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The El Palmar Formation is the principal unit deposited during the Late Pleistocene by the Uruguay River in
eastern Entre Rios province, Argentina and north-western Uruguay. The Arroyo Yuqueri fossiliferous locality (c.
31°36" S, 58°06” W), part of the El Palmar Formation, is one of the richest sites in fossil woods. This article describes
and determines 11 fossil woods, including seven new species closely related to modern Parapiptadenia, Microlobius,
Anadenanthera, Pseudopiptadenia (Mimoseae, Fabaceae) and Chloroleucon, Enterolobium and Cedrelinga (Ingeae,
Fabaceae). Coexistence approach, nearest living relatives (NLR) methods and mesomorphic and vulnerability indices
were used to determine palaeoclimatic conditions. Comparisons of NLR of fossil woods, coupled with other previously
identified taxa, suggest that a mature and evergreen woodland was present in the middle Uruguay River Basin
during some Pleistocene events (MIS 5a and MIS7, according to absolute datings of the fossiliferous sedimentary
unit). This caesalpinoid legume woodland was shaped by an environment with abundant humidity, and the structure
of the water conduction system in the studied species was efficient. Finally, the results indicate a more humid and
warmer climate than at present in the study area.

ADDITIONAL KEYWORDS: Carlquist’s indices — coexistence approach — fossil wood — Quaternary — South
America.

INTRODUCTION geomorphology and Quaternary stratigraphy (Iriondo
& Kroéhling, 2008; Krohling et al., 2014) demonstrate
that the Uruguay River Basin experienced climatic and
palaeoenvironmental changes during the Quaternary.
Hence, plant and animal populations were forced to
migrate and adapt to these environmental changes
(Lowe & Walker, 2014).

A few comprehensive works have inferred the
climatic conditions and the taxonomy of the woody
species that lived in the Uruguay River Basin during
*Corresponding author. E-mail: soledadramos.sr@gmail.com the Pleistocene and Holocene (Brea, Zucol & Patterer,

The evolution of the large La Plata River System,
which integrates the Parand, Paraguay and Uruguay
River Basins, had a significant impact on landscape
evolution in the mid-latitudes of South America
since it has acted as a natural barrier for many
terrestrial organisms and as a dispersal route for
others (Veroslavsky & Ubilla, 2007). Recent studies on
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2010; Ramos, Brea & Krohling, 2012, 2014, 2017a,
b). In this work, we add new data for palaeoclimatic
reconstructions in the upper/middle Uruguay River
Basin based on the research of seven new fossil woods
of Fabaceae from the Uruguay River Basin, using
anatomical and ecological traits.

The Uruguay River is one of the largest rivers in
South America, with a basin that covers c¢. 365 000
km? (south-eastern Brazil, north-eastern Argentina
and western Uruguay) and links areas with a present
tropical-subtropical humid climate (the upper basin)
with areas of temperate climates (the lower basin,
near its mouth in the La Plata River Estuary) (Iriondo
& Krohling, 2008).

The upper Uruguay River Basin (Fig. 1; from 26°30”
to 28°30” S), developed on the Late Cretaceous Parana
Basaltic Plateau (Krohling et al., 2014), currently
covered by subtropical forest. It is included in the
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Figure 1. A, The Uruguay River Basin represented in a
shaded relief SRTM DEM map. The location of the study
area is indicated by the red rectangle. Inset is a GTOPO30
DEM view. B, Landsat-8 image (NASA, with a combination
of B6, B5, B4 bands in Google Earth Engine®©) of the study
area. The fossiliferous locality is marked by the red star.

macroecological domain of the Araucaria Juss. Plateau
by Ab’Saber (2000), and characterized by medium
elevation plateaus, 800-1300 m a.s.l. These subtropical
ecosystems developed after the mid-Cenozoic.

The middle fluvial basin (from 28°30” to 32°30"
S) is characterized by Quaternary sedimentary
units, mainly of fluvial and paludal origin (Iriondo
& Krohling, 2008). A subtropical/temperate steppe
(Pampean phytogeographic province), with areas
of temperate-humid savannahs with isolated trees
(Espinal phytogeographic province), and gallery
woodlands (Paranaense phytogeographic province)
predominate in this sector of the basin (Cabrera, 1976;
Oyarzabal, Clavijo & Oakley, 2018; Arana et al., 2021).

Relictual populations of Butia yatay (Mart.) Becc.
are preserved in El Palmar National Park in the
middle Uruguay Basin (31° 55" S, 58° 16" W, 8500 ha)
in Argentina. The El Palmar Formation (Iriondo, 1980;
Iriondo & Krohling, 2008) is the main unit deposited
by the Uruguay River in the middle basin (28/33°S
and 58°W; eastern Entre Rios province, Argentina and
north-western Uruguay) during the Late Pleistocene
(Fig. 1).

The Arroyo Yuqueri fossiliferous locality (Fig. 1) is
one of the richest sites in fossil woods represented
by Palmoxylon yuqueriensis Lutz (Arecaceae),
Bastardiopsis paleodensiflora Ramos, Brea & Krohling
(Malvaceae), Gossweilerodendroxylon palmariensis
Ramos, Brea & Krohling (Fabaceae) and species
related to Anacardiaceae (Lutz, 1979; Ramos, 2015;
Ramos et al., 2017a, b).

Fabaceae are considered to be one of the most diverse
families due to the great morphological, physiological
and ecological variability of the species. They are
cosmopolitan in distribution, and they are significant
elements in lowland forests in South America (LPWG,
2017). Legumes are among the most numerous species
in the riverside forests of the Uruguay River and its
tributaries (Guido & Lépez Mdrsico, 2011; Gonzilez &
Cadenazzi, 2015).

Caesalpinioideae comprise 148 genera and c. 4400
species (LPWG, 2017) and are a common pantropical
subfamily of humid and dry regions, with some species
living in temperate zones and rare species living in
cold environments. Caesalpinioideae are monophyletic
and include the Piptadenia Benth. group, which will
be further discussed in this work (Lewis et al., 2005;
Yahanaetal. 2013).In South America, Caesalpinioideae
occur in tropical and subtropical areas, from rain
forests, evergreen or deciduous forests, to savannas,
semi-deserts and high mountains (Ulibarri, 2008;
Zuloaga et al., 2008).

The fossil records of Caesalpinioideae in South
America are extensive and consist mainly of wood,
pollen, leaf impressions, fruits and seeds (Pujana,
Martinez & Brea, 2011; Ramos, Brea & Pardo, 2014;
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Benicio et al., 2016; Woodcock, Meyer & Prado,
2017). Many of these records are from Argentina,
with records for the mimosoid clade being the most
abundant (c. 25 spp.), and genera include Mimosoxylon
Felix, Tetrapleuroxylon Felix, Paracacioxylon
Menendez, Gleditsioxylon Prakash & Barghoorn,
Piptadenioxylon Suguio & Mussa, Menendoxylon
Lutz, Anadenantheroxylon Brea, Acenolaza & Zucol,
Prosopisinoxylon Martinez, Microlobiusxylon Franco
& Brea, Paraalbizioxylon Martinez, Abaremaxylon
Moya & Brea, Cylicodiscuxylon Moya & Brea and
a species of Parkinsonia Plum. ex L. (Pujana et al.,
2011; Ramos et al., 2012, 2020; Franco & Brea, 2013;
Martinez, 2014; Moya & Brea, 2015; Martinez &
Crisafulli, 2018; Baez & Crisafulli, 2020; Mautino &
Garralla, 2021 etc.). The purpose of this work is: (1)
to describe the anatomy of the fossil woods recovered
from the Arroyo Yuqueri fossiliferous locality (El
Palmar Formation), (2) to identify taxonomic affinities
and (3) to infer palaeoclimatic conditions associated
with the Uruguay fluvial valley during some episodes
of the Upper Quaternary using diverse methodologies,
such as ecological anatomical characters, mesomorphy
and vulnerability indices (MI and VI, respectively) and
nearest living relative (NLR) and coexistence approach
(CA) methods.

STUDY AREA, PALAEOBOTANICAL AND GEOLOGICAL
SETTING

The El Palmar Formation was formally defined by
Iriondo (1980) along quarry outcrops and boreholes
in the area of El Palmar National Park (Entre Rios
province, Argentina). This unit is composed of red
to yellowish-brown sandy strata with interbedded
gravels outcropping at the upper fluvial terrace
surface of the Uruguay River with a width of 4-15
km on its right margin. This sedimentary unit (10—
17 m thick) covers Cretaceous rocks. Locally a Late
Holocene aeolian sandy unit unconformably overlies
the El Palmar Formation (see Patterer, Krohling &
Zucol, 2020). The provenance sources of the sediments
composing this unit (mainly sands and gravels) are
Mesozoic rocks (sandstones and basalts) of the upper
Uruguay River Basin (Iriondo & Kréhling, 2008). The
main stratigraphic characteristics of the El Palmar
Formation are presented in Iriondo & Kroéhling
(2008) and Patterer et al. (2020). Channel lag gravels,
longitudinal gravel bars and low-angle cross-bedded
sand bars represent channel deposits. Laminated fine
sands to clayey silts constitute abandoned channel
infillings and overbank deposits. The unit contains
lenticular strata, mainly composed of fine to medium
and well-rounded siliceous pebbles and medium to
coarse well-rounded gravels in a sandy/clayey matrix,
with planar bedding, indicating high fluvial transport

energy and high-river discharges. The sedimentary
facies association and its architecture represent a
large depositional fluvial system (bedload river). The
sedimentary data along a north—south transect of
the El Palmar Formation depositional area indicate a
downstream decrease in the gravel/sand ratio and in
the gravel sizes. The unit was cemented differentially
by silica and iron oxides (Iriondo & Krohling, 2008;
Krohling, 2009; Patterer et al., 2020). On the left
margin of the Uruguay River in its middle basin
(Uruguay), Bossi (1969) defined the Salto Formation, a
unit that was correlated by Iriondo & Krohling (2008)
with the El1 Palmar Formation.

The upper part of the El Palmar Formation was dated
by thermoluminescence (TL), yielding ages between c.
80 and 88 kya BP (Iriondo & Kréhling, 2008; Krohling,
2009), interpreted by these authors as representative
of the warm substage marine isotope stage 5a (MIS 5a).
Recently, an optically stimulated luminescence dating
of sediments from the upper part of the El Palmar
Formation in the type area (El Palmar National Park)
yielded an age of 184 491 + 13 946 years BP (Lab
Code L0090, Laboratério de Espectrometria Gama
e Luminescéncia, USP, Brazil). These data would
extend the age of the El Palmar Formation to the
penultimate interglacial (MIS 7; Middle Pleistocene)
(Ramos, 2015; Ramos et al., 2017a). These are the only
absolute datings of the El Palmar Formation and are
of great importance for environmental Quaternary
reconstructions of the large fluvial environments of
South America.

The El Palmar Formation provided important
micro- and macrofossil plant records (Lutz, 1979,
1980, 1984, 1986; Brea, 1998, 1999; Brea & Zucol,
2001a, b, 2011; Brea, Acefolaza & Zucol, 2001; Brea
et al.,2010; Zucol et al., 2005; Ramos et al., 2012, 2014,
2015, 2017a, b; Patterer, Zucol & Brea, 2014). This
unit is rich and diverse in fossil wood. In the doctoral
thesis of the first author, 56 fossil woods were studied,
28 corresponding to Fabaceae, of which 24 belong to
Caesalpinioideae (Ramos et al., 2012, 2014, 2017a, b;
Ramos, 2015). In addition, ten fossil specimens related
to Fabaceae published by other authors were identified
(Lutz, 1979, 1991; Brea, 1999; Brea et al., 2010). Thus,
legumes represent 58% of the total number of wood
samples. Vertebrate palaeontological data belonging
to the Lujanian South American Land Mammal Age
(Late Pleistocene-Early Holocene) were also recorded
for this unit (Tonni, 1987; Ferrero et al., 2007, 2019;
Brandoni, Ferrero & Brunetto, 2010).

The Arroyo Yuqueri fossiliferous locality is placed
near the mouth of the Yuqueri Grande Stream in the
Uruguay River, at the old railway bridge close to the
city of Concordia in Entre Rios province, Argentina (c.
31°36” S, 58°06” W) (Fig. 1). The El Palmar Formation
dominates the fossiliferous area, covering basaltic
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rocks. There, the stratigraphic profiles are deeply
eroded and the fossil woods are exposed over the
Yuqueri floodplain. In the present days, this region
is under a subtropical humid climate, with rainfalls
between 1200 and 1300 mm/year, and mean annual
temperatures of 18-19 °C.

MATERIAL AND METHODS
FOSSIL WOOD PREPARATION AND ANALYSIS

The fossil woods described here are silicified with good
preservation and were collected by Cristina Vassallo
de Cettour and Silvia Cettour (Head of Department
of the Museo de Antropologia y Ciencias Naturales,
Concordia, Entre Rios, Argentina). Standard
petrographic sections (c. 20—40 pm thick) were obtained
in transverse (TS), tangential longitudinal (TLS) and
radial longitudinal (RLS) orientations for each of
the studied specimens. Quantitative characters were
based on at least 25 measurements. The numbers in
brackets indicate the minimum and maximum values.
The material was studied with a Nikon Eclipse E200
light microscope, and photomicrographs were taken
with a Nikon Coolpix S4 digital camera.

InsideWood (IWD) is a database with > 9400
descriptions of fossil and modern woody dicots and
conifers, and it represents > 10 000 species (Wheeler,
Gasson & Baas, 2020). It is also an important reservoir
of descriptions of modern legumes from South America
encoded with their qualitative and quantitative
features. The searches in IWD were completed with
key literature, such as Cozzo (1951), Banks & Gasson
(2000), Evans, Gasson & Lewis (2006), Gasson,
Trafford & Matthews (2003), Metcalfe & Chalk (1950),
Tortorelli (1956), Wheeler (2011) etc., to obtain the
taxonomic identification of the samples under study.
After relating and taxonomically identifying the fossil
woods with extant species, they were compared with
fossil legume species mainly from South America,
considering articles from IWD (2004-onwards) and
by Ramanujam (1960), Miiller-Stoll & Méadel (1967),
Gregory, Poole & Wheeler (2009), Shukla, Mehrotra
& Guleria, (2013), Pujana et al. (2011, 2014) etc.
(Table 1). The anatomical terms used in this paper
follow the recommendations of the TAWA List of
Microscopic Features for Hardwood Identification
(TAWA Committee, 1989).

The systematic and taxonomic assignment of the
Fabaceae followed the classification of APG IV (2016)
and LPWG (2017). The World Flora Online (WFO, 2020)
and the Index Nominum Genericorum (Farr & Zijlstra,
1996) were used to check the taxonomic names.

The repository of the fossil specimens and
microscope slides is the Laboratorio de Paleobotéanica,

CICYTTP (CONICET-Prov. ER-UADER), Diamante,
Argentina. The acronym used for woods specimens was
CIDPALBO-MEG, and CIDPALBO-MIC for slides.
Eleven fossil woods were described for this
study. Dimensions of the specimens are as follows:
CIDPALBO-MEG 119 is 11 cm long and 9 cm in
diameter; CIDPALBO-MEG 123 is 15 cm long and
6 cm in diameter; CIDPALBO-MEG 120 and 122 are
39-30 cm long and 6-8 cm in diameter; CIDPALBO-
MEG 127 and 129 are 8-12 ¢cm long and 7-10 cm in
diameter, CIDPALBO-MEG 128 is 15 cm long and
11 cm in diameter, CIDPALBO-MEG 132 is 25 cm long
and 8 cm in diameter, CIDPALBO-MEG 137 is 20 cm
long and 11 cm in diameter; and CIDPALBO-MEG 141
and 143 are 8-12 cm long and 5-8 cm in diameter.

The nearest living relative and coexistence
approaches

The NLR method of Mosbrugger (1999), based on eco-
anatomical analysis and climatic requirements of a
set of taxa, was used to obtain palaeoenvironmental
data. This method assumes that Pleistocene plant
taxa have climatic requirements similar to those of
their NLRs. The CA method was used for estimating
climate parameters (Mosbrugger & Utescher, 1997;
Utescher et al., 2014). The CA aims to find for a given
fossil flora a climate parameter or the climatic interval
in which all the NLRs of the fossil flora can coexist.
The terms tropical, subtropical and temperate are
used in this article to indicate broad geographical/
macroclimatic zones. Therefore, tropical implies non-
seasonal, equable warm and humid climates, whereas
temperate implies markedly seasonal climates, with
seasonality in temperature and/or water availability
(sensu Wheeler & Baas, 1993).

The resolution of the resulting coexistence intervals
increases with the number of taxa included in the
analysis and are relatively high in floras with ten or
more taxa for which climate parameters are known.
The percentage of NLR coexisting in the resulting
climate intervals is considered as the measure of the
significance of the results obtained. This analysis
includes other fossil species already known from the
Arroyo Yuqueri fossiliferous locality, mentioned in the
Introduction section.

Each taxon must have its climatic data requirements
or tolerance data derived from its modern distribution
area, assuming that extant taxa live in a place within
their minimum and maximum tolerance of climatic
parameters (Cozzo, 1951; Metcalfe & Chalk, 1950;
Tortorelli, 1956; Tomazello Filho, Peres Chimelo &
Vieitez Garcia, 1983; Costa et al., 1997; Miller &
Detienne, 2001; Evans et al., 2006; Leén, 2008; Lima,
Oliveira & Rodrigues, 2009; Arambarri et al., 2012).
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Subsequently, a diagram with the parameters of
all the NLRs is generated, and the CA is extracted.
These parameters of the association are obtained as a
tolerance range (Jordan, 1997; Mosbrugger, 1999). The
advantage of this method is that it is not necessary
to find modern flora comparable to the identified
fossil flora, as it allows building scenarios through
the specific interaction of the taxa set (Mosbrugger
& Utescher, 1997; Utescher et al., 2014). A detailed
description and discussion of the method can be found
in Mosbrugger (1999).

In this study, the climatic parameters estimated are
mean annual temperature (MAT), the temperature
of the coldest month (MiT), the temperature of the
warmest month (MaT), mean annual precipitation
(MAP) and mean maximum and minimum annual
precipitation of the area where the NLRs live (MaP
and MiP, respectively).

Vulnerability and mesomorphy indices

The vulnerability index (VI) is used as an indicator
of hydraulic conductivity, and it is indicative of
the sensitivity to the risk of embolisms. Low VI
value indicates woods with a greater capacity for
withstanding water stress or freezing. High VI values
indicate woods with wide/few vessels and efficient
water conductors. The mesomorphy index (MI) is an
equation relating to vulnerability multiplied by vessel
element length. A high value in the MI indicates
efficient wood structure and development in an
environment with no water limitations. For further
details about this method, refer to Carlquist (2001)
and Ramos (2014).

VI =MDTesee1s/V per mm? (Mean Diameter Tangential vessel/

Vessels per mm?)

MI = VI « Lengthyessel (Vulnerability « Mean Vessel element length)

Statistical analyses

Infostat software (Infostat, 2016) was used to
corroborate the accuracy of the systematic placement
or affinity between extant and fossil taxa of Mimoseae
and Ingeae.

Twenty-four anatomical features of fossil species
were used for the statistical analyses. A principal
component analysis (PCA) was performed to evaluate
how the quantitative traits were related (see
Appendix), and qualitative features were analysed in a
principal coordinate analysis using a simple matching
similarity index. Qualitative and quantitative features

were studied together using a generalized pro-cruster
analysis (GPA) to obtain a consensus (Gower, 1975).
As an additional analysis, species of Caesalpinioideae
with low VI values living in seasonal environments
and species with high VI values living in humid
environments were randomly incorporated. Finally,
two random species from a different subfamily from
that of the fossils were used as the outgroup. The
species selected for this analysis were: Albizia inundata
(Mart.) Barneby & Grimes (Baldin & Marchiori, 2014),
Inga alba (Sw.) Willd (Ledn, 2008), Mimosa polyantha
Benth (Montalo-Arias, Camargo & Grether, 2016),
Prosopis kuntzei L. and P. alpaca Phil. (Castro, 1994;
Villagra & Roig, 1997), Samanea saman (Jacq.) Merr
[synonym: Pithecellobium saman (Jacq.) Benth.] (Silva,
Blanco & Lindorf, 1989), Prosopis vinalillo Stuck.
(Bolz6n de Muniz, Nisgoski & Lomeli-Ramirez, 2010),
Vachellia caven Mol. Seigler & Ebinger (Cozzo, 1951)
and Zygia longifolia (Willd.) Britton & Rose (Evans
et al. 2006). The outgroup consisted of Cadia purpurea
(Piccioli) Aiton (Sophoreae; Stepanovaab et al. 2013)
and Geoffroea decorticans Burkart (Dalbergieae;
Gimenez, 2009).

SYSTEMATIC PALAEOBOTANY
DESCRIPTION AND SYSTEMATICS OF THE WOOD TYPES

Family Fabaceae

Subfamily Caesalpinioideae

Tribe Mimoseae

Genus Parapiptadenioxylon gen. nov. Ramos, Brea,
Krohling & Contreras

Parapiptadenioxylon pararigida gen. nov. & sp. nov.
Ramos, Brea, Krohling & Contreras (Fig. 2A-K).

Etymology: Parapiptadenioxylon refers to its affinity
with Parapiptadenia Brenan. The specific name
pararigida refers to its affinity with the extant species
Parapiptadenia rigida (Benth.) Brenan.

Genus and species diagnosis. Growth ring boundary.
Vessels solitary and radial multiples of two to four
elements. Intervessel pits small to medium. Axial
parenchyma paratracheal vasicentric, aliform and
confluent; axial parenchyma apotracheal marginal
and diffuse. Rays one to three cells wide (mostly
uniseriate), all ray cells procumbent. Fibres non-
septate. Parenchyma strand of two to eight cells.

Holotype: CIDPALBO-MEG 120—CIDPALBO-MIC
1543 (three microscopic slides).

Paratype: CIDPALBO-MEG 122—CIDPALBO-MIC
1545 (three microscopic slides).
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Figure 2. Parapiptadenioxylon pararigida sp. nov. Ramos Brea Krohling & Contreras. (Material examined CIDPALBO-
MEG 120-CIDPALBO-MIC 1543: A, C, D, F, J, H, K; CIDPALBO-MEG 122-CIDPALBO-MIC 1545: B, E, G, I). A, Transverse
section (T'S), general view, wood diffuse-porous, axial parenchyma vasicentric, 200 pm. B, Tangential longitudinal section
(TLS), detail of ray with width one to three cells and stand parenchyma, 100 pm. C, TS general view of fibres, axial
parenchyma and growth rings, 100 pm. D, TLS general view showing partially storied rays, 100 pm. E, TLS general view
showing rays partial storied [scanning electron microscopy (SEM)], 300 pm. F, TS diffuse axial parenchyma, 20 pm. G,
Radial longitudinal section (RLS), general view showing homocellular rays composed of procumbent cells, 20 pm. H, TLS,
prismatic crystals in rays (SEM), 10 um. I, TLS, vessel element and alternate intervessel pits (SEM), 100 pm. J, RLS detail
of medium, bordered, alternate, circular and vestured intervessel pits, 20 pm. K, TLS, detail of alternate and vestured

intervessel pits, 10 pam.

Repository: Laboratorio de Paleobotdanica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: E1 Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria InsideWood: 13p 22p 26p 29p 30p
42p 47p 52p 66p 79p 80p 83p 89p 97p 104p 115p 188p
(IAWA features).

Description

Growth ring boundary, demarcated by narrow
axial parenchyma marginal. Wood diffuse-porous.
Vessels solitary (68%) and in radial multiples of two
elements (19%) and three elements (10%), rarely
of four elements (3%), circular to oval in outline
(Fig. 2A), tangential diameter 106 (56-190) pm, radial
diameter 92 (31-187) pm, walls 10 (7-15) pm thick (Fig.
2A, 1), nine (seven to 11) vessels per square mm, vessel
element 195 (132—-250) pm are short; perforation plates
simple; intervessel pits alternate, vestured, diameter
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7 (6-9) pm (Fig. 2I-K); vessel-ray parenchyma pits
similar to intervessel pits, small, diameter < 6 pm.
Dark deposits occur in vessels (Fig. 2A).

Axial parenchyma paratracheal vasicentric to
aliform and confluent (Fig. 2A), also axial parenchyma
apotracheal marginal and rare diffuse (Fig. 2C, F).
Axial parenchyma strands of two to ten cells (Fig. 2B).

Rays ten (eight to 13)/mm, uniseriate (85%), two
(9%) and three cells wide (6%), 25 (13—-35) pm in width,
ray height 154 (64-228) pm or nine (three to 16) cells,
all ray cells procumbent (Fig. 2B, D, E, G). Rays
irregularly storied (Fig. 2D, E). Prismatic crystals in
ray cells (Fig. 2H).

Fibres non-septate, polygonal, angular and oval
in outline; diameter 12 (6—18) pm, and thick-walled
(Fig. 2B, D).

Affinity and comparisons

The presence of vestured intervessel pits and vessel
elements with simple perforation plate are the
synapomorphies that allow the placement of this
specimen in Fabales (Judd et al., 1999). However,
the predominance of homocellular rays composed
exclusively of procumbent cells, axial parenchyma
paratracheal and alternate and vestured intervessel
pits is characteristic of the mimosoid clade of Fabaceae
subfamily Caesalpinioideae (Metcalfe & Chalk, 1950;
Baretta-Kuipers, 1981; Hohn, 1999; Herendeen, 2000;
Gasson et al., 2003; Espinoza de Pernia & Melandri,
2006). Vestured intervessel pits are absent in the
newly recognized subfamilies Duparquetioideae,
Cercidoideae and most genera of Dialioideae, whereas
they are present in Papilionoideae, Detarioideae and
Caesalpinioideae (Quirk & Miller, 1985; Herendeen,
2000; Bruneau et al., 2008; LPWG, 2017). It is also
usual to observe diffuse parenchyma strands, which
usually contain ten or more chambered crystals
(Metcalfe & Chalk, 1950; Miiller-Stoll & Médel, 1967;
Wheeler & Baas, 1992; Evans et al., 2006).

In general, Caesalpinioideae have diffuse-porous
wood without a predominant vessel arrangement,
paratracheal parenchyma from aliform to confluent
and often banded, uni- or bi-triseriate and occasionally
multiseriate rays that are homocellular composed of
procumbent cells, and the absence of storied elements
(Metcalfe & Chalk, 1950; Cozzo, 1951; Baretta-Kuipers,
1981; Wheeler & Baas, 1992; Marchiori & de Muiiiz,
1996; Gasson et al., 2003; Evans et al., 2006; da Silva
et al.,2011; Ramos et al., 2017b).

Mimosa L., Anadenanthera Speg., Parapiptadenia,
Piptadenia, Pseudopiptadenia Rauschert,
Stryphnodendron Mart., Adenopodia C.Presl. and
Microlobius C.Presl. are the genera of the Piptadenia
group (Mimoseae, Caesalpinioideae). Members of this

group usually have homocellular rays one to five cells
wide, scarcer heterocellular rays, axial parenchyma
narrow bands and non-septate fibres (Cozzo, 1951;
Evans et al., 2006).

The InsideWood search using these features:
13p (simple perforation plates), 22p (intervessel
pits alternate), 25p (small pits), 29p (vestured pits)
30p (vessel-ray pits with distinct borders), 58p
(gums and other deposits in heartwood vessels),
47p (five to 20 vessels/mm?), 66p (non-septate fibres
present), 79p (axial parenchyma vasicentric), 80p
(axial parenchyma aliform), 83p (axial parenchyma
confluent), 89p (axial parenchyma in marginal or in
seemingly marginal bands), 97p (rays one to three
cells wide), 104p (all rays cells procumbent), 115p (ten
rays/mm), with no allowable mismatches, showed that
the Parapiptadenioxylon pararigida closely resembles
Parapiptadenia rigida, by the predominance of solitary
vessels and marginal axial parenchyma (Cozzo, 1951,
Tortorelli, 1956; Evans et al., 2006).

The least related species were: Caesalpinia spinosa
(Mol.) Kuntze that differs because of the predominance
of rays two to three cells wide with prismatic crystals,
and large intervessel pits (Detienne & Jacquet, 1983); a
species of Albizia Durazz. by having multiseriate rays,
septate fibres and prismatic crystals in chambered
axial parenchyma cells (Miller, 2007); and Copaifera
langsdorffii Desf. because of its multiseriate and
heterocellular rays and axial canals in long tangential
lines (Scheel-Ybert & Gongalves, 2017). Peltophorum
dubium (Spreng.) Taub. differs by having a
predominance of rays two to three cells wide, confluent
axial parenchyma and crystals in the axial parenchyma
(Detienne & Jacquet, 1983; Ramos et al., 2014).

Comparisons with fossil woods

The search also showed that the fossil species
Menendoxylon vasallensis Lutz of Franco & Brea
(2013) differs by having minute intervessel pits,
prismatic crystals in chambered axial parenchyma
cells and partially storied axial parenchyma. The
InsideWood database indicates the code 120v (axial
parenchyma and/or vessel elements storied) for this
fossil species. However, the description in Franco &
Brea (2013) indicates code 122p (rays and/or axial
elements irregularly storied present).
Parapiptadenioxylon pararigida differs from
Piptadenioxylonbyhavingraystwotothreecellswideand
the absence of aliform and confluent axial parenchyma
(Suguio & Mussa, 1978). Anadenantheroxylon Brea,
Acenolaza & Zucol differs by having large intervessel
pits and multiseriate rays (Brea et al., 2001; Franco
& Brea, 2013). As a difference, Microlobiusxylon has
high rays, abundant axial parenchyma and crystals in
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the parenchyma (Franco & Brea, 2011). In addition,
Cylicodiscuxylon paragabunensis Moya & Brea differs
by having rays > 12 cells high, a predominance of rays
that are two cells wide and prismatic crystals in the
parenchyma (Moya & Brea, 2015).

Although the fossil wood studied here shares
some anatomical elements with the fossil genera of
Mimosoideae that have already been described, the
unique set of anatomical features (> 80% uniseriate
rays, axial parenchyma in marginal or in seemingly
marginal bands, short and rays irregularly storied and
parenchyma strands two- to ten-chambered without
crystals) allow the creation of the new fossil species.

GENUS PSEUDOPIPTADENIOXYLON GEN. NOV. RAMOS,
BREA, KROHLING & CONTRERAS

Type species: Pseudopiptadenioxylon uniseriatum gen.
nov. & sp. nov. Ramos, Brea, Krohling & Contreras
Pseudopiptadenioxylon uniseriatum gen. nov. & sp.
nov. Ramos, Brea, Krohling & Contreras (Fig. 3A-I).

Etymology: The generic name, Pseudopiptadenioxylon,
refers to its affinity with the Pseudopiptadenia. The
specific name, uniseriatum, refers to the presence of
uniseriate rays.

Genus and species diagnosis: Growth ring boundary,
demarcated by narrow marginal parenchyma bands
and radially flattened and slightly thick-walled fibres.
Intervessel pits medium to small. Axial parenchyma
paratracheal aliform, vasicentric and confluent; axial
parenchyma apotracheal marginal. Rays uniseriate.
Fibres non-septate, rarely septate. Parenchyma
strands of more than eight cells.

Holotype: CIDPALBO-MEG 132—CIDPALBO-MIC
1555 (three microscopic slides).

Paratype: CIDPALBO-MEG 128—CIDPALBO-MIC
1575 (three microscopic slides).

Repository: Laboratorio de Paleobotanica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: E1 Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria: InsideWood: 5p 13p 22p 25p 26p 29p
30p 42p 47p 52p 58p 66p 69p 79p 80p 82p 83p 89p 91p
92p 96p 104p 113a 115p 118a (IAWA features).

Description

Growth ring boundary, demarcated by axial
parenchyma narrow marginal with lines up to three
cells wide and by radially flattened latewood fibres
(Fig. 3A). Wood diffuse-porous. Solitary vessels (77%),
in radial multiples of two (15%) and three elements
(8%) are circular to oval in outline, tangential diameter
91 (40-140) pm; radial diameter 103 (25—-196) pm, thin
walls 10 (5-14) pm thick, vessels 12 (eight to 14)/mm?,
vessel element length 198 (117-254) um; perforation
plates simple. Intervessel pits alternate, vestured,
diameter 7 (5-10) pm (Fig. 3A, E, F, H, I). Vessel-ray
parenchyma pits similar in shape to intervessel pits.
Tyloses or/and other deposits in vessels (Fig. 3E).

Axial parenchyma paratracheal vasicentric, aliform
and occasionally rare confluent; axial parenchyma
apotracheal marginal (Fig. 3A, E). Parenchyma strand
with more than eight cells (Fig. 3C).

Rays 12 (nine to 16)/mm, uniseriate (90%) and two
cells wide (10%), 26 (18—40) pm in width; height 197
(58-394) pm or 13 (two to 23) cells (Fig. 31, J), all ray
cells procumbent (Fig. 3B, C, G).

Fibres non-septate and although seldom are septate,
polygonal, angular and oval in outline; diameter 13
(10-18) am, and thick-walled (Fig. 2D).

Affinity and comparisons

Inthefirstsearch, weinput mainly qualitative characters
observed in both wood types (CIDPALBO-MEG 141 and
123):5p 13p 22p 29p 30p 58p 66p 69p 79p 80p 82p 83p 89p
91p 92p 96p 104p 115p with no allowable mismatches.
The results showed an affinity with four species of
Fabaceae: Microberlinia bisulcata A.Chev., which differs
mainly by having multiseriate rays and intercellular
canals of traumatic origin; Tetraberlinia bifoliolata
(Harms) Hauman, which differs by having multiseriate
and heterocellular rays (Richter & Dallwitz, 2000) and
Pterocarpus dalbergioides Roxb. ex DC., which differs
by having vessels of two distinct diameter classes,
axial parenchyma diffuse-in-aggregates and storied
structure (Kribs, 1968). The material showed a clear
affinity to Pseudopiptadenia psilostachya (DC.) Lewis &
Lima (Detienne & Jacquet, 1983). In Pseudopiptadenia,
Pseudopiptadenia suaveolens (Miq.) Grimes differs
from Pseudopiptadenioxylon uniseriatum by having
small intervessel pits (< 6 pm) and Pseudopiptadenia
contorta (DC.) Lewis & Lima differs by having crystals
in the fibres and a high proportion of confluent axial
parenchyma; these features are not predominant in the
fossil (Evans et al., 2006; Leon, 2008).

Comparisons with fossil woods

Pseudopiptadenioxylon uniseriatum was compared
with fossil genera of the Piptadenia group, such as
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Figure 3. Pseudopiptadenioxylon uniseriatum gen. nov. & sp. nov. Ramos Brea Krohling & Contreras. (Material examined
CIDPALBO-MEG 128-CIDPALBO-MIC 1575: B, C, E, F, H, I; CIDPALBO-MEG 132-CIDPALBO-MIC 1555: A, D, G). A,
TS general view showing vessels and fibres distribution, apotracheal and paratracheal axial parenchyma, 200 pm. B, RLS
general view showing homocellular rays, 100 pm. C, TLS detail of rays uniseriate, 100 pym. D, TLS detail of fibres non-
septate, 20 pm. E, TS detail of vessels and aliform and confluent axial parenchyma, 100 pm. F, RLS detail of small to
medium, bordered, alternate and vestured intervessel pits, 20 pm. G, TLS detail of rays uniseriate, 20 pm. H, TLS detail of
intervessel pits, 10 pm. I, TLS detail of vestured intervessel pits, 10 pm.

Microlobiusxylon that differs by having crystals in
chambered axial parenchyma cells and predominance
of confluent axial parenchyma. Anadenantheroxylon
and Piptadenioxylon show differences in the
development of confluent axial parenchyma, rays

with more than one cell wide and large intervessel
pits (Suguio & Mussa, 1978; Brea et al., 2001). In
Menendoxylon, Menendoxylon vasallensis (sensu
Lutz, 1979) differs by having irregularly storied
rays and rays three cells wide. Cylicodiscuxylon
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paragabunensis differs by having a predominance
of rays two cells wide, prismatic crystals in the
parenchyma and a low density of vessels (Moya &
Brea, 2015). This comprehensive review of fossil
woods of the Piptadenia group demonstrates the
uniqueness of the new species described in this article,
Pseudopiptadenioxylon uniseriatum, and related to
the extant Pseudopiptadenia.

GENUS MICROLOBIUSXYLON FRANCO & BREA

Type species Microlobiusxylon paranaensis
Microlobiusxylon parafoetidus sp. nov. Ramos, Brea,
Krohling & Contreras (Fig. 4A-1).

Etymology: The specific name parafoetidus is due to
its affinity with the extant species Microlobius foetidus
Sousa & Andrade.

Figure 4. Microlobiusxylon parafoetidus sp. nov. Ramos Brea Krohling & Contreras. (Material examined CIDPALBO-MEG

123-CIDPALBO-MIC 1546). A, T'S Wood diffuse-porous. Axial parenchyma aliform and marginal, 200 pm. B, TLS crystals

in chambered axial parenchyma cells, 20 pm. C, RLS simple perforation plates, 100 pm. D, TLS rays, vessel elements and

cells per parenchyma strand, 100 pm. E, RLS general view showing homocellular rays and axial parenchyma, 100 pm. F, TS
detail of confluent axial parenchyma, 100 pm. G, TLS detail of vestured and alternate intervessel pits (SEM), 10 pm. H, RLS
detail of procumbent cells, 20 pm. I, RLS detail of vessel-ray pits with distinct borders (SEM), 10 pm.
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Species diagnosis: Growth ring boundary, demarcated
by narrow marginal parenchyma bands of three to five
cells wide. Wood diffuse-porous. Intervessel pits small
to medium. Axial parenchyma vasicentric, aliform and
confluent; axial parenchyma apotracheal marginal. Rays
exclusively uniseriate, occasionally rare with up to three
cells wide. Crystals in chambered axial parenchyma cells.

Holotype: CIDPALBO-MEG 141—CIDPALBO-MIC
1564 (three microscopic slides).

Paratype: CIDPALBO-MEG 123—CIDPALBO-MIC
1546 (six microscopic slides).

Repository: Laboratorio de Paleobotanica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: E1 Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria InsideWood: 5p 13p 29p 66p 79p 80p
83p 81p 97p 104p 106p 136p 142p 25p 41p 47p 52p 92p
115p (IAWA features).

Description

Growth ring boundary, demarcated by narrow axial
parenchyma marginal and occasionally development of
fibres with thicker walls (Fig. 4A). Wood diffuse-porous.
Vessels solitary (84%) and in radial multiples of two
and three elements (16%), are circular to oval in outline,
tangential diameter 86 (33—127) pum, radial diameter
85 (38-153) pum, walls 9 (5-13) pm thick, 12 (eight to
15) vessel/mm?, vessel elements length 225 (125-260)
pm, perforation plates simple, with oblique end walls
(Fig.4C, F), intervessel pits alternate, vestured and oval,
diameter 9 (6-10) pm (Fig. 4G). Vessel-ray parenchyma
pits small (2-5 pm diameter) (Fig. 41). Tyloses or/and
other deposits are present in vessels (Fig. 4A, F).

Axial parenchyma paratracheal aliform, vasicentric
and confluent; axial parenchyma scanty apotracheal
marginal (Fig. 4A, F).

Rays eight to 13/mm, uniseriate (90%), rare two to
three cells wide (10%), 25 (17-31) pm in width, height
220 (71-280) pm or 16 (four to 27) cells high, all rays
cells procumbent (Fig. 4C-E, H).

Fibres non-septate, and occasionally rare are septate,
polygonal, angular and oval in outline, diameter 12
(7-18) pm and thick-walled (Fig. 4B, D). Crystals in
chambered axial parenchyma cells, one crystal per
chamber (Fig. 4B, E).

Affinity and comparisons

The following quantitative and qualitative characters
observed in the fossil woods were input with zero

allowed mismatches: 5p 13p 29p 66p 79p 80p 83p
81p 97p 104p 106p 136p 142p 25p 41p 47p 52p 92p
115p. The results of this search comprised five species:
three Combretaceae [Terminalia subserrata H.Perrier,
T. seyrigii (H.Perrier) Capuron and 7. seyrigii var.
divaricatopsis Capuron], which differ by having
crystals in rays, axial parenchyma and fibres, and rays
are heterocellular and the axial parenchyma is scarce
(Detienne & Jacquet, 1983); Pericopsis elata (Harms)
Meeuwen (Fabaceae), which differs by having stratified
structure (Gasson, 1994); and Parapiptadenia excelsa
(Griseb.) Burkart differs by having rays three cells
wide (Tortorelli, 1956).

The features of fossil material place them in the
Piptadenia group in the genus Microlobius (Tortorelli,
1956; Brazier, 1958; Evans et al., 2006). In fact, the
features (alternate and vestured intervessel pits,
vasicentric, confluent and marginal axial parenchyma,
uniseriate and homocellular rays, crystals in the axial
parenchyma) identified by Tortorelli (1956) are shared
with Microlobiusxylon parafoetidus or supplementary.

Comparisons with fossil woods

Table 1 expresses the differences between fossil genera
with Microlobiusxylon parafoetidus: Menendoxylon and
Anadenantheroxylon have medium to large intervessel
pits and a low proportion of axial parenchyma.
Piptadenioxylon differs by having rays two to three
cells wide and only vasicentric axial parenchyma
(Suguio & Mussa, 1978).

Cylicodiscuxylon paragabunensis differs by having a
predominance of rays two cells wide, small intervessel
pits and lack of marginal or terminal axial parenchyma
(Moya & Brea, 2015).

In general, the specimens are related to
Microlobiusxylon, although the variations in the
axial parenchyma are remarkable. Microlobiusxylon
parafoetidus has frequent confluent axial parenchyma,
intervessel pits ¢. 6 pm in diameter and crystals in
chambered axial parenchyma cells. These features
are in Microlobius foetidus. Microlobiusxylon
paranaensis has growth ring boundaries absent,
but rays up to 520 pm long, high vessel density/mm?
and minute intervessel pits, features not observed in
Microlobiusxylon parafoetidus. Therefore, a new fossil
species, Microlobiusxylon parafoetidus, is proposed
that is closely related to the modern Microlobius
foetidus (sensu Tortorelli, 1956).

GENUS ANADENANTHEROXYLON (BREA, ACENOLAZA
& ZUCOL) EMEND. FRANCO & BREA (FRANCO & BREA,
2013).

Type species Anadenantheroxylon villaurquicense
Brea, Acefiolaza & Zucol (Brea et al., 2001).
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Figure 5. Anadenantheroxylon kurupaum sp. nov. Ramos Brea Krohling & Contreras. (Material examined CIDPALBO-
MEG 137-CIDPALBO-MIC 1560). A, TS diffuse-porous, vasicentric axial parenchyma, 200 pm. B, RLS general view showing
homocellular rays composed by procumbent cells, 100 pm. C, TLS detail of rays, 100 pm. D, T'S detail of vessels and aliform
axial parenchyma, 100 pm. E, TLS detail of uniseriate rays, 100 pm. F, TLS detail of prismatic crystals in chambered axial
parenchyma cells, 20 pm. G, RLS detail of vessel-ray pits with distinct borders, 10 pym. H, T'S detail of vessel element short
and rays uni-biseriate, 20 pm. I, RLS detail of medium to small, bordered, alternate, oval and vestured intervessel pits,

10 pm. J, T'S detail of vestured intervessel pits, 10 pm.

Anadenantheroxylon kurupaum sp. nov. Ramos,
Brea, Krohling & Contreras (Fig. 5A—J).

Etymology: The specific name, kurupaum, refers to
the Guarani term ‘Kurupa’y’ for a hardwood tree, and
it also has a more complex connotation in the culture.
Some Anadenanthera spp. are also part of the cultural
heritage and used for rituals and medicine or seen as

holy trees by groups of native South American people,
such as Guarani and Wichi.

Species diagnosis: Growth ring boundary, demarcated
by axial parenchyma marginal narrow and by radially
flattened latewood fibres. Intervessel pits small to
medium. Axial parenchyma paratracheal, vasicentric,
aliform (rhomboidal shape), and apotracheal diffuse
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and marginal. Rays one to three cells wide. Crystals in
chambered axial parenchyma cells.

Holotype: CIDPALBO-MEG 137—CIDPALBO-MIC
1560 (three microscopic slides).

Repository: Laboratorio de Paleobotanica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: E1 Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria InsideWood: 5p 13p 22p 29p 30p 58p
61p 70p 71p 76p 79p 80p 81p 83p 91p 92p 97p 104p
115p 136p 138a 142p (IAWA features).

Description

Growth ring boundary, demarcated by parenchyma
marginal narrow and radially flattened and slightly
thick-walled fibres, in some sectors (Fig. 5A). Wood
diffuse-porous. Vessels solitary (66%) and in radial
multiples of two (21%) and of three elements (12%),
circular to oval in outline in cross-section (Fig. 5A, D),
tangential diameter 108 (46—-183) pym,radial diameter
121 (50-216) pm, thin walls 12 (7-15) pm thick, 11
(seven to 18)/mm?2. Tyloses or/and other deposits are
present in vessels (Fig. 5A). Vessel elements length
256 (177-400) pm. Perforation plates simple, with
horizontal to oblique end walls (Fig. 5H). Intervessel
pits oval, alternate and vestured, diameter 7 (5-10)
pm (Fig. 51, J). Vessel-ray parenchyma pits similar
in shape to intervessel pits, but smaller in size
(Fig. 5G).

Axial parenchyma abundant paratracheal
vasicentric, aliform (rhomboidal shape), confluent;
axial parenchyma apotracheal diffuse and marginal
(Fig. 5A, D).

Rays ten (eight to 15)/mm, two cells wide (61%),
uniseriate (30%) and scanty with three cells wide (9%),
32 (20-56) pm in width, height 245 (88-381) pm or 14
(four to 24) cells high, are low and narrow; all rays
cells procumbent (Fig. 5B, C, E).

Fibres, non-septate and rarely septate, are polygonal,
angular and oval in outline, diameter 13 (8—20) pm
and thick-walled (Fig. 5B, F).

The crystals are present in chambered axial
parenchyma cells, with one crystal per chamber
(Fig. 5F).

Affinity and comparisons

Adding fossil wood characteristics, such as 5p 13p
22p 29p 30p 58p 61p 70p 71p 76p 79p 80p 81p

83p 91p 92p 97p 104p 115p 136p 138a 142p in an
InsideWood database search with no mismatches
allowed, resulted in a group of species matching the
selected characteristics: Colophospermum mopane
(Kirk ex Benth.) J.Léonard, which differs from
Anadenantheroxylon kurupaum by having axial
parenchyma in narrow bands and vessels in radial
arrangement (Gasson et al., 2003); Prosopis juliflora
(Sw.) DC., which differs by having multiseriate rays
and helical thickenings in vessel elements (Evans
et al., 2006); and Xylia xylocarpa (Roxb.) Taub., which
differs by having high rays and vessels arrangement
in radial pattern (Pearson & Brown, 1932).
Anadenantheroxylon kurupaum is more compatible
with Anadenanthera and with A. colubrina (Vell.)
Brenan, the correlation of features is expressed
in diagnosis (Tortorelli, 1956; Richter & Dallwitz,
2000). Anadenanthera colubrina var. cebil (Griseb.)
Altschul that inhabits the Pantanal of Mato Grosso
(the world’s largest wetland, Brazil), has rays one
to three cells wide (rarely four cells wide) without
prismatic crystals, axial parenchyma vasicentric,
aliform and confluent with crystals, features
perceived in Anadenantheroxylon kurupaum (Pévoa
de Mattos, 2003; Evans et al., 2006). The wood of
Anadenanthera colubrina, studied by Guimaraes
(2009) in the Rio de Janeiro area (Brazil), only differs
by having prismatic crystals in fibres. According to
this comparison, Anadenantheroxylon kurupaum
is most closely related to Anadenanthera colubrina
from the Pantanal, Mato Grosso (P6voa del Mattos,
2003).

Comparisons with fossil woods

Dalbergioxylon Ramanujam (Ramanujam, 1960) is
assigned to Papilionoideae and has storied structure
and banded axial parenchyma. These features
are absent in Anadenantheroxylon. Menendoxylon
vasallensis Lutz (Lutz, 1979) and Piptadenioxylon
(Suguio & Mussa, 1978) differ by having partial storied
structure and axial parenchyma with short bands,
not observed in the Anadenantheroxylon kurupaum.
Albizzium Prakash differs in the type of intervessel
pits, diffuse axial parenchyma and fibres septate
(Prakash, 1973).

Microlobiusxylon differs from Anadenantheroxylon
kurupaum by having rays one or two cells wide and
with small intervessel pits (Franco & Brea, 2011).
The new species Pseudopiptadenioxylon uniseriatum
differsbyhaving a predominance of uniseriaterays and
strand parenchyma with more than eight cells and the
absence of crystals. Anadenantheroxylon kurupaum
differs from Cylicodiscuxylon paragabunensis by
having marginal axial parenchyma, scarce proportion
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of parenchyma axial, and low vessels per mm?
(Moya & Brea, 2015).

Anadenantheroxylon kurupaum sp. nov. has features
that place it in the Anadenantheroxylon fossil genus.
However, Anadenantheroxylon villaurquicense differs
from Anadenantheroxylon kurupaum and from the
extant Anadenanthera colubrina by the absence
of diffuse axial parenchyma, two to four cells per
parenchyma strand and the predominance of small
to medium intervessel pits (Tortorelli, 1956; Mattos
et al., 2003; Scheel-Ybert & Gongalves, 2017).

TRIBE INGEAE

GENUS CHLOROLEUCOXYLON GEN. NOV. RAMOS,
BREA, KROHLING & CONTRERAS

Type species: Chloroleucoxylon yukeriense gen. nov. &

sp. nov. Ramos, Brea, Krohling & Contreras.
Chloroleucoxylon yukeriense gen. nov. & sp. nov.

Ramos, Brea, Krohling & Contreras (Fig. 6A—J).

Etymology: The generic name, Chloroleucoxylon,
refers to its affinity with the genus Chloroleucon

Figure 6. Chloroleucoxylon yukeriense gen. nov. & sp. nov. Ramos Brea Krohling & Contreras. (Material examined
CIDPALBO-MEG 117-CIDPALBO-MIC 1540). A, TS general view showing vessel distribution, axial parenchyma and
growth rings (arrow), 500 pm. B, T'S detail of confluent axial parenchyma, 100 pm. C, TLS detail of uniseriate rays, non-
septate fibres and diffuse axial parenchyma (arrow), 20 pm. D, T'S detail of marginal axial parenchyma (arrow), 20 pm. E,
TLS detail ray surrounded by parenchyma strand (arrow), 20 pm. F, TLS detail of alternate and vestured intervessel pits,
10 pm. G, detail of vessels with aliform and diffuse axial parenchyma, 100 pm. H, TLS rays and parenchyma stand (arrow),
100 pm. I, RLS detail of procumbent cells (SEM), 50 pm. J;, TLS detail of vestured intervessel pits (arrow), 10 pm.

© 2022 The Linnean Society of London, Botanical Journal of the Linnean Society, 2022, 200, 491-523

GZ0g 1snBny g0 U0 158NnB AQ | 68EZ99/161/7/00Z/2191HE/UBSUUIOG/WOS"ANO"DILISPEDE//:SARY WO.) PAPEOUMOQ



506 R.SOLEDAD RAMOS ET AL.

(Benth.) Britton & Rose. The specific epithet,
yukeriense, refers to the Guarani word ‘yukeri’ which
means spiny plant.

Genus and species diagnosis: Growth ring boundary,
demarcated by axial parenchyma in narrow bands or
lines up to three cells wide. Intervessel pits medium-
small. Axial parenchyma paratracheal vasicentric,
aliform and confluent; axial parenchyma apotracheal
diffuse and marginal in narrow bands. Rays one cell
wide (or uniseriate). Fibres non-septate. Two cells
per parenchyma strand and more than eight cells per
parenchyma strand.

Holotype: CIDPALBO-MEG 117—CIDPALBO-MIC
1540 (three microscopic slides).

Repository: Laboratorio de Paleobotanica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: E1 Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria InsideWood: 5p 13p 22p 23p 25p 29p
30p 52p 61p 66p 69p 76p 79p 80p 81p 83p 91p 104p
136a (see codification in InsideWood, 2004-onwards).

Description

Growth ring boundary, demarcated by axial
parenchyma in narrow bands or lines up to three cells
wide. Wood diffuse-porous. vessels solitary (80%), in
radial multiples of two elements (14%) and of three
to five elements (7%), tangential diameter is 75
(836—-114) pm, radial diameter 89 (38-135) pm, thin
walls 8 (4-12) um thick, 10 (7-12)/mm? (Fig. 6A, B).
Vessel elements length 170 (115-250) pm. Perforation
plates simple, with oblique end walls. Intervessel pits
alternate, vestured medium and oval, diameter 8 (7-9)
pm (Fig. 6F, J).

Axial parenchyma paratracheal vasicentric,
aliform to confluent and confluent; axial parenchyma
apotracheal diffuse and marginal in narrow bands or
lines up to three cells wide (Fig. 6A, B, D, G).

Rays ten (nine to 12)/mm, one cell wide (90%), 33
(18-38) pm in width, height 190 (60-375) pm or
12 (three to 26) cells. All ray cells are procumbent
(Fig. 6C,E, H, 1.

Fibres non-septate, oval, circular to polygonal in
outline, diameter 9 (6—13) pm and thick-walled (Fig.
6C, D). Parenchyma strands with two to eight or rarely
more cells, without crystals (Fig. 6E, H).

Affinity and comparisons

An initial InsideWood search, with no mismatches
allowed, was undertaken using the following general
suite of features common to the specimen: 5p 13p 22p
23p 25p 29p 30p 52p 61p 66p 69p 76p 79p 80p 81p
83p 91p 104p 136a. We compared the results with
the following taxa: Terminalia avicennioides Guill.
& Perr. differs from Chloroleucoxylon yukeriense by
having intercellular canals of traumatic origin and
heterocellular rays. Pterogyne nitens Tul. differs
by having a storied structure (Mattos et al., 2003).
Chloroleucoxylonyukerienseisrelatedto Chloroleucon.
In this genus, Chloroleucon tenuiflorum (Benth.)
Barneby & Grimes differs by having a predominance
of rays two to three cells wide (Tortorelli, 1956).
However, Chloroleucoxylon yukeriense is closely
related to Chloroleucon mangense Britton & Rose
by having uniseriate rays, non-septate fibres
and the same type of intervessel pits, and it only
differs by having crystals (Cassens & Miller, 1981;
Evans et al., 2006).

Comparisons with fossil woods

Chloroleucoxylon yukeriense was compared with the
more related fossil taxa. They integrate entities of
Mimosae and Ingae: Menendoxylon differs by having
species with rays up three cells wide and low, which
does not exceed 300 pm in height. A species in the
genus has a partial storied structure in the rays; this
does not occur in Chloroleucoxylon yukeriense.

Crystals and strand parenchyma with more than
eight cells are well represented in Microlobiusxylon
parafoetidus but absent in Chloroleucoxylon yukeriense
and Anadenantheroxylon kurupaum. Zygiaxylon
amazonicum Kloster, Gnaedinger &Adami-Rodrigues
has crystals and rays more than one cell wide (Kloster
et al., 2015), features not present in Chloroleucoxylon
yukeriense.

Chloroleucoxylon yukeriense has marginal and
diffuse axial parenchyma and short (< 350 pm) vessels.
These features are not observed in Abaremaxylon
hydrochorea Moya & Brea (Moya & Brea, 2015) or
Pseudopiptadenioxylon uniseriatum. Ingoxylon sahnii
Miiller-Stoll & Mé#del mainly differs by having banded
axial parenchyma and multiseriate rays (Miiller-
Stoll & Midel, 1967). Paraalbizioxylon caccavariae
Martinez differs by having rays more than one cell
wide and scanty axial parenchyma (Martinez, 2014).
Paraalbizioxylon yunnanensis differs mainly by
having banded axial parenchyma and rays with more
than one cell wide (Cheng et al., 2018).

After detailed comparison with fossil and modern
species, we found this morphotype resembles the
extant species Chloroleucon mangense. The discussion
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we present here justifies the erection of a new fossil
genus and species, Chloroleucoxylon yukeriense.

GENUS ENTEROLOBIUMOXYLON PEREZ-LARA,
ESTRADA-RUIZ & CASTANEDA-POSADAS

Type species Enterolobiumoxylon vassalloae sp. nov.
Ramos, Brea, Krohling & Contreras.

Enterolobiumoxylon vassalloae sp. nov. Ramos, Brea,
Krohling et Contreras (Fig. 7TA-K).

Etymology: The specific epithet, vassalloae, after
Cristina Vassallo de Cettour in recognition of her
significant and extensive work on fossils collection.

Species diagnosis: Growth ring boundary, demarcated
by narrow marginal parenchyma bands and radially
flattened and slightly thick-walled fibres. Intervessel
pits medium-large. Axial parenchyma vasicentric
paratracheal, aliform to confluent; axial parenchyma
apotracheal diffuse and marginal. Rays one to three
cells wide, all ray cells procumbent. Fibres non-septate.
Parenchyma strand of five or more cells.

Holotype: CIDPALBO-MEG 110, CIDPALBO-MIC
1367 (three microscopic slides).

Repository: Laboratorio de Paleobotanica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: El Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria InsideWood: 5p 13p 22p 29p 30p 53p
61p 65p 66p 69p 76p 79p 80p 81p 92p 93p 97p 104p
131a (IAWA features).

Description

Growth ring boundary, demarcated by narrow marginal
parenchyma bands and radially flattened and slightly
thick-walled fibres (Fig. 7A). Wood diffuse-porous.
Solitary vessels (73%), in radial multiples of two
(21%) and three cells (6%) circular to oval in outline
tangential diameter 133 (75—-178) pm, radial diameter
146 (38-275) pm, thin walls 12 (8-15) pm thick 7
(4-10)/mm?2. Tyloses or/and other deposits in vessels
(Fig. 7A, D). Vessel element length 312 (125-550) pm,
are short. Perforation plates simple, with horizontal
to oblique and appendix visible end walls. Intervessel
pits alternate, vestured and oval, diameter 10 (7-12)
pm (Fig. 7C, E, F, I-K). Vessel-ray parenchyma pits
similar to intervessel pits (Fig. 7G).

Axial parenchyma paratracheal vasicentric and
aliform, rare confluent; axial parenchyma apotracheal
diffuse and marginal (Fig. 7A, D, E).

Rays 12 (seven to 17)/mm, two cells wide (70%), one
cell wide (20%) and three cells wide (10%), 35 (15-64)
pm in width, 203 (50-750) pm in height or 15 (two to
38) cells high that are low and narrow; homocellular
rays formed by procumbent cells (Fig. 7B, E, G, H).

Fibres non-septate and septate, irregularly arranged,
oval, circular to polygonal outline, diameter 15 (6—23)
pm thick and thin-walled, diameter 4 (2-5) pm thick.
Parenchyma strand of five or more cells (Fig. 7E).

Affinity and comparisons

A subsequent InsideWood search using this set of
features was conducted: 5p 13p 22p 29p 30p 53p
61p 65p 66p 69p 76p 79p 80p 81p 92p 93p 97p 104p
131a. This search retrieved two species related to
Samanea leptophylla (Harms) Brenan & Brummitt,
and Xylia xylocarpa (Roxb.) Taub. (Ingeae), but these
were eliminated, due to the following differences: the
former has minute intervessel pits and predominance
of confluent axial parenchyma (Louppe, Oteng-
Amoako and Brink, 2008), and Xylia xylocarpa has
crystals in cells per parenchyma strand and abundant
axial parenchyma confluent (Pearson & Brown, 1932).
The anatomy of Enterolobium schomburgkii Benth.,
as described in Evans et al. (2006) and Ledén (2008),
matches Enterolobiumoxylonn vassalloae sp. nov.
because it has diffuse axial parenchyma, which is not
present in Enterolobium contortisiliquum described
by Tortorelli (1956). Hence, the only feature that
differentiates Enterolobiumoxylon vassalloae from
E. contortisiliquum (Vell.) Morong is the absence of
diffuse axial parenchyma (Cozzo, 1951; Metcalfe &
Chalk, 1950; Tortorelli, 1956; Tomazello Filho et al.,
1983; Evans et al., 2006; Lima et al., 2009).

Comparisons with fossil woods

Albizinium Prakash differs by having larger rays
commonly four to ten cells wide and axial parenchyma
with prismatic crystals (Prakash, 1973; Guleria,
1984). Albizia differs by having heterocellular and
multiseriate rays (Prakash & Barghoorn, 1961).

Ingoxylon Mueller-Stoll and Maedel differs by having
minute intervessel pits, banded axial parenchyma
and multiseriate rays (Miiller-Stoll & Méadel, 1967),
Paraalbizioxylon caccavariae differs by having vessels
in diagonal and/or radial pattern, prismatic crystals
and lacking confluent axial parenchyma (Martinez,
2014). Zygiaxylon amazonicum mainly differs by
having uniseriate rays, crystals and minute intervessel
pits (Kloster et al., 2015).
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3

Figure 7. Enterolobiumoxylon vassalloae sp. nov. Ramos Brea Krohling & Contreras. (Material examined CIDPALBO-
MEG 110-CIDPALBO-MIC 1367). A, TS general view of marginal axial parenchyma and growth rings, 200 pym. B, TLS
general view of ray width one to three cells, 200 pm. C, RLS general view homocellular rays and vessel elements, 200 pm. D,
TS vessels in radial multiples of two and solitary, vasicentric and diffuse axial parenchyma (arrow), 100 pm. E, TLS detail
of vasicentric axial parenchyma (arrow), 100 pm. F, TLS element vessel and intervessel pits, 20 pm. G, RLS vessel-ray pits
with distinct borders; similar to intervessel pits in size and shape throughout the ray cell, 20 pm. H, TLS detail of rays,
100 pm. I, TLS detail of vessel element short (SEM), 80 pm. J, TLS detail of vestured intervessel pits (SEM), 20 pm. K, TLS
detail of alternate and vestured intervessel pits (SEM), 10 pm.
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Pons & De Franceschi (2007) describe a fossil
cf. Ingeae from sediments of the Pebas Formation
in Peru (Miocene). For the same geological epoch
Martinez(2014) describes ‘cf. Ingeae’in the Chiquimil
Formation (Catamarca province, Argentina). Both
differ mainly by having prismatic crystals and storied
structureandtheabsence ofdiffuse axial parenchyma.
Abaremaxylon hydrochorea has uniseriate and
short rays, small to minute intervessel pits, and
crystals in axial parenchyma (Moya & Brea, 2015),
features that are not present in Enterolobiumoxylon
vassalloae.

Chloroleucoxylon yukeriense differs by having small
to medium intervessel pits, and a low proportion of
diffuse axial parenchyma. In Pseudopiptadenioxylon
and Microlobiusxylon uniseriate rays dominate; this
does not occur in Enterolobiumoxylon vassalloae.
Recently, a fossil related to Enterolobium was
described. It is Enterolobiumoxylon triserial Pérez,
Herndndez, Romero-Saltos, Valencia from the Lower
Eocene (El Bosque Formation, Chiapas, Mexico); there
are some characters such as crystalliferous septate
parenchyma, growth ring boundaries not found and
marginal axial parenchyma not present (Pérez-Lara
et al., 2021), which differ from Enterolobiumoxylon
vassalloae.Therefore, we conclude that the combination
of anatomical features establishes a close relationship
with the modern Enterolobium and propose the
creation of a new fossil entity: Enterolobiumoxylon
vassalloae.

GENUS CEDRELINGA DUCKE

Type species Cedrelinga catenaeformis Ducke
Cedrelinga paleocatenaeformis sp. nov. Ramos, Brea,
Krohling & Contreras (Fig. 8A-L).

Etymology: Specific epithet, palaeocatenaeformis
refers to its affinity with Cedrelinga catenaeformis.

Species diagnosis: Growth ring boundary, demarcated
by narrow marginal parenchyma bands and by
solitary vessel arrangements. Wood diffuse-porous.
Solitary large vessels and radial multiples. Intervessel
pits medium to large. Axial parenchyma paratracheal
vasicentric to aliform and scarce confluent;
axial parenchyma apotracheal. Rays uniseriate,
homocellular, composed exclusively of procumbent
cells. Fibres non-septate. Parenchyma strands of two
to eight cells.

Holotype: CIDPALBO-MEG 127—CIDPALBO-MIC
1550.

Paratype: CIDPALBO-MEG 139—CIDPALBO-MIC
1562 (ten microscopic slides).

Repository: Laboratorio de Paleobotdnica, CICYTTP
(CONICET-Prov. ER-UADER).

Stratigraphic unit: E1 Palmar Formation, Late
Pleistocene.

Locality: Arroyo Yuqueri, Entre Rios province,
Argentina.

Search criteria InsideWood: 13p 26p 29p 30p 66p
76p 79p 80p 83p 93p 96p 97p 104p 115p 136a (see
codification in InsideWood, 2004-onwards).

Description

Growth ring boundary, demarcated by narrow
marginal parenchyma bands and by an arrangement
of vessels solitary. Wood diffuse-porous. Vessels solitary
(72%), in series multiples of two elements (16%), of 3
to 7 elements (15%), tangential diameter 133 (45-216)
pm, radial diameter 144 (38—-254) pm, thin walls 14
(8-21) thick, 8 (4—12)/mm?2, oval to-circular in outline
(Fig. 8A, E). Tyloses or/and other deposits in vessels
(Fig. 8A, E). Vessel element length 260 (127—400) pm.
Perforation plates simple, with horizontal end walls
(Fig. 8C). Intervessel pits alternate, vestured and oval,
mean diameter 9 (7-11) pm, are medium to large (Fig.
8J-L). Vessel-ray parenchyma pit similar in shape and
size to intervessel pits (Fig. 81).

Axial parenchyma paratracheal vasicentric to
aliform, confluent; axial parenchyma apotraqueal
marginal and rare diffuse (Fig. 8E).

Rays ten (seven to 12)/mm, one cell wide (92%) and
uniseriate with partially two cells wide (8%), width
31 (15-50) pm, height 318 (45—-699) pm or 15 (two to
40) cells high. All cells procumbent (Fig. 8B-D, H, I).
Fibres non-septate, polygonal, angular and oval in
outline, diameter 18 (10-30) pm (Fig. 8D, F, H). Strand
parenchyma of two to eight cells (Fig. 8G).

Affinity and comparisons

InsideWood database was searched to obtain a list
of extant species with the following combination of
features that occur in the fossil wood: 13p 26p 29p 30p
66p 76p 79p 80p 83p 93p 96p 97p 104p 115p 136a with
no allowable mismatches. According to the results of
this search, the fossil woods were related to Cedrelinga
catenaeformis.

Muiniz et al. (2012) described the anatomy of
Cedrelinga from northern Mato Grosso (Brazil), with
small intervessel pits and scarce axial parenchyma,
whereas Leon (2008) in southern Venezuela observed
that C. caterniformis has medium to large intervessel
pits (11 pm) and aliform, vasicentric and diffuse axial
parenchyma. Valderrama Freyre (1998) compared the
branch and stem anatomy of the xylem of Cedrelinga
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Figure 8. Cedrelinga paleocatenaeformis sp. nov. Ramos Brea Krohling & Contreras. (Material examined CIDPALBO-
MEG 127-CIDPALBO-MIC 1550: A, C, D, E, G, I, K, L; CIDPALBO-MEG 139-CIDPALBO-MIC 1562: B, F, H, J). A, TS
general view showing vessel distribution, axial parenchyma, 400 pm. B, RLS general view of homocellular rays, 200 pm. C,
TLS detail of uniseriate rays, 100 pm. D, TLS parenchyma strand without crystals (arrow) and uniseriate rays, 100 pm. E,
TS vessels solitary and aliform axial parenchyma, 200 pm. F, RLS procumbent cells and non-septate fibres, 20 pm. G, TLS
detail of parenchyma strand and rays, 20 pm. H, TLS detail of uniseriate rays, 20 pm. I, RLS vessel-ray pits with distinct
borders; similar to intervessel pits in size and shape throughout the ray cell, 10 pm. J, TLS detail of alternate and vestured
intervessel pits, 20 pm. K, TLS detail of vestured intervessel pits (arrow), 10 pm. L, TLS detail of vestured and alternate
intervessel pits (arrow), 10 pm.
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in samples from tropical humid forest in the Peruvian A, E oY~ HIBLOoOO OO MmO O
Amazon. Some features of the trunk were adjusted § £ § § ﬁ E § § § § § E § §
to the wood fossil under study, e.g. small to medium
intervessel pits, uniseriate rays, non-septate fibres and
type of axial parenchyma and the absence of crystals. a, E 2228828823533
Evans et al. (2006) observed septate fibres in their S g | PORMORRG I
species, that are absent in the fossil wood studied here.
In conclusion, Cedrelinga paleocatenaeformis has more
similarities with the species described by Valderrama % E R s
Freyre (1998) and Ledn (2008). S|P SHRRNS oA
Comparisons with fossil woods .
The material was compared with fossil taxa g VR FIIIane
relating to modern species of Ingeae and Mimoseae.
Enterolobiumoxylon vassalloae differs because of the
dominance of diffuse axial parenchyma and rays one to O
three cells wide. Anadenantheroxylon differs by having &
large intervessel pits, abundant axial parenchyma = TRRRRRIERTRS
and fibres (Brea et al., 2001; Franco & Brea, 2013).
Ingoxylon differs by having banded axial parenchyma e
and multiseriate rays (Miiller-Stoll & Méadel, 1967). o | wowmoeoooama o 2
Ingoxylon bavaricum Selmeier differs by having minute SRS I R R R R B R $
intervessel pits, tracheids and septate fibres (Selmeier, é
1973). Ingoxylon nathorstii (Schuster) Miiller-Stoll & B g
Maédel [=Paraalbizioxylon nathorstii (Schuster) Gros.] ) &
differs by having septate axial parenchyma and lack % A ~ A =
of diffuse and confluent axial parenchyma (Schuster, A HEAMSSEEE®® *m = g
1910). cf. Ingeae differs by having septate fibres and 3
small intervessel pits (Pons & De Franceschi, 2007). S
The fossil of the Chiquimil Formation cf. Ingeae g E %
mainly differs by having prismatic crystals in axial = 8 S8 A& s é S EAS %
parenchyma and storied structure (Martinez, 2014). = &8 NN NNNNANNANN E 8
Abaremaxylon hydrochorea differs by having low j»-j g E E E E E % % % E % % w %
rays < 13 cells wide, unilateral axial parenchyma and =
crystals (Moya & Brea, 2015). g
It has been recently found that the fossil species g, N
.. . . = w . =
Paraalbizioxylon yunnanensis Cheng, Wang, Liu, S g 2 . g
Jin, Mehrotra, Jiang & Li of the Pliocene fluvial- g 5 3 @ 3, %cL § %
lacustrine sediments from China differs by having a = ° ~§ S £ (g £ 5 %
predominance of uniseriate and low rays and small § 2 8 g 3 g < 5 25 § 2 %
to minute intervessel pits (Cheng et al., 2018). The "& gos‘;? B3 § % § E < % g § &
fossil woods from the El Palmar Formation differ 2 o g § % B0 g § *§ g § *§ § 3 E
from previously described fossil species. Hence, g E U S Q: S : LE S é < 2
they are assigned to the new species Cedrelinga < - z
paleocatenaeformis, which has a close affinity with the 5 fé
modern Cedrelinga catenaeformis. § § < :2’; _g
<= BS] S <
E g IS ~§ '§ -2 “§ g § g g gi
THE NEAREST LIVING RELATIVE AND COEXISTENCE < | B S £3 288363 %o 8
APPROACH METHODS g @ § % g § % %b .g 3 § g %?5 %
The CA suggests that during some climatic events of % § Ng *§ g §§ g E g g §§ s g § %
the Late Pleistocene related to the development of the 5135 SSSESRSEFS &R g%m
palaeoflora of the Arroyo Yuqueri fossiliferous locality, ﬁ < ggﬁ
the MAT estimated for the Uruguay fluvial belt was c. = ﬁg g
22-28°C (Table 2, Fig. 9). This range of temperatures & I = e o ) BT
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Figure 9. Palaeoclimatic values estimated by using the coexistence approach method with data derived from NLRs.

is consistent with that of woodland formations at
lower latitudes (c. 28° and 25° S latitude) such as
the Paranaense biogeographic province (Arana et al.,
2021). CA showed an estimated MAP between 1300
and 1500 mm/year, (Table 2, Fig. 9), indicating that
during some phases of the Late Pleistocene the forests
developed in the upper/middle Uruguay River Basin
under humid conditions.

VULNERABILITY AND MESOMORPHY INDICES

The VI for fossil woods ranges from seven to 19, while
MI is between 592 and 1270 (Table 1). These relatively
high values suggest that some phases of the Late
Pleistocene were characterized by environments with
high water availability and that Caesalpinioideae
woods can be interpreted as mesophytes or hydrophytes
in terms of xylem structure. The results the VI and MI
indices indicate these plants had an efficient water
conduction system.

PROCRUSTES ANALYSIS

GPA results showed a significant consensus (75%)
between the ordinations based on qualitative and
quantitative features measured on fossil woods.
Principal component 1 (PC 1, 58.5%) and 2 (PC 2,
41.5%) accounted for 100% of the total variation.
Overall, taking into account PC 1 with 58.5% of
the explained variability, both fossils and NLRs from
the same tribe were associated (Fig. 10). The taxa
assigned to Ingeae, fossil and modern, grouped each
other on the positive axis, or near it, whereas the fossil
and modern Mimosae were grouped on the negative

axis. There were exceptions, such as Chloroleucoxylon
yukeriense (white cross 3) and Chloroleucon mangense
(white diamond 1), which were grouped with
Mimoseae. Chloroleucon tenuiflorum (white diamond
2) remained associated with all species of Ingeae
(fossil and modern).

Another exception was the association of
Pseudopiptadenia psilostachya (black triangle 3) and
Anadenanthera peregrina Speg (black diamond
2) with species of Ingeae on the positive axis in PC
1 (see Fig. 10). We performed further analysis to
detect the features that favoured these groupings.
The axial parenchyma and vessel deposits features
showed to have a strong influence on the association
of Chloroleucoxylon yukeriense and Chloroleucon
mangense with fossils related to Mimoseae. Despite
the differences detected in quantitative features,
qualitative features determined this behaviour in the
cluster analysis. In addition, Parapiptadenioxylon
pararigida (black cross 6) has irregularly storied
rays and C. mangense has irregularly storied vessel
elements and axial parenchyma, uncommon features
of the group. Parapiptadenioxylon pararigida and
C. mangense were probably associated because of the
latter features.

As for Anadenanthera peregrina and Pseu-
dopiptadenia psilostachya, qualitative features
(marginal and diffuse axial parenchyma and ray type)
strongly influenced their behaviour in the cluster
analysis (CP 1). The modern species of Parapiptadenia
and its fossil were strongly associated.

The CP 2, with 41.5% of the explained variability,
segregates the fossil taxa, all the Parapiptadenia spp.,
Cedrelinga spp.,Anadenanthera spp. and Chloroleucon
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Figure 10. Procrustes comparison of the qualitative and quantitative features of the fossils and extant species. Fossil species
(crosses): Anadenantheroxylon kurupaum (black cross 1), Cedrelinga paleocatenaeformis (white cross 2), Chloroleucoxylon
yukeriense (white cross 3), Enterolobiumoxylon vassalloae (white cross 4), Microlobiusxylon parafoetidus (black cross 5),
Parapiptadenioxylon pararigida (black cross 6) and Pseudopiptadenioxylon uniseriatum (black cross 7). Modern species:
Albizia inundata (white cube 3), Anadenanthera colubrina (black diamond 1), Anadenanthera peregrina (black diamond 2),
Cadia purpurea (grey circle 1) Cedrelinga catenaeformis-1 (white triangle 1), Cedrelinga catenaeformis-2 (white triangle
2), Cedrelinga catenaeformis-3 (white triangle 3), Chloroleucon mangense (diamond 1), Chloroleucon tenuiflorum (diamond
2), Enterolobium contortisiliquum-1 (circle 1), Enterolobium contortisiliquum-2 (circle 2), Enterolobium contortisiliquum-3
(circle 3), Enterolobium cyclocarpum (circle 4), Enterolobium schomburgkii (circle 5), Geoffroea decorticans (grey circle 2),Inga
alba (white cube 4), Microlobius foetidus (four pointed star), Microlobius foetidus paraguensis (four pointed star), Mimosa
polyantha (black cube 1), Parapiptadenia excelsa (black soul 1), Parapiptadenia rigida-1 (black soul 2), Parapiptadenia
rigida-2 (black soul 3), Pithecellobium saman (synonym: Samanae saman) (white cube 2); Prosopis alpaca (black circle
1), Prosopis kuntzei (black circle 2); Prosopis vinalillo (black circle 3); Pseudopiptadenia contorta-1 (purple triangle 1),
Pseudopiptadenia contorta-2 (black triangle 2), Pseudopiptadenia psilostachya (black triangle 3), Pseudopiptadenia
suaveolens-1 (black triangle 4), Pseudopiptadenia suaveolens-2 (black triangle 5), Vachellia caven (black cube 2) and Zygia
longifolia (white cube 1).

spp. on the positive axis, and most of the modern
species on the negative axis. As it can be observed
(Fig. 10, Appendix) this behaviour of the species
responds to their quantitative features mainly vessel
per mm?, and qualitative features such as type of rays
and particularities of the axial parenchyma.

In the incorporation of nine modern species of the
two tribes from seasonal and tropical environments
(Inga alba — white cube 4—, Mimosa polyantha — black
cube 1—, Pithecellobium saman (Syn Samanea saman)
— white cube 2—, Prosopis alpaca — black circle 1—,
Prosopis kuntzei — black circle 2—, Prosopis vinalillo

— black circle 3—, Vachellia caven — black cube 2— and
Zygia longifolia — white cube 1-), these were grouped
closely with their corresponding tribes, on the negative
axis of CP 2 and away from the fossils (Fig. 10). This
distribution is explained by quantitative features
such as vessels per mm? and quantitative features
such as ray width, ray type and axial parenchyma.
The outgroup taxa (Cadia purpurea — grey circle 1—
and Geoffroea decorticans — grey circle 2—) did not
group with the other ones, the determining features
being vessel parameters, ray height and banded axial
parenchyma.
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DISCUSSION

PALAEOBOTANICAL AND BIOGEOGRAPHIC
SIGNIFICANCE

Fabaceae are distributed worldwide, but
Caesalpinioideae are mainly tropical and subtropical
woody trees, shrubs or lianas with diverse species in
Southeast Asia, Africa and South America (Klitgard &
Lewis, 2010; LPWG, 2017). A small diversity of fossil
species with anatomical features of Caesalpinioideae
from southern South America in the Late
Pleistocene has been recorded (Pujana et al., 2011;
Ramos et al., 2014). The variability in fossil wood
anatomy reflects the wide diversity of Fabaceae in the
Pleistocene in the study area (Brea et al., 2010; Ramos
et al., 2012, 2014, 2017; Ramos, 2015). The increase in
the records of fossil genera in the subfamily and tribes
reduces the knowledge gap between modern and old
diversity of Fabaceae, and the detail and thoroughness
in the analysis and comparisons of qualitative and
quantitative features support a close approximation to
the genera assigned in this work. Indeed, the creation
of fossil genera and fossil species derived from their
NRL is consistent.

Subfamilies of Fabaceae can be differentiated by
wood anatomy (Cozzo, 1951; Metcalfe & Chalk, 1950;
Baretta-Kuipers, 1981). In this work, a partial tribe
differentiation can be observed in Caesalpinioideae
(Fig. 10, Appendix).

The present study adds seven taxa of angiosperms
for the Late Pleistocene of north-eastern Argentina,
based on 11 fossil woods. The analysis of more fossil
woods found in fluvial units of the middle Uruguay
Basin is in progress, but preliminary results indicate
that there are several angiosperm taxa with wood
anatomy resembling that of Mimoseae and Ingeae
(Table 2 and Appendix). They include the fossil genera
Parapiptadenioxylon gen. nov., Pseudopiptadenioxylon
nov. gen., Microlobioxylon parafoetidus sp.
nov., Anadenantheroxylon, Enterolobiumoxylon
vassalloae, Chloroleucoxylon gen. nov. Cedrelinga
paleocatenaeformis sp. nov. and the modern species,
Parapiptadenia rigida, Microlobius foetidus,
Pseudopiptadenia sp., Anadenanthera colubrina,
Enterolobium sp., Chloroleucon mangense and
Cedrelinga catenaeformis, most of which are evergreen
(Table 2).

Ingeae

Three fossil species related to living species of
Chloroleucon, Enterolobium and Cedrelinga were
identified. Phytogeographically, this plant assemblage
grows naturally in areas of South America where
tropical and subtropical species converge, mainly
in Paraguay and Brazil (Aréstegui & Diaz, 1992;

Freitas, Madeiros & Lima, 1992; Evans et al., 2006;
Idarraga-Piedrahita et al., 2011). In Argentina, Ingeae
are represented by 24 species belonging to seven genera.
The group is limited to the rainforest areas, many of
which are typically secondary forests on poorly drained
or periodically flooded soils (Hoc, 1987; Nielsen, 1987).
Chloroleucon has a Neotropical distribution, from
Mexico to Argentina. Three species live in Argentina:
Chloroleucon chacoense (Burkart) Barneby & Grimes
and C. foliolosum (Benth.) Lewis are typical bushes of
the Yungas phytogeographic province in north-western
Argentina, whereas Chloroleucon tenuiflorum, a tree
species, grows from the slopes of the Sub-Andean
Forest District and through the Chaco phytogeographic
province, covering the xerophilous woodlands of Bolivia,
central to northern Argentina and Paraguay (Pensiero
et al., 2005; Zapater et al., 2016).

Enterolobium contortisiliquum extends from 3°
to 36° S in South America, from northern to south-
western Brazil, southern Bolivia and the riparian
woodlands of Paranaense and Yungas phytogeographic
provinces in Argentina (Tortorelli, 1956; Mogni et al.,
2015). Chloroleucon and Enterolobium have a close
phenological and phylogenetic relationship sensu
Barneby & Grimes (1996); at the level of the secondary
xylem, a close relationship is also evident (Fig. 10).

In the Neotropical region, Cedrelinga catenaeformis
is well established and there are records in Amazonia
up to elevations not exceeding 1000 m a.s.l. in Ecuador
(Aréstegui & Diaz, 1992; Freitas et al., 1992; Perez
et al., 2014). This tree species is dominant and has
a wide range of ecological adaptation in very humid
tropical and subtropical woodlands to dry woodlands
(Linares, 1986; Spichiger et al., 1989; Freitas et al.,
1992; Richter & Dallwitz, 2000; Evans et al., 2006;
Loépez, 2014). To the extent of our knowledge, there
is no record of this taxon in Argentina. The species of
Ingeae presented in this paper correspond to the first
record for the Late Pleistocene in south-eastern South
America.

Mimoseae

Four fossil species related to Mimoseae were identified.
The tribe is represented by > 40 genera and c. 880
species distributed in tropical areas of America, Africa
and India. In north-eastern Argentina, there are five
genera (Anadenanthera, Parapiptadenia, Piptadenia,
Microlobius and Prosopis L.) (Fernandez-Pacella,
2015; LPWG, 2017).

Anadenanthera spp. are resistant to seasonal
environments. The presence in Argentina from
the Miocene shows its success to survive to date,
despite tectonic and climatic events that occurred
during the Neogene and Quaternary. Anadenanthera
has a notable and old record in the Miocene
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(Caccavari & Anzo6tegui, 1987; Barreda, 1989;
Caccavari & Barreda, 1992; Mautino, 2009; Franco
& Brea, 2013) with Mid-Holocene pollen records in
the Esteros del Ibera wetland (Middle Paran4 River
Basin), Corrientes province (Fernandez-Pacella, 2015).
This distribution extends like an arc in South America
from north-eastern Brazil, eastern Paraguay to north-
eastern Argentina, including the present study area
(Cialdella, 2000). It also extends throughout the sub-
Andean Ranges piedmont woodlands of south-western
Bolivia and north-eastern Argentina, and along the
dry inter-Andean valleys of Bolivia and Peru (Prado
& Gibbs, 1993).

Microlobius foetidus subspp. foetidus and
paraguensis (Benth.) Sousa & Andrade are two
subspecies of the monotypic genus Microlobius. They
are native to America and distributed from Mexico to
Argentina (Sousa Sanchez & Andrade, 1992). In Brazil
they form part of the flora of the Pantanal of Mato
Grosso do Sul, whereas in Argentina they border the
Paraguay River in the humid and dry woodlands of
the Chaco Phytogeographic province (Tortorelli, 1956;
Cabrera, 1976; Sousa Sanchez & Andrade, 1992). The
fossil record shows its presence from the Miocene
in north-eastern Argentina (Franco & Brea, 2011).
Microlobiusxylon parafoetidus reveals the presence of
the genus in the Late Pleistocene of the lower-middle
Basin of the Uruguay River. Low tolerance of the
taxon to extreme temperatures and humidity changes
and competition from other species of greater size is
deduced.

All Parapiptadenia spp. are trees that occur in
tropical and subtropical seasonally dry woodlands in
South America. In Argentina, it grows in the Yungas
and Paranaense phytogeographic provinces (Tortorelli,
1956; Cialdella, 2000; Forzza, 2010). In the El Palmar
National Park fossiliferous locality (El Palmar
Formation), Piptadenioxylon chimeloi Suguio & Mussa
(Ramos et al., 2012) was recovered. This fossil differs
from Parapiptadenioxylon pararigida. The variations
of features in the Piptadenia group could indicate a
diversity of species already established in the Upper
Pleistocene.

Pseudopiptadenia currently consists of c. 10 species,
occurring in the Neotropical region (Jgrgensen, Nee
& Beck, 2014). They predominantly occur in damp
woodlands that occur in the Atlantic and Amazon
Forests, and only a few species, e.g. Pseudopiptadenia
bahiana Lewis & M.P.Lima, grow in seasonally dry
woodlands in the Caatinga. Pseudopiptadenioxylon
(this work) corresponds to the first record of
Pseudopiptadenia in Argentina. We consider that
the genus grew successfully at lower latitudes in the
Late Pleistocene, due to a non-seasonal or more stable
climate than the present one. Overall, Parapiptadenia
and Pseudopiptadenia are taxonomically related to

Microlobius (Sousa Sanchez & Andrade, 1992; Simon
et al., 2016). This relationship is also reflected in wood
anatomy. In fact, this behaviour groups these genera
in PC 1 and 2 in the PCA analysis (Fig. 10, Appendix).

Among the plant assemblages, Parapiptadenia,
Microlobius, Anadenanthera, Chloroleucon and
Enterolobium form woodlands located in humid areas
of Argentina, corresponding to the Paranaense, Yungas
and Chaco phytogeographic provinces (Cabrera,
1976; Cialdella, 2000), whereas Cedrelinga and
Pseudopiptadenia occur in the tropical and subtropical
belt of South America (Forzza, 2010; Jgrgensen et al.,
2014; Perez et al., 2014). On this basis, it is supposed
that the fossil species association identified here
prospered successfully down to lower latitudes, due to
better weather conditions for the coexistence of this
plant assemblages (see CA method, Fig. 9).

ECO-ANATOMICAL SIGNIFICANCE OF FOSSIL WOODS

We explored the availability of water and temperature
in which the plant assemblages recover in the Arroyo
Yuqueri fossiliferous locality based on the quantitative
and qualitative features of wood (Tables 1, 2, Appendix,
Fig. 10). Caesalpinioideae are diverse in species and
are distributed in a wide range of environments
(LPWG, 2017). These species tend to express some
features when growing in a particular environment,
mainly those features directly conditioned by water
availability, temperature and photoperiod (Evans
et al., 2006). Each environmental condition generates
features in wood anatomy. The growth rings are a
consequence of periodic dormancy, a strategy that
many trees use to withstand conditions including
drought, cold or photoperiodic events, common
in plants that grew in significant environment
seasonality (Carlquist, 2001; Evans et al., 2006). In
this context, the analysed fossils have marginal axial
parenchyma, which was recorded as growth rings in
the descriptions presented here. Nevertheless, we
noted that there is no discontinuity between early- and
latewood and that porosity is diffuse in all specimens.
Therefore, it can be concluded that species did not have
stress events and that marginal axial parenchyma
corresponds to a feature commonly expressed in this
taxonomic group (Caesalpinioideae). As suggested by
some authors (Hacke et al., 2016; Pratt & Jacobsen,
2017), we consider that, rather than a climate marker,
it is an evolutionary adaptation related to storage and,
indirectly, to hydraulic efficiency. Further research on
this is in progress.

Baas (1983) stressed that wood anatomical features
have great phenotypic plasticity, which contributes
to the observation of ecological trends. The effect of
environmental factors on wood features promotes
intra- and interspecific variations, mainly in vessels/
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mm?, the diameter of vessels, the wall thickness
in fibres and height and width of rays. These are
ecological adaptations, and they are also related
to evolution (Barajas-Morales, 1985; Carlquist &
Hoekman, 1985; Wilkins & Papassotiriou, 1989;
Arnold & Mauseth, 1999; Noshiro & Baas, 2000;
Aguilar-Rodriguez & Barajas-Morales, 2005; Novaes
et al., 2010; Montafo-Arias, Camargo-Ricalde &
Grether, 2016). Vessel features, helical thickenings
in vessel elements and growth rings are shaped by
climate and water availability (Baas & Schweingruber,
1987; Woodcock & Ignas, 1994; Weimann et al., 1998;
Carlquist, 2001; Martinez-Cabrera & Cevallos-Ferriz,
2008; Hajek et al., 2016). The fossil species analysed
here had rather mesomorphic behaviour, according
to some of the above-mentioned features. This is
strongly reflected in the analysis of vulnerability (VI)
and MIs of Carlquist (2001). VI for the fossil woods
ranges from 7 to 19, and MI ranges between 592 and
1270 (see Table 1). Generally, modern tropical trees
have high VI (> 3) (Allen, 2017; Burnham & Johnson,
2004) and MI values > 200 (Carlquist, 2001). High VI
values suggest that the El Palmar Formation woods
did not experience significant water stress. According
to Baas et al. (2004), Ewers et al. (2007) and Wheeler
& Baas (1993), taxa found in tropical woodlands often
have features that provide less resistance to hydraulic
flow, including large diameter vessels, a low vessels
frequency and simple perforation plates. If we consider
this, the set of fossils presented here are associated
with tropical species. Regarding the cluster analysis,
among the fossils with larger vessel diameters and
more vessels/mm?, Enterolobiumoxylon vassalloae
(white cross 4) and Cedrelinga paleocatenaeformis
(white cross 2) can be mentioned (Fig. 10). In the
analysis of the components CP 1, the diameter of the
vessels seems to be the feature that separates these
taxa from Chloroleucoxylon yukeriense (white cross
3). However, Chloroleucoxylon showed a mesomorphic
feature, a vessel diameter not larger than 100 pm.
Furthermore, the smaller fibre diameter and the
absence of gums or deposits in the vessels are features
not shared with Enterolobiumoxylon vassalloae and
Cedrelinga paleocatenaeformis, which is why they are
separated in the analysis of the components (CP 1),
with Chloroleucoxylon yukeriense expressing on the
negative axis and Cedrelinga paleocatenaeformis and
Enterolobiumoxylon vassalloae on the positive axis
(Fig. 10).

Likewise, the narrow vessels and diffuse porosity
are features of shrubs and evergreen tropical montane,
evergreen temperate and many deciduous temperate
trees according to Baas et al. (2004) and Olson et al.
(2014). Trees growing in more stressful environments
tend to have significantly smaller vessel diameters
than trees growing in humid and warm sites (Wheeler

& Baas, 1993; Fichtler & Worbes, 2012; Olson et al.,
2014). The samples analysed for this work have
diffuse porosity, only Chloroleucoxylon yuqueriensis
has somewhat narrow vessels, whereas the rest of the
fossils have wide vessels, and its modern analogues or
NLRs are evergreens or semi-deciduous trees found in
subtropical and tropical woodlands in South America.

The wood anatomy of tropical species usually has
aliform, confluent wide axial parenchyma with bands
of more than three cells (Baas, 1983; Wheeler, Baas
& Rodgers, 2007; Morris et al., 2016), features that
were observed in the fossils under study. Highly dense
axial parenchyma has been correlated with higher
conduction capacity because the axial parenchyma
may help to prevent cavitation or repair vessels when
embolisms occur (Zheng & Martinez-Cabrera, 2013;
Morris et al., 2016). The fossil species analysed here
do not show significant amounts of axial parenchyma.
There is a particular case in the NLR (C. catenaeformis)
in which axial parenchyma is scarce, and which also
has quite large vessels and a greater number of rays/
mm; these particular features highlight this taxon and
this is manifest in the CP 1. This species is located on
the positive axis distant from modern species living in
seasonal and dry environments (see white triangle 3,
Fig. 10).

The closest modern and fossil species are
Parapiptadenia spp. and Parapiptadenioxylon (black
cross 6), clearly compatible with their wood attributes
(Tortorelli, 1956; Evans et al., 2006). Regarding the
behaviour of Anadenantheroxylon kurupaum (black
cross 1) and its NLR, it was observed that vessels/mm?
are significantly higher in Anadenanthera peregrina
(black diamond 2) than in Anadenantheroxylon
kurupaum, and this is the main reason for their
separation in CP 1. The qualitative features that
they do not share are: (1) variations in rays: in
Anadenantheroxylon kurupaum and Anadenanthera
colubrina (black diamond 1) rays one to three cells
in width predominate, whereas in Anadenanthera
peregrina they are multiseriate; and (2) in the presence/
absence of marginal and diffuse axial parenchyma in
one or another species (see Fig. 10, Appendix; Tortorelli,
1956; Evans et al., 2006).

The grouping of Enterolobium spp. with Chloroleucon
tenuiflorum in CP 1 is related to their eco-anatomical
features including vessels/mm?2. They currently
share habitats in Chaco, Yungas and Paranaense
phytogeographic provinces of Argentina (Cozzo,
1951; Tortorelli, 1956; Cabrera, 1976; Oyarzabal
et al., 2018). Additionally, seven modern species
(Geoffroea decorticans, Cadia purpurea, Prosopis
kuntzei, P. alpaca, P. vinalillo, Samanea saman and
Mimosa polyantha) from environments with marked
seasonality were added to the cluster analysis. In fact,
the general features of vessels were the causes that
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separate this group on the negative axis of PC 1 and
PC 2, far from fossils and their NLR (Fig. 10).

This work suggests a partial differentiation in wood
anatomy in Ingeae and Mimoseae. Since these species
are in the same subfamily, they do not present extreme
variations, and the results can be seen in Figure 10
and the Appendix.

The values in MI and VI, the presence of growth
rings demarcated by axial parenchyma, the dominance
of diffuse porosity and short vessel elements and the
moderate vessel density reflect a palaeo-environment
with temperatures and precipitation similar to those
that at present dominate at low-latitudes in South
America. According to the CA, this Arroyo Yuqueri
paleoflora coexisted in an environment with optimal
temperature ranges from 22 to 28 °C, and rainfalls
between 1300 and 1500 mm/year (Fig. 9).

Finally, and based on the evergreen habits of NLRs
of Ingeae and Mimoseae, the prevailing climate during
some events of the Late Pleistocene in the upper-
Middle Basin of the Uruguay River in north-eastern
Argentina was probably humid subtropical to tropical.
Considering the sedimentological context of the fossil
woods studied and the absolute datings of the E1 Palmar
Formation, tropical humid conditions are deduced.
The upper outcropping part of this sedimentary unit
would represent the warm substage MIS 5a (covering
most of the last major interglacial period before the
present: MIS 5; Upper Pleistocene), and it is probably
extended to the MIS 7 (Mid-Pleistocene). The new data
presented here for the El Palmar Formation agree with
palaeoclimatic inferences obtained from stratigraphical
and sedimentological data (Iriondo, 1980; Iriondo &
Krohling, 2008; Krohling, 2009) and palaeobotanical
results (Zucol et al., 2005; Brea et al., 2010; Patterer
et al., 2014, 2020; Ramos et al., 2014, 2017a, b;
Ramos, 2015), and contribute to the palaeodiversity
knowledge of the Quaternary flora of South America.
A broader sampling and an increase in the number of
species to be analysed would enhance the resolution
of this type of study. Far from assuming that wood
anatomy contributes conclusively to the taxonomy and
phylogeny of Fabaceae, this research aims to infer on
the behaviour of anatomical traits in relationship to
ecology and taxonomic affinities, also considering the
scope and limitations of secondary xylem.

CONCLUSIONS

The Late Pleistocene fluvial belt of the Uruguay
River, represented by the El Palmar Formation, had
a rich woody flora of Caesalpinioideae (Fabaceae).
Seven new taxa were identified for the El Palmar
Formation in the Arroyo Yuqueri fossil locality, in the
Middle Basin of the Uruguay River (north-eastern

Argentina): Parapiptadenioxylon pararigida,
Pseudopiptadenioxylon uniseriatum, Microlobiusxylon
parafoetidus, Anadenantheroxylon kurupaum
(Mimoseae) and Chloroleucoxylon yukeriense,
Enterolobiumoxylon vassalloae and Cedrelinga
paleocatenaeformis (Ingeae). From this study, we can
draw the following conclusions. (1) The study of fossil
woods plays a key role in understanding palaeofloristic
data and in reconstructing palaeoclimate of south-
eastern South America. (2) The NLR method suggests
that mature and perennial woodland was present in
the upper/Middle Basin of the Uruguay River during
some events of the Pleistocene (MIS 5a and MIS7,
according to absolute datings of the fossiliferous
sedimentary unit). (3) Fossil woods related to
Microlobius and Anadenanthera were part of the Late
Pleistocene palaeoflora in north-eastern Argentina,
but only Anadenanthera survived until today in this
region. Microlobius is currently distributed in latitudes
below 27°S in South America. (4) In some phases of
the Late Pleistocene (more probably in the MIS 5a),
the climate was more humid and warmer than today,
and therefore it differed from the modern seasonal
climate in the study area. Nonetheless, from previous
geological, paleobotanical and palaeontological
studies, it is known that in the Pleistocene—Holocene
there were events where the thermal amplitude and
drought periods intensified (e.g. MIS 2, MIS 4, Late
Holocene). This presumably acted as a barrier that
influenced the dispersal and distribution of plants. (5)
The eco-anatomical preliminarily results suggest that
although the qualitative features of the secondary
xylem position us in the taxonomic categories of
genus and family of the fossils identified here, the
quantitative features are those that define a specific
level. Besides, quantitative features express the
environment in which individuals grew up and are
ultimately the natural factors that trigger speciation
by expressing new features preserved in their genetics.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher's web-site:

Appendix. Statistical analyses, database. References: Vessel TD = tangential diameter, RD = radial diameter,
PI = intervessel pits, vessel element = lenght, Rays, width = W, height = H; Fibres, diameter = Df, non-septate = 1,
septate = 2; Axial parenchyma, present = 1, absent = 2, A = aliform, C = confluent, V = vasicentric, M = marginal,
D = difusse, B = banded; Rays type, homocellular = 1, heretocellular = 2; Rays seriation, uniseriate 90% = 1, rays
two to three cells wide = 2, rays one to five cells wide = 3, two cells wide 70% = 4; more of four cells wide = 5;
Crystals present = 1, absent = 2; Growth ring, present = 1, absent = 2; Gums, present = 1, absent = 2; Storied
structure, present = 1, absent = 2, rays irregularly storied = 3.
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