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Two new ascaridoid species, Bauruascaris cretacicus n. gen. et n. sp., and Bauruascaris adamantinensis n. gen. et n.
sp., are described based on the fossils of eggs preserved in 80-70 million year old phosphatized coprolites of
Crocodyliformes, chronologically assigned to the Upper Cretaceous (Campanian/Maastrichtian age), collected
from sedimentary rocks of the Bauru Group, Adamantina Formation in the municipality of Santo Anastécio, in
the southwestern region of the state of Sao Paulo, Brazil, South America. This paper describes the oldest as-
caridoid species ever recorded in Crocodylomorpha. Hence, this article contributes to the body of knowledge

about the evolutionary history of this nematode group. It also offers a clue about the composition of the parasite
fauna of these reptiles from the Late Cretaceous, which is still unknown despite numerous studies about various
aspects of their biology and the pioneering paleoparasitological analysis of animal coprolites by South American

researchers.

1. Introduction

Nematodes of the superfamily Ascaridoidea are among the most
common groups of parasitic helminths of medical and veterinary im-
portance. In their adult form, they usually live in the alimentary tract of
the major lineages of vertebrates around the world [1], where they
generally consume the food ingested by their final hosts [2]. Ascar-
idoids normally have simple life cycles, although paratenic hosts are
common and some species also require intermediate hosts [3].

These roundworms are typically characterized by their stout body,
medium to large size, three developed lips [4] and quasi spherical eggs,
cleaved (developing embryo) or not (single cell stage), which adult
females lay in large numbers in the feces of their final hosts. The eggs of
the species transmitted in aquatic habitats are generally thin-shelled,
while those of the species that parasitize terrestrial animals are usually
thick-shelled. These morphological features make them highly resistant
and long-living in the external environment [2]. In addition, certain
species of the Heterocheilidae, Toxocaridae, Ascarididae can show eggs
with a characteristic rough outer surface [5], which some para-
sitologists call a pitted [6] or mammillated outer surface [7].

The origin and evolutionary history of Ascaridoidea are still un-
certain and controversial. Phylogenetic studies, however, suggest this
clade may have appeared in the Lower Carboniferous (Mississippian
Period), approximately 360.47-325.27 million years ago (mya), as a
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parasite of terrestrial tetrapods [5]. Nevertheless, the earliest fossil
records belong to two later geological periods, the Upper Triassic
( £ 240 mya) and the Lower Cretaceous (100-146 mya). These records
describe eggs of different species of the genus Ascarites preserved in
cynodont [8] and dinosaur [7] coprolites, respectively.

Phylogenetic analysis subdivides this taxon into six monophyletic
families, Heterocheilidae, Anisakidae, Raphidascarididae,
Acanthocheilidae, Toxocaridae and Ascarididae [5], which are re-
presented by 64 genera and approximately 823 species [9]. The extant
Crocodylomorpha reptiles, such as caimans, alligators, crocodiles and
gavials, are known to be hosts of the greatest diversity of ascaridoid
nematodes, involving almost 50 species belonging to the genera Du-
jardinascaris, Brevimulticaecum, Ortleppascaris, Typhlophoros, In-
gwenascaris, Gedoelstascaris, Hartwichia, Multicaecum, Trispiculascaris
(Heterocheilidae), Goezia (Raphidascarididae), Terranova (Anisakidae),
and Orneoascaris (Ascarididae), which are also the main nematode
group that parasitizes these vertebrates [10-29]. Parasitism by some of
these species may occasionally be associated with gastric lesions such as
ulcers and granulomas, loss of appetite, gradual weight loss, runting
and mortality in cases of severe infection of both adult and larval stages
[30-33].

Several unidentified fossils of ascaridoid eggs were found during a
paleoparasitological investigation of Crocodyliformes coprolites
chronologically related to the Upper Cretaceous, approximately 80-70
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Fig. 1. Some phosphatized Crocodyliformes coprolites from the Upper Cretaceous, dated about 80-70 mya, found in the Adamantina Formation, Bauru Group, in the
municipality of Santo Anastdcio, state of Sdo Paulo, Brazil, South America. These coprolites tested positive for Bauruascaris cretacicus n. gen. et n. sp. (black arrows)

and B. adamantinensis n. gen. et n. sp. (white arrow).

mya, which were collected in the 1980s and 1990s in the Adamantina
Formation, Bauru Group in the municipality of Santo Anastécio,
southwestern region of the state of Sao Paulo, Brazil, South America.
Two new species of ascaridoids were described based on these egg
fossils.

2. Materials and methods

Fifty-three phosphatized Crocodyliformes coprolites (Fig. 1),
chronologically related to the Upper Cretaceous (Campanian/Maas-
trichtian age) were analyzed. These ichnofossils, which were associated
with Crocodylomorpha bones, were collected previously [34] from se-
dimentary rocks of the Adamantina Formation, Bauru Group in the
municipality of Santo Anastacio, southwestern region of the state of Sao
Paulo, Brazil, South America. They are deposited in the paleobiology
collection of the Paulo Milton Barbosa Landim Paleontology and Stra-
tigraphy Museum at Sao Paulo State University — UNESP, in Rio Claro,
state of Sao Paulo, Brazil, South America.

After measuring the dimensions and weighing the coprolites using a

caliper and a digital balance, respectively, individual macerated sam-
ples were obtained from fragments extracted with a Dremel® electric
drill from the surface and interior of each coprolite.

Each macerated coprolite sample (= 1.0g) was transferred to a
15 ml Falcon tube, properly identified, to which was added a solution of
10% hydrochloric acid. After the samples were completely dissolved,
the chemical reaction was stopped by adding double the volume in
distilled water. The resulting solution was washed repeatedly with
distilled water, followed by sifting through a Bertel® Tyler 500 mesh
sieve.

Lastly, the sediment retained on the sieve was resuspended in dis-
tilled water and examined by bright-field microscopy at 100 x and
400 x magnification. Three drops of glycerine were added to each drop
of sediment between microscope slide and cover slip.

The descriptions of species were based on the morphological and
morphometric features of all the specimens of the two different mor-
photypes found, which consisted of one and four eggs respectively.
Morphological measurements are expressed in micrometers, as
mean * standard deviation, while ranges are shown in parentheses,
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except for the morphotype for which there was only one specimen. A
morphometric analysis was carried out using a Bel Photonics® ocular
micrometer, and images were recorded with a Samsung® digital camera
coupled to a Nikon® optical microscope.

3. Results

Three phosphatized Crocodyliformes coprolites (Fig. 1) without
visible food remains, 1.4 to 1.8 cm in length, 0.9 to 1.0 cm in width and
4.0 to 7.0 g in weight after paleoparasitological processing, showed two
different morphotypes of ascaridoid eggs. The first eggs were recovered
from two coprolites and the second from a single coprolite that differed
from the former. The two morphotypes are described below.

3.1. Systematics

Phylum: Nematoda (Diesing, 1861) Potts, 1932.

Class: Secernentea (von Linstow, 1905) Dougherty, 1958.
Order: Ascaridida Skrjabin et Shulz, 1940.

Superfamily: Ascaridoidea Railliet et Henry, 1915.
Family: Heterocheilidae Raillet et Henry, 1915.

Genus: Bauruascaris n. gen.

Species: Bauruascaris cretacicus n. sp.

Bauruascaris adamantinensis n. sp.

3.2. Bauruascaris n. gen.

Quasi spherical eggs, cleaved (developing embryo), thick-shelled
with outer mammillated surface, extremely or slightly rough, de-
pending on the species. Parasites of Brazilian Crocodylomorpha from
the Upper Cretaceous.

Type species. Bauruascaris cretacicus n. sp.

Etymology. The name Bauruascaris refers to the Bauru Group, a
Brazilian lithostratigraphic unit where the species of the new genus
were found in fossil Crocodylomorpha coprolites, and another sister
genus of the superfamily Ascaridoidea (askaris [Greek], worms).

3.3. Bauruascaris cretacicus n. gen. et n. sp.

(n = 4 specimens; Fig. 2)

Quasi spherical thick-shelled eggs, cleaved (developing embryo),
5.6 = 1.3 (5.0-7.5) thick, 61.3 + 4.3 (57.5-67.5) long by 51.9 = 2.4
(50.0-55.0) wide, and extremely rough outer mammillated surface.

3.3.1. Taxonomic summary

Type host. Crocodylomorpha Hay, 1930 (Sauropsida: Diapsida:
Archosauromorpha) from the Upper Cretaceous (Campanian/
Maastrichtian), possibly from the clades Notosuchia Gasparini, 1971 or
Baurusuchidae Price, 1945.

Site of infection. Probably the stomach, but in severe infections, this
species can presumably be found from the esophagus to the cloaca, as is
the case of the current ascaridoid nematode parasites of modern
Crocodylomorpha.

Prevalence. Two of 53 Crocodyliformes coprolites collected (3.8%).

Type locality. Phosphatized Crocodyliformes coprolites from the
Upper Cretaceous (Campanian/Maastrichtian), Adamantina Formation,
Bauru Group, in the municipality of Santo Anasticio, southwestern
region of the state of Sao Paulo, Brazil, South America (21° 58’ 30” S;
51° 39’11” W).

Type specimen. Deposited in the form of permanent glycerol slides in
the paleoparasitology collection of the Paulo Milton Barbosa Landim
Paleontology and Stratigraphy Museum at Sao Paulo State University —
UNESP, in Rio Claro, state of Sao Paulo, Brazil, South America.

Etymology. The specific name derives from Creta [Latin], referring to
the Upper Cretaceous, the geological period in which the species lived,
parasitizing fossil Crocodyliformes.
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Fig. 2. Photomicrographs of eggs of Bauruascaris cretacicus n. gen. et n. sp.
(400 x magnification): a — front view, b - side view.
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Fig. 3. Photomicrograph of an egg of Bauruascaris adamantinensis n. gen. et n.
sp. (400 X magnification).

3.4. Bauruascaris adamantinensis n. gen. et n. sp.

(n = 1 specimen; Fig. 3)

Quasi spherical thick-shelled egg, cleaved (developing embryo), 5.0
thick, 30.0 long by 27.5 wide, with slightly rough outer mammillated
surface.

3.4.1. Taxonomic summary

Type host. Crocodylomorpha Hay, 1930 (Sauropsida: Diapsida:
Archosauromorpha) from the Upper Cretaceous (Campanian/
Maastrichtian), possibly from the clades Notosuchia Gasparini, 1971 or
Baurusuchidae Price, 1945.

Site of infection. Probably the stomach, but in severe infections, this
species can presumably be found from the esophagus to the cloaca, as is
the case of the current ascaridoid nematode parasites of modern
Crocodylomorpha.

Prevalence. One of 53 Crocodyliformes coprolites collected (1.9%).

Type locality. Phosphatized Crocodyliformes coprolite from the
Upper Cretaceous (Campanian/Maastrichtian), Adamantina Formation,
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Bauru Group, in the municipality of Santo Anasticio, southwestern
region of the state of Sdo Paulo, Brazil, South America (21° 58’ 30” S;
51° 39’117 W).

Type specimen. Deposited in the form of permanent glycerol slide in
the paleoparasitology collection of the Paulo Milton Barbosa Landim
Paleontology and Stratigraphy Museum at Sao Paulo State University —
UNESP, in Rio Claro, state of Sao Paulo, Brazil, South America.

Etymology. The name of the new species refers to the Adamantina
Formation, a Brazilian geological unit where the species was found in a
Crocodylomorpha coprolite.

4. Discussion

The morphological characteristics of the eggs of both morphotypes,
i.e., shape, shell type and internal content, enabled us to identify the
specimens as belonging to the superfamily Ascaridoidea (Nematode:
Ascaridida). Moreover, after a comprehensive comparative analysis of
44 ascaridoid species of modern Crocodylomorpha, excluding only
Trispiculascaris trispiculascaris because the literature lacks a description
of their eggs, the morphology (quasi spherical shape and outer mam-
millated surface) and morphometry (length and width) of the speci-
mens of the two analyzed morphotypes were found to be similar to
those of species of the genus Dujardinascaris, which are currently found
in caimans, alligators, crocodiles and gavials in every continent.
Therefore, Bauruascaris cretacicus n. gen. et n. sp. and B. adamantinensis
n. gen. et n. sp. may be closely related to this genus.

However, Bauruascaris cretacicus n. gen. et n. sp. and B. adamanti-
nensis n. gen. et n. sp. are distinguishable from all the species of
Dujardinascaris by their thick shell, which also justifies the creation of
this new genus and the two new species. Furthermore, B. cretacicus n.
gen. et n. sp. is distinguishable from B. adamantinensis n. gen. et n. sp.
for its different dimensions (length and width) and degree of roughness
of its outer mammillated surface.

The thick shell of the eggs of Bauruascaris n. gen. allows one to infer
that both species lived in a terrestrial habitat, substantiating the spec-
ulation, proposed and accepted by most paleobiologists, about the
probable environment of the Crocodylomorpha of the Upper
Cretaceous, belonging to the clades Notosuchia and Baurusuchidae
[35], which may have produced of the coprolites analyzed in this study.
The thick shell, which is absent from the eggs of practically all the
ascaridoid species of the remaining Crocodyliformes, may have dis-
appeared over the evolutionary history of these parasites because it
became unnecessary in the semi-aquatic environments of their hosts,
whose habitats have less unfavorable conditions for egg viability than
terrestrial environments. According to [36], the production of eggs with
complex multi-layered shells secreted by the uterine wall involves en-
ergy costs for the females of the parasites, thus reducing their ovipo-
sition, which may also explain the decreased in eggshell thickness of
these nematodes over their evolutionary process.

Based on the general morphological characteristics of the adult
parasites of the genus Dujardinascaris described in the literature
[10,11,20,21,23-26], the species of the genus Bauruascaris n. gen. may
have had lips with interlocking processes, bodies coiled in a spiral
pattern, and a length of 3.0 to 40.0 mm. It is also plausible to infer,
based on the morphometry of their eggs, that Bauruascaris cretacicus n.
gen. et n. sp. was slightly larger than B. adamantinensis n. gen. et n. sp.
In addition, also extrapolating from the biological cycle of the genus
Dujardinascaris, according to [30,31], to B. cretacicus n. gen. et n. sp.
and B. adamantinensis n. gen. et n. sp., the two species presumably
reached their definitive hosts by preying on small vertebrates, espe-
cially amphibians and possibly even fish. These preys contained their
infective larvae encysted in tissues, which were acquired by these in-
termediate hosts after ingesting their eggs from the environment and/or
their initial larval forms from inside invertebrates (paratenic hosts),
which in turn were also previously infected via their hatched eggs or
larvae present in the environment.

Parasitology International 72 (2019) 101947

The high diversity of ascaridoid genera and species found in modern
crocodilians, in contrast to the modest number of species of these hosts,
represented by only 23 species, is probably a legacy of the great di-
versity of Crocodyliformes that roamed the planet during the Triassic,
Jurassic and Cretaceous periods and the Cenozoic Era. Due to the
abundance of different types of hosts in this geological time interval,
the ascaridoids of these animals may also have become widely di-
versified and spread to various regions and ecosystems, generating
numerous genera and species. It is probable that the current ascar-
idoids, which are parasites of modern Crocodylomorpha, descended
from some of these genera and ancestral species, which, notwith-
standing the extinction of a large part of these reptiles in the Cenozoic
Era, were able to survive, adapting over their evolutionary history to
parasitize species of Crocodyliformes from different groups, and/or to
coexist in equilibrium with others in the same host species.

These parasitic strategies are still visible today in the ascaridoid
species that parasitize crocodilians. For example, Multicaecum agile,
which is found in Oceania, Asia and Africa, may parasitize crocodilians
of the family Crocodylidae, such as Crocodylus johnstoni (freshwater
crocodile), C. palustris (mugger crocodile), C. niloticus (Nile crocodile)
and Mecistops cataphractus (West African slender-snouted crocodile) and
also of the family Gavialidae, such as Gavialis gangeticus (true gavial)
[37]. Moreover, the ascaridoids Dujardinascaris dujardini, D. gedoelsti, D.
madagascariensis, D. puylaerti, Ingwenascaris assymetrica, 1. sprenti, Ge-
doelstascaris vandenbrandeni, Ortleppascaris nigra, Hartwichia rousseloti,
T. trispiculascaris, Orneoascaris chrysanthemoides, and even M. agile, can
simultaneously inhabit the digestive tract of the species C. niloticus (Nile
crocodile) [28,29,37]. Therefore, species of stenoxenous ascaridoids
and/or ascaridoids that were unable to survive in sympatry inside the
same host probably became extinct in the Cenozoic Era.

This present paper therefore describes the oldest species of
Ascaridoidea nematodes reported to date in Crocodylomorpha. These
species can be considered the third most ancient fossil record of
Ascaridoidea parasitizing vertebrates that have been published in the
literature.
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