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1. Introduction 

Within the vastly neglected field of aquatic mammal parasitology the endoparasite fauna of manatees, 

especially the Amazonian and West African manatee has barely been studied. The number of mature 

Amazonian manatees has been decreasing over the last decades and the IUCN lists them as vulnerable 

emphasizing the need for science-based conservation efforts (1). The Amazonian manatee, Trichechus 

inunguis, is a species within the order Sirenia which consists of two families, the Trichechidae and 

Dugongidae (2). The family of the Trichechidae consists of the West African manatee, Trichechus 

senegalensis (3), and the two American manatee species, the West Indian manatee, Trichechus manatus, 

with its two subspecies Trichechus manatus manatus and Trichechus manatus latirostris, and the 

Amazonian manatee, Trichechus inunguis (4,5). Trichechus inunguis can be found throughout the whole 

Amazon Basin. Its habitat includes the Amazon River and its tributaries (6). Amazonian manatees are 

endemic in Columbia, Ecuador, Peru, and Brazil, with Brazil and Colombia representing the only 

countries where both Amazonian and Antillean manatees are distributed in sympatry (7). Amazonian 

manatees, like all the other species of the family of the Trichechidae are fully aquatic monogastric non-

ruminant herbivores (8). Calves stay with their mothers for at least the first year of their lives drinking 

lactose free milk before weaning (9). There are many factors which are responsible for the loss of 

manatees worldwide with anthropogenic effects such as pollution (10), loss of habitat, dam constructions 

(11) and hunting having the greatest impact (12). 

Protozoan parasites have been shown to be the most prevalent parasites in all manatee species studied. 

Giardia spp. and Cryptosporidium spp. have been reported in T. inunguis from Brazil and T. manatus 

manatus in Colombia, and Brazil (13, 14). The infection frequency was the highest in Brazil. Borges et 

al. (2017) hypothesized that these parasites were most likely introduced into the habitat of the studied 

animals by sewage and wastewater from human civilization, adding another potential anthropogenic 

effect threatening wild manatee populations (13). Three different species of the genus Eimeria have been 

found in Antillean, Floridian and Amazonian manatees so far and these had the highest prevalence of 
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parasitic infections in both wild and captive populations (15, 16). The genus Eimeria is represented with 

over 1800 different species and a vast variety of subspecies. It has been found in a broad spectrum of 

mammalian and non-mammalian hosts, but in contrast to Giardia spp. and Cryptosporidium spp., they 

are very host specific (17). Infections have been reported to lead to clinical symptoms due to 

gastrointestinal dysfunction leading to dehydration, diarrhoea and inappetence (18). Previous studies 

have shown that coccidiosis is most common in juvenile manatees (14). In general, Eimeria infections 

are more frequent in younger herbivorous animals compared to older ones, since homologous 

reinfections usually lead to immunological protection in adult animals (19). Eimeria has a complex life 

cycle that include asexual divisions followed by sexual reproduction (20). All Eimeria species replicate 

in the intestines of their hosts and shed their oocysts via faeces (21). The coccidians of the Eimeriidae 

family are monoxenous and due to their high reproduction rates cause significant damage to the 

intestines of their hosts, leading to acute enteritis (18). Eimeria species that were found in manatees 

include Eimeria manatus and Eimeria nodulosa in faecal samples from T. m. manatus and T. m. 

latirostris (15) and Eimeria trichechi, which has only been documented in T. inunguis from Brazil (22). 

In Amazonian manatees from Peru three different Eimeriidae were characterized morphologically (23).  

Metazoan parasites have only been detected in Floridian and Antillean manatees, but none have been 

reported from Amazonian manatees so far (24). Since the parasitic fauna of manatees depends not only 

on the manatee species or subspecies, but also on the location of the animals, it is of great importance 

to investigate manatees in various regions in order to create a better overview of the parasitic diversity 

in different populations. Such data will greatly improve the understanding of threats to these vulnerable 

animals. 

Most of the rescued animals are calves usually found motherless, injured, or are confiscated by 

authorities after being kept as pets illegally (8). The most common disease of calves at rescue centres is 

associated with the gastrointestinal tract. Usually showing symptoms such as diarrhoea, tenesmus, 

restless swimming, constipation and inappetence (25, 26). In 2016, a case was reported showing 
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necrotizing enterocolitis and pneumatosis intestinalis in a calf of T. inunguis from Brazil. This 

emphasizes the need for more research to be done on enteropathogens including endoparasites of 

Amazonian manatees and enteropathogenic pathogens in general to support conservation efforts (27). 

Amazonian manatees are the only herbivorous marine mammals of the Amazon Basin that live in the 

deep jungle, usually far away from the coastal areas (6). 

This study is the first survey of endoparasites of Amazonian manatees in Peru using molecular tools. We 

aimed to create more data to support conservation measures for T. inunguis and to better understand the 

potential threats for this vulnerable, but ecologically highly important species (28) of the Amazon 

rainforest. 

  



 
 

7 
 

2. Publication 

Endoparasite Survey in Amazonian Manatees (Trichechus inunguis) under 

rehabilitation in the Peruvian Amazon 

Philipp Sziderics1, Alessandra R. Medrano Zavala2, Edmundo Parada Lopez3, E. Leonardo Davila 

Panduro4, Juan J. E. Sanchez Babilonia5, Maria S. Unterköfler1, David Ebmer5, Emmanouil A. 

Koumantakis3, Jim W. Ruiz Pezo6, Franco I. Macedo Tafur6, Luis A. Gomez-Puerta7,*, and Hans-Peter 

Fuehrer1,* 

1 Institute of Parasitology, University of Veterinary Medicine Vienna, Veterinaerplatz 1, 1210 Vienna, 

Austria 

2 Faculty of Human Medicine, Department of Medical Technology, National University of San 

Marcos, Av. Miguel Grau 755, Lima, Peru 

3 Rainforest Awareness Rescue Centre - RAREC, Carretera Iquitos-Nauta Km 47, Iquitos, Peru 

4 Centro de Rescate Amazónico – CREA, Carretera Iquitos-Nauta km 13.8, Iquitos, Peru 

5 Vienna Zoo, Maxingstr. 13b, 1130 Vienna, Austria 

6 Universidad Nacional de la Amazonía Peruana, Sargento Lores 385, Iquitos, Peru 

7 Department of Veterinary Epidemiology and Economics, Universidad Nacional Mayor de San 

Marcos, Av. Circunvalación 2800. San Borja. Lima 41. Peru 

* Corresponding authors: 

Luis Antonio Gomez-Puerta (lgomezp@unmsm.edu.pe)  

Hans-Peter Fuehrer (Hans-Peter.Fuehrer@vetmeduni.ac.at) 

Journal: International Journal of Parasitology: Parasites and Wildlife 

Submitted: 11. August 2024 

Decision: 8 October 2024 („major revisions”) 

Revised: 26 October 2024 

Final Decision:  28 October 2024 (“accepted”) 

https://maps.app.goo.gl/ucqMTsnwFAsFuMqDA
mailto:lgomezp@unmsm.edu.pe
mailto:Hans-Peter.Fuehrer@vetmeduni.ac.at


 
 

8 
 

  



 
 

9 
 



 
 

10 
 

 



 
 

11 
 

 



 
 

12 
 

 



 
 

13 
 

 



 
 

14 
 

  



 
 

15 
 

3. Zusammenfassung 

 

Populationen von Manatis nehmen weltweit ab, und alle derzeit existierenden Arten werden von der 

IUCN als gefährdet eingestuft. Der Amazonas-Manati (Trichechus inunguis) ist nur spärlich erforscht, 

und relevante Endoparasiten der Spezies sind kaum bekannt. Die meisten Amazonas-Manatis, die in 

Wildtierauffangstationen behandelt und gepflegt werden, sind junge Tiere, wobei die häufigsten 

Probleme gastrointestinaler Natur sind, die zu verminderter Fresslust, Durchfall, Abmagerung und sogar 

zum Tod führen können. Endoparasiten spielen eine wichtige Rolle für das Wohlbefinden von Wildtieren 

in menschlicher Obhut sowie in wild lebenden Populationen. Diese Studie ist die erste, die Kotproben 

von Amazonas-Manatis in Peru mittels molekularbiologischer Verfahren untersucht. Wir analysierten 

Kotproben von 23 T. inunguis, die in Wildtierauffangstationen im Departement Loreto, Peru, gehalten 

wurden und untersuchten sie auf Enterocytozoon spp., Giardia spp., Cryptosporidium spp., Eimeria spp., 

sowie intestinale Nematoden und Trematoden unter Verwendung von Koproantigen-ELISAs, 

kombiniertem Flotation-Sedimentation Verfahren und molekularbiologischen Methoden. Bei 11 der 20 

Jungtiere (55%) wurden Protozoen der Gattung Eimeria gefunden. In der vorliegenden Studie wurden 

keine Metazoen bei keinem der untersuchten Manatis gefunden. Insgesamt wurden zwei morphologisch 

unterschiedliche, genetisch noch nicht beschriebene Eimeria-Arten identifiziert. Eine von ihnen scheint 

Eimeria trichechi zu sein, die bisher nur einmal bei Amazonas-Manatis in Brasilien beschrieben wurde. 

Eimeria cf. trichechi Infektionen führten in dieser Studie nicht zu klinischen Symptomen einer 

Kokzidiose. Auch in dieser Studie konnten bei Eimeria cf. trichechi infizierten Tieren keine klinischen 

Symptome gefunden werden. Die zweite Eimeria sp., hier als Eimeria sp. Type B angeführt, war mit 

klinischen Symptomen der Kokzidiose bei einem jungen Amazonas-Manati verbunden, welches 

gastrointestinale Symptome einschließlich Durchfall, verminderte Fresslust sowie Abmagerung zeigte. 
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4. Summary 

 

Manatee populations are declining worldwide, and all currently existing species are considered 

vulnerable by the IUCN. The Amazonian manatee, (Trichechus inunguis) has barely been studied, and 

information on their endoparasites is scarce. Most Amazonian manatees that are treated and nurtured in 

rescue centres are juvenile animals and the most common problems are of gastrointestinal nature leading 

to inappetence, diarrhoea, cachexia and even death. Endoparasites play an important role in the well-

being of wild animals in captivity as well as in wild population. The present study is the first to examine 

faecal samples from Amazonian manatees in Peru using molecular tools. We investigated faecal samples 

from 23 T. inunguis that were kept at rescue centres in the Loreto department, Peru and screened them 

for Enterocytozoon spp., Giardia spp., Cryptosporidium spp., Eimeria spp., intestinal nematodes and 

trematodes using coproantigen ELISAs, coproscopical analysis and molecular tools. In 11 of the 20 

juvenile animals (55%) protozoan parasites from the genus Eimeria were found. No metazoan parasites 

were documented in any of the manatees in the present study. In total two morphologically different, not 

yet genetically described Eimeria species were identified. One of them seems to be Eimeria trichechi 

which has only been described once in Amazonian manatees from Brazil. Eimeria cf. trichechi 

infections were not found to lead to clinical coccidiosis in this study. The second Eimeria sp. was 

associated with clinical symptoms of coccidiosis in a young Amazonian manatee, which showed 

gastrointestinal symptoms including diarrhoea, inappetence and cachexia. 
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