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ABSTRACT
Cynodonts represent the transition from reptiles to mammals. They are classified as synapsids, or tetrapod 
animals with mammalian characteristics. We present here the finding of helminth eggs in a coprolite 
identified as of cynodont origin dated of nearly 240 million years. Microscopy revealed the presence of 
very well preserved intestinal parasite eggs. Up to now we identified an ascarid egg by morphological 
characteristics. Based on a previous description of the new genus Ascarites Poinar Jr and Boucot 2006 in 
coprolites of iguanodons from Belgium, we propose a new species, Ascarites rufferi n.sp. in cynodonts, a 
host that inhabited the Southern Region of Brazil in the Triassic period.
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INTRODUCTION

The finding of coprolites – desiccated, fossilized 
or permineralized feces - associated with skeletons 
of extinct animals is not uncommon (Souto 2000, 
2011). Besides the possible presence of parasites, 
important information such as dietary habits, 
paleoclimate and paleoecological adaptations can 
be evidenced (Wolff et al. 2009). The first study 
was conducted by Renault and Bertrand (1895), 
describing structures classified as bacteria on 
vertebrate coprolites dated from the Permian of 
France. However, studies of parasites in this kind 
of material only recently began to be developed.

The study of coprolites from extinct animals 
has revealed new species and genus of parasites, 
demonstrating its potential. Parasite eggs and 
cysts have been found in different extinct animals, 
such as unidentified nematode eggs in a giant 
sloth (Ringuelet 1957); oocysts of two new 
species of Coccidia Archeococcidia antiques and 
Archeococcidea nothrotheriopsae in coprolite of 
a giant sloth (Schmidt et al. 1992); nematode larva 
in an extinct hyena species (Ferreira et al. 1993); 
Toxocara canis eggs in an extinct hyena species 
(Bouchet et al. 2003); Paleoleishmania proterus in 
blood from the digestive tract of a sandfly preserved 
in amber (Poinar Jr and Poinar 2004); three new 
genera of fungi from two categories, mycorrhizal and 
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epiphyllous, in dinosaurian (Isisaurus) coprolites 
(Sharma et al. 2005); Plasmodium dominicana in 
digestive tract of a mosquito of the genus Culex 
(Poinar 2005); Ascaridae eggs and protozoa cysts 
in a dinosaur coprolite from the Cretaceous of 
Belgium, showing the antiquity of that host-parasite 
relationship (Poinar Jr and Boucot 2006); oocysts of 
Eimeria sp. in coprolite of palaeollama (Fugassa et 
al. 2008) and a probable infection by Trichomonas 
gallinae in tyrannosaurid (Wolff et al. 2009).

The finding of cynodont coprolites in a 
fossiliferous deposit is herein first reported. These 
animals are classified as tetrapods synapsids of the 
order Therapsida that includes mammaliamorph 
reptiles (Schultz and Langer 2007), which appeared 
at the end of Permian (Benton and Harper 2009). 
Belonging to a monophyletic clade that gave rise 
to mammals (Kardong 1995), the cynodonts can 
be divided into mammalian cynodonts, which are 
the mammals themselves, and non-mammalian 
cynodonts, including the group of mammaliaphorm 
reptiles (Schultz and Langer 2007). Regarding diet, 
the non-mammalian cynodonts are classified as 
either carnivores or herbivores; these last are called 
gonfodonts (Battail 1983, Benton 2005, Schultz 
and Langer 2007). They were almost vanished with 
the mass extinction of the Permo-Triassic, which 
extinguished 90% of animal species, but after that 
the cynodonts have diversified and dominated the 
Triassic period (Benton 2005).

The presence of tetrapod fossils is well 
documented in paleontological excavations in 
Southern Brazil (Holz et al. 2010). Coprolites 
were found associated with fossils of these animals 
(Schultz et al. 2000, Da-Rosa et al. 2004, 2005).

Schultz and Langer (2007) recognized five 
different species belonging to this cenozone: 
Massetognathus ochagaviae (Barberena 1981); Chi
niquodon theotonicus (Huene 1938); Traversodonst 
ahleckeri (Huene 1938); Luangwa sudamericana 
(Abdala and Sá-Teixeira 2004); Protheriodone 
studianti (Bonaparte et al. 2006). More recently, 

Reichel et al. (2009) described a new traverso
dontid herbivorous form, Protuberum cabralensis, 
characterized by rib tuberosities. Fossils from 
Massetognathus and Traversodon (cynodonts with 
special dentition for herbivorous habits) are in great 
number. Chiniquodon theotonicus is the only species 
that possessed specialized teeth for carnivorous diet 
(Reichel et al. 2009).

On this paper we describe a new species of 
ascarid found in a herbivorous cynodont coprolite 
from the Triassic of Southern Brazil.

MATERIALS AND METHODS

The coprolite was collected and identified by a 
multidisciplinary group of the Universidade Federal 
de Santa Maria (UFSM). The paleontological site 
is called Cortado site, located at Rio Grande do 
Sul state, Brazil, at coordinates S 29°44’55’’; W 
53°00’06’’(Da-Rosa et al. 2004). The coprolite was 
found on Santa Maria Sequence 1 in Therapsida 
Cenozone, or Dinodontosaurus Association 
Zone, as it is called nowadays, dated as Ladinian 
(Schultz and Langer 2007) of Triassic Period 
(241 to 237 M.y., according to the most recent 
chronostratigraphic ICS and GSA charts) (Cohen et 
al. 2012, Walker et al. 2012).

Coprolites were identified based on their shape, 
content and associated fauna. Archosaurs and 
procolophonoids were discarded as the coprolite 
producers, for being too big or small, respectively. 
Dicynodonts recorded at the outcrops ranging from 
juvenile to adult forms, thus from medium to big 
size. Cynodonts in the outcrop occur as both forms, 
herbivores and carnivores. Herbivorous cynodonts 
are medium-sized forms, while carnivorous 
cynodonts are medium- to small-sized forms.

The coprolite was examined under 
stereomicroscope at 75x to look for macroscopic 
food remains on its surface. Texture and morphology 
were also examined.

The surface was scraped, and material was 
also extracted from the interior of the coprolite by 
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using a drill. Instruments were sterilized before 
using. The small fragments were transferred into a 
Petri dish to separate smaller fragments that were 
placed into microtubes. Subsequently, the small 
fragments were treated with 10% hydrochloric acid 
(HCl) to dissociate minerals, washing immediately 
with distilled water to cease reaction.

Each 100µl of demineralized sediment was 
used to settle 20 microscope slides for bright 
field microscopy analysis at 100x and 400x final 
magnification. A total of 550 slides were examined 
under light microscopy (275 slides of the coprolite 
surface and 275 from inside).

RESULTS

The coprolite has a cylindrical shape and a rough 
surface, with one subdivision at the middle. Food 
remains were not identified in the surface.

Microscopically, two different kinds of 
helminth eggs were identified. First, an egg with 
a round mammilated eggshell, measuring 62.60 x 
60.17μm (Figure 1); the other kind of egg is oval-
shaped, with a double thin eggshell, measuring 
106.52 x 53.26µm. Both eggs were found in the 
material collected from the interior of the coprolite.

DISCUSSION

The round mammilated egg is characteristic of 
the order Ascaridida, and was identified as such 
due to their morphological similarity assigned 
to this family (Figure 1). Parasites of this family 
are found in many mammals today, including 
aquatic mammals. Poinar Jr and Boucot (2006) 
found different eggs of Ascaridae in dinosaurs, 
identified as iguanodons, semi-aquatic reptiles. 
The eggs were described as a new genus and 
species of parasites, Ascarites priscus; Ascarites 
gerus. Although morphological characteristics are 
comparable, the ascarid egg in cynodont coprolite 
differs in size.

Considering the rules for description of a new 
species, it would be impossible to fulfill all the 

steps required. In that case, there is a supposed host, 
a species of the cynodont group, and a parasite, a 
species of ascarid, of which the only trace found 
was an egg similar to current Ascaridae in their 
morphometry. Therefore, ascarid infection dated 
of 240 million years and apparently there was no 
distinct change in the eggs morphology of this group 
of parasite, enabling their identification. To follow 
the genus Ascarites proposed by Poinar Jr and 
Boucot (2006), we suggest the name of the species 
found in the cynodonts, Ascarites rufferi, in honor of 
Sir Marc Armand Ruffer, the first to register eggs of 
parasites in ancient material (Ruffer 1921).

A suggested classification is proposed below, 
following Poinar Jr and Boucot (2006):

Phylum: Nematoda (Rudolphi 1808)
Order: Ascaridida (Skrjabin and Shulz 1940)
Family: Ascarididae (Baird 1853)
Genus: Ascarites (Poinar and Boucot 2006)
Species: Ascarites rufferi n. sp.

Digital pictures of the egg are kept in the 
Data Bank of the Laboratory of Paleoparasitology, 
Fundação Oswaldo Cruz.

The cynodonts were both herbivores and carni
vores, therefore, presence of ascarids is consistent 
with parasitism of this group in current species, 

Figure 1 - Ascaridae egg found in cynodont coprolite dated 
240 million years old.
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but the parasitism by ascarids is also common in 
omnivores such as pigs and humans (Leles et al. 
2012). The long persistence of parasitism and its 
breadth and diversity of hosts attests to the success 
of this group of nematodes.

Because these animals represent a group of tran
sition from reptiles to mammals, as long as 240 million 
years, this finding shows how old the infection is, as 
well as the presence of this parasite in a host that would 
be the ancestor of mammals. The egg morphology 
was preserved for million of years, allowing it to 
be identified by the usual microscopic techniques.

As for the other kind of helminth egg found in 
the cynodont coprolite, studies are still in course.

The finding of these parasite eggs in 
Cynodontia shows the antiquity of parasitism at the 
reptile-mammal transition point, some 240 million 
years ago. This shows that, contrary to what was 
previously thought, there are fossil records of 
nematodes. Dorris et al. (1999) went as far as to 
state that the absence of fossils made it impossible 
to date the stages of evolution in nematodes. 
The present finding and other previous results 
(Dentzien-Dias et al. in press) show the ability of 
paleoparasitology to find evidence of parasitism in 
extinct animals, enhancing the potential of studies 
in fossils dating from millions of years. Lastly, this 
is an evidence of parasitism in a group of hosts that 
were ancestors of mammals, showing the scope 
for comparative studies, which for the moment are 
limited to morphology.

ACKNOWLEDGMENTS

This work was supported by the Brazilian 
agencies Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq), Fundação Carlos 
Chagas Filho de Amparo à Pesquisa do Estado do 
Rio de Janeiro (FAPERJ), and Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES)/CNPq (Ciência sem Fronteiras). We 
would like to thank the valuable suggestions of 
the two reviewers.

RESUMO

Cinodontes representam o passo de transição de 
répteis para mamíferos. São classificados como  
sinapsídeos, ou tetrápodes, animais com características 
de mamíferos. Apresentamos aqui o achado de ovos 
de helmintos em um coprólito identificado como 
originário de cinodontes, datado de cerca de 240 
milhões de anos antes do presente. A microscopia 
revelou a presença de ovos de parasitos intestinais 
muito bem preservados. Até o momento, identificamos 
um ovo de ascarídio pelas características morfológicas. 
Baseados na descrição prévia do novo gênero Ascarites 
Poinar Jr e Boucot 2006 em coprólitos de iguanodontes 
na Bélgica, propomos uma nova espécie, Ascarites 
rufferi n.sp. em cinodontes, um hospedeiro que  
habitava a região sul do Brasil no período Triássico.

Palavras-chave: Ascarideos, coprólitos, cinodontes, 
evolução, paleoparasitologia.
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