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Abstract Prosthenhystera oonastica n. sp. is
described as a cryptic species from the gall bladder
of three ictalurid catfishes, Ictalurus punctatus (Ra-
finesque), Ictalurus furcatus (Valenciennes), and Py-
lodictis olivaris (Rafinesque), in rivers in the
southeastern United States. The species was originally
named by Wilmer A. Rogers in 1979 but never
formally described. Material used for the description
consists of two specimens of Roger’s original material
and ten new specimens. We found no significant
morphological features that are useful for discrimi-
nating between the new species and its closest relative
Prosthenhystera obesa (Diesing, 1850) Travassos,
1922 that occurs in the gall bladders of freshwater
characiform, perciform and siluriform fishes, ranging
from South America to southern Mexico. However,
we found substantial differences in the large subunit
ribosomal DNA (partial 28S rRNA gene) between the
two species justifying the naming of the new species.
Prosthenhystera oonastica n. sp. is readily differen-
tiated from Prosthenhystera caballeroi Jiménez-
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Guzman, 1973 that occurs in the gall bladders of
characid fishes in Central America and Mexico, by
having a relatively straight or bent rather than highly
convoluted oesophagus, a relatively smaller ovary,
smaller and less coalesced vitelline follicles, narrower
caeca and smaller eggs. Comparison of ribosomal
DNA (partial ITS1, 5.8S, ITS2, and partial 28S gene)
between P. oonastica n. sp. and P. caballeroi revealed
large differences between the two species. Phyloge-
netic analysis based on partial 28S rRNA gene
sequences from the three studied species of Prosthen-
hystera Travassos, 1922 and related digenean taxa
revealed a closer relationship between P. oonastica n.
sp. and P. obesa than either has had with P. caballeroi.

Introduction

Prosthenhystera Travassos, 1922 is a genus in the
family Callodistomidae Odhner, 1910 that contains
three species occurring in the gall bladder of fresh-
water fishes in the Americas. Two of these species
have been formally named and described in publica-
tions. Prosthenhystera was erected for Distomum
obesum Diesing, 1850 creating the combination
Prosthenhystera obesa (Diesing, 1850) Travassos,
1922 for a species that was originally found in the
dorado, Salminus brasiliensis (Cuvier), from Brazil
(Diesing, 1850; Kohn et al., 1997). Prosthenhystera
obesa has since been reported from the same host in
Argentina (Kohn et al., 1997, 2007), from a large
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variety of other fishes in Brazil and Colombia
(Travassos et al., 1969; Thatcher, 1991; Kohn et al.,
1997, 2007, Martins et al., 2012), and from the
common snook Centropomus undecimalis (Bloch) in
southern Mexico (Caballero y Caballero & Jiménez-
Guzman, 1969). In southern Mexico, mature speci-
mens of P. obesa have been reported from characid
fishes and the blue catfish Ictalurus furcatus (Valen-
ciennes) (see Pérez-Ponce de Leon & Choudhury,
2005), and immature worms have also been reported
from cichlids (Vidal-Martinez et al., 2001; Pérez-
Ponce de Leén & Choudhury, 2002, 2005). These
reports suggest that the parasite is a generalist with an
enormous geographical range capable of maturing in
the gall bladder of fishes in the orders Characiformes,
Perciformes and Siluriformes. A detailed scrutiny of
this species using molecular and morphological tools
is obviously required to confirm its broad generalist
nature.

A second species, Prosthenhystera caballeroi
Jiménez-Guzman, 1973, was described from the
Mexican tetra Astyanax mexicanus (De Filippi) in
Nuevo Leon, in the northern part of Mexico (Jiménez-
Guzman, 1973; Pérez-Ponce de Ledn & Choudhury,
2005).

The third species was named Prosthenhystera
oonastica by Wilmer A. Rogers who collected spec-
imens from the channel catfish Ictalurus punctatus
(Rafinesque) in southern Alabama, USA, in 1968. He
later (1979) deposited some of the material in the
United States National Parasite Collection (USNPC)
but never formally described the species.

In the present study, we investigated identities of
digeneans belonging in Prosthenhystera from various
fishes in Peru, Nicaragua, Costa Rica and Mississippi,
USA using morphological comparison combined with
comparative analysis of ribosomal DNA. Our speci-
mens from Peru are morphologically consistent with
descriptions of P. obesa, those from Nicaragua and
Costa Rica are morphologically consistent with P. ca-
balleroi, and specimens from Mississippi are mor-
phologically consistent with specimens from Alabama
deposited in USNPC (Nos. 075499 and 075500) as
P. oonastica. Herein P. oonastica is formally
described based on the original specimens deposited
in USNPC and newly-collected specimens from
Mississippi. Morphological description of P. caballe-
roi from Costa Rica is also included and comparative
measurements are provided from new material of
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P. obesa from Peru and museum specimens of
P. obesa from elsewhere in South America. Partial
sequences of the 285 rRNA gene are compared among
the three species and results of the phylogenetic
analysis based on Bayesian Inference (BI) are pro-
vided. Additionally, a sequence spanning the partial
internal transcribed spacer 1 (ITS1) region, 5.8S gene,
and complete ITS2 region is compared between
P. caballeroi and P. oonastica. Unfortunately, DNA
from P. obesa was not available for this study which
prevented full length sequence comparison among all
three species. Additionally, the partial ITSI1 region
from both P. caballeroi and the new species is
compared with that of Prosthenhystera sp. from
Panama available in the GenBank.

Materials and methods

Collections

Specimens for morphological examination were heat-
killed with hot water and fixed in 10% formalin.
Specimens for molecular study were fixed with cold
95% ethanol.

Specimens consistent with P. oonastica of W.
A. Rogers were collected from the gall bladders of
catfishes (Ictaluridae) from Pearl River (30°19'37"N,
89°37'47"W) in Mississippi as follows: two mature
worms from a single specimen of [I. furcatus
(21.x.2004); six mature worms from a single specimen
of the flathead catfish Pylodictis olivaris (Rafinesque)
(28.x.2004); one mature worm from a single specimen
of I. punctatus (28.x.2004). Specimens consistent with
P. oonastica of W. A. Rogers were also collected from
the gall bladders of specimens of I. punctatus from
Pascagoula River in Mississippi as follows: four
mature worms from two 1. punctatus (two worms per
fish) from 30°38'00"N, 88°39'07"W (3.iii.2008); one
mature worm from I. punctatus from 30°36'03"N,
88°37'42"W (27.i1.2009); one mature worm from
1. punctatus from 30°36'03"N, 88°37'42"W
(3.i1i.2011); two mature and two immature worms
from three specimens of [. punctatus from
30°31’59"N, 88°35'03"W (11.xi.2013).

Prosthenhystera caballeroi was collected from the
gall bladder of the banded tetra Astyanax aeneus
(Giinther) (Characidae) in Quezalguaque River near
Telica, Nicaragua (12°31'00"N, 86°51'54"W)
(24.vii.2003). Prosthenhystera caballeroi was also
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collected from various fishes from in and around Santa
Rosa National Park in Guanacaste, Costa Rica during
8-20 July 2007 as follows: four mature worms from
four individuals of A. aeneus and one mature worm
from Bryconamericus sclaroparius (Regan) (Characi-
dae) in Tempisque River (10°47'20”N, 85°33'03"W);
two mature worms from two individual specimens of
the machaca Brycon guatemalensis Regan (Characi-
dae) in Animas River (11°02'59”N, 85°35'11"W); six
mature worms from individual specimens of A. aeneus
in Tempisque River (10°47'20"N, 85°33'03"W).

Prosthenhystera obesa was collected from the gall
bladders of various fishes from the area around Iquitos,
Peru during 3-8 August 2001 as follows: one worm
from the zamurito Calophysis micropterus (Lichten-
stein) (Pimelodidiae) in Amazon River (near
3°53'55"8, 85°33/03"W); two worms from a specimen
of the trahira Hoplias malabaricus (Bloch) (Erythrin-
idae), in Ttaya River (4°13'31"S, 73°28'58"W); one
immature worm from a second H. malabaricus and
one immature worm from Moenkhausia sp. (Characi-
dae) both from the same Itaya River collection; one
mature worm from a third specimen of H. malabaricus
from the same Itaya River collection. Voucher spec-
imen from Calophysis micropterus was deposited in
the Harold W. Manter Laboratory (HWML), Lincoln,
Nebraska, USA under accession number HWML
75078. A single specimen from H. malabaricus col-
lected from Itaya River served as the source for the
18S and 28S rRNA gene sequences (GenBank acces-
sions AY222108 and AY222206) published by Olson
et al. (2003). All DNA from that specimen was used
for that amplification and sequencing and was not
available for the present study.

Whole mounts were made using specimens pre-
served in 10% formaldehyde solution following the
procedure described by Pulis et al. (2013). The
description of the new species is based on measure-
ments obtained from the two specimens from I. punct-
atus from the USNPC (Nos 075499 and 075500) plus
ten newly-collected specimens from Mississippi (one
from I. furcatus, three from P. olivaris, and six from
1. punctatus). The description of P. caballeroi is based
on seven specimens from Costa Rica (one from
B. sclaroparius, two from B. guatemalensis, and four
from A. aeneus). Additionally, measurements from
nine specimens of P. obesa were taken for comparison
[one from Erythrinus erythrinus (Bloch & Schneider)
(Erythrinidae) from San Pablo, Ecuador (from the

Geneva Museum of Natural History; GMNH No. EC-
2930); one we collected from C. micropterus from
Peru; two we collected from H. malabaricus from
Peru; two from Acestrorhynchus altus Menezes (Ac-
estrorhynchidae) from River Paraguay, Paraguay
(GMNH PY-7397); and three from S. brasilliensis
from Sao Paulo, Brazil (USNPC No. 32515)]. Mea-
surements and digital images of specimens were
obtained using an Olympus BX-61 microscope and
iSolution Lite software Version 9.7 (Image & Micro-
scope Technology Inc., Vancouver, British Columbia,
Canada). All measurements are in micrometres. Illus-
trations were made with the aid of a drawing tube.

DNA extraction, sequencing and phylogenetic
analysis

Genomic DNA was extracted from three specimens
consistent with P. oonastica of W. A. Rogers from
Mississippi, one specimen of P. caballeroi from
Nicaragua, and three specimens of P. caballeroi from
Costa Rica following the protocol of Tkach &
Pawlowski (1999). The targeted fragment of rRNA
spanning almost complete internal transcribed spacer
1 (ITS1) region, complete 5.8S gene, complete ITS2
region, and 5’end of the 28S rRNA gene (including
variable domains D1-D3) was amplified from genomic
DNA from each of the individual worms. Amplifica-
tions were conducted using Polymerase Chain Reac-
tions (PCR) on an Eppendorf EP Gradient thermal
cycler using forward primer mitf1 (5'-CGT AAC AAG
GTT TCC GTA G-3') and 1500R (5'-GCT ATC CTG
AGG GAA ACT TCG-3'). The PCR reactions were
performed according to protocols described in Tkach
etal. (2003). PCR Products were purified using Qiagen
Qiaquick columns (Qiagen, Germantown, Maryland),
cycle-sequenced using ABI BigDye kit 3.1 chemistry,
alcohol-precipitated, and run on an ABI Prism 3100 or
3130 Genetic Analyzer (Life Technologies, Grand
Island, New York). PCR primers and additional
internal forward primer Digl2 (5-AAG CAT ATC
ACT AAG CGG-3') and internal forward primers
digl2r (5'-CCG CTT AGT GAT ATG CTT-3), 300R
(5-CAA CTT TCC CTC ACG GTA CTT G-3') and
ECD2 (5'-CTT GGT CCG TGT TTC AAG ACG GG-
3’) were used in sequencing reactions. Contiguous
sequences were assembled and edited using Sequen-
cher software (GeneCodes Corp., ver. 4.1.4; Ann
Arbor, Michigan). The sequences were aligned using
Clustal W software (Larkin et al., 2007), and further
aligned manually and compared using BioEdit
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software version 7.0.5.3 (Hall, 1999). Boundaries
between the 5.8S rRNA gene, ITS2 region, and 28S
rRNA gene fragment were estimated using the Internal
Transcribed Spacer 2 Ribosomal Database (Keller
et al., 2009). The partial 28S rRNA gene fragments
obtained from P. caballeroi and P. oonastica were
aligned with complimentary sequences from eight
other species of digeneans available from GenBank
including P. obesa (Table 2). The alignment was
trimmed at both ends to the length of the shortest
sequence and positions that could not be aligned
unambiguously were excluded from the analysis.
Phylogenetic analysis was done using Bayesian infer-
ence as implemented in MrBayes 3.1.2 software
(Huelsenbeck & Ronquist, 2001; Ronquist & Huel-
senbeck, 2003). The best nucleotide substitution
model was estimated using jModelTest Version 0.1.1
(Posada & Crandall, 1998; 2001; Guindon & Gascuel,
2003; Posada, 2008). The best fitting model was the
general time reversible model including estimates of
gamma distributed among site-rate variation and the
proportion of invariant sites (GTR+4-G+I). The fol-
lowing model parameters were used in the MrBayes
analysis: lset nst = 6, rates = invgamma, ngen =
1,000,000 and samplefreq = 100 imputed into MrBa-
yes. Burn-in value was 2,500 estimated by plotting the
log-probabilites against the generations and visualiz-
ing plateau in parameter values (sump bur-
nin = 2,500), and nodal support was estimated by
posterior probabilities (sumt) (Huelsenbeck & Ron-
quist, 2001), with all other settings left as default.

Prosthenhystera oonastica n. sp.

Type-host: Ictalurus punctatus (Rafinesque), channel
catfish (Siluriformes: Ictaluridae).

Type-locality: Lake Eufaula, Barbour County, Ala-
bama, USA (31°49'46"N, 85°09'23"W).

Other hosts: Ictalurus furcatus (Valenciennes), blue
catfish; Pylodictis olivaris (Rafinesque), flathead cat-
fish (both Siluriformes: Ictaluridae).

Other localities: Chaba River, Perry County, Ala-
bama, USA; Tombigbee and Alabama Rivers, Clarke
County, Alabama, USA; Pearl River, Hancock
County, Mississippi (30°19'37"N, 89°37'47"W); Pas-
cagoula River, Jackson County, Mississippi, USA
(30°35'56"N, 88°37'41"W) (in I. punctatus); Pearl
River, Hancock County, Mississippi, USA
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(30°19'37"N, 89°37'47"W) (in I. furcatus and
P. olivaris).

Site in host: Gall bladder.

Type-material: Holotype (USNPC no. 75499) and one
paratype (USNPC no. 75500) (deposited by Wilmer A.
Rogers); eight paratypes (HWML no. 75082-75089)
(newly-collected material).

Etymology: The species name oonastica was given by
Wilmer A. Rogers in 1979 but the species was not
formally described until now.

Description (Figs. 1A, B, 2A, B)

[Metrical data in Table 1.] Body very large, pyriform,
plump in life, slightly dorso-ventrally flattened in
mounted specimens. Ratio of body length to width
1.6-2.2:1. Tegument thick, spineless. Remnants of
cercarial eye-spots present in anterior body region.
Oral sucker subterminal, subglobular, with posterior
margin nearly cuboidal, convex, or rounded. Prephar-
ynx absent. Pharynx broadly fusiform. Ratio of body
length to pharynx length 21-26:1. Oesophagus much
longer than pharynx, usually nearly straight, some-
times bending but never convoluted, surrounded by
small gland cells. Ventral sucker nearly circular. Ratio
of oral sucker to ventral sucker width 1:0.9-1.0.
Forebody represents 33-38% of body length. Caeca
bifurcate near midpoint between pharynx and ventral
sucker, terminate blindly near posterior extremity of
body. Postcaecal space represents 12—17% of body
length.

Testes 2, subspherical, opposite in anterior region
of hindbody, intercaecal or overlapping caeca in
ventral hindbody. Vasa efferentia merge in forebody,
forming very short vas deferens. Cirrus-sac claviform,
usually with posterior end only slightly wider than
anterior end, rounded on both ends, contains sub-
spherical internal seminal vesicle at proximal end and
straight male duct surrounded by prostatic cells; duct
opening into dorsal aspect of small genital atrium.
Genital atrium shallow, opens at median genital pore
on ventral surface at or near level of caecal bifurcation.

Ovary subspherical, submedian, immediately adja-
cent to posterior region of ventral sucker on left or
right side, at level with anterior region of both testes.
Seminal receptacle subspherical, submedian, imme-
diately adjacent to ovary. Mehlis’ gland immediately
medial to ovarian complex. Uterus thin-walled, loop-
ing throughout body, with proximal region extending
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Fig. 1 A, B, Prosthenhystera oonastica n. sp. A, Ventral view of adult specimen with eggs omitted from uterus; B, Terminal genitalia;
C, Prosthenhystera caballeroi, ventral view of adult specimen with eggs omitted from uterus. Scale-bars: A, 1 mm; B, C, 500 pm.
Abbreviations: c, caecum; cs, cirrus sac; ex, excretory vesicle; gp, genital pore; m, metraterm; md, male duct; o, ovary; sv, seminal
vesicle; t, testis; u, uterus; v, vitelline follicles; vd, vas deferens; ve, vasa efferentia; vs, ventral sucker

into left side of body, then extending into right
hindbody, distal end with mature eggs ascending into
right then left forebody prior to communicating with
metraterm; metraterm approximately as long as cirrus-
sac, ventral to cirrus-sac in forebody, communicating
with posteroventral aspect of genital atrium. Vitellar-
ium consists of 2 separate pre-testicular groups of

small follicles; groups loosely arranged in bands
surrounding caeca; bands extend anteriorly to level of
caecal bifurcation. Eggs in distal half of uterus with
well-developed miracidia with 2 prominent fused eye-
spots.

Excretory vesicle I-shaped, extends to level of ovary.
Excretory pore slightly subterminal on dorsal side.
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Fig. 2 A, B, Photomicrographs of Prosthenhystera oonastica n. sp. A, Ventral view of adult; B, Close up of right side of adult
specimen in region of terminal genitalia; C—E, Photomicrographs of Prosthenhystera caballeroi taken in the same scale. C, Dorsal view
of anterior end of adult; D, Ventral view near ventral sucker showing groups of large vitelline follicles; E, Ventral view of posterior

region of adult specimen. Scale-bars: A, B, 500 um; C-E, 300 pm

Remarks

Prosthenhystera oonastica n. sp. from ictalurid fishes
in North America is morphologically very similar to
P. obesa from C. undecimalis in southern Mexico (see
Caballero y Caballero & Jiménez-Guzman, 1969) and
from various fishes in South America (see Kohn et al.,
1997). We could find no unambiguous morphological
differences between the two species aside from
differences in egg-size between specimens of each
species that we measured. The average for each of the
traits we measured for P. oonastica n. sp. (with the
exceptions of egg-length and width) overlaps the range
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of measurements for the same trait in P. obesa
(Table 1). Furthermore, various ratios associated with
many of our observed measurements [with or without
inclusion of some reported measurements from Cabal-
lero y Caballero & Jiménez-Guzman (1969) and Kohn
et al. (1997)] are likewise ambiguous for discriminat-
ing between the two species. It should be noted that the
level of pressure applied during the fixation of these
relatively large digeneans may substantially distort
metric morphological characters; therefore it is impor-
tant to use properly fixed, fully-mature specimens for
identification whenever possible. Comparison of egg-
size provides the most compelling evidence of
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Table 1 Measurements from specimens of Prosthenhystera spp. observed in the present study

Trait/ Species Prosthenhystera oonastica  Prosthenhystera caballeroi Prosthenhystera obesa (Diesing,
n. sp. Jiménez-Guzman, 1973 1850) Travassos, 1922
Range (n = 12)* Mean Range (n = 7)* Mean Range (n = 8)* Mean
Body length 3,873-10,506 6,196  1,846-3,517 2,410 3,638-8,379 6,243
Body width 1,993-7,472 3,634 755-1,250 968 1,506-5,470 3,178
Oral sucker length 461-970 690 217-376 291 326-966 626
Oral sucker width 476-1,126 751 227-352 283 356-1,124 656
Pharynx length 177-409 265 82-142 104 103-330 200
Pharynx width 230-395 312 90-139 108 125-424 243
Oesophagus length 367-763 578 - - 300-863 667
Distance from anterior extremity 937-1,920 1,340 - - 674-1,960 1,282
of body to caecal bifurcation
Post-caecal space length 521-1,565 885 177-300 237 505-1,291 904
Ventral sucker length 423-1,208 714 159-238 189 281-1,002 611
Ventral sucker width 457-1,040 727 148-242 194 291-1,015 562
Forebody length 1,376-3,619 2,204  674-1,311 910 1,382-3,227 2,280
Left testis length 248-500 326 113-122 118 111-732 296
Left testis width 237-575 359 114-140 127 91-690 334
Right testis length 229-364 320 106-186 150 115-682 285
Right testis width 167-539 302 97-170 134 129-678 292
Vas deferens length 0-65, 639° 98 - - 84-340 180
Cirrus-sac length 360-813 584 187¢ - 251-842 484
Cirrus-sac width 121-270 203 72°¢ - 129414 249
Ovary length 212400 307 221-329 261 182-626 376
Ovary width 195-539 322 164-251 198 180-671 426
Seminal receptacle length 192-295 249 60-103 82 116-386 217
Seminal receptacle width 170-429 286 45-83 64 88-391 217
Well-formed egg-length 57-69 (n = 64) 64 42-56 (n = 50) 50 49-59 (n = 64) 54
Well-formed egg-width 30-39 (n = 64) 36 25-32 (n = 50) 29 25-34 (n = 64) 30

2 Number of mature individuals measured; ° Specimen extremely flattened; © Cirrus-sac could be measured in one specimen only

morphological difference between the two species
when only the present data is considered. Well-formed
eggs from the distal uterus of P. oonastica n. sp.
averaged 64 x 36 pm (range 57-69 x 30-39 um),
whereas they were smaller in specimens of P. obesa
we measured (mean 54 x 30 pm; range
49-59 x 25-34 um; Table 1). Kohn et al. (1997)
reported egg-size range of 49-81 x 30—47 pum in 15
specimens of P. obesa from S. maxillosus, and of
47-87 x 2348 pm in 34 specimens of P. obesa
collected from the gall bladders of fishes other than
S. maxillosus. Despite the clear size differences we
observed between our specimens of P. oonastica n. sp.
and P. obesa, the sizes of the eggs we measured from
both species are all within the wide ranges reported for

P. obesa by Kohn et al. (1997). Taking into account
that eggs from the middle region of uterus in
Prosthenhystera spp. are often larger than those at
the distal end, it is possible that Kohn et al. (1997)
included measurements of eggs from various uterine
regions.

Only much larger samples of specimens represent-
ing both species, similarly fixed and for which overall
body size is taken into account, will allow for
sufficient comparison of sizes or ratios of the mor-
phological features within Prosthenhystera. At pres-
ent, we distinguish P. oonastica n. sp. from P. obesa
by the former parasitising ictalurid fishes in North
America and the latter parasitising various fishes in the
orders Characiformes, Perciformes, and Siluriformes

@ Springer



46

Syst Parasitol (2015) 90:39-51

Table 2 Digenean species used in this study, their hosts, geographical origin of material and GenBank accession numbers for

corresponding sequences

Digenean taxa Host species Geographic origin GenBank Reference
number
Family Allocreadiidae
Allocreadium lobatum Wallin, 1909 fallfish, Semotilus corporalis Lake Moosehead, Maine, EF032693 Curran
(Mitchill) USA et al.
(2006)
Auriculostoma astyanace Scholz, banded tetra, Astyanax Animas River, HQ833707 Curran
Aguirre-Macedo & Choudhury, 2004 aeneus (Giinther) Guanacaste, Costa Rica et al.
(2011)
Crepidostomum illinoiense Faust, 1918 goldeye, Hiodon alosoides Red Lake River, KF356368 Tkach et al.
(Rafinesque) Minnesota, USA (2013)
Creptotrematina aguirrepequenoi Astyanax aeneus (Giinther)  Tempisque River, HQ833710 Curran
Jiménez-Guzman, 1973 Guanacaste, Costa Rica et al.
(2011)
Family Dicrocoeliidae
Dicrocoelium dendriticum (Rudolphi, steppe marmot, Marmota Kherson Region, Ukraine AF151939 Tkach et al.
1819) Odhner, 1910 bobak (Mueller) (2000)
Family Gorgoderidae
Gorgodera cygnoides (Zeder, 1800) marsh frog, Pelophylax Geneva, Switzerland AF151938 Tkach et al.
Looss, 1899 ridibundus (Pallas) (2000)
Nagmia floridensis Markell, 1953 Atlantic stingray, Dasyatis Ocean Springs, EF032691 Curran
sabina (Lesueur) Mississippi, USA et al.
(2006)
Family Callodistomidae
Prosthenhystera obesa (Diesing, 1850) trahira, Hoplias malabaricus Itaya River near Iquitos, = AY222206 Olson et al.
Travassos, 1922 (Bloch) Peru (2003)
Prosthenhystera oonastica n. sp. blue catfish, Ictalurus Pearl River, Mississippi, =~ KM871180 Present
furcatus (Valenciennes) USA study
Prosthenhystera oonastica n. sp. flathead catfish, Pylodictis Pearl River, Mississippi, =~ KM871181 Present
olivaris (Rafinesque) USA study
Prosthenhystera oonastica n. sp. channel catfish, Ictalurus Pascagoula River, KM871182 Present
punctatus (Rafinesque) Mississippi, USA study
Prosthenhystera caballeroi Jiménez- Astyanax aeneus (Giinther)  Tempisque River, KM871183—  Present

Guzman, 1973

Prosthenhystera caballeroi Jiménez-
Guzman, 1973

Astyanax aeneus (Giinther)

Guanacaste, Costa Rica KM871185 study

Quezalguaque River near KM871186 Present
Telica, Nicaragua study

in South America and southern Mexico. Combination
of the non-overlapping host taxa, different geograph-
ical ranges and considerable genetic divergence (see
below) provides compelling evidence for these two
forms being different species.

Prosthenhystera caballeroi Jiménez-Guzman, 1973

Type-host: Astyanax mexicanus (De Filippi), Mexican
tetra (Characiformes: Characidae).
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Type-locality: Nuevo Leon, Mexico.

Other hosts: Astyanax aeneus (Giinther), banded tetra;
Bryconamericus sclaroparius (Regan), unnamed tetra;
Brycon guatemalensis Regan, machaca (all Characi-
formes: Characidae).

Other localities: Quezalguaque River near Telica,
Nicaragua (12°31'00"N, 86°51'54"W), Tempisque
River, Guanacaste, Costa Rica (10°47'20"N,
85°33’03"W) (A. aeneus and B. sclaroparius); Animas
River, Guanacaste, Costa Rica (11°02'59"N,
85°35'11"W) (B. guatemalensis).

Site in host: Gall bladder.
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Voucher material: Three mature specimens (two from
A. aeneus from Tempisque River, one from B. guat-
amalensis from Animas River) (HWML nos
75079-75081).

Description (Figs. 1C; 2C-E)

[Metrical data in Table 1.] Body elongate-pyriform,
plump in life, slightly dorso-ventrally flattened in
mounted specimens. Ratio of body length to width
2.2-2.8:1. Tegument thick, spineless. Remnants of
cercarial eye-spots present in anterior body region.
Oral sucker subterminal, subglobular, with posterior
margin rounded or nearly straight. Prepharynx absent.
Pharynx broadly fusiform to cuboidal. Ratio of body
length to pharynx length 17-25:1. Oesophagus much
longer than pharynx, convoluted, surrounded by small
gland-cells. Ventral sucker nearly round in outline.
Ratio of oral sucker to ventral sucker width 1:0.6-0.8.
Forebody represents 37-43% of body length. Caeca
with broad lumen, bifurcate much closer to pharynx
than ventral sucker, terminate blindly near posterior
extremity of body. Postcaecal space represents 8—13%
of body length.

Testes 2, subspherical, opposite in anterior region
of hindbody, intercecal or overlapping caeca in ventral
hindbody. Vas deferens not observed. Cirrus-sac
claviform, with posterior end only slightly wider than
anterior end, rounded on both ends, contains sub-
spherical internal seminal vesicle at proximal end and
straight male duct surrounded by prostatic cells; duct
opening into dorsal aspect of small genital atrium.
Genital atrium shallow, opens at median genital pore
on ventral surface posterior to level of caecal
bifurcation.

Ovary relatively large, subspherical, submedian, on
left or right side in anterior quarter of hindbody, at
level with anterior region of both testes. Seminal
receptacle subspherical, submedian, immediately
adjacent to ovary. Mehlis’ gland immediately medial
to ovarian complex. Uterus thin-walled, looping
throughout body, with proximal region extending into
left side of body, then extending into right hindbody,
distal end with mature eggs ascending into right then
left forebody prior to communicating with metraterm;
metraterm approximately as long as cirrus-sac, ventral
to cirrus-sac in forebody, communicating with pos-
teroventral aspect of genital atrium. Anterior extent of
uterus at oral sucker. Vitellarium consists of 2 separate

groups of relatively large, usually densely clumped
follicles, clumping around caeca but largely ventral,
extending from level of ovary anteriorly to middle of
forebody. Eggs in distal half of uterus with well-
developed miracidia with 2 prominent fused eye-
spots.

Excretory vesicle I-shaped, extends to level of
ovary. Excretory pore opens slightly subterminal on
ventral surface.

Remarks

Prosthenhystera caballeroi was originally described
on the basis of five specimens from the gall bladder of
A. mexicanus from the northernmost part of Mexico
and has rarely been reported since (Jiménez-Guzman,
1973; Pérez-Ponce de Le6n & Choudhury, 2005). Our
specimens compare favourably with the description by
Jiménez-Guzman (1973) in most respects. The
oesophagus is convoluted, the ovary is relatively
large, and vitelline follicles are large and coalesced
into two compact groups. Although the specimens in
the original material were generally larger than our
material from Costa Rica, the ratio of body length to
width is essentially the same for both (ratio of body
length to width 2.3-2.7:1 in Mexican material com-
pared with 2.2-2.8:1 in Costa Rican material). Mate-
rial from Mexico has a relatively shorter pharynx
(ratio of body length to pharynx length 29-39:1 vs
17-25:1), and relatively larger eggs (53-63 x 25-35
vs 42-56 x 25-32 um) (see Jiménez-Guzman, 1973).
We tentatively attribute this minor variation to small
sample sizes and differences in fixation and levels of
pressure applied during mounting. Prosthenhystera
caballeroi is readily distinguished from both of its
congeners by having a relatively narrower body
(usually), pharynx longer relative to body length
(usually), convoluted rather than straight or bending
oesophagus, caeca bifurcating much closer to pharynx
than ventral sucker (rather than at midpoint between
them), shorter post-caecal space, smaller ventral
sucker relative to oral sucker, relatively much larger
ovary, larger vitelline follicles, and smaller eggs
(Table 1). Furthermore, the extent of the vitelline
follicles is restricted between the ovarian level and the
middle of the forebody in P. caballeroi compared with
from the testicular level to the caecal bifurcation in
P. oonastica n. sp. and P. obesa, and occasionally
extending anteriorly to the oesophageal region in
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Dicrocoelium dendriticum AF151939

Gorgodera cygnoides AF151938

Nagmia floridensis EF032691

Prosthenhystera obesa AY222206
1
rEProsthenhystera oonastica n. sp. KM871182

0.02

|— Prosthenhystera caballeroi KM871183

Allocreadium lobatum EF032693

Auriculostoma astyanace HQ833707

Creptotrematina aguirrepequenoi HQ833710

Crepidostomum illinoiense KF356368

Fig. 3 Phylogram resulting from Bayesian Inference analysis (1,000,000 generations) of partial 28S rRNA gene sequences from some
digeneans. The analysis is rooted by Dicrocoelium dendriticum (Dicrocoeliidae) and estimates the phylogenetic relationship among
species of Prosthenhystera (Callodistomidae), and the position of the Callodistomidae relative to the Gorgoderidae represented by
Gorgodera cygnoides and Nagmia floridensis and the Allocreadiidae represented by Allocreadium lobatum, Auriculostoma astyanace,
Creptotrematina aquirrepequenoi, and Crepidostomum illinoiense. Branch support values indicate posterior probabilities

P. obesa. In addition, the average egg-size in P. ca-
balleroi (50 x 29 pm) is much smaller than that
observed for the congeners (see Table 1).

Molecular differentiation

The targeted fragment encompassing most of the ITS1
region, 5.8S gene, complete ITS2 region, and partial 5
end of the 28S rRNA gene region measured 2,274 bp
in P. oonastica n. sp and 2,271 bp in P. caballeroi. No
intraspecific variability was observed among the three
specimens of P. oonastica n. sp. from Mississippi and
similarly, no differences were observed between the
single specimen of P. caballeroi from Nicaragua and
the three specimens from Costa Rica. The two species
differed from each other by 110 bp (4.8% of sites were
variable) across the entire fragment. The partial ITS1
fragment measured 474 bp in P. oonastica n. sp. and
470 bp in P. caballeroi and differed at 48 sites
(10.1%) between species. The complete 5.8S gene
measured 156 bp in both species and differed at two
sites (1.3%) between species. The complete ITS2
region measured 278 bp in P. oonastica n. sp. and
279 bp in P. caballeroi and differed at 29 sites
(10.4%) between species. The partial fragment of 28S
rRNA gene was 1,366 bp long in both species and
demonstrated much lower variability than the ITS
region with only 31 variable sites (2.3%). Only partial
28S rDNA sequence of P. obesa previously deposited
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in the GenBank was available for comparison. This
sequence covered 1,252 bp at the 5’ end of the 28S
gene. Its alignment with sequences of P. oonasitca n.
sp. and P. caballeroi required no gaps. This sequence
fragment of P. obesa differed at 23 sites (1.8% of the
sequence length) from that of P. oonasitca n. sp. and in
25 sites (2.0%) from that of P. caballeroi. The whole
alignment had 39 variable sites when all three species
were compared, indicating that the majority of muta-
tions were in the same variable positions across
species.

Phylogenetic analysis

The BI analysis of a dataset containing nine ingroup
taxa (represented by the families, Allocreadiidae
Looss, 1902, Callodistomidae, and Gorgoderidae
Looss, 1899) and rooted by the dicrocoeliid Dicro-
coelium dendriticum (Rudolphi, 1819) Odhner, 1910
produced a phylogram with very strong nodal support
of all topologies that suggests that the Allocreadiidae
and Callodistomidae are more closely related to each
other than either is to the Gorgoderidae (Fig. 3). The
topology exhibited in the phylogram is consistent with
the results from previously published phylogenetic
analyses of digeneans containing relevant taxa (Olson
et al, 2003; Curran et al., 2006, 2007, 2011, 2012;
Choudhury et al., 2007; Rosas-Valdez et al., 2011;
Cutmore et al., 2013; Martinez-Aquino et al., 2013;



Syst Parasitol (2015) 90:39-51

49

Razo-Mendivil et al., 2014a, b). The present phylog-
eny mirrors morphological data and suggests that
P. oonastica n. sp. and P. obesa are more closely
related to each other than either is to P. caballeroi.

Discussion

The family Callodistomidae is a small family of
digeneans whose life histories are entirely unknown.
Since phylogenetic analyses demonstrate that callod-
istomids are most closely related to the Allocreadiidae
and the Gorgoderidae, families that use bivalves as
first intermediate hosts, it can be hypothesised that
callodistomids might also cycle through bivalves.
Presently the family comprises four genera, two in
Africa and two in the Americas (Bray, 2002). Such a
geographical distribution for a family parasitic in
freshwater fishes seems untenable, but molecular data
from Africa are presently lacking.

The present study substantially extends the known
range of P. caballeroi to include Nicaragua and Costa
Rica. Both morphological and molecular analyses
confirmed uniformity of this species across all our
collection sites.

Pairwise sequence comparisons of different frag-
ments of nuclear ribosomal DNA of P. caballeroi and
P. oonastica n. sp. demonstrated very similar levels of
interspecific divergence in the ITS1 and ITS2 regions
(10.1% and 10.4%, respectively), but much lower
differences in the partial 28S gene sequences (only
2.3%).

Our analysis (Fig. 3) indicates a closer phylogenetic
relationship between P. obesa and P. oonastica n. sp.
than either species has with P. caballeroi. After the
present study the distribution range of P. caballeroi
spans at least from Costa Rica in the south to northern
Mexico. Prosthenhystera caballeroi is probably con-
fined to characid fishes and therefore its northern extent
should be limited to the Rivers Pecos and Grand in New
Mexico and Texas, USA that represent the northern
boundary for characid fishes. Its presence south of
Costa Rica needs to be investigated. If P. oonastica n.
sp. is confined to ictalurid catfishes, then its southern
boundary should coincide with that of I. furcatus in
southern Mexico and northern Guatemala (Lee et al.,
1980). There is some possibility that Prosthenhyster-
a oonastica n. sp. and P. obesa, which are extremely
similar morphologically, may potentially overlap

geographically in southern Mexico (see Vidal-Martinez
et al., 2001; Pérez-Ponce de Le6n & Choudhury, 2002,
2005). Consequently, the identification of specimens
reported as P. obesa in southern Mexico should be re-
evaluated using molecular tools. The partial fragment
of 285 rRNA gene sequence (GenBank accession
EF032690) identified as P. obesa from I. punctatus
from the USA used by Curran et al. (2006, 2007, 2011,
2012) is conspecific with P. oonastica n. sp. The partial
fragment of 28S rRNA gene sequence (GenBank
accession HQ325029) identified as P. obesa from
A. aeneus from Costa Rica published by Rosas-Valdez
et al. (2011) is shorter (882 bp) but identical to our
sequences of P. caballeroi. Martinez-Aquino et al.
(2013) published two sequences of ITS1 rDNA (Gen-
Bank KC899973, KC899974) from Prosthenhystera
sp. from a species of characid fish from Panama. When
trimmed to 464 bp and aligned with the ITS1 rDNA
sequences from P. oonastica n. sp. and P. caballeroi,
the two Panamanian sequences differed from each other
at 9 sites (1.9%), and sequences KC899973 and
KC899974 differred from that of P. caballeroi at 6
sites (1.3%) and 7 sites (1.5%) respectively. Both
Panamanian sequences (KC899973, KC899974) differ
from that of P. oonastica n. sp. at 52 sites (11.2%).
Thus, the Panamanian sequences may potentially
represent two species that are very similar to P. cabal-
leroi. More genetic and morphological data are required
to verify this suggestion.
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