization of
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organic compounds (GRUNEBERG et al., 2014). Low C/N ratio values indicate the accumulation of
predominantly light organic matter from weakly-decomposed vegetal residues (MARTINS et al., 2011)
and suggest that accumulation of organic residues is a recent process (FALLOON; SMITH, 2000;
TADINI et al., 2018).

Organic carbon was dated by 14C method in four samples (BETA 462506, BETA 513367, BETA
513368, and BETA 583927) at the Beta Analytic Laboratory using the accelerator mass spectrometry
technique. The samples were chosen according to high isotopic C variation (813C>4%o) and/or
palynological data. Samples were physically pretreated to remotion of vegetal fragments, insects, etc.
After that, non-hydrolysable carbon (NHC) was isolated with two h treatments with HCI 1.0 mol L—1 at
90 °C, until the supernatant was clear or up to 5 times. The age model was defined using the rBacon
Package (BLAAUW; CHRISTEN, 2011), with a 95% probability, and calibrations were defined using
SHCALI13 curve (HOGG et al., 2013). The rBacon Package age model is an approach to age-depth
modeling that uses Bayesian statistics to reconstruct accumulation histories for deposits by combining
radiocarbon and other dates with prior information. Radiocarbon age is reported as 14C cal yr BP
(Before AD 1950).

RESULTS

The profile sampled had 170 cm of brown clayey sand sediments, with radiocarbon ages between
6,216 to 703 cal yr BP, from the Middle Holocene (Table 1). These results indicate very slow
sedimentation rates, with the peak of 0.08 cm/yr between 1,615 and 1,215 cal yr BP while the minimum
was 0.016 cm/yr between 6,216 and 2,789 cal yr BP and 1,215 cal yr BP and the present.

Depth (cm) AgeC Calibrated age (cal vr BP)
20 820+ 30 703
5% 1,770 £ 30 1,615
115 2,660 £ 30 2,789
170 5,600 £ 30 6,216

Table 1 - Radiocarbon ages of soil profile according to depth.

Three pollen zones were divided into (Figure 2): BES A, between 170 and 115 cm depth and
6,216 to 2,789 cal yr BP; BES B, between 115 and 55 cm depth and 2,789 to 1,615 cal yr BP, and BES
C, between 55 to 0 cm depth and 1,615 cal yr BP to present. Terrestrial herbs composed 65 to 82% of
pollen sum in the first zone (170 — 115cm; 6,216 to 2,789 cal yr BP), with up to 2,700 grains/cm?.
Arboreal species represented less than 20% of pollen sum and 1,013 grains/cm®, and aquatic herbs
represented up to 23% of pollen sum and 1,135 grains/cm?®. Damaged grains vary between 40% to 60%
of pollen sum considering all pollen grains and reach 2,500/cm3, while carbonized microscopic particles
reached 20,500/cm?. Casearia, Chomelia, Mimosa, Moraceae, Myracrodruon, and Piptadenia are the
most frequent arboreal specimens, and the most representative was Mimosa with 6,5%. Araceae and
Poaceae are the most frequent terrestrial herbs, with a peak of approximately 40%, and Dioscorea (a
species of human interest) appears with 5%. The aquatic herb registered were Azolla (0,8% at 170 cm
depth - 4,6% at 115 cm depth- 1% at 55 cm depth), Cyperaceae (15% -2% -12%), and Spathiphyllum
(0%-1%). The main aquatic herbs are Zygnema (up to 1.150 zygospores/cm?®) and Brotryococcus (622
zygospores/cm?).
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Figure 2 - Isotope diagram results, with concentration of pollen categories, pollen sum and charcoal
microparticles.

In the second zone (115 — 55 cm; 2,789 to 1,615 cal yr BP), terrestrial herbs started with 75%,
decreased to 57%, increased to 92%, and ended with 79%, with a peak of 4,000 grains/cm*. Arboreal
species decreased from 30 to 5% at the end of the zone and registered up to 735 grains/cm®. Aquatic
herbs varied between 2% and 12% and registered up to 487 grains/cm®. Between the palynomorphs,
algae were predominant and decreased from 96 to 70%, with up to 2,221 zygospores/cm®. Damaged
grains were 2,186/cm*® and up to 3,086/cm?, while carbonized microscopic particles registered the
highest values at the beginning of the zone, with 41,785/cm® followed by the decrease to 7,831/cm? and
the increase to 38,772/cm? at the end of the zone. Alchornea, Anacardiaceae, Astronium, Mimosoideae,
Moraceae, Passifloraceae, Piptadenia, Rubiaceae, and Tabebuia are the most frequent arboreal
specimens. Araceae, Asteraceae, and Poaceae are the most frequent terrestrial herbs, and Dioscorea
appears again. Cyperaceae is the predominant aquatic herb, while Zygnema is the main algae, with a
peak of 60%. In the third zone (55 - 0 cm; 1,615 to present), terrestrial herbs composed 69% to 85%,
with up to 4,497 grains/cm?®. Arboreal species varied between 9% to 24% and 15%, with up to 1,639
grains/cm®. Aquatic herbs represented less than 15%, while algae represented 85% between the
palynomorphs, with up to 2,732 zygospores/cm®. Damaged grains varied between 2,905 to 5,778 to
3,816/cm* while carbonized microscopic particles peaked at 35,293/cm and at the end of the zone
decreased to 13,170/cm?. Alchornea, Astronium, Mimosa, Moraceae, Myracrodruon, Odontadenia, and
Piptadenia are the most frequent arboreal specimens. Pinus and Prosopis, both exotic species, occur in
this zone. Araceae (10%), Asteraceae (20% - 5%), and Poaceae (40% - 30% - 50%) are the most
frequent terrestrial herbs. Cyperaceae (with an average of 10%) is the most frequent aquatic herb
registered. Botryococcus (10% - 50% - 30%) and Zygnema (65% - 35% - 55%) are the main algae.

TOC was low along of the profile, below 0.5%, as well as the TN that was constantly less than
0.05% (Figure 2). 813C values varied between -20 and -23%o and suggest a photosynthetic process of
type C3. C/N ratio, ranging from 10 to 8.7, indicates that the organic matter comes from aquatic herbs
and/or algae.

DISCUSSION

The minimum sedimentation rate of 0,016 cm/yr between 6,216 and 2,789 correlates with the
low-humidity of the Middle Holocene, observed for the Caatinga ecosystem from ca. 4,500 cal yr BP.

Terrestrial herbs dominated the records from the Middle Holocene, with a constant distribution
throughout the profile. However, concentration rates reveal changes in vegetation physiognomy,
sometimes with forest expansion, sometimes with retraction. These changes are also perceived in the
variation in the representativeness of the shrub elements along with the profile and can be attributed to
the climatic changes that occurred in Northeast Brazil during the Holocene (BARRETO, 2010; CRUZ et
al., 2009; NACE et al., 2014; OLIVEIRA et al., 1999).
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Palynological analyses indicate more humid conditions than the current one between 6,200 and
5,500 cal yr BP as well as registered in previous studies in karst regions (CRUZ et al., 2009; OLIVEIRA
et al., 1999). Trees and shrubs such as Mimosa, Moraceae, Peltogyne, Sapium, and Sloanea have a wide
distribution in South America (“Reflora - Virtual Herbarium”, 2018). Besides, Arecaceae is typical of
humid environments and Caryocar is commonly associated to the Brazilian Savanna (LORENZI, 1992).
The occurrence of aquatic herbs, algae, depleted 813C, and the lowest concentration of carbonized
microparticles reinforce the indication of a more humid climate (TOLONEN, 1986). The presence of
vegetation adapted to humidity in pollen data reinforces the hypothesis of the previous existence of a
biotic corridor between the Amazon and the Atlantic Forest through the Caatinga during the last
glaciation (BEHLING et al., 2000; LEDO; COLLI, 2017; OLIVEIRA et al., 1999).

Moisture loss is notable from 4,900 cal yr BP to the present, as observed by previous studies from
Northeastern Brazil (CHENG et al., 2013; CRUZ et al., 2009; MENDES, 2016; NACE et al., 2014;
OLIVEIRA et al., 1999). The dry forest expansion is marked by the presence of Licania (Oiticica),
native to the region (BELTRAO; OLIVEIRA, 2007), and Anacardiaceae, a family that has a native and
endemic species (Apterokarpos) of this ecosystem (“Reflora - Virtual Herbarium”, 2018). This moisture
loss is indicated by a decline in the concentration data of all elements, associated with an increase in the
amount of carbonized microparticles greater than 100 m, indicative of local fires (TOLONEN, 1986).

Moist conditions returned to the region after 2,100 cal yr BP, when terrestrial and aquatic herbs,
pteridophytes, and algae increased. This wet period can be associated with the influence of the El
Nifio-La Nifia variation (NOVELLO et al., 2012), which is responsible for prolonged droughts and
above-average rainfall in the Brazilian semiarid region, respectively (CRUZ et al., 2009; NOVELLO et
al., 2012). The oscillation between torrential rains followed by extreme droughts, with intervals of 2 to 4
years, is responsible for the presence of damaged grains, increasing their concentration, even with the
highest incidence of broken grains. This high incidence of broken grains, seen throughout the profile, is
directly related to the sub-aerial exposure of this material during dry events and its redeposition during
wet events (CAMPBELL, 1991).

Abrupt climatic oscillations cease at approximately 1,615 cal yr BP. Palynological records
evidence a vegetational stabilization, and an increase in the number of tree elements begins, reaching its
highest peak, with 1,639 grains/ cm?, approximately at 293 cal yr BP. The impoverishment of 613C and
the increase in the rate of TOC and TN in this period reinforce a dominance of herbaceous aquatic and
algae elements. The total carbonized microparticles (including the two size ranges) also were more
abundant, while the concentration of particles greater than 100 m decreased, indicating the occurrence of
regional fires.

The pollen grains of Pinus and Prosopis, exotic elements of the Caatinga, identified in the pollen
record dated from ca. 800 cal yr BP, indicate anthropization in the study area. However, the presence of
these taxa in this period is attributed to bioturbation and/or cracks in the soil formed during periods of
drought. These processes could rework the pollen grains in sediments of previous facies. Introduction of
Pinus and Prosopis in Caatinga firstly occurred in 1942, for foraging purposes. Later, they were
dispersed by commercial plantings and seeds in animal feces (AZEVEDO, 1961; GOMES, 1961). This
discovery is fundamental to understanding changes generated by human activities in the Caatinga,
modified since the beginning of the European colonization in 1663 (ALMEIDA, 1979; NANTES, 1979).

However, the landscape modification may be older than assumed since human interest elements,
such as Caryocar, Dioscorea, Passiflora, Spondias, and Licania appear throughout the studied profile.
Humans usually consume these species through the ingestion of fruits and tubers (ANDRADE et al.,
2019; LUCENA et al., 2017; PENIDO et al., 2016). Pre-Columbian populations may have been
responsible for the management of these plants for food throughout the study period, comparable to the
Amazonian region (CARSON et al., 2015; WATLING et al., 2016). Dioscorea deserves mention as it
occurs between 6,000 and 3,000 cal yr BP and 2,000 cal yr BP, when algae and aquatic herbs indicate
higher humidity in the region, favoring human presence in this area. In the same period, taxa commonly
used for medicinal purposes were identified, such as Myracrodruon (ANDRADE et al., 2019; PEREIRA
et al.,, 2016) Sida (RODRIGUES; OLIVEIRA, 2020), and other species that today have economic
importance for the use of its wood, such as Astronium, Cordia and Mimosa (ANDRADE et al., 2019;
PEREIRA et al., 2016).

Mercator, Fortaleza, v. 22, ¢22011, 2023. ISSN:1984-2201

L vowan

7/13

ERiolNR-)


http://www.mercator.ufc.br

—=

(o

AR

&2

)77

MERC

ARTICLE

Souza, J.J.L.L - Medeiros, V.B. - Oliveira, P.E. - Souza, B.I. - Barreto, A.M.F.

The municipality of Sdo Jodo do Cariri currently has five archaeological sites described and
studied (AZEVEDO NETTO et al., 2007) and, therefore, the hypothesis that the communities that lived
in these locations changed the past landscape, with the use of land, through plantings, harvesting, and
burning, it cannot be discarded. Cultural forests have been reported since the Pleistocene/Holocene in
the Amazonian region (BALEE, 2013), and this occupation model may have been used in the other
human settlements in Brazil.

CONCLUSIONS

The vegetation in the studied area reveals mosaics with Brazilian savanna, Amazon rainforest and
Atlantic forest, suggesting that changes in climatic conditions in the past may have enabled the
formation of biotic corridors. This allowed the expansion of wetter ecosystems and, therefore, the
occurrence of this non-analogous vegetation.

The current Caatinga species are identified between 4,900 and 2,000 cal yr BP, indicating dry
climate conditions. A short-wet phase returns between 2,000 and 1,615 cal yr BP, and the current
semiaridity is re-established after this period. Vegetation alterations between elements typical of tropical
forest and those of the current Caatinga, during the Holocene, are in sync with the climatic events
recorded for the Brazilian Northeastern region.

The occurrence of species of human interest may suggest anthropogenic alteration of the

landscape since the middle Holocene. In addition, the presence of the exotic trees, Pinus and Prosopis, in
the pollen signal indicates that human impact on the landscape continued with European colonization.
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