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Morphological and molecular differentiation of two new
species of Pseudoacanthocephalus Petrochenko, 1958
(Acanthocephala: Echinorhynchidae) from amphibians
and reptiles in the Philippines, with identification key

for the genus

Vasyl V. Tkach - Olga I. Lisitsyna -
Janna L. Crossley + Tran Thi Binh -
Sarah E. Bush

Received: 3 December 2012/ Accepted: 29 January 2013
© Springer Science+Business Media Dordrecht 2013

Abstract The genus Pseudoacanthocephalus Petro-
chenko, 1958 currently includes 14 species of acantho-
cephalans parasitic in amphibians and reptiles worldwide,
This work describes two new species of Pseudoacan-
thocephalus from amphibians and reptiles collected
in several localities on Luzon Island, Philippines.
Pseudoacanthocephalus nickoli n, sp. was found in
two species of frogs, Rana Iuzonensis Boulenger and
Rana similis (Giinther), and Pseudoacanthocephalus
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smalesi 0. sp. was found in a scincid lizard, Spheno-
morphus abdictus Brown & Alcala. Differential diag-
noses of the two new species of Pseudoacanthocephalus
from their congeners are provided. Comparative anal-
ysis of nuclear ribosomal TRNA sequences encompass-
ing the 3’ end of 18S nuclear rDNA gene, internal
transcribed spacer region (ITS145.85+ITS2), and
5" end of the 283 gene strongly corroborated the
morphological evidence and demonstrated significant
differences between the two new species as well as
between these species and closely related species from
continental China and Vietnam. No intraspecific
sequence variability was detected among different
individuals representing each of the examined species.
This is the first report of Pseudoacanthocephalus in the
Philippines. A key to known species of Pseudoacan-
thocephalus is provided.

Introduction

The genus Pseudoacanthocephalus Petrochenko, 1958
currently includes 14 species of acanthocephalans par-
asitic in amphibians and reptiles worldwide (Petrochenko,
1958; Yamaguti, 1963; Amin et al., 2008; Bush et al.,
2009; Smales, 2003, 2007). To the best of our knowl-
edge, no members of Pseudoacanthocephalus or any
other acanthocephalan species have been reported from
amphibians or reptiles in the Philippines. As part of a
survey of biodiversity of terrestrial vertebrates and their
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parasites in the Philippines, we found acanthocephalans
belonging to Pseudoacanthocephalus in two species of
frogs, Rana Iuzonensis Boulenger and Rana similis
(Giinther), and one species of scincid lizard, Sphenomor-
phus abdictus Brown & Alcala. These acanthocephalans
demonstrated substantial morphological and molecular
differences from the known Pseudoacanthocephalus
species described from Southeast Asia and elsewhere
and are described herein as new to science. Keys to the
identification of the known species of Pseudoacantho-
cephalus are provided.

Materials and methods

Specimens of Pseudoacanthocephalus were found in
twelve Rana similis, one Rana I[uzonensis and six
Sphenomorphus abdictus caught by hand during May—
June 2009 from four localities in the Aurora Province,
Luzon Island, Philippines (see taxonomic summaries
for details), Live acanthocephalans were relaxed in
water and fixed in 70 % ethanol. Morphology of the
acanthocephalans was studied on temporary total
mounts cleared in Berlese’s medium using a com-
pound Zeiss Axio Imager M1 microscope equipped
with DIC optics. Drawings were made with aid of a
drawing tube, All measurements in the text and tables
are in micrometers unless otherwise stated.

Specimens used for scanning electron microscopy
(SEM) were fixed in 70 % ethanol, dehydrated in a
graded series of ethanol, and dried with hexamethyl-
disilazane (Ted Pella Inc., Redding, California) as
transition fluid, The specimens were mounted on
aluminum stubs using conductive double-sided tape
and silver paste, coated with gold—palladium, and
examined with the use of a Hitachi 4700 scanning
electron microscope (Hitachi USA, Mountain View,
California) at an accelerating voltage of 5-10 kV.

Type-material was deposited in the parasite collec-
tion of the Harold W. Manter Laboratory (HWML) of
the University of Nebraska, Lincoln, Nebraska. Types
were deposited at HWML with the understanding that
representative types will ultimately be repatriated to
collections in the Philippines. Hosts were deposited at
the University of Kansas Natural History Museum,
Lawrence, Kansas (KUMNH).

Genomic DNA for molecular analysis was extracted
according to Tkach & Pawlowski (1999) from
tissue taken from the middle of the body of each
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acanthocephalan specimen while the taxonomically
important anterior and posterior regions were preserved
as vouchers for morphological identification. DNA was
extracted from six specimens of P. nickoli n. sp. obtained
from four different individuals of Rana similis collected
in three different localities (Table 1). DNA was also
extracted from four specimens of P, smalesi n. sp.
obtained from four different individuals of Sphenomor-
phus abdictus collected from two localities (Table 1).

For comparative sequence analysis DNA was also
extracted from six specimens of Pseudoacanthocepha-
lus bufonis (Shipley, 1903) Petrochenko, 1958 obtained
from four different species of anuran amphibians
collected in Jing Xin County Provincial Nature Reserve,
China (Table 1}, and from two specimens of Pseud-
oacanthocephalus nguyenthileae Amin, Ngyuen &
Heckmann, 2008, obtained from Duttaphrynus mela-
nostictus (Schneider) collected in Tam Dao National
Park, northern Vietnam (Table 1).

Fragments of DNA spanning the 3’ end of 18S
nuclear tDNA gene, internal transcribed spacer region
(ITS1+5.8S+ITS2), and 5 end of the 28S gene, were
amplified by PCR on an Eppendorf Master Gradient
thermal cycler. Forward primer ac58f (5-GTC GTA
ACA AGG TTT CCG T-3"y and reverse primer ac1500r1
(5'-CGA TTG ATT TGC ACG TC-3') were used for
PCR. PCR primers and additional internal primers ac300f
(5-GCG AAC AAG TAC CAT GAG GG-3'), ac300R
(5'-CCC TCA TGG TAC TTG TTC GC-3'), ac900f
(5'-CCG TCT TGA AAC ACG GAC TAA GG-3),
ac900R (5'-CCT TAG TCC GTG TTT CAA GAC GG-
3"), ac58r (5'-TAT GCT TAA ATT CAG CGG GT-3),
ac28f (5'-ACC CGC TGA ATT TAA GCA TA-3'), and
aclITSend (5'-GTC GGT GTA CAG TGA ATC AC-3')
were used for sequencing. PCR products were purified
directly using Qiagen Qiaquick™ (Valencia, CA)
columns or USB® ExoSAP-IT® enzymatic clean-up
(Cleveland, Ohio), cycle-sequenced using ABI BigDye™
chemistry, alcohol-precipitated, and run on an ABI Prism
3100™ automated capillary sequencer. The sequences
were assembled using Sequencher™ (GeneCodes Corp.,
ver. 4.1.4) and submitted to GenBank (Table 1}).

Sequences of all four Pserdoacanthocephalus spe-
cies were inifially aligned using Clustal W as imple-
mented in the BioEdit program, version 7.0.1 (Hall,
1999) and manually refined using BioEdit. Since
multiple sequences within each species were identical,
only one representative sequence was used for the
pairwise comparisons.
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Table 1 Pseudoacanthocephalus specimens used for DNA extracts, their hosts, localities, and GenBank accession numbers, All

Philippine localities are in Aurora province, Luzon Island

Acanthocephalan species  Host species Locality GenBank No.

P, nickoli n, sp. Rana similis Barangay Zabali, Municipality KC491884
of Baler, Philippines

P. nickoli n, sp. Rana similis Aurora Memorial National Park, Sitio Dimani, KC491885

Barangay Villa Aurora, Municipality
of Maria Aurora, Philippines

P. nickoli n. sp. (n =4)  Rana similis Sitioc Minoh, Municipality of San Luis, KC491886- KC491889
Philippines

P. smalesi n. sp. Sphenomorphus abdictus Barangay Zabali, Municipality of Baler, KC491892
Philippines

P. smalesi n. sp. (n =3)  Sphenomorphus abdictus Sitio Minoli, Municipality of San Luis, KC491893-KC491895

Philippines

P. bufonis (n = 2) Polypedates megacephalus

Jing Xin County Provincial Nature Reserve,

KC491878-KC491879

Guangxi Province, China

P, bufonis Fejervarya limnocharis Jing Xin County Provincial Nature Reserve, KC491880
Guangxi Province, China

P. bufonis Qdorrana livida Jing Xin County Provincial Nature Reserve,  KC491881
Guangxi Province, China

P. bufonis Polypedates mutus Jing Xin County Provincial Nature Reserve, KC491882
Guangxi Province, China

P. bufonis Polypedates sp. Jing Xin County Provincial Nature Reserve,  KC491883

Guangxi Province, China

P. nguyenthileae (n = 2)

Duttaphrynus melanostictus  Tam Dao National Park, Vinh Phuc Province, KC491890-K(C491891
Vietnam

Morphological data
Pseudoacanthocephalus nickoli n. sp.

Type-host: Rana similis (Giinther) (Amphibia: Anura;
Ranidae),

Other host. Rana luzonensis Boulenger (Amphibia;
Anura: Ranidae).

Type-locality: Barangay Zabali, Municipality of
Baler, Aurora Province, Luzon Island, Philippines
(75 m a.s1.; 15°44'31"N, 121°34'34"E).

Other localities; Awrora Memorial National Park, Sitio
Dimani, Barangay Villa Aurora, Municipality of Maria
Aurora, Aurora Province (500 masl, 15°41'6"N, 121°20/
28"E); Sitio Minoli, Municipality of San Luis, Aurora
Province (600 m a. s. 1, 15°40'48'N, 121°31'44"E),
Barangay Lipimental, Municipality of San Luis, Aurora
Province (543 m asl; 15°3914°N, 121°3(/25"E), All
collecting sites were on Luzon Island, Philippines.

Site: Intestine.

Type-material: Male holotype and female allotype:
HWML 67138 (labelled: ex. Rana similis, Barangay
Zabali, Municipality of Baler, Aurora Province, Luzon

Island, Philippines, 10 June 2009, coll. V. Tkach);
host KUMNH#322671. Paratypes: HWML 67139
(labelled: ex, Rana similis, Aurora Memorial National
Park, Sitio Dimani, Barangay Villa Aurora, Munici-
pality of Maria Aurora, Aurora Province, Luzon
Island, Philippines, 22 May 2009, coll. V. Tkach);
host: KUMNH#322653,

Voucher specimens deposited: HWML 67140-67149;
hosts: KUMNH#322673-322719, 322656-322663,
322728322736,

Etymology: This species is named in honour of
Dr. Brent Nickol (University of Nebraska, Lincoln)
in recognition of his fundamental contributions to the
knowledge of the acanthocephalans.

Description (Figs. 1-3; Table 2)

[Measurements based on 8 adult males and 12 adult
females from the type-series.]

General, Trunk medium-sized, smooth, widest in

anterior third, narrowing in the middle and somewhat
widening again towards postetior end, Females larger
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Fig. 1 Pseudoacanthocephalus nickoli n. sp. A, Proboscis of holotype male; B, Total view of holotype male; C, Hooks of a
longitudinal row of holotype male; D, Terminal part of female reproductive system; E, Egg; F, Total view of allotype female. Scale-
bars: A, 300 um; B, F, 2,000 pm; C, E, 100 pm; 3, 500 pm
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