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Abstract – This paper provides the first report of the invasive Asian fish tapeworm, Bothriocephalus acheilognathi
Yamaguti, 1934, in Honduras. The cestode was found in Profundulus portillorum (Cyprinodontiformes: Profundulidae), which represents a new host record, and which is a member of a genus faced with a variety of conservation
challenges, now potentially complicated by the presence of this pathogenic cestode. Nearly complete sequence data
from the ITS-1 5.8S and ITS-2 regions corroborate the determination based on morphological characteristics. Several
species of carp were introduced to Honduras for aquaculture purposes in the early 1980s and the presence of the Asian
fish tapeworm in Honduras may be related to these introductions. In addition, this report documents the currently
known geographical distribution of this parasite in Central America, first recorded from Panamá and now from
Honduras.
Key words: Río Nacaome, Central America, Invasive species, Parasites, ITS-1, ITS-2.
Résumé – Première mention du cestode de poissons invasif asiatique Bothriocephalus acheilognathi au
Honduras, en Amérique centrale. Cet article présente la première mention du cestode de poissons invasif
asiatique Bothriocephalus acheilognathi Yamaguti, 1934 au Honduras. Le cestode a été trouvé chez Profundulus
portillorum (Cyprinodontiformes: Profundulidae), un nouvel hôte, qui est membre d’un genre auquel se posent de
nombreux problèmes de conservation, désormais potentiellement compliqués par la présence de ce cestode
pathogène. Les données des séquences presque complètes des régions ITS-1 5.8S et ITS-2 corroborent la
détermination sur la base de caractéristiques morphologiques. Plusieurs espèces de carpes ont été introduites au
Honduras à des fins d’aquaculture dans le début des années 1980 et la présence du cestode de poissons asiatique
au Honduras pourrait être liée à ces introductions. En outre, cet article rapporte la répartition géographique
actuelle connue de ce parasite en Amérique centrale, d’abord signalé au Panama et maintenant au Honduras.

Introduction
The Asian fish tapeworm Bothriocephalus acheilognathi
Yamaguti, 1934 has been widely disseminated around the
world. Initially, in the 1960s–1970s in the former USSR and
eastern European countries, the main vector of its spread
appears to be the introduction of its native host, the Asian grass
carp Ctenopharyngodon idella, for aquacultural purposes or
*Corresponding author: gsalgado@ib.unam.mx

for use in the control of aquatic vegetation. At present, it is
probable that common carp, koi carp, mosquito fish, and probably many other fish serve as the main vehicle of expansion of
this parasite. This cestode is notorious for exceptionally low
specificity to definitive hosts. As an adult, it lives in the gastrointestinal tract of more than 200 freshwater fish species, and
has also been reported from amphibians, reptiles, and birds
around the world [35, 42].
The native range of B. acheilognathi probably only
includes the Amur River forming the border between China
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and eastern Russia [8]. However, anthropogenically aided, this
species has spread to all continents except Antarctica [35].
Other remarkable records include islands such as the British
islands [2], Puerto Rico [6], Mauritius [26], and even as remote
as Hawaii [15–17, 40]. In North America, it has only been
reported from two regions of Canada [7, 23] and from several
regions across the United States [7], but it is broadly distributed in Mexico [29, 31]. However, B. acheilognathi has only
been reported once in South America from the introduced
Asian carp Cyprinus carpio in a fish farm in northeastern
Brazil [13, 27, 35]. Most recently, it has been recorded from
Central America, in Panama [9].
This cestode is an important pathogen of wild, feral, and
cultured fish [8, 20, 21, 35]. Thus, it is considered of great
importance for commercial production and hatchery operations. However, it is also of special concern for conservation
and freshwater fish management, due to the fact that its pathogenicity is a threat to populations of native and endemic
freshwater fishes [5, 10–12, 19, 21, 31].
In Eurasia and Africa, B. acheilognathi has mainly
remained restricted to cyprinids [8, 28]. However, in North
America the parasite has colonized non-cyprinid hosts, with
new host records and range extensions still being reported
[3, 4, 32, 41]. Based on the extremely wide spectrum of fish
hosts, some belonging to different families and even different
orders of fishes, accurate identifications of B. acheilognathi
are required to fully establish its propensity for host shifts.
Likewise, determining the potential threat of newly introduced
parasites to imperiled species depends on accurate identifications. The application of molecular data provides a means to
verify identifications [e.g., 4, 9, 22].
The goal of this work was to document the first record of
B. acheilognathi in profundulid freshwater fishes in Honduras,
Central America. Profundulidae is the only freshwater fish
family that originated in Central America [25, 39]. With only
eight known species, mostly confined to high altitude stream
habitats between southern Mexico and Honduras, this group
includes species of conservation concern that are already experiencing declines from other environmental factors [24, 25].

Materials and methods
Study site, fishing gear, and parasite sampling

We visited 10 localities in Central America (Guatemala, El
Salvador, and Honduras; Fig. 1) in May of 2014. Fishes were
collected with the use of an electrofishing device, dip-nets,
and seines; they were transported live to the laboratory and
inspected for helminths within 24 h post-capture. They were
examined under a dissecting microscope. Helminths were fixed
either in hot 4% formalin for staining and whole mounting, or
in 95% ethanol for molecular procedures. Two cestodes were
stained with Mayer’s paracarmine, dehydrated using a graded
alcohol series, cleared in methyl salicylate, and mounted
whole. Voucher specimens were deposited in the ‘‘Colección
Nacional de Helmintos (CNHE)’’ at the Instituto de Biología,
Universidad Nacional Autónoma de México (CNHE Catalog
No. 9368).

Figure 1. Map of Profundulus spp. collections in Central America
(circles). The black circle depicts the single locality in which
B. acheilognathi was collected (Nacaome River) within Profundulus
portillorum.

Molecular procedures

Total genomic DNA was extracted from two individuals
identified via morphology as B. acheilognathi with a DNeasy
Tissue Kit (QIAGEN Inc., Valencia, CA, USA) and DNA
was then stored at 20 C until use. The ITS-1.5.8S and
ITS-2 regions was amplified using the BD1 and BD2-A primers as reported in other studies [9, 22]. Polymerase chain reactions (PCRs) were performed in 25 lL reaction volumes
consisting of 1· reaction buffer (New England Biolabs,
Beverly, MA, USA), 200 lM dNTPs, 2 mM MgCl2, 0.5 units
of Taq polymerase (New England Biolabs), 0.3 lM of each
primer, approximately 20 ng template DNA, and water to the
final volume. Cycling conditions consisted of an initial 1 min
denaturing step at 95 C followed by 30 cycles of 1 min at
95 C, 1 min at 55 C, and 1 min at 72 C with a final elongation step of 7 min at 72 C. PCR products were cleaned with
ExoSAP-IT (USB Co., Cleveland, OH, USA), and sequencing
was performed by Eurofins Genomics (Louisville, KY, USA)
using the primers described above.
Sequence data were edited using Sequencher v. 4.10.1
(GeneCodes Co., Ann Arbor, MI, USA), and the sequences
generated by this study were aligned with those Bothriocephalus acheilognathi from Luo et al. (2002; GenBank Accession
Numbers AF362408–AF362433) as well as one sequence from
B. claviceps (AF362434) to serve as the outgroup.
The sequence from Choudhury et al. (2013; JN632481) was
not included in the alignment as it represented only a portion
of the region sequenced. The presence of microsatellite repeats
in these sequences made alignment difficult. The initial alignment was performed via Sequencher v. 4.10.1 and was then
revised by eye. The best model of molecular evolution for
these sequences was selected as the HKY+G by MEGA6
[36]. This model was then used in a maximum likelihood
(ML) analysis with the deletion of positions containing gaps
with branch support assessed by bootstrapping (1000 replicates; [14]).
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Figure 2. The phylogenetic tree produced by the maximum likelihood analysis of sequences used in this study. Sequences from Luo et al.
(2002) are identified by their GenBank Accession Number, the fish species from which the specimen was isolated, and the geographic
location of the collection. The label ‘‘Profundulus portillorum isolate’’ identifies the sample from Honduras. The asterisk marks the only
branch within the ingroup with greater than 85% bootstrap support.

Results
A total of 215 individuals of Profundulus spp. (Cyprinodontiformes: Profundulidae) were examined from 10 localities of three Central American countries (Fig. 1):
Profundulus guatemalensis (Günther) (n = 80) from three
localities in Guatemala; P. kreiseri Matamoros, Schaefer,
Hernández, and Chakrabarty (n = 95), from four localities in
El Salvador; and P. portillorum Matamoros and Schaefer
(n = 40) from three localities in Honduras. Five individual cestodes (B. acheilognathi) were found parasitizing 1 of 30 P. portillorum in an unnamed creek in the town of Ojojona in the
Department of Francisco Morazán (13550 43.7" N,
87170 40" W), Río Nacaome drainage basin, Honduras; no exotic fishes were found at this locality. Other examined fishes from
several localities of Central America include six Poecilia sphenops Valenciennes, four Poeciliopsis pleurospilus (Günther)
(Poeciliidae); two Rhamdia laticauda (Kner) (Heptapteridae),
and two Agonostomus monticola (Bancroft) (Mugilidae); none
of these resulted positive for B. acheilognathi.
The cestodes were identified as Bothriocephalus acheilognathi based on the following combination of characters (see
[34]), worms moderately large 11.7–14.5 mm total length

(two specimens measured in whole mounts); a scolex heart
shaped, 574–594 · 465–663 lm with dorsally and ventrally
bothria short and very deep; first proglotids immediately posterior to scolex, neck absent, the posterior maturing proglottids
acraspedote, the proglottids having rounded edges, testes medullary, oval to spherical 63–78 in number; ovary lobed, median,
near posterior margin of proglottids. Eggs were operculate and
unembryonated 45–60 · 33–37 lm (10 eggs measured).
A molecular analysis of two individual B. acheilognathi
was performed to verify identification. After editing, we generated sequences of 1315 bp, which were identical for the two
individuals. This sequence has been submitted to GenBank
(KP099579). The completed alignment of 26 sequences from
Luo et al. [22] and our sequence comprised of 1424 positions.
When gaps were excluded there were a total of 47 variable sites
among the B. acheilognathi sequences. Our sequence was most
similar to AF362420 (isolated from Xiphophorus helleri from
Kahana Stream, Oahu, Hawaii; Fig. 2) and AF362421 (isolated
from Hemiculter leucisculus from Honghu Lake, Hubei,
China; Fig. 2). These sequences appear to be identical in the
ML tree (Fig. 2) since the two bases that differed in our
sequence occurred in regions with gaps and were excluded
from the ML analysis. Our sequence is also nearly identical
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to the one from Panama (Choudhury et al. [9]; JN632481) with
the exception of the addition of one extra TGAG repeat within
our sequence starting at base position 809 in JN632481.
The overall topology of the ML tree (Fig. 2) is weakly supported as only one of the internal branches had more than
85% bootstrap support. The lack of strong phylogenetic support does not impact our use of these data since our goal
was to verify the identification of our specimen and not to
produce a robust phylogeny for the group.

Discussion
In this work, we report for the first time the presence of the
Asian fish tapeworm, B. acheilognathi, in Honduras, with the
freshwater fish P. portillorum being a new definitive host of this
parasite. In general, the number of global introductions is rising, and freshwater ecosystems are particularly susceptible to
invasions because of their connectivity [18]. Given the fact that
alien species can potentially spread rapidly through connected
river systems, early detection is vital if managers are going to
attempt to monitor and/or control the spread of the invader.
Thus, the record of B. acheilognathi from P. portillorum in
freshwater bodies of Honduras at least indicates the capacity
of the cestode to invade this region and provides a starting
point for future efforts to explore the historical and ecological
contexts of this introduction. The present data confirm that the
host record and geographical distribution of this cestode is still
increasing. Recent surveys [37–39] show that congeneric
P. hildebrandi Miller, a threatened species, are heavily parasitized by B. acheilognathi in southern Chiapas in Mexico, constituting a concern for its conservation status. However, our
surveys of other Mexican Profundulus have failed to detect
B. acheilognathi in other species.
It has been widely suggested that the spread of B. acheilognathi is related to the introduction of the grass carp, Ctenopharyngodon idella, which is B. acheilognathi’s principal
host in its native distribution. Several species of carp (i.e. Ctenopharyngodon idella, Hypophthalmichthys nobilis, and Hypophthalmichthys molitrix) were introduced to Honduras for
aquaculture purposes (Daniel Mayer personal communication)
in the early 1980s and the presence of the Asian fish tapeworm
in Honduras may be related to these introductions. However,
taking into account the propensity of the Asian fish tapeworm
to parasitize species in different families and even orders [8,
31, 32, 35], it is also plausible that the parasite was brought
to Honduras through other fish taxa. Additional work is necessary to understand the biogeography and populations genetics
of B. acheilognathi both in Honduras and elsewhere within
its introduced range.
The current distributional area of B. acheilognathi in
Central America includes only two reported localities: one in
Panama [9] and one in Honduras (this work). This may be a
result of lower sampling intensity in the region, and a more
intense and widespread sampling regime may reveal more
localities and hosts of B. acheilognathi. However, sampling
by Aguirre-Macedo et al. [1], and Sandlund et al. [33] failed
to record the species from Nicaragua and from Costa Rica.
Also, our own sampling failed to record the tapeworm from

Guatemala, El Salvador, and two other locations in Honduras.
While this suggests that this disjunct pattern of distribution
could be real, it seems premature to speculate about the distribution of the Asian fish tapeworm in Central America, because
the helminth fauna of the region is poorly studied [30].
This paper provides the first report of B. acheilognathi in
Honduras. The host in this case is P. portillorum, a new host
record, which is a member of a genus faced with a variety of
conservation challenges, now complicated by the presence of
this pathogenic cestode. In addition, this report documents
the disjunct geographical distribution of this invasive parasite
in Central America. This paper is also the first report of freshwater fish helminth parasites from Honduras.
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4. Bean MG, Škeříková A, Bonner TH, Scholz T, Huffman DG.
2007. First record of Bothriocephalus acheilognathi in the Río
Grande with comparative analysis of ITS2 and V4-18S rRNA
gene sequences. Journal of Aquatic Animal Health, 19, 71–76.
5. Brouder MJ, Hoffnagle TL. 1997. Distribution and prevalence
of the Asian fish tapeworm, Bothriocephalus acheilognathi, in
the Colorado River and tributaries, Grand Canyon, Arizona,
including two new host records. Journal of the Helminthological Society of Washington, 64, 219–226.
6. Bunkley-Williams L, Williams EH. 1994. Parasites of Puerto
Rican freshwater sport fishes. Puerto Rico Department of
Natural and Environmental Resources, San Juan, Puerto Rico,
and Department of Marine Sciences, University of Puerto Rico,
Mayaguez, Puerto Rico. 168 pp.
7. Choudhury A, Charipar E, Nelson P, Hodgson JR, Bonar S,
Cole RA. 2006. Update on the distribution of the invasive Asian
fish tapeworm, Bothriocephalus acheilognathi, in the US and
Canada. Comparative Parasitology, 73, 269–273.
8. Choudhury A, Cole RA. 2012. Bothriocephalus acheilognathi
Yamaguti (Asian tapeworm), in A handbook of global freshwater invasive species. Francis RA, Editor. Earthscan: London.
p. 385–400.

G. Salgado-Maldonado et al.: Parasite 2015, 22, 5
9. Choudhury A, Zheng S, Pérez-Ponce de León G, MartínezAquino A. 2013. The invasive Asian fish tapeworm, Bothriocephalus acheilognathi Yamaguti, 1934, in the Chagres River/
Panama Canal drainage, Panama. BioInvasions Records, 2,
99–104.
10. Dove ADM. 1998. A silent tragedy: parasites and the exotic
fishes of Australia. Proceedings of the Royal Society of
Queensland, 107, 109–113.
11. Dove ADM, Cribb TH, Mockler SP, Lintermans M. 1997. The
Asian fish tapeworm, Bothriocephalus acheilognathi, in
Australian freshwater fishes. Marine and Freshwater Research,
48, 181–183.
12. Dove ADM, Fletcher AS. 2000. The distribution of the
introduced tapeworm Bothriocephalus acheilognathi in
Australian freshwater fishes. Journal of Helminthology, 74,
121–127.
13. Eiras JC, Takemoto RM, Pavanelli GC. 2010. Diversidade dos
parasitas de peixes de água doce do Brasil. Clichetec: Maringá.
333 pp.
14. Felsenstein J. 1985. Confidence limits on phylogenies: An
approach using the bootstrap. Evolution, 39, 783–791.
15. Font WF. 1997. Distribution of helminth parasites of native and
introduced stream fishes in Hawaii. Bishop Museum Occasional Papers, 49, 56–62.
16. Font WF. 1998. Parasites in paradise: patterns of helminth
distribution in Hawaiian stream fishes. Journal of Helminthology, 72, 307–311.
17. Font WF, Tate DC. 1994. Helminth parasites of native Hawaiian
freshwater fishes: an example of extreme ecological isolation.
Journal of Parasitology, 80, 682–688.
18. Francis RA Editor. 2012. A handbook of global freshwater
invasive species. Earthscan: London. 456 pp.
19. Heckmann RA, Greger PD, Deacon J. 1986. Parasites of the
woundfin minnow, Plagopterus argentissimus, and other
endemic fishes from the Virgin River, Utah. Great Basin
Naturalist, 46, 662–676.
20. Hoffman GL. 1980. Asian tapeworm, Bothriocephalus acheilognathi Yamaguti, 1934, in North America. Fisch und Umwelt,
8, 69–75.
21. Hoffman GL. 1999. Parasites of North American freshwater
fishes. Comstock Publishing Associates: Ithaca. 539 pp.
22. Luo HY, Nie P, Zhang YA, Wang GT, Yao WJ. 2002. Molecular
variation of Bothriocephalus acheilognathi Yamaguti, 1934
(Cestoda: Pseudophyllidea) in different fish host species based
on ITS rDNA sequences. Systematic Parasitology, 52, 159–166.
23. Marcogliese DJ. 2008. First report of the Asian fish tapeworm
in the Great Lakes. Journal of Great Lakes Research, 34,
566–569.
24. Matamoros WA, Schaefer JF. 2010. A new species of
Profundulus (Cyprinodontiformes: Profundulidae) from the
Honduran central highlands. Journal of Fish Biology, 76,
1498–1507.
25. Matamoros WA, Schaefer JF, Hernández CL, Chakrabarty P.
2012. Profundulus kreiseri, a new species of Profundulidae
(Teleostei, Cyprinodontiformes) from Northwestern Honduras.
Zookeys, 227, 49–62.
26. Paperna I. 1996. Parasites, infections and diseases of fishes in
Africa, an update. CIFA Technical Paper No. 31. Food and
Agriculture Organization of the United Nations: Rome. 220 pp.

5

27. Rego AA. 2000. Cestode parasites of neotropical teleost
freshwater fishes, in Metazoan parasites in the neotropics: a
systematic and ecological perspective. G Salgado-Maldonado,
AN García Aldrete, VM Vidal-Martínez, Editors. Instituto de
Biología, Universidad Nacional Autónoma de México: Mexico.
p. 135–154.
28. Retief NR, Avenant-Oldewage A, Du Preez HH. 2007.
Ecological aspects of the occurrence of asian tapeworm,
Bothriocephalus acheilognathi Yamaguti, 1934 infection in
the largemouth yellowfish, Labeobarbus kimberleyensis in the
Vaal Dam, South Africa. Physics and Chemistry of the Earth,
32, 1384–1390.
29. Salgado-Maldonado G. 2006. Checklist of helminth parasites of
freshwater fishes from Mexico. Zootaxa, 1324, 1–357.
30. Salgado-Maldonado G. 2008. Helminth parasites of freshwater
fishes from Central America. Zootaxa, 1915, 29–53.
31. Salgado-Maldonado G, Pineda-López RF. 2003. The Asian fish
tapeworm Bothriocephalus acheilognathi: a potential threat to
native freshwater fish species in Mexico. Biological Invasions,
5, 261–268.
32. Salgado-Maldonado G, Rubio-Godoy M. 2014. Helmintos
parásitos de peces de agua dulce introducidos, in Especies
acuáticas invasoras en México. Mendoza R, Koleff P, Editors.
Comisión Nacional para el Conocimiento y Uso de la
Biodiversidad: Mexico. p. 269–285.
33. Sandlund OT, Daverdin RH, Choudhury A, Brooks DR,
Diserud OH. 2010. A survey of freshwater fishes and their
macroparasites in the Guanacaste Conservation Area (ACG),
Costa Rica. Norwegian Institute for Nature Research, Report
635: Trondheim. 45 pp.
34. Scholz T. 1997. A revision of the species of Bothriocephalus
Rudolphi, 1808 (Cestoda: Pseudophyllidea) parasitic in
American freshwater fishes. Systematic Parasitology, 36,
85–107.
35. Scholz T, Kuchta R, Williams C. 2012. Bothriocephalus
acheilognathi, in Fish Parasites: pathobiology and protection.
Woo PTK, Buchmann K, Editors. CAB International: Wallingford, UK. p. 282–297.
36. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013.
MEGA6: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Molecular Biology and Evolution, 30,
2725–2729.
37. Velázquez-Velázquez E, González-Solís D, SalgadoMaldonado G. 2011. Bothriocephalus acheilognathi (Cestoda)
in the endangered fish Profundulus hildebrandi (Cyprinodontiformes), Mexico. Revista de Biología Tropical, 59,
1099–1104.
38. Velázquez-Velázquez E, Schmitter-Soto JJ. 2004. Conservation
status of Profundulus hildebrandi Miller (Teleostei: Profundulidae) in the face of urban growth in Chiapas, Mexico. Aquatic
Conservation, 14, 201–209.
39. Velázquez-Velázquez E, Schmitter-Soto JJ, DomínguezCisneros S. 2009. Threatened fishes of the World: Profundulus
hildebrandi Miller, 1950 (Profundulidae). Environmental
Biology of Fishes, 84, 345–346.
40. Vincent AG, Font WF. 2003. Host specificity and population
structure of two exotic helminths, Camallanus cotti
(Nematoda) and Bothriocephalus acheilognathi (Cestoda),

6

G. Salgado-Maldonado et al.: Parasite 2015, 22, 5

parasitizing exotic fishes in Waianu stream, O’ahu Hawaii.
Journal of Parasitology, 89, 540–544.
41. Ward DL. 2005. Collection of Asian tapeworm (Bothriocephalus acheilognathi) from the Yampa River, Colorado. Western
North American Naturalist, 65, 404–404.

42. Yera H, Kuchta R, Brabec J, Peyron F, Dupouy-Camet J.
2013. First identification of eggs of the Asian fish
tapeworm Bothriocephalus acheilognathi (Cestoda: Bothriocephalidea) in human stool. Parasitology International, 62,
268–271.

Cite this article as: Salgado-Maldonado G, Matamoros WA, Kreiser BP, Caspeta-Mandujano JM & Mendoza-Franco EF: First record of the
invasive Asian fish tapeworm Bothriocephalus acheilognathi in Honduras, Central America. Parasite, 2015, 22, 5.

An international open-access, peer-reviewed, online journal publishing high quality papers
on all aspects of human and animal parasitology
Reviews, articles and short notes may be submitted. Fields include, but are not limited to: general, medical and veterinary parasitology;
morphology, including ultrastructure; parasite systematics, including entomology, acarology, helminthology and protistology, and molecular
analyses; molecular biology and biochemistry; immunology of parasitic diseases; host-parasite relationships; ecology and life history of
parasites; epidemiology; therapeutics; new diagnostic tools.
All papers in Parasite are published in English. Manuscripts should have a broad interest and must not have been published or submitted
elsewhere. No limit is imposed on the length of manuscripts.
Parasite (open-access) continues Parasite (print and online editions, 1994-2012) and Annales de Parasitologie Humaine et Comparée
(1923-1993) and is the official journal of the Société Française de Parasitologie.
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