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ABSTRACT - Isotopes are one of the best tools to reconstruct the paleoecology of extinct taxa, allowing us to evaluate their diet (through
carbon; C, and C, plants), their niche breadth (B, ) and the environment in which they lived. In the present work we go deeper in the use of
isotopes, and explore a mathematical mixing model with the stable isotopic composition of one (carbon) and two elements (carbon and oxygen)
to evaluate (i) the relative contributions of three types of food resources (leaves, fruits and C, grass) for meso- and megaherbivores (body
mass > 100 kg) that lived during the late Pleistocene in Sergipe, Brasil, and (ii) which of these herbivores (together with some faunivorous
taxa) could be potential preys for Smilodon populator and Caiman latirostris. Finally, we reconstructed the paleoenvironment in which the
vertebrate community of Sergipe lived and concluded that the environment of Sergipe was a closer and drier landscape than African savannah
nowadays, at least between 27 ka to 11 ka.
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RESUMO - Isotdpos sdo uma das melhores ferramentas para reconstruir a Paleoecologia de taxons extintos, permitindo sugerir dieta (por meio
do carbono, plantas C, e C,), o nicho ecologico (B,) e ambiente em que viveram. No presente artigo nos aprofundamos no uso dos isotopos,
e exploramos um modelo matematico misto com um isotépo (carbono) e dois isotdpos (carbono e oxigénio) (i) para sugerir trés recursos
tipos de recursos alimentares (folhas, frutas e gramineas C,) para meso-megaherbivoros (massa corporal acima de 100 kg) que viveram no
Pleistoceno final de Sergipe, Brasil, e (ii) qual desses herbivoros (juntamente com faunivoros) foram presas potenciais de Smilodon populator
e Caiman latirostris. Por fim, reconstruimos o paleoambiente na qual a comunidade de vertebrados de Sergipe viveu, concluindo que era
mais fechada e seca do que as savanas da Africa atualmente, pelo menos entre 27 mil a 11 mil anos atras.

Palavras-chave: Quaternario, paleoecologia, América do Sul, isotopos estavéis.

INTRODUCTION

During the last three decades, stable isotopes have
been used in paleoecology to infer the diet of extinct (and
extant) taxa, based primarily on carbon isotopic data (e.g.
Bocherens et al., 1996; MacFadden, 2005; Franca et al.,
2014a). Besides, nitrogen isotopic data have been used
to infer carnivory or omnivory in mammals as well (e.g.
Bocherens et al., 2016). Isotopic approaches represented a
major advance in paleoecological studies, helping to infer
two main food resources for herbivores (C, and C, plants)
and the paleoenvironmental context in which herbivores
and carnivores could live (forested or open environments;
Kingston & Harrison, 2007; Dantas et al., 2017).

However, stable isotopes can provide more ecological
information than previously thought, such as an estimate
of niche width and overlap, helping us to understand better
the ecology of extinct taxa, the competition for resources
and identify which species were keystone species in extinct
communities (e.g. Dantas et al., 2017). Two isotopic pairs in
mathematical mixing models could be used to suggest more
than two food resources for herbivores (for example seven
resources; Phillips, 2012 and references therein).

Most researchers use carbon and nitrogen isotopic
data, extracting these data from collagen. However, in
tropical regions this protein is poorly preserved, leading to
use only carbon and oxygen isotopic data extracted from
hydroxyapatite. Indeed, hydroxyapatite usually survives
much better than the organic fraction of bone, i.e. collagen
(Cherkinsky, 2009), and therefore is the best option to recover
diet information from extinct species in tropical regions.

The main aim of this paper was to use mathematical
mixing models using only carbon, or carbon and oxygen
isotopic data in combination (measured on hydroxyapatite)
from fossil vertebrates from the late Pleistocene of Sergipe,
Brazil, to: (i) infer three types of resources for herbivores (leaf,
fruit and C, grass); (ii) suggest, among the vertebrate taxa,
which ones contributed to the isotopic diet of predators such as
Smilodon populator and Caiman latirostris, allowing to infer
a trophic web structure for this community; and, finally, (iii)
suggest a reconstruction of the paleoenvironment in which
these taxa could have lived.

Knowing the paleoecology and structure of this community
will help us to understand the role of environmental change
in the extinction of the megafauna in the late Pleistocene/
early Holocene.

MATERIAL AND METHODS

Dataset

Sixteen samples (Table S1) of adult individuals of
Eremotherium laurilardi (Lund, 1842) (one exception is
LPUFS 5693 assigned to a juvenile), Catonyx cuvieri (Lund,
1839), Pachyarmatherium brasiliense Porpino, Bergqvist
& Fernicola, 2009, Holmesina paulacoutoi (Guerra &
Marecha, 1984), Glyptotherium sp., Panochthus sp., Toxodon
platensis Owen, 1837, Palaeolama major (Liais, 1872),
Equus (Amerhippus) neogeus Lund, 1840 and Smilodon
populator Lund 1842 from four localities in Sergipe (Fazenda
Elefante, Gararu; Fazenda Charco and Fazenda Sao José,
Pogo Redondo; and Sitios Novos, Canhoba; Figure 1)
were analyzed to retrieve the carbon and oxygen isotopic
composition from structural carbonate of their bones, dentin
and enamel.

The samples were collected in “tanks”, which are natural
depressions on Neo-Mesoproterozoic litotypes, characterized
by numerous fractures resulting from physical and chemical
erosion, that contain sediments transported by seasonal rains
including the remains of animals and plants accumulated
during the dry season (e.g. Oliveira & Hackspacher, 1989).
The sediments in these depressions are estimated as being of
late Pleistocene and Holocene ages.

The isotopic composition of hydroxyapatite can be
preserved with minimal or no significant diagenetic alteration.
Hydroxyapatite carbonate and phosphate in bone and dentin
are more susceptible to diagenetic overprinting than enamel
(Bocherens etal., 1996,2011; Lee-Thorp & Sponheimer, 2003).
However, we noticed that in Sergipe localities diagenesis was
no significant, because similar values for bone and dentine
were found for Eremotherium laurillardi (UGAMS 9431
and 9432), and bone, dentine and enamel for Notiomastodon
platensis (UGAMS 9437 and 9439) and Toxodon platensis
(UGAMS 9446) (Table S1), which gives us confidence in
isotopic results found in bone for Catonyx cuvieri, Holmesina
paulacoutoi, Glyptotherium sp., Panochthus sp., Palaeolama
major, and Smilodon populator (Table S1).

Substitutions are mainly in the phosphate position and are
most likely in the hydroxyl position. The absorbed carbonates
are more labile, but substituted ones are structural carbonates,
and, thus, contribute to preserving the original isotopic
composition (Cherkinsky, 2009).

The stable isotope analyzes were performed at NEG-
LABISE in “Centro de Tecnologia ¢ Geociéncias” of
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Figure 1. Brazilian Intertropical Region map (sensu Oliveira et al., 2017) showing Gararu (1), Po¢co Redondo (2) and Canhoba (3) municipalities in Sergipe

State, Brazil.

Universidade Federal de Pernambuco (Recife, Pernambuco,
Brazil) and in Center for Applied Isotope Studies from
University of Georgia (Georgia, USA). All samples were
cleaned by ultrasonic bath with distilled water and then
left to dry naturally. The samples were then crushed into
smaller fragments to be treated with diluted 1N acetic acid to
remove surface absorbed and secondary carbonates. Periodic
evacuation ensured that evolved carbon dioxide was removed
from the interior of the sample fragments, and that fresh acid
was allowed to reach even the interior micro-surfaces.

The chemically cleaned samples were then reacted
under vacuum with 100 % phosphoric acid to dissolve the
bone/dentine/enamel mineral and release carbon dioxide
from hydroxyapatite. The resulting carbon dioxide was
cryogenically purified from other reaction products and
catalytically converted to graphite (Cherkinsky, 2009).

All results are reported using delta notation, J = [(Rsample
R, ia — D*1000] (Coplen, 1994). The reference for carbon
isotope values (R = BC/"2C) is V-PDB, and oxygen isotope
values (R = *0/'%0) is V-SMOW.

The studied samples were not dated. However, many “C
Accelerator Mass Spectrometry (AMS) and Electron Spin
Resonance (ESR) datings for Eremotherium laurillardi and
Notiomastodon platensis are available (Table S1) for Fazenda
Sao José, Pogo Redondo, Sergipe, allowing us to suggest
that this fossil accumulation had relatively limited time-
averaging (~32 ky, considering both '*C AMS and ESR datings
techniques; Dantas ef al., 2011; 2017), similarly to another
fossil assemblage in northeastern Brazil (~59 ky, based only
on ESR datings; Baixa Grande, Bahia; e.g. Ribeiro et al.,

2014). In addition, Franga et al. (2014a) reported that isotopic
diet (03C) of Eremotherium laurillardi and Notiomastodon
platensis did not change between 12—-19 ky, suggesting a
stable environment.

Additional published data

In order to complement our results, and refine the
determination of the isotopic diet of Sergipe taxa, we included
previously published isotopic data (6'*C and 6'*0, of which
most have *C AMS datings; Table S1) and “C AMS and
ESR datings for Eremotherium laurillardi, Notiomastodon
platensis, Toxodon platensis and Caiman latirostris (Dantas
et al., 2011; Franga et al., 2014b; Dantas et al., 2014; 2017,
and references therein).

Furthermore, we refined and compared our results with
isotopic diet data of some extant African mesoherbivores
(body mass between 100 kg and 750 kg) and megaherbivores
(body mass > 800 kg) from Kenya and Tanzania (Bocherens
etal., 1996; Kingston & Harrison, 2007; Cerling et al., 2008),
since they live in an open environment, corresponding to
the modern environment most similar to the one where the
extinct meso- and megaherbivores mammals from Brazilian
Intertropical Region (BIR) probably lived: Loxodonta
africana (Blumenbach, 1797), Equus quagga Boddaert,
1785 (= E. burchelli), Dicerus bicornis (Linnaeus, 1758),
Ceratotherium simum (Burchell, 1817), Connochaetes
taurinus (Burchell, 1823), Syncerus caffer Sparrman,
1779, Kobus ellipsiprymnus (Ogilby, 1833), Oryx beisa
Riippell, 1835, Giraffa camelopardalis (Linnaeus, 1758) and
Hippopotamus amphibius Linnaeus, 1758 (Table 1).
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Multivariate analyses

Carbon (6"3C) and oxygen (6'%0) isotopic data for meso-
megaherbivores from Sergipe, Brazil and Africa was submited
cluster analyses (Q-mode) using the weighted pair group
method with simple arithmetic averages (UPGMA), with the
Euclidean Similarity coefficient. A bootstrap test (N = 10000)
was applied to evaluate the consistency of the clusterings.
A Principal Component Analyses (PCA) was made as well.
All analyses were performed in the PAST 2.17 (Hammer et
al.,2001).

Body mass estimation

To estimate carbon enrichment (subtopic 2.5) and to
classify the studied mammals between mesoherbivores (body
mass between 100 kg and 750 kg) and megaherbivores (body
mass > 800 kg), we calculated the estimated body mass (1)
for megafauna species that lived in Sergipe (Tables 1 and
S2) using the following regression (Anderson et al., 1985):

(1) bm = 0.078C5i

Where bm is the body mass (g), C is the minimum
circumference of humerus and femur diaphysis (in mm). We
calculated an average value of circumferences based on the
information available in articles and gray literature (Cartelle &
Abuhid, 1989; Porpino & Bergqvist, 2002; Castro & Langer,
2008; Porpino et al., 2009; Molena, 2012; Oliveira et al., 2017)
and in some collections that were accessible (Laboratorio de
Paleontologia, Universidade Federal de Sergipe; Museu
de Ciéncias Naturais, Pontificia Universidade Catolica de
Minas Gerais). When the circumference information was
not available, we estimated it using the minimum width of
humerus and femur diaphysis as a diameter (d) measure (Table
S2), through a circumference estimation: C = dr.

Xenarthrans have flat femur with a high circumference
of diaphysis values, leading to an overestimation of body
mass if using standard method. To avoid this problem, we
multiplied their femur circumference by 0.4, trying to acquire
a more realistic body mass estimation (2). The regression
adaptation was calibrated using values for three extant taxa,
one Cingulata (Priodontes maximus (Kerr, 1792)) and two
Tardigrada (Tamandua tetradactyla (Linnaecus, 1758) and
Myrmecophaga tridactyla Linnaeus, 1758) (Table S2).
Exceptions were made for glyptodonts (Panochthus and
Glyptotherium), whose body masses were estimated by
original regression proposed by Anderson ef al. (1985). For
extant African megamammals we used maximum estimate
body mass from Coe et al. (1976).

(2) bm = 0.078C5 504,

Isotopic diet interpretation using 6'3C and 6'%0 values
The interpretation of carbon isotopic values for meso- and

megaherbivorous mammals is generally based on known

average for C, plants (ué"*C = -27+3 %), C, plants (ué"C =

-13+2 %0) and CAM plants (intermediate values between the
0"C of C, and C, plants) (e.g. MacFadden, 2005; Dantas et al.,
2017). However, some authors (e.g. Diefendorf et al., 2010;
Kohn, 2010) showed that the fractionation of carbon isotopes
in C, plants presents great variability in different environments
through the globe, which could lead to an overestimation of
the mean value of at least 2 %o.

We tried to estimate the po"C for C, plants in the late
Pleistocene of Sergipe (altitude 186 m, latitude 10°), using
the equation proposed by Kohn (2010). One problem that
we faced was the absence of data about Mean Annual
Precipitation (MAP) in late Pleistocene of Sergipe. Thus,
we used present MAP data for Pogo Redondo, Sergipe (MAP
= 548 mm; Sergipe, 2011), and found a value of -26.80 %o..
As we do not have MAP for late Pleistocene of Sergipe, and
the value found is similar to the know average for C, plants,
we choose to use po"*C = -27 %o. For Kenya (altitude 1140
m; latitude 20° MAP 350 mm/year; Bocherens et al., 1996)
and Tanzania (altitude 1130 m; latitude 2°; MAP 550 mm/
year; Magill, 2012) we found pd"*C = -26.08 %o and pd*C
= -26.48 %o, respectively. Thus, for localities in Africa we
used pd"C =-26 %o.

Tejada-Lara et al. (2018) suggested that body mass
influences physiological carbon enrichment (€%, .. . ) in
mammals and provided equations to determine these values
of enrichment. Carbon isotopic data presented here are from
mammals (extinct and extant) with body mass varying from
38 to0 6,300 kg (Tables 1 and S2), &* diet-bioapatite varied between
12.47 to 14.84 %o, we used four values: +12 %o for taxa
weighting less than 75 kg; +13 %o for taxa weighting between
75 kg to 600 kg; +14 %o for taxa weighting between 600 kg
to 3,500 kg; and finally, +15 %o for taxa weighting more than
3,500 kg (Table S3).

Considering an enrichment of 12—15 %o, in Upper
Pleistocene of Sergipe, §"*C values lower than -15 %o to -12
%o are typical of animals with a diet consisting exclusively of
C, plants, while in Africa, 6"*C values lower than -14 %o to -11
%o are typical of animals with a diet consisting exclusively of
C, plants. For both areas ¢"°C values higher than -1 %o to +2
%o are consistent with a diet based on C, plants.

However, C, plants show different values of enrichment,
for example, leaves in C, plants are depleted in *C about -1.0
%o than others non-photosynthetic tissues like fruits (in average
1.540.07 %o) and roots (in average 1.1+0.09 %o); in contrast,
C, plants tend to show no enrichment of *C in tissues (e.g.
fruits, roots) compared to leaves (e.g. Yoneyama & Ohtani,
1983; MacFadden, 2005; Badeck et al., 2005; Cernuzak et al.,
2009). Thus, we can estimate different type of food resources
using carbon isotopic values in a mathematical mixing model.

Therefore, in this paper, we suggest a refinement of
proportion of food items that medium- to large-bodied
herbivorous mammals (extant summing +2 %o to compare
to extinct animals due to Suess effect - Keeling, 1979 - in
carbon isotopic data) could intake using 0"*C values in a
single element mathematical mixing model (Phillips, 2012),
suggesting as food types: leaves, fruits and C, grass. Trying
to distinguish food resources, we suggest carbon (using a
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difference of 2.5 %o between leaves and fruits in C, plants)
(Table S4) to be applied in equations (3) in Excel (Microsoft
Corporation, Redmond, Washington) through Solver
supplement (presuming non-negative values):

813Cmix = 513C1ﬁ + 613C2f2 + 513C3f3
@)
L=fitfatfs

To compare environmental conditions between Africa
and Sergipe, we considered 6'*O,,,, values of proboscideans
as a “thermometer”, since these animals are considered
evaporation-insensitive taxa, as their oxygen isotopes values
come mostly from drinking water (from lakes, rivers, pools),
presenting no correlation between carbon and oxygen (Figure 2;
Levin et al., 2006) and water in plant tissues (except leaves)
carries the same '®0 isotopic signal as source water of
environment (Marshall et al., 2007).

Thus, we used the mean values of 6'°O_, found in
Loxodonta africana (Proboscidea; ndé'*O,,, = 30.03£1.05
%o; Figure 2A; Table 1) in comparison with 6'*O ., values of
Notiomastodon platensis (Proboscidea; ué'*O.,, = 32.57+1.95
%o; Figure 2B; Table 1) as a proxy to establish the enrichment
(+2.5 %o0) of "*0 Sergipe environment in comparison to Africa
environment.

For carnivores (Smilodon populator and Caiman
latirostris) we used a mathematical mixing model with two
isotopes (4). In general, nitrogen is used together with carbon
to estimate food resources in a mathematical mixing model
with two isotopes (e.g. Phillips, 2012, and examples therein),
however, analyses in hydroxyapatite are unable to generate

Figure 2. No correlation between 0'°C and 6'*0 values of (A) Loxodonta
africana and (B) Notiomastodon platensis allowing to suggest that their
oxygen isotopes values come mostly from drinking water.

nitrogen isotopic data, thus, the only option available is to
use oxygen isotopic data instead.

Herbivores and carnivores acquire oxygen isotopic
through respiration, drunk water and food (Bocherens &
Drucker, 2013), thus, for the carnivores we could use carbon
and oxygen isotopic data to establish the proportion of their
potential prey as they contribute with these isotopic values.
We used the isotopic data of the African lion Panthera leo
(10" C=-5.40 %o, 0'30 =31.64 %o, Cerling et al., 2008) to test
the use of carbon and oxygen to suggest the isotopic diet of
carnivores such as Smilodon populator and Caiman latirostris.

In these regressions we used as potential prey all the taxa
present in Sergipe, Brazil (carnivores and herbivores; Tables
S1 and 3), summing -1 %o due to trophic level (Bocherens &
Drucker, 2013) in carbon data.

B3Chix = 813C1f1 + 813C2f2 + 513C3f3 + 813C4f4+ ..t 813C11f11
(4) 8"80mix = 8'30fi + 880,15 + 813053+ 6'804fs + _ + 8801 /11

1 =f1 +f2 +ﬁ+ﬁ1+m+ﬁ1

Ecological measurements

To estimate ecological measurements, we calculated
isotope niche breadth (B) using Levins’ (1968) measure (5),
where p,is the relative proportion of individuals in isotope
bin i. This measure was then standardized (B,) from 0 to 1
following equation (6), where 7 is total number of isotope bins
available. Values lower or equal to 0.5 suggests a specialist,
and above 0.5, a generalist.

B—-1
@B, =§y=1

1
(5) B = Tp?

Finally, to estimate the mean (y__ ) and maximum (y,__ )
potential prey size for Smilodon populator (x - body mass of
S. populator), we used regressions (7—8) proposed for Radloff
& Du Toit (2004) by carnivores from Africa:

(7) Logioymean = 1.39L0gi0x - 0.74

(8) Logioymax = 1.46 Logiox - 0.17

RESULTS

Body mass estimation

For the Brazilian Intertropical Region (including Sergipe),
there are no body mass estimations for Pleistocene mammals.
Thus, following the first attempt proposed by Dantas et al.
(2017), we continued the efforts to infer the body mass of
mammals that lived there, which could help us to better
reconstruct their ecology.
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For localities in Sergipe, we were able to suggest body
mass estimates (Tables 1 and S2) only for Eremotherium
laurillardi (bm = ~3,416 kg) and Toxodon platensis (bm =
~1,770 kg). For other taxa there are no fossils available to
estimate their body masses. Therefore, we estimated body
masses based on fossils from other geographical regions
through Brazilian Intertropical Region (Table S2). We
estimated and used the following body masses: Catonyx
cuvieri (bm = ~777 kg), Pachyarmatherium brasiliense (bm
= ~38 kg), Panochthus sp. (bm = ~785 kg), Glyptotherium
sp. (bm = ~710 kg), Holmesina paulacoutoi (bm =~120 kg),
Palaeolama major (bm = ~285 kg), Equus (Amerhippus)
neogeus (bm =~420 kg) and Smilodon populator (bm=~315
kg). The body mass estimations for E. laurillardi, C. cuvieri,
T platensis and S. populator are similar to those proposed
for similar taxa from Argentina and Uruguay (Farina et al.,
1998; Christiansen & Harris, 2005). For P. brasiliense, H.
paulacoutoi and P. major there is no body mass estimation
for comparison. We hypothetize that the lower body mass
estimation for Panochthus and Glyptotherium in BIR is due
the avaibility of few bones (humerus and femur; Table S2)
for both taxa and the lower circunference of the diaphysis
in comparison to specimens found in United States and
Argentina.

Finally, in Sergipe, we had a fauna composed by one
megacarnivore (Smilodon populator), one omnivore
(Pachyarmatherium brasiliense), six mesoherbivores
(Holmesina paulacoutoi, Catonyx cuvieri, Glyptotherium sp.,
Panochthus sp., Palaeolama major and Equus (A.) neogeus)
and three megaherbivores (Eremotherium laurillardi, Toxodon
platensis and Notiomastodon platensis).

Isotopic diet (6*C, 6'°0)

The use of carbon in an one element isotopic mixing
model to suggest three resources allows us to refine the type
of C, plants consumed by herbivores in leaves and fruits.
The proportion of C, (summing proportions of leaves and
fruits) and C, plants in this model presents similar values if
we compare the proportions found in one element isotopic
mixing model suggesting only C, and C, plants (Tables 1
and S5).

For Sergipe, we generated new isotopic data for
Eremotherium laurillardi and Toxodon platensis, completed
with unpublished isotopic data for Catonyx cuvieri, Holmesina
paulacoutoi, Glyptotherium sp., Panochthus sp., Palaeolama
major and Equus (Amerhippus) neogeus, and include
published isotopic data for Eremotherium laurillardi, Toxodon
platensis and Notiomastodon platensis (Franga et al., 2014a;
Dantas et al., 2017, and references therein; Table S1; Figures

Figure 3. A, Principal Component Analyses (PCA) using 6'°C and 6'*0 values for meso-megaherbivores from Africa and Sergipe, Brazil; B, Dendogram
with clustering of taxa according to their ecological guilds (bootstrap test, N = 10.000).
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3A and 4) to refine isotopic diet of all taxa that lived in Sergipe
during the late Pleistocene.

For the giant ground sloth Eremotherium laurillardi we
present five new carbon and oxygen isotopic data, which
shows 0"3C values ranging from -6.0 %o to -3.9 %o (ndé"*C
=-4.940.9) and a 0"*0 of 23.4 to 29.4 (no'80 = 27.4+2.3).
Including published isotopic data (Franca ef al., 2014a; Dantas
etal.,2014;2017) this interval increases, for carbon to -9.2 %o
to -2.0 %o (Lo"C = -5.0+1.8), and for oxygen to 23.4 to 30.3
%o (Lo'"0 = 28.4+1.6) (Tables 1 and S1). Using all available
data for Sergipe in one isotopic mixing model, we suggest a
diet composed of leaves (p, = 18 %), fruits (p, = 27 %) and,
mainly, in C, grasses (p, = 55 %) (Table 1).

It is worth noting that LPUFS 5693 was an unworn
molariform from a juvenile (perhaps from a suckling
individual), and we noticed that the carbon isotopic data (6'*C
=-6.0 %o) was not different from the adults of the same locality
(Fazenda S3o José, Po¢o Redondo; nd*C = -5.4+2.3), being
equivalent to mother diet, because carbon isotopic values
of mother milk and offspring would not have significant
differences (e.g. trophic level; Jenkins et al., 2001).

Catonyx cuvieri (0"°C = -3.4 %o; 630 = 30.2 %o) was
another giant ground sloth analyzed, showing diet based

mainly in C, grass (p, = 67 %), but in fruits (p, = 23 %) and
leaves (p, = 10 %), as well (Tables 1 and S1).

We generated isotopic data for three Cingulata. The
pampathere Holmesina paulacoutoi presents a 0"*C of -6.0 %o
and 6'30 of 30.3 %o, its diet was composed of 16 % of leaves,
29 % of fruits and 55 % of grasses (Tables 1 and S1). For
Glyptotherium sp. was found a carbon isotopic value of -1.8
%o and oxygen isotopic value of 26.4 %o, this taxon fed in 77
% of C, grasses, and little in fruits (p, = 20 %) and leaves (p,
=3 %) (Tables 1 and S1). Panochthus sp. presents 6"*C of
-5.9 %o and oxygen isotopic value of 29.7 %o, showing a diet
based on leaves (p, = 22 %), fruits (p, = 29 %) and C, grass
(p,= 49 %) (Tables 1 and S1).

For the Notoungulata Toxodon platensis four unpublished
isotopic data were generated, which present a 6"*C variation
0f-9.8 %o t0 -3.3 %o (ud'*C = -5.0£3.2), and oxygen isotopic
values between 27.4 %o to 34.2 %o (00O = 31.0+2.9) (Table
S1). Including the isotopic data presented by Dantas et al.
(2017), carbon isotopic interval increases for -9.8 %o to -2.8
%o (LO'"3C = -4.5£2.9), the oxygen isotopic range remains the
same, but presents as mean values 31.242.5 %o. This taxon
presented a high consumption of C, grass (p, = 58 %), followed

Figure 4. A, Pleistocene meso- megamammals from Sergipe, Brazil; B, two Smilodon populator stalking a Palaeolama major group, while two Caiman
latirostris are scavenging a Notiomastodon platensis corpse (Images: Julio Lacerda, 2020).
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by consumption of fruits (p, = 26 %), and low consumption
of leaves (p, = 16 %) (Table 1).

The diet of Palaeolama major (6"3C =-7.3 %o; 0'*0 =31.9
%0) was composed mainly of C, grass (p, = 45 %) but fed also
on fruits (p,= 32 %) and leaves (p, = 23 %) (Tables 1 and S1).

For the horse Equus (Amerhippus) neogeus fossil we
found a carbon isotopic value of -3.0 %o, and a '*0 of 31.3
%o, indicating a diet composed mainly of grasses (p, = 70 %),
while feeding on fruits (p, = 22 %) and leaves (p, = 8 %) was
limited (Tables 1 and S1).

The proboscidean Notiomastodon platensis (uo'*C =
-0.1+1.1 %o; po'0 = 32.5+1.9 %o; Table S1) presented a diet
based mainly in C, grass (p, = 83 %), 12 % in fruits, and low
proportions of leaves (p, = 5 %) (Table 1).

In addition to the isotopic data of meso-megaherbivores
from Pogo Redondo, Sergipe, we generated isotopic data of
carbon and oxygen for Pachyarmatherium brasiliense and
Smilodon populator, and included published isotopic data
for Caiman latirostris (Franga et al., 2014b), to suggest a
trophic web in this assemblage (Figure 5). Besides, isotopic
data were used to estimate the possible habitat in which the
terrestrial predators hunted.

Downing & White (1995) suggested, based on an
edentulous jaw tentatively assigned to Pachyarmatherium
leiseyi, a diet composed mainly of termites and ants.
Unfortunately, as we do not have nitrogen isotopic data for
P. brasiliense, we could not test this hypothesis. However,
following Downing & White (1995), our results in
mathematical mixing model (6"*C =-6.6 %o; 0180 = 28.7 %o;
Table S1) would not reflect a diet based on plants, but on
Blattodea taxa which lived in close (p, = 48 %), as well as in
open areas (p, = 52 %).

Smilodon populator (6*C =-6.0 %o; '30 = 30.5 %o; Table
S1) hunted similarly in closed (p, = 52 %) and in open areas
(p,=48 %), and had as main preys (p, > 10 %; Table 3; Figure
5), Palaeolama major (p, = 14 %), Holmesina paulacoutoi
(pi= 12 %), Toxodon platensis (p,= 12 %), Pachyarmatherium
brasiliense (p, = 11 %), Panochthus sp. (p, = 12 %), Catonyx
cuvieri (p,= 10 %), Equus (Amerhippus) neogeus (p,= 10 %)
and Caiman latirostris (p, = 10 %) (Table 3).

Another carnivore found in Sergipe was Caiman latirostris
(63C = -3.0 %o, 0'%0 = 31.4 %o; Franca et al., 2014b; Table
S1), our analyses allow us to suggest that it could feed on
a variety of taxa, mainly on taxa that lived in open areas
(pi = 82 %), as Notiomastodon platensis (p, = 44 %), as well

Table 1. Weight (t), mean values of proportional contributions (p,) of food sources (leaf, fruit, C, grass), carbon isotopes (6°C), standardized isotopic niche
breadth (B,), oxygen isotopes (6'*0) and niche overlap (0) for extant meso-megamammals from Africa and Pleistocene of Sergipe. References: ) Coe et
al. (1976); @ Our data. Abreviations: mammals from Sergipe, Brazil. El, Eremotherium laurillardi; Ce, Catonyx cuvieri; Hp, Holmesina paulacoutoi; G,
Glyptotherium sp.; P, Panochthus sp.; Tp, Toxodon platensis; Np, Notiomastodon platensis; Pm, Palaeolama major; En, Equus (Amerhippus) neogeus.
Mammals from Africa. La, Loxodonta africana; Eq, Equus quagga; Db, Diceros bicornis; Cs, Ceratotherium simum; Ct, Connochaetes taurinus; Sc, Syncerus
caffer; Ke, Kobus ellipsiprymnus; Ob, Oryx beisa; Ge, Giraffa camelopardalis; Ha, Hippopotamus amphibius.

W (t) otC pf B, [20)
leaves fruits C, grass

Sergipe
El 3.42 -5.0£1.8 0.18 0.27 0.55 0.68 28.4+1.6
Cc 0.78 -3.4 0.10 0.23 0.67 0.49 30.2
Hp 0.12 -6.0 0.16 0.29 0.55 0.72 30.3
G 0.71 -1.8 0.03 0.20 0.77 0.28 26.4
P 0.78 -5.9 0.22 0.29 0.49 0.84 29.7
Tp 1.77 -4.7+2.8 0.16 0.26 0.58 0.57 31.242.5
Np 6.27 -0.2£1.1 0.05 0.12 0.83 0.22 32.5+1.9
En 0.42 -3.0 0.08 0.22 0.70 0.43 313
Pm 0.28 -7.3 0.23 0.32 0.45 0.89 31.9
Africa
La 5.00 -8.6£2.0 0.34 0.33 0.33 0,88 30.0+1.0
Eq 0.29 -0.6+1.1 - 0.01 0.99 0.01 31.2+1.8
Db 1.00 -10.1£1.8 0.35 0.36 0.29 0.89 29.5+1.3
Cs 2.00 0.3+0.2 - - 1.00 0.00 35.2
Ct 0.22 -0.1£1.3 - 0.01 0.99 0.01 33.3+£0.9
Sc 0.66 0.9+1.3 - - 1.00 0.00 30.6+1.4
Ke 0.20 1.0 - - 1.00 0.00 29.5
Ob 0.16 -0.7 - - 1.00 0.00 33.4
Gc 1.20 -11.3+1.9 0.42 0.39 0.19 0.80 37.0£1.5
Ha 1.40 -4.1+1.5 0.06 0.21 0.73 0.38 26.9+1.5
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as Equus (4.) neogeus (p, = 18 %), Toxodon platensis (p, =
16 %), Catonyx cuvieri (p, = 12 %) and Glyptotherium sp.
(p, = 10 %; Table 3).

Niche breadth

We estimated the niche breadth for all vertebrates found
in Sergipe, Brazil (Table 1), suggesting as specialists (B,
< 0.50), in crescent order: Notiomastodon platensis (B,
= 0.22+0.13), Glyptotherium sp. (B, = 0.28), Equus (A.)
neogeus (B, =0.43) and Catonyx cuvieri (B, = 0.49). Toxodon
platensis (B, = 0.57+0.19), Eremotherium laurillardi (B, =
0.68+0.21), Holmesina paulacoutoi (B, = 0.72), Panochthus
sp. (B, = 0.84) and Palaeolama major (B, = 0.89) were
generalists. The faunivorous Pachyarmatherium brasiliense
(B, = 0.78) and Smilodon populator (B, = 0.85) were
generalists, presenting similar values of niche breadth, and
Caiman latirostris was a specialist with the lowest niche
breadth (B, = 0.29) (Table 1).

DISCUSSION

Isotopic paleoecology (6'*C, 6'%0): feeding habit

Through the one element isotopic mixing model we could
refine the suggestion of diet for several taxa from Sergipe, in
all studied specimens we noted a diet composed mainly of
abrasive resources, such as C, grass.

Eremotherium laurillardi presented a consumption of 45
% of C, plants (fruits and leaves) and mainly a C, grass diet
(p, = 55 %; Table 1). Bargo et al. (2006a) suggested that E.
laurillardi and Megatherium americanum had masticatory
apparatus with similar biomechanical functions, presenting
robust cranial muscles which allows them to had a strong
bite, and a thick cone-shaped and prehensile upper lip which
could select part of plants. To support the discussion of our
isotopic results for E. laurillardi we followed Vizcaino et al.
(2006) and Bargo et al. (2006b), and estimated the occlusal
surface area (OSA) and the Hypsodonty index (HI) for a
dentary of E. laurillardi (LPUFS 4755) from Pogo Redondo,
Sergipe (Table 2).

The estimated OSA from LPUFS 4755 was 10,650.83
mm?, which is equivalent to the OSA found for Megatherium
americanum (Table 2), suggesting that it could process a large
amount of turgid to soft food items, such as C, grass and fruits.

The HI of Eremotherium laurillardi LPUFS 4755 was
higher (HI = 0.96; Table 2) than those found for northeastern
Brazilian species (MCL and MNRJ samples; HI =0.76+0.02;

Table 2), and closer to the HI found for Megatherium
americanum (HI = 1.02+0.07; Table 2). This is unexpected,
but it could suggest that in Sergipe a population adapted to
a diet with a higher consumption of dust and grid ingested
together with their food items (such as C, grass), which
reinforces our interpretation based on the mathematical
mixing model of carbon isotopes.

Another evidence came from L. Asevedo (pers.comm.),
which analyzed the feeding ecology of Eremotherium
laurillardi from Gararu and Pogo Redondo (both in Sergipe,
Brazil) through stereomicrowear analysis, and noted high
values of scratch (fine and coarse), as well hypercoarse
scratches, gouges, cross-scratches and pits, which suggests
a mixed feeder diet based mainly in grasses, but feeding in
fruits and leaves as well, consistent with our interpretation
based on stable isotopes.

The diet of the other Pilosa, Catonyx cuvieri, was partially
in contrast to the expectation for a Scelidotherinae, as a
selective feeder habit was expected, feeding more in fruits,
leaves, buds and roots (Bargo et al., 2006a,b). The analyzed
sample (UGAMS 35324; Table S1) belonged to an adult
individual (Dantas & Zucon, 2007), which presented a diet
lower in fruits and leaves (p, = 33 %) and a major consumption
of C, grass (p, = 67 %) (Table 1). Maybe competition or
environmental conditions induced a change in its feeding
habits, leading to a consumption of the most available
resources that were C, grasses.

Some authors (Vizcaino et al., 1998; 2011) suggested that
Glyptotherium, Panochthus and Holmesina could be mainly
grazers, based in biomechanics of the masticatory apparatus
and hypsodonty index. However, these observations could
be effects of natural selection, based on the environments in
which these taxa evolved, and did not reflect an exclusive diet
on grass, thus, our isotopic results (Table 1) from Sergipe are
not odd, as presented a good consumption of C, grasses (p, >
49 %), plus fruits and leaves of C, plants.

In Sergipe Toxodon platensis presented a diet composed
mainly of C, grass (p, = 57 %; Table 1). Compared to the
data presented by Dantas ef al. (2017) for all BIR, we noted
a contrast, as it fed more on C, plants (p, = 60 %) than on C,
plants (p, = 40 %), suggesting a drier environment in Sergipe
than in other regions of BIR. For Palaeolama major our
analyses yielded a fair consumption of C, grass (p, = 46 %).
Compared to the data based on the analysis of coprolites
(Marcolino et al., 2013), we found a partial correspondence,
as it suggested a diet based exclusively on C, plants and our
results suggest the consumption of, at least, 54 % of C, plant

Table 2. Oclusal Surface Area (OSA) and Hypsodonty index (HI) of Megatherium americanum and Eremotherium laurillardi. Abbreviations: LTR, length
of the tooth row; DM, depth of the mandible; HI, Hypsodonty Index. Data from Bargo et al. (2006b) and Vizcaino et al. (2006).

M. americanum

E. laurillardi (LPUES 4755) E. laurillardi (MCL & MNRJ)

OSA (mm?) 10,818.36+464.23
LTR 213.00+17.91
DM 215.64+18.14
HI 1.02+0.07

10,650.83 -
172.94 188.44+7.13
166.06 143.56+8.50

0.96 0.76+0.02
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tissues (fruits and leaves). Equus (Amerhippus) neogeus
presented in Sergipe a diet composed mainly on C, plants
(p, = 69 %), which is in accordance with the isotopic results
presented for Bahia (p, = 84 %; Dantas et al., 2017). Finally,
Notiomastodon platensis exhibited a diet composed of 83 %
of C, plants, presenting a similar consumption of C, plants in
comparison with the mean value of the diet in BIR (p,= 70 %;
Dantas et al., 2017). Silva (2015), through stereomicrowear
analysis, noticed that N. platensis individuals from Canhoba
were mixed feeders, but with a diet composed mainly of
grasses.

Isotopic paleoecology (6"*C, 6'%0): guilds

Using carbon and oxygen isotopic data in PCA we noticed
that the contribution of carbon (p, = 68 %) is higher than that
of oxygen (p, = 32 %) and together with the Cluster analyses
showed three well defined groups/guilds: browsers, mixed-
feeders and grazers (Figure 3).

To better understand isotopic paleoecology of Sergipe
Pleistocene mammalian taxa, we compared their isotopic
data with those available for 11 extant mammals from
Africa (Table 1 and Figure 3), and we analyzed the isotopic
diet patterns found using mathematical mixing model using
carbon isotopes.

In Africa savannahs there were, at least, 20 species of
grazers, 13 of browsers, 10 of mixed-feeders and one of
omnivore (Owen-Smith, 1982). The grazer guild was composed
of the megaherbivore Ceratotherium simum, a specialist
grazer (B, = 0.00), and for the specialists mesoherbivores
Equus quagga (B, = 0.010.02), Connochaetes taurinus (B, =
0.01=0.02), Syncerus caffer (B, = 0.00), Kobus ellipsiprymnus
(B, = 0.00) and Oryx beisa (B, = 0.00), which have a diet
composed mainly of C, grass (varying from 99 % to 100 %;
Table 1; Figure 3), consumption of leaves and fruits were
virtually inexistent.

In the browser guild we have data only for Giraffa
camelopardalis (B, = 0.80+0.18) feeding in 42% of leaves and
39 % of fruits (Table 1; Figure 3), and, in the mixed-feeder
guild are Loxodonta africana (B, = 0.88+0.07) and Diceros
bicornis (B, = 0.89+0.16), which fed similarly on C, grass
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(P,=29-33 %), fruits (p,= 33-36 %) and leaves (p, = 34-35 %;
Table 1; Figure 3). Hippopotamus amphibius (B, = 0.38+0.23)
fed more on C, grass (p, = 73 %), while in its case, values
attributed to fruits and leaves (p, = 27 %) could be C, aquatic
plants (Table 1).

Based on PCA and Cluster Analyses of the Sergipe extinct
mammals (Figure 3), we noticed that only Notiomastodon
platensis was included in the grazer guild, feeding on more
than 83 % of C, grass, as observed in herbivores mammals
from Africa. The remaining studied taxa were included
in the mixed-feeder guild (Figure 3), being subdivided in
four subgroups, which presented mainly variations in their
consumption of C, plants.

The taxa Toxodon platensis, Equus (A.) neogeus and
Catonyx cuvieri showed an important consumption of C,
grass (p, = 43-57 %) but fed significantly on fruits (p, =
22-26 %) and leaves (p, = 8-16 %). In the other subgroup
we have Palaeolama major, Panochthus sp. and Holmesina
paulacoutoi, these taxa exhibited a moderate consumption
of C, grass (p, = 45-55 %), fruits (p, = 29-32 %) and leaves
(p,= 1623 %).

Finally, Eremotherium laurillardi and Glyptotherium sp.
were grouped with Hippopotamus amphibius, mainly because
of their lower oxygen isotopic values. For Glyptotherium sp.
we have only one sample, its lower value of oxygen is odd,
as it had a great consumption of C, grass (p,= 77 %). Gillette
& Ray (1981) suggested that Glyptotherium could have had a
semi-aquatic habit, like H. amphibius. However, as we have
only one sample, we cannot discard or confirm this hypothesis.

Isotopic paleoecology (6*C, 6'%0): trophic web

To show the efficiency of the use of carbon and oxygen
(mainly this last one) isotopes values in a mathematical mixing
model to suggest the proportional contribution of herbivores
in the diet of carnivores, we estimated the proportional
contribution of African herbivores (Table 1) to the diet of
the lion Panthera leo.

Our results suggest that Panthera leo has a diet based on
Giraffa camelopardalis (p,= 20 %), Diceros bicornis (p,= 15
%), Loxodonta africana (p,= 14 %), Hippopotamus amphibius

Table 3. Prey isotopic (6'°C, §'%0) contribution (%) to isotopic diet of two vertebrate carnivores from the Late Pleistocene of Sergipe, Brazil.

Potential preys (weight in kg)

Smilodon populator

Caiman latirostris

Smilodon populator (315)

Caiman latirostris (60)
Eremotherium laurillardi (3,416)
Catonyx cuvieri (777)
Pachyarmatherium brasiliense (38)
Holmesina paulacoutoi (120)
Glyptotherium sp. (710)
Panochthus sp. (785)

Toxodon platensis (1,770)
Notiomastodon platensis (6,300)
Palaeolama major (285)

Equus (Amerhippus) neogeus (420)

0.10
0.06
0.10
0.11
0.12
0.02
0.12
0.12
0.01
0.14
0.10

0.16
0.44
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(p,= 12 %), Equus quagga (p,= 9 %), Connochaetes taurinus
(p, = 8 %), Syncerus caffer (p, = 8 %), Kobus ellipsiprymnus
(p, = 8 %) and Oryx beisa (p, = 8 %). These results are in
agreement with the literature (e.g. Hayward & Kerley, 2005;
Loveridge et al., 2006) which shows a prey preference of P. leo
on G. camelopardalis, L. africana (calves, probably the same
for D. bicornis and H. amphibius), E. quagga, C. taurinus,
S. caffer and O. beisa, in other words, 67 % of what was
estimated by the mathematical mixing model using oxygen
and carbon isotopes.

For Sergipe isotopic data are available for three
faunivorous taxa (Smilodon populator, Caiman latirostris
and Pachyarmatherium brasiliense), allowing us to suggest
a trophic web structure for this late Pleistocene vertebrate
community (Figure 5) using the mathematical mixing model
using oxygen and carbon isotopes.

Smilodon populator hunted more or less equally in
closed landscapes (p, = 52 %) and open environments (p, =
48 %). Using regressions proposed by Radloff & Du Toit
(2004) we estimated that the mean and maximum prey
size for S. populator could had ranged between 540-3,000
kg, suggesting that only 36 % of its diet was composed of
taxa belonging to his optimal interval (Table 3). Above this
limit there is a low percentage (p, = 7 %), including the
megaherbivores Eremotherium laurillardi and Notiomastodon
platensis. However, the majority of its diet (p, = 56 %) was
based on mammals weighting lower than 540 kg (Table 3).

It is possible that Smilodon populator hunted actively
Equus (A.) neogeus (p, = 10 %) and Palaeolama major (p, =
14 %), as their body mass is not so distant from their mean

prey size. The predation on Caiman latirostris is suggested (p,
=10 %) based mainly on observations of predation nowadays
by the extant Felidae Panthera onca on this crocodilian taxon
(e.g. Azevedo & Verdade, 2011). Isotopic contribution of
Pachyarmatherium brasiliense (p, = 11 %) and Holmesina
paulacoutoi (p,= 12 %) for S. populator diet could represent
a scavenging habit for this carnivore (Table 3; Figure 5).
In Sergipe S. populator could not have a specialization on
a prey type, which could suggest a pack-hunting behavior,
as individuals of this pack could feed on a variety of prey
samples proportionally.

In southern Chile, Prevosti & Martin (2013), based
on carbon and nitrogen isotopes, suggested as possible
prey for Smilodon: Hippidion, indeterminated Camelidae
and Lama guanicoe (Camelidae). This is similar to the
results of the present study, where the dominant prey
also belonged to Camelidae taxa. However, the isotopic
approach depends on the herbivore isotopic data available,
and Bocherens ef al. (2016) suggested as main prey for
Smilodon, Macrauchenia (Macraucheniidae), followed by
Megatherium (Megatheriidae) and Lestodon (Mylodontidae),
which is different from the results of the present study, mainly
because we do not have isotopic data for Macraucheniidae
and Mylodontinae taxa in Sergipe. These results could reflect
a regional difference in prey types for S. populator, or, as
stated previously, it could be a consequence of the absence
of isotopic data for more herbivores in our analyses.

The crocodylian Caiman latirostris could not actively
hunt mammals’ taxa found in Sergipe, as they body mass
were more than 420 kg (Table 3). However, we suggest that

Figure 5. Isotopic (6"*C and 6'*0) trophic web from pleistocenic meso-megamammals from Sergipe, Brazil. Labels: bold arrows, food resources that contributed
more than 50% in isotopic signature of consumer; gray thin arrow, food resources that contributed more than 10% in isotopic signature of consumer; gray thin
cracked arrow, food resources that contributed less than 10% in isotopic signature of consumer.
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it could feed on carcasses, acting as a scavenger, like other
crocodiles, since this would facilitate the dismembering of
large prey corpses (e.g. Dixon, 1989; Perez-Higareda et al.,
1989; Figures 4B and 5).

Paleoenvironmental reconstruction

The available isotopic data from extant megamammals
from Kenya and Tanzania (Table 1; Figure 3) yield a good
illustration of the meso-megaherbivore fauna from Africa,
with a predominance of grazer species with high consumption
of C, plants (p,= 99-100 %; Table 1), and where even mixed-
feeder and browser species had a significant consumption of
grass (p, = 19-33 %).

In the late Pleistocene of Sergipe, the available data of
meso-megaherbivores fauna showed a mammal assemblage
composed of mixed-feeders and grazing species (Table 1;
Figure 3). They fed less on C, grass (p, =45-83 %) than extant
fauna from Africa, which could indicate that they lived in a
more closed environment in comparison, with more C, plants,
as herbs and shrubs.

Looking at the oxygen isotopic values of the evaporation-
insensitive taxa Loxodonta africana (extant, Africa) and
Notiomastodon platensis (extinct, late Pleistocene of Sergipe
Brazil) (Figure 2) we noticed that Sergipe presented, in
comparison, a drier environment than Africa nowadays, with
a difference of almost +2.5 %o.

Franca et al. (2014) noticed that, at least between 27 ka and
11 ka, the diet of Eremotherium laurillardi and Notiomastodon
platensis did not change, suggesting an environmental
stability in Pogo Redondo, Sergipe, including dated carbon
isotopic data from Toxodon platensis for Pogo Redondo, N.
platensis from Canhoba and E. laurillardi from Gararu, we
tentatively expand this interpretation to Sergipe.

The oxygen isotopic data of Eremotherium laurillardi
and Toxodon platensis allowed us to suggest that these taxa
acquired their oxygen content through the drinking water,
as well as Notiomastodon platensis (Figure 6A). Oxygen
isotopic data for dated 7. platensis are similar to those from
N. platensis, but this is an isolated observation and does
not allow us to discuss this point further. The %0 values
of dated N. platensis did not show variations trough time,

Figure 6. A, 6'*0 values through time: No correlation between 6"3C and 6'30 values for Eremotherium laurillardi (El;y = 0.12x +29.03, R?= 0.02), Toxodon
platensis (Tp; y = 0.20x + 32.16, R? = 0.05) and Notiomastodon platensis (Np; y = 0.63x + 32.68, R? = 0.13) allowing to suggests that their oxygen isotopes
values reflect mostly their drinking water. B, '*C values through time: Environmental stability through the late Pleistocene of Sergipe, between 27 ka to 11 ka.
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while oxygen isotopic values of dated E. laurillardi showed a
slight variation, which could indicate an increase of humidity
through time, but virtually, it is similar to the oxygen data
from N. platensis (Figure 6B).

FINAL REMARKS

The herbivore fauna had a high consumption of C,
grass, belonging to two guilds: grazers (p,C, grass > 83%;
N. platensis) and Mixed Feeders (Glyptotherium sp; Equus
neogeus; Toxodon platensis; Holmesina paulacoutoi,
Panochthus sp.; Catonyx cuvieri; Eremotherium laurillardi,
and Palaeolama major).

Smilodon populator could feed on meso-megaherbivores
weighting between 285 kg to 6,300 kg (p, = 67 %), eventually
they could have hunted Caiman latirostris (p, = 10 %), and
we suggest that S. populator acted as scavengers feeding on
the carcasses of Pachyarmatherium brasiliense (p, = 11 %)
and Holmesina paulacoutoi (p, = 12 %). Besides this, we
suggest that C. latirostris could have behaved as a scavenger,
feeding on carcasses of these meso-megamammals, especially
Notiomastodon platensis (p, = 44 %).

Finally, we suggest that the meso-megamammals from the
late Pleistocene of Pogo Redondo, Sergipe, lived in a more
closed (presence of C, plants, like herbs and shrubs) and drier
environment than that found nowadays in Africa savannah,
and that this environment occurred in Sergipe between 27
ky to 11 ky at least.
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