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ABSTRACT — A paleoparasitological investigation was carried out on Crocodyliformes coprolites discovered in the Municipality of Santo
Anastacio, in the southwestern region of the State of Sao Paulo. Individual samples were extracted from the surface and internal portion of
each coprolite which revealed the presence of thick-shelled parasite eggs in three of them. The morphological characteristics of the specimens,
i.e., rounded or oval shape, thick-shelled with mammillated surface, as well as their size, suggest that these eggs belong to the superfamily
Ascaridoidea, which are gastrointestinal parasite nematodes of vertebrates, popularly known as “roundworms”. This is the first record of
Ascaridoidea eggs discovered in Crocodyliformes hosts from the Upper Cretaceous of Brazil.
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RESUMO — Uma investiga¢do paleoparasitologica foi conduzida em coprolitos de Crocodyliformes recuperados no Municipio de Santo
Anastacio, regido sudoeste do Estado de Sdo Paulo. Amostras individuais foram extraidas da superficie e por¢des internas de cada coprolito,
as quais revelaram a presenga de ovos de parasitos com casca grossa em trés coprolitos. As caracteristicas morfoldgicas dos espécimes, tais
como formato redondo ou oval, casca espessa com superficie mamilonada, bem como seu tamanho, sugerem que estes ovos pertengam a
superfamilia Ascaridoidea, nematddeos parasitos gastrointestinais de vertebrados, popularmente conhecidos como “lombrigas”. Este é o
primeiro registro de ovos Ascaridoidea encontrado em hospedeiros Crocodyliformes do Cretaceo Superior do Brasil.

Palavras-chave: Crocodylomorpha, ascaridoides, parasitos, coprolitos, Grupo Bauru.

INTRODUCTION Coprolites are frequently found in the proximity of
fossil skeletons (Souto, 2000, 2011; Oliveira & Santucci,
The Bauru Group (Upper Cretaceous, Brazil) comprises 2017). However, a few reports have been published about

geological units representing one of the most extensive they .(Oliveira & Santucci, 2017), indicating that much still
continental sedimentary areas in South America, composed remains to be explored (Fugassa et al., 2008; Hugot et al.,
mainly of lacustrine deposits in the Aragatuba Formation, 2014; Silva et al., 2014).

fluvial deposits predominantly in the Adamantina and Crocodyliformes is the most abundant clade among the
Uberaba formations, and alluvial sedimentation in the Marilia vertebrates present in the Bauru Group, which contains
Formation (Fernandes & Coimbra, 2000; Oliveira & Santucci, more than ten different groups (Bertini et al., 1993). In

2017). The Bauru Group covers most of the western region of Brazil, parasitological studies on the fossilized feces of
the State of Sdo Paulo (Figure 1), with a more extensive area ~ these animals have yet to be undertaken. Two studies
corresponding to the Adamantina Formation. This formation, involving parasites in coprolites of Crocodylomorpha
over the years, has proved to be a rich fossiliferous geological have been conducted elsewhere. The first study, in Florida,
unit, with the discovery of a variety of vertebrate fossils such USA, focused on alligators from the Pleistocene/Holocene
as fishes, lizards, testudines, crocodylomorphs, dinosaurs, and boundary, dating back to approximately 10,000 years ago; in
mammals (Bertini et al., 1993; Azevedo et al., 2000). this study, Trematoda and Trichuridae nematode eggs were

238



Cardia et al. — Ascaridoidea nematode eggs in coprolites

GO

Alfredo Marcondes

O

Araxas

Piquerobi

Presidente

Presidente Bernardes Prudente

10 Km

Raposo Tavares Road

nas\'bd\o
Rio Santo K

FEPASA

Pirapozinho

239

Figure 1. Geographical distribution of the Bauru Group through the states of Parana (PR), Mato Grosso do Sul (MS), Goias (GO), Minas Gerais (MG) and
Sao Paulo (SP), showing the position of the site where the coprolites were discovered; Fossil locality (A).
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found in 12 out of 28 coprolites (Reinhard e al., 1986). The
second study describes an unidentified egg, possibly from a
parasite, in one of 23 coprolites assigned to indeterminate
crocodilians from the Urumaco Formation, Venezuela,
from the Miocene, approximately 23—5 million years ago
(Dentzien-Dias et al., 2018).

The paleoparasitological exploration of fossil feces
enables researchers to identify parasite eggs or larvae, infer
dietary habits, predator-prey relationships and environmental
information (Wolff ez al., 2009; Vajda et al., 2016). Depending
on the parasite identified, it is possible to deduce feeding
patterns of these animals, whether omnivorous, piscivorous,
carnivorous or possibly herbivorous. It is also possible to
correlate the parasite with the type of environment, aquatic,
semi-aquatic or terrestrial, and the climate features required
for the parasite’s survival.

The number of relevant paleoparasitological studies
has increased in the 21* century, especially on coprolites of
different groups of vertebrates in Brazil and other countries
(Fugassa et al., 2008; Wood et al., 2013; Dentzien-Dias
et al., 2013, 2018; Hugot et al., 2014; Francischini et al.,
2017). Nevertheless, the literature contains only two records
imputed to Ascaridoid eggs in coprolites: Ascaridoidea eggs
in an Iguanodon coprolite from the Cretaceous of Belgium
(Poinar & Boucot, 2006), and a species of ascarid egg found
in a herbivorous cynodont coprolite from the Triassic of the
Santa Maria Formation, in the State of Rio Grande do Sul,
Brazil (Silva et al., 2014).

The discovery of eggs of Ascaridoidea parasites in
Crocodyliformes coprolites, related to the Upper Cretaceous
series (Campanian—Maastrichtian), is reported here for the
first time.

MATERIAL AND METHODS

Coprolites

The 53 coprolites (complete and fragmented) analyzed in
this study were recovered in association with Crocodyliform
bones from a paleontological site located in the municipality
of Santo Anastécio, in the southwestern region of the State
of Sdo Paulo, in southeastern Brazil, at the coordinates
21°58°30.163”S, 51°39°11.138”W (Figure 1). The site
is chronologically assigned as Late Cretaceous (Bertini,
1993), lithologically represented by sandstones, siltstones,
mudstones, and conglomerates of fluvio-lacustrine origin
(Suarez, 2002) (Figure 2). The coprolites were stored in
glass flasks and housed in the Paulo Milton Barbosa Landim
Paleontology and Stratigraphy Museum at the Sdo Paulo State
University (UNESP) in the Municipality of Rio Claro, under
Collection No. URC R. 148.

These ichnofossils preserved through phosphatization
in general showed an average length of 1.3 cm (varying
from 0.2 to 3.9), average diameter of 0.8 cm (varying from
0.1 to 2.4), average weight of 3.7 grams (ranging from

1.0 to 20.0), a round or cylindrical shape and rounded or
pointed ends. This morphology and the absence of food
remains, such as bone fragments, are typical characteristics
of Crocodylomorpha coprolites, due to the efficacy of the
digestive system of this archosaurs (Souto et al., 2010; Lucas
et al., 2012; Milan, 2012; Dentzien-Dias et al., 2018).

Laboratory processing

Morphometric measurements of each of the 53 coprolites
were taken using a caliper ruler, and they were weighed
individually on a digital balance.

Individual samples were extracted from the surface and
internal portion of the 53 coprolites using an electric drill, as
described by Silva et al. (2014), resulting in some macerated
material. At paleoparasitological processing requires the
use of samples consisting of approximately 1 gram of each
coprolite, several of the coprolites were totally destroyed.
The resulting product was stored in properly labeled Falcon
15 ml polypropylene tubes.

A 10% hydrochloric acid solution was added to the tubes,
as described by Ferreira ef al. (2011). Upon dissociation of
the minerals, the reaction was stopped by adding a double
volume of distilled water.

The resulting solution was washed several times with
distilled water, and then sifted through a 500 mesh (25 um)
Tyler sieve, as described by Bouchet et al. (1999). The residual
material from each sample retained on the sieve was washed
again in distilled water. A drop of this material was then placed
on a microscope slide, three drops of glycerin were added,
and the slide was covered with a coverslip. The material
was analyzed by bright field microscopy at 100x and 400x
magnification. Each egg was measured individually using an
ocular micrometer.

RESULTS

Ofthe 53 coprolites analyzed here, three samples revealed
Ascaridoidea nematodes (Figure 3). These coprolites showed
the following morphology: Coprolite 1 — fragmented, with
an apparently rounded end, length: 1.6 cm, diameter: 1.0
cm, and weight: 4 grams. Coprolite 3 — fragmented, with
cylindrical shape, without rounded or pointed ends, length:
1.8 cm, diameter: 1.0 cm, weight: 7 grams. Coprolite 42 —
complete, with cylindrical shape, one end pointed and the
other slightly rounded, length: 1.4 cm, diameter: 0.9 cm, and
weight: 4 grams.

These coprolites exhibited three different morphotypes of
Ascaridoidea eggs (Table 1; Figures 4-5).

In addition to Ascaridoidea eggs, other inclusions were
observed by optical microscopy in the coprolites, such as
Acanthocephala eggs (Coprolite 1), Gymnosperm bisaccate
pollen grains (Coprolites 3 and 42), and fungal microconidia
(Coprolites 1 and 42).
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Figure 2. Columnar section of the abandoned quarry on the outskirts of the Municipality of Santo Anastacio, southwestern State of Sao Paulo, Brazil.
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Figure 3. Coprolites with Ascaridoidea nematode eggs, from Crocodylomorpha hosts discovered in the municipality of Santo Anastacio, SP, Brazil. A, coprolite

1; B, coprolite 3; C, coprolite 42. Scales bars = 10 mm.

Table 1. Morphology and morphometry of the three different morphotypes of Ascaridoidea eggs discovered in coprolites from Crocodyliformes found in the
Bauru Group (Upper Cretaceous). Morphotype I differs from Morphotype II in shape; Morphotype I differs from Morphotype III in size and degree of shell
surface roughness; Morphotype Il differs from Morphotype III in size and degree of shell surface roughness.

Shell thickness

Morphotype Morphology Length (um) Width (um) (um) Eggs Coprolite

Opval, thick-shelled, highly mammillated surface

I (rough, bumpy), uncleaved, apparently at one-cell 57.5-67.5 50-52.5 5 2 Coprolites 1 and 3
stage, inside the egg.
Rounded, thick-shelled, highly mammillated surface

11 (rough, bumpy), uncleaved, apparently at one-cell 60 50-55 5-7.5 2 Coprolite 1
stage, inside the egg.
Rounded, thick-shelled, slightly mammillated

11 surface (rough, bumpy), uncleaved, apparently at 30 27.5 5 1 Coprolite 42

one-cell stage, inside the egg.

DISCUSSION AND CONCLUSIONS

Rounded or oval mammillated eggs are characteristic of
the superfamily Ascaridoidea (Figures 4-5), and because
of their morphological similarity, the eggs examined in
this paleontological investigation were attributed to this
nematode group. Parasites of this superfamily are commonly
found in many modern crocodilians (Moravec, 2001; Tellez,
2013). Numerous genera of ascarids have been identified
in modern crocodilians, including Brevimulticaecum,
Dujardinascaris, Gedoelstascaris, Goezia, Hartwichia,
Multicaecum, Ortleppascaris, Terranova, Trispiculascaris
(Jacobson, 2007), indicating that this is a heterogeneous
group of successful parasites in the evolutionary process,
whose presence is found in crocodilian hosts from millions
of years ago to the present day.

The ascarids found in modern crocodilians show
morphological and morphometric similarities with those found
in this investigation (Figures 4-5), indicating the possibility

that these Crocodylomorpha acquired the parasitism through
evolutionary heritage from their primitive ancestors. This
finding may help researchers trace the evolution of parasites
and their distribution throughout the world.

It is possible that this group of parasites, as well as other
nematode parasites, emerged during the Cambrian/Ordovician
period (Poinar, 2015). However, Ascaridoidea eggs had
heretofore been described only in coprolites from the Triassic
period (Silva et al., 2014). In correlation with the current
species of ascaridoids of Crocodylomorpha, predatory habits
can presumably explain how these parasites were acquired,
suggesting that Crocodyliform hosts became parasitized
by feeding on fishes and amphibians (Huchzermeyer,
2003). This paleoparasitological investigation revealed
the abundant presence of ascaridoid parasites (Figures
4-5) in Crocodyliform coprolites during the Campanian-
Maastrichtian ages of Late Cretaceous (Figure 3) from
the Adamantina Formation in the Bauru Group, in the
southwestern region of the State of Sao Paulo.
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Figure 4. Photomicrographs of Ascaridoidea eggs found in Crocodyliform coprolites dating back to around 80-70 million years ago (400 x magnification).
A-B, morphotype I; C-D, morphotype II; E, morphotype III. Scale bars = 50 pm.

A B

Figure 5. Representative drawings showing the morphology of the three different morphotypes of Ascaridoidea eggs found inside Crocodyliform coprolites
dating back to about 80-70 million years ago. A, Morphotype I; B, Morphotype II; C, Morphotype 11I. Abbreviations: Hm, thick-shelled with highly
mammillated surface; Sm, thick-shelled with slightly mammillated surface; Oc, one-cell stage. Scale bars = 50 um.
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