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A B S T R A C T

We performed the first host-parasite survey of the Philippine crocodile, Crocodylus mindorensis, a critically en-
dangered species for which ecological information is lacking. We collected by gastric lavage samples of the
stomach contents of crocodiles (n=10) residing at the Palawan Wildlife Rescue and Conservation Center in
Puerto Princesa, Palawan, Philippines. The only parasite detected was an acanthocephalan, which was identified
as Neorhadinorhynchus nudus (n=68), a parasite typically found in the marine fish species consumed by three
crocodile individuals. Given the known hosts of N. nudus, its parasitism of C. mindorensis in captivity is likely
established by consumption of marine fish. Our findings have implications for the conservation management of
C. mindorensis, particularly in terms of preventing introduction of parasites that could lead to development of
infectious disease or alter the fitness of captive animals.

The Philippine crocodile Crocodylus mindorensis Schmidt, 1935, is a
small crocodile endemic to the Philippines that typically inhabits
freshwater lakes, rivers, creeks, ponds, and marshes [1]. It is classified
as the most threatened or critically endangered species in the world by
the International Union for Conservation of Nature and is protected by
the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (Appendix I) and by Philippines law (Wildlife Act of
2004) [1]. There are no records of natural parasitic infections of Cro-
codylus mindorensis, likely due to a lack of research [2].

Crocodiles and parasites have a long co-evolutionary history, which
has resulted in high host–parasite specificity and adaptation [2]. The
relationships between crocodiles and their parasites can be disturbed by
human activities, such as pollution and ecosystem disruption, and may
influence host health and population regulation [3].

We performed the first parasitic survey in C. mindorensis in captivity
to determine the prevalence of gastric parasite infection in captive
crocodiles, assess the morphology of the parasites obtained, and

evaluate the contribution of conservation management to the pre-
valence of parasite infection.

We examined a total of 10 individuals from Palawan Wildlife Rescue
and Conservation Center (PWRCC) (formerly known as the Crocodile
Farm Institute) in Puerto Princesa, Palawan, in June 2016 with the
permission of the Biodiversity Management Bureau of the Department
of Environment and Natural Resources and Palawan Council for
Sustainable Development. Both farm-bred and wild-caught crocodiles
were sampled; however, we were unable to discriminate between the
two cohorts. The diet of the crocodiles in the PWRCC includes wild-
caught marine fishes of the family Scombridae (Tulingan), such as Auxis
thazard, Euthynnus affinis, Rastrilliger kanagurta, and Thunnus albacares.

We performed gastric lavage following a standard protocol [4] to
obtain stomach contents, because dissection for parasitological ex-
amination was not allowed as C. mindorensis is a critically endangered
species. The stomach contents were examined for parasites under a
dissecting microscope. Only acanthocephalans were isolated from the
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samples. The parasites were stained using Heidenhain's Iron Hema-
toxylin and mounted on a glass slide [5]. Unmounted parasites were
viewed under a scanning electron microscope (JEOL JCM-6000PLUS
NeoScope Benchtop) using hexamethyldisilazane and a standard pro-
cedure. Illustrations of the parasite were created using a drawing tube
attached to a light microscope (Olympus CX21). Standard morpho-
metric measurements of acanthocephalans were performed and re-
corded in millimeters (mm). The acanthocephalans were identified
using the taxonomic keys of Amin [6]. Mounted specimens were de-
posited as voucher specimens in the Parasite Section of the Zoological
Reference Collection of the University of Santo Tomas, Manila, Phi-
lippines (UST-ZRC-P Accession No. CMP001). We computed the pre-
valence, mean abundance, and mean intensity of acanthocephalans
using the formulae of Bush et al. [7] and Rózsa et al. [8].

Of the 10 individual crocodiles examined, 3 (2 females and 1 male)
harbored one species of acanthocephalan parasite. The infected croco-
diles had 14 to 34 parasites (mean abundance 6.8; mean intensity,
22.67). In total, we collected 68 acanthocephalans (28 males and 40
females), all of which were identified as Neorhadinorhynchus nudus
(Harada, 1938) Yamaguti, 1939 (Fig. 1) based on the presence of paired
testes in contact with each other and distant from the posterior ex-
tremity, a cylindrical proboscis [9], and a total of 27 hooks per row
(compared to 15–16, 14–15, 17, or 9–10 hooks per row in N. macro-
spinosus, N. atlanticus, N. myctophumi, and N. basrahiensis, respectively)
[10–12]. The most closely related species, N. atypicalis, has 27 hooks
per row, which overlaps with range found in N. nudus (10–27) [13,14].
However, the acanthocephalans identified in this study had dorsal
hooks that were longer and slender than their ventral hooks ([in μm]
anterior hooks, dorsal 35×7 and ventral 28× 10; middle largest
hooks, dorsal 50×11 and ventral 36×15; posterior hooks, dorsal
36×9 and ventral 32×14), similar to N. nudus but not to N. atypicalis
[14,15]. Neorhadinorhynchus nudus also differs from the other species in
terms of the absence of spines and sclerotized plaques on the trunk
[11,16,17]. The morphology of the N. nudus identified is largely in
agreement with that of Hassanine [11] and Li et al. [18] (Table 1), but
the dimensions of the parasites isolated in this study were markedly
smaller. Although the parasites identified had a shorter proboscis and
hook length than reported previously, this species displays far greater

intraspecific variation in proboscis length and hook number than do
other acanthocephalan species [13].

This is to the best of our knowledge the first attempt to determine
the parasite fauna of the gastrointestinal tract of C. mindorensis and the
first report of N. nudus in the Philippines [19]. All species of Neorha-
dinorhynchus have to date been recorded only in squid and marine fish
(Perciformes: Carangidae and Scombridae), which are widely dis-
tributed throughout the South China Sea [12,16]. Therefore, we infer
that captive C. mindorensis likely act as an accidental host of N. nudus,
which they acquire by consuming wild-caught marine tuna.

Cases of crocodylians becoming accidental hosts of parasites are
uncommon but not unknown. For example, Gorgorhynchoides cysta-
canth was isolated from gastric lavage samples from Crocodylus acutus
from Mexico which had been fed infected fish [20]. Because the sto-
mach is an atypical site of acanthocephalan infection, it must be careful
to decide if they infect crocodiles by diving their proboscis into the
stomach wall or not. In addition, a necropsy for parasitological ex-
amination of C. mindorensis that died from natural causes is needed to
confirm parasitism by N. nudus.

In this study, we speculated that Neorhadinorhynchus nudus is a
possible or probable parasite of C. mindorensis even though marine tuna
is the final host of this acanthocephalan and is the preferred food for
captive crocodiles (PWRCC, pers. comm.) to prevent infection with
other common pathogens (e.g., Trichinella) from farm animals.
However, feeding C. mindorensis with marine fish also comes with a risk
of infection of virulent parasite of crocodilians, such as Sebekia spp..
We report here a rare case of introduction of a parasite to animals in
captivity, which was caused by conservation-related activities. Further
study is needed to determine the evidence of parasitism.
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