
Boana geographica (Spix, 1824) is an arboreal 
and nocturnal anuran that reproduces throughout the 
year in the Amazon. Females use ponds and stream 
backwaters to deposit about 2000 black eggs, from 
which conspicuous black and unpalatable larvae hatch 
(Caldwell, 1989). The tadpoles form large (up to 2000–
3000 individuals) schools that occupy the upper layer 
of the water column, where they stay close to each 
other (Caldwell, 1989; Lima et al., 2008). However, 
gregarious behavior can bring costs to organisms, such 
as increased parasite infestation risk (by environmental 
contagious or contact-transmitted) (Alexander, 1974; 
Moller et al., 1993). Besides, physical injuries caused  
by parasites like skin lesions can further increase the risk 
of secondary infection by other parasites or pathogens, 
negatively affecting the fitness or even the survival of 
the host (Kabata, 1970; Lehmann, 1993; Loehle, 1995; 
Varga et al., 2019). 

Argulid crustaceans (Branchiura) present several 
apomorphic characters in its appendages that are 
supposed to be very efficient to a parasitic life (Malta, 
1983; Moravec et al. 1999). The genus Argulus Müller, 
1785 contains 151 described species, of which 132 

are currently considered as valid species (Walter and 
Boxshall, 2020). Argulus species are ectoparasites that
are commonly found in freshwater and marine fishes, but 
that also occasionally parasitise amphibians (Stuhlmann, 
1981, Poly, 2003; Piasecki and Avenant-Oldewage, 
2008; Tanzola and Villegas-Ojeda, 2017), reptiles 
(Ringuelet, 1943), and aquatic invertebrates (Jackson 
and Marcogliese, 1995). Among the amphibians, 
species of Argulus have been found parasitising Caudata 
(salamanders) and Anura (frogs) but with few records of
anuran larvae as hosts (Table 1). 

In this work we report the occurrence of an undescribed 
species of Argulus (in process of description) parasitising 
tadpoles of the hylid anuran Boana geographica (Fig. 
1). The parasites were identified by one of us (JCOM, 
an experienced taxonomist in ectoparasitic crustaceans) 
based on morphological characteristics (morphology of 
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Figure 1. Tadpoles of Boana geographica parasitised by 
Argulus sp. in a Central Amazon forest stream.
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the carapace, buccal apparatus, antennae, antennules, 
legs, and other anatomical details). The occurrence 
was observed in a partially dammed stretch of a terra 
firme (non-floodable) forest stream inserted in an old-
growth secondary forest area of Dimona Farm, one of 
the study sites of the Biological Dynamics of Forest 
Fragments Project (BDFFP) of the Instituto Nacional 
de Pesquisas da Amazônia (INPA), Amazonas State, 
Brazil (2.3904°S, 60.1708°W). Argulus was not found 
parasitising any other vertebrate host at the study site.

Part of the tadpoles schools (n = 100) were randomly 
collected with a hand-net, taken to the laboratory 
at INPA and separated according to size (following 
the stages proposed by Gosner, 1960), individually 
measured (Total Length, in millimeters) and inspected 
for the presence of ectoparasites The parasitologicalThe parasitological 
indices: prevalence (P%), mean abundance (MA) 
and mean intensity (MI) were calculated according to 
Margolis et al. (1982). After these initial observations, 
the parasitised tadpoles (n = 41) were separated in 
individual containers with water for the measurement of 
both tadpoles and its parasites, and parasites counting.

We used simple linear regressions to verify if the size 
of parasites was related to the size of the host tadpole, 
and if the number of ectoparasites was related to the size 

of tadpoles. We were confident in using the host’s total 
length as the independent variable because all analysed 
tadpole hosts had intact tails. Specimens samplings and 
experimental research were carried out in accordance 
with animal welfare standards certified by INPA’s 
Committee for Ethics in Research with Animals (permit 
CEUA # 054/2016) and authorised by SISBIO licenses 
# 40224-1; 40224-2; 40224-3.

The ectoparasite Argulus sp. (n = 61) was present 
in less than half of the tadpoles examined (P = 41%; 
n = 100), with a mean abundance of 0.61 (range: 1-6 
parasites per tadpole) and mean intensity of 1.49 (range: 
0–6 parasites per tadpole). Information on parasitic 
infestations are important functional aspects of anurans 
biodiversity and may potentially help revealing how 
each species interacts with its environment (Leivas 
et al., 2018). In the case of branchiuran ectoparasites, 
this information is especially important because of the 
scarcity of such records in the literature for amphibians. 
The current record represents a new occurrence of a 
species of Argulus parasitising tadpoles, and a new 
record of this branchiuran genus for streams of Central 
Amazonia, increasing the range of aquatic habitats 
occupied by these ectoparasites.

Table 1.  Records of Argulus species (Branchiura) as parasites of Amphibia (adults and larvae). * Detected in the host only in 
1969; ** provided for description in 1996, receiving in 2003 the name A. ambystoma; *** information unknown.



We have observed that the specialised structures 
for fixation of this parasite cause severe abrasion to 
the epithelium of tadpole hosts (observed in 56% of 
41 parasitised tadpoles). The thin, permeable skin of 
anurans, which is particularly vulnerable to cutaneous 
lesions (Varga et al., 2019), may cause parasitised 
tadpoles to die either directly as a result of the mechanical 
injuries or from secondary infections caused by bacteria 
and fungi, besides other complications caused by 
Argulus on its hosts Fig. 2A, B) (e.g., Kabata, 1970;

Lehmann, 1993; Loehle, 1995; Moravec et al., 1999; 
Varga et al., 2019).

The argued unpalatability of the tadpoles of B. 
geographica (Caldwell, 1989) seems to be insufficient 
to prevent infestation by Argulus sp. However, it is 
possible that the association with these toxic tadpoles 
present some additional benefits to the ectoparasite. 
For instance, it is possible that associating to B. 
geographica tadpoles results in a reduction in the risk of 
parasite death by accidental predation by fish and other 
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Figure 2. Parasitism by Argulus sp. A- The parasite Argulus sp. (red circles) and skin lesions caused by fungi (not identified) 
of the tadpoles of Boana geographica (white circles). B- Mechanical injuries caused by the exfoliation of the parasite Argulus 
sp. under the epithelium of the tadpoles of Boana geographica.



piscivorous animals, a hypothesis that could be tested 
experimentally.

There was no relation between the size of the tadpoles 
of B. geographica and of the ectoparasite Argulus sp. 
(r2 = 0.012, p = 0.396, n = 61). This may be considered 
surprising, given that several studies have detected 
positive correlations between parasite and host body 
sizes (see Poulin, 1999, and included citations) because 
a larger host may offer a greater area of attachment to the 
parasites (Poulin, 1995). However, our results showed a 
weak positive relationship between the size of the host 
tadpole and the number of attached ectoparasites (r2 = 
0.107, p = 0.018, n = 39). This may represent a simple 
relationship to the host’s body area, but it is also possible 
that larger tadpoles survive longer after infestation 
and resist better to the ill effects of parasitic energetic 
spoliation (Lehman, 1993 and included citations;
Mikheev et al., 2015). Experiments on the relationship 
between the attachment time of Argulus sp. ectoparasites 
and the eventual death of their B. geographica tadpole 
hosts are under way and may help clarifying the effects 
of these parasitic infestations on the host’s fitness. 

The interaction recorded here between the branchiuran 
ectoparasite Argulus sp. and tadpoles of the anuran B. 
geographica is surprising, since the tadpole’s lifetime up 
to its metamorphosis is relatively short (approximately 
3 months under natural conditions; our pers. obs.). 
This indicates that the ectoparasite should have some 
survival strategy to deal with the loss of the tadpoles 
hosts after exiting from the aquatic environment. In 
order to check for possible alternative hosts in the study 
site we checked dozens of fishes of several species co-
habiting the stream, but none was found parasitised 
by Argulus sp. (Table 2). So, if Argulus sp. is in fact 

a specific parasite of tadpoles of this anuran species 
it would be necessary the presence of host tadpoles 
in the study site throughout the year in order to allow 
the maintenance of the ectoparasite´s population. In 
this sense, the occurrence of reproductive activity of 
B. geographica across the seasons in the study area 
(our personal in situ observations across five years; 
2015–2019) may have allowed the persistence of the 
association of the ectoparasite with its host species. 
Alternatively, the ectoparasite may be able to perceive 
that the host is about to metamorphose nearly leaving 
the water, then moving temporarily to another unknown 
aquatic host organism and returning to a tadpole host 
later. Studies in progress may help understanding the 
dynamics of this unusual parasite-host relationship in 
streams of the Brazilian Central Amazonia.

Acknowledgements. We thank CNPq for a grant from the 
Institutional Capacity Building Program (PCI/DC-INPA) and for a 
Doctoral scholarship to CSA (#302436/2015-4; #141793/2016-3), 
for a PCI grant to FCS (#314006/2017-6), and for a Productivity 
Grant to JZ (#313183/2014-7). We also thank to FAPEAM for 
a Scientific Initiation Grant (PIBIC-INPA) to GNC. We are 
grateful to Mr. José da Silva Lopes (“Seu Zé”) and the BDFFP for 
financial and logistical support during the field activities. This is 
contribution #797 of the BDFFP INPA/STRI technical series and 
#63 of Igarapés Project technical series.

References

Alexander, R. (1974): The evolution of social behavior. Annual 
Review of Ecology, Evolution and Systematics 5: 325–383.

Bower-Shore, C. (1940): An investigation of the common fish 
louse, Argulus foliaceus (Linn.). Parasitology 32: 361–371. 

Caldwell, J.P. (1989): Structure and Behavior of Hyla geographica 
Tadpole Schools, with Comments on Classification of Group 
Behavior in Tadpoles. Copeia 4: 938–948.

Clark, V.C. (2001): Natural History Notes: Rana heckscheri (River 
Frog). Ectoparasites. Herpetological Review 32: 36.

Goin, C.J., Ogren, L.H. (1956): Parasitic copepods (Argulidae) on 
amphibians. Journal of Parasitology Archives 42: 172. 

Gosner, K.L.A. (1960): Simplified Table for Staging Anuran 
Embryos and Larvae with Notes on Identification. Herpetologica 
16: 183–190.

Jackson, C.J., Marcogliese, D.J. (1995): An unique association 
beetween Argulus alosae (Branchiura) and Mysis stenolepis 
(Mysidaceae). Crustaceana 68: 910–912.

Kabata, Z. (1970): Diseases of fishes book 1: Crustaceans as 
enemies of fishes. First Edition. Jersey City, USA, Tropical Fish 
Hobbyist Publications.

Lehmann, T. (1993): Ectoparasites: direct impact on host fitness. 
Parasitology Today 9: 8–13.

Leivas, P.T., Leivas, F.W.T., Campião, K. (2018): Diet and parasites 
of the anuran Physalaemus cuvieri Fitzinger, 1826 (Leiuperidae) 
from an Atlantic Forest fragment. Herpetology Notes 11: 109––
113.

Table 2. Fish species co-habiting the study site with Boana 
geographica parasitised tadpoles and examined for the 
presence of Argulus sp.

Camila Saraiva dos Anjos et al.338



Lemos de Castro, A., Gomes-Corrèa, M.M. (1985): Argulus 
hylae, espécie nova de Argulidae parasite de Girino. In: Livro 
de Resumos, XII Congresso Brasileiro de Zoologia, p. 52. 
Universidade Estadual de Campinas, São Paulo, Brasil.

Lima, A.P., Magnusson, W.E., Menin, M., Erdtmann, L.K., 
Rodrigues, D.J., Keller, C., Hödl, W. (2008): Guia de sapos 
da Reserva Adolpho Ducke, Segunda Edição. Manaus, Brasil, 
Áttema Design Editorial.

Loehle, C. (1995): Social barriers to pathogen transmission in wild 
animal populations. EcologyEcology 76: 326–335.

Malta, J.C.O. (1983): Os argulídeos (Crustacea: Argulidae) da 
Amazônia Brasileira, 4. Aspectos da ecologia de Argulus 
multicolor Schuurmans Stekhoven, 1937 e A. pestifer Ringuelet, 
1948. Acta Amazonica 13: 489–496.

Malta, J.C.O, Varella, A.M.B. (2009): Branchiura. In: A fauna 
de artrópodes da Reserva Florestal Ducke – o estado atual do 
conhecimento taxonômico e biológico, p. 17–20. F nseca, 
C.R.V., Magalhães, C., Rafael, J.A., Franklin, E. Eds., Manaus, 
Editora INPA.

Margolis, L., Esch, G.W., Holmes, J.C., Kuris, A.M., Shad, G.A. 
(1982): The use of ecological terms in parasitology (report of an 
ad hoc committee of the American Society of Parasitologists). 
Journal of Parasitology 68: 131–133.

Mikheev, V., Pasternak, A., Valtonen, E. (2015): Behavioural 
adaptations of argulid parasites (Crustacea: Branchiura) to major 
challenges in their life cycle. Parasites Vectors 8: 394. 

Møller, A., Dufva, R., Allander, K. (1993): arasites and the
evolution of host social behavior. Advances in the Study of 
Behavior 22: 65–102.

Moravec, F., Vidal-Martínez, V., Aguirre-Macedo, L. (1999): 
Branchiurids (Argulus) as intermediate hosts of the 
Daniconematid nematode Mexiconema cichlasomae. Folia 
Parasitologica 46: 79.

Piasecki, W., Avenanant-Oldewage, A. (2008): Diseases caused by 
Crustacea. Fish Diseases 2: 1129–1214.

Poly, W.J. (2003): Argulus ambystoma, a new species parasitic on 
the salamander Ambystoma dumerilii from México (Crustacea: 
Branchiura: Argulidae). Ohio Journal of Science 103: 52–61. 

Poulin, R. (1995): Phylogeny, ecology, and the richness of parasite 
communities in vertebrates. Ecological Monographs 65: 283–
302.

Poulin, R. (1999): Body size vs abundance among parasite species: 
positive relationships? Ecography 22: 246–250.

Ringuelet, R. (1943): Revisión de los Argúlidos Argentinos 
(Crustacea, Branchiura), con el catálogo de las especies 
neotropicales. Revista del Museo de La Plata, Zoología 3: 
43–100.

Sauer, F. (1977): Die karpfenlaus als parasit an lurchen. 
Mikrokosmos 66: 19–20.

Stuhlmann, F. (1891): Zur Kenntniss der Fauna central-
afrikanischer Seen. II. eber eine neue Art der Arguliden-
Gattung. Zoologische Jahrbücher Abteilung für Systematik, 
Geographie und Biologie der Tiere 6: 152–154. 

Tanzola, R.D., Villegas-Ojeda, M.A. (2017): Argulus ventanensis 
sp. n. (Crustacea, Branchiura) parasite of Hypsiboas pulchellus 
tadpoles (Anura, Hylidae). Pan-American Journal of Aquatic
Sciences 12: 218–226

Varga, J.F.A., Bui-Marinos, M.P., Katzenback, B.A. (2019): 
Frog Skin Innate Immune Defenses: Sensing and Surviving 
Pathogens. Frontiers in Immunology 9: 1–21.

Walter, T.C., Boxshall, G. (2020): World of Copepods Database. 
Argulus Müller O.F., 1785. Available at: http://www.
marinespecies.org/aphia.php?p=taxdetails&id=104071. 
Accessed on 14 July 2020. 

Wilson, C.B. (1902): North American parasitic copepods of 
the family Argulidae, with a bibliography of the group and a 
systematic review of all known species. Proceedings of the 
United States National Museum 25: 635–742.

Wolfe, B.A., Harms, C.A., Groves, J.D., Loomis, M.R. (2001): 
Treatment of Argulus sp. infestation of river frogs. The American 
Association for Laboratory Animal Science 40: 35–36.

Tadpoles of Boana geographica parasitised by Argulus sp. 339

Accepted by Robson Ávila


