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* Haploporoids had a common marine ancestor with two testes and radiated with a shift to

euryhaline hosts that can act as ecological bridges
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Abstract

Megasolena mikra sp. nov. is described from the queen angelfish, Holacanthus ciliaris
(Linnaeus), off Florida, USA. The new species can be differentiated from all other species of
Megasolena Linton, 1910 except Megasolena littoralis Mufioz, George-Nascimento, and Bray,
2017 in possessing testes that are smaller in diameter than the ovary. The new species can be
differentiated from M. littoralis in lacking tegumental spines and possessing oral sucker papillae.
Molecular data are provided for two species each of Cadenatella Dollfus, 1946, Hapladena
Linton, 1910, and Megasolena Linton, 1910. Bayesian inference analysis of concatenated
internal transcribed spacer region-2 (ITS2) and partial 28S rDNA sequences of 50 haploporoids
revealed 1) a monophyletic Atractotrematidae Yamaguti, 1939 sister to the rest of the
haploporoids tested; 2) a paraphyletic Megasoleninae Manter, 1935 — if Hapladena is included;
and 3) a monophyletic Cadenatellinae Gibson and Bray, 1982 sister to the 'mugilid' haploporids.
The 'mugilid' haploporids formed a monophyletic clade consisting of the subfamilies
Chalcinotrematinae Overstreet and Curran, 2005, Forticulcitinae Blasco-Costa, Balbuena,
Kostadinova, and Olson, 2009, Haploporinae Nicoll, 1914, and Waretrematinae Srivastava,
1937. Based on our analysis we restrict the Megasoleninae to include Megasolena,
Vitellibaculum Montgomery, 1957, and Metamegasolena Yamaguti, 1970, all of which have
species with two testes. To accommodate the former megasolenine taxa with a single testis, we
erect the Hapladeninae subf. nov. for species in Hapladena and tentatively, Myodera
Montgomery, 1957. Our results further support that haploporoids had a common marine ancestor
with two testes, and that members of the superfamily underwent diversification following a shift
from a primarily marine life history with eupercarian hosts to a more euryhaline one with

diadromous hosts (namely mullet).
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1. Introduction

Members of the Haploporoidea Nicoll, 1914 parasitize marine, estuarine, and freshwater
teleosts, particularly species that are herbivorous or omnivorous. They are generally thought to
be united in possessing a hermaphroditic sac that encloses the terminal portion of the male and
female genitalia, and most members possess a single testis. The superfamily currently comprises
the Atractotrematidae Yamaguti, 1939 and the Haploporidae Nicoll, 1914 [1] as well as one
subfamily of uncertain placement, the Cadenatellinae Gibson and Bray, 1982 [2]. Overstreet and
Curran [3] reviewed the Haploporidae and accepted four subfamilies: the Haploporinae Nicoll,
1914; the Megasoleninae Manter, 1935 (syn. Scorpidicolinae Yamaguti, 1971); the
Waretrematinae Srivastava, 1937; and erected the Chalcinotrematinae Overstreet and Curran,
2005. Blasco-Costa et al. [4] erected a fifth subfamily, the Forticulcitinae Blasco-Costa,
Montero, Balbuena, Raga, and Kostadinova, 2009, based on morphological and molecular data, a
consideration that was further supported by Andres et al.[5] with the addition of molecular data
for three other taxa.

Recent phylogenetic hypotheses for members of Haploporoidea (e.g., [(5,6,7,8]) have
focused on “typical” haploporids members of the Haploporinae, Chalcinotrematinae,
Forticulcitinae, and Waretrematinae that primarily parasitize mugilids, possess a single testis,
and are relatively small bodied - whereas the Megasoleninae only has a single representative,
Hapladena nasonis Yamaguti, 1970, with molecular data. The revelation that cadenatellids are
haploporoids was surprising, given that species of Cadenatella Dollfus, 1946 lack a

hermaphroditic sac, and demonstrated the need for better molecular representation of basal



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

haploporoids [2]. In subsequent phylogenetic hypotheses that have included species of
Cadenatella, the subfamily has not been clearly resolved within the superfamily but has
generally been closer to H. nasonis [8; 9].

Overstreet and Curran [3] accepted five genera within the Megasoleninae: Megasolena
Linton, 1910; Hapladena Linton, 1910 (syns. Deredena Linton, 1910; Hairana Nagaty, 1948);
Vitellibaculum Montgomery, 1957 (syn. Allomegasolena Siddiqi and Cable, 1960); Myodera
Montgomery, 1957 (syn. Scorpidicola Montgomery, 1957); and Metamegasolena Y amaguti,
1970. However, in the same review, they also suggested that the genera containing members
with two testes (Megasolena, Metamegasolena, and Vitellibaculum) may not belong within the
Haploporidae because all other haploporids described to date had a single testis. Presumably,
they believed that megasolenine genera possessing two testes may have a closer affiliation with
the Atractotrematidae. Atractotrematids also possess two testes, but they have a smaller and
more circular to fusiform body and have oblique testes rather than tandem to semi-oblique testes
[10]. Andres et al. [9] recently provided sequence data for three species of Isorchis Durio and
Manter, 1969, and Huston et al. [11] added data for another, bringing the total number of
atractotrematids with molecular data up to six species spanning three genera. The convoluted
taxonomic history of the Megasoleninae, the revelation of the Cadenatellinae within the
Haploporoidea, and the depauperate molecular representation of cadenatellines and
megasolenines compared with the typical or ‘mugilid’ haploporids (subfamilies with largely-
mugilid dwelling species) illustrate the need for increased molecular representation of those two
groups. Therefore, the purpose of this study is to 1) describe a species of Megasolena and

provide morphological data for additional basal haploporoids; 2) help clarify some of the deeper
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phylogenetic relationships of the Haploporoidea; and 3) determine the validity of the
Megasoleninae (sensu Overstreet and Curran [3]).
2. Methods
2.1 Sampling

Specimens of Cadenatella americana Manter, 1949 and Cadenatella floridae Overstreet,
1969 were obtained from specimens of the Bermuda sea chub, Kyphosus sectatrix (Linnaeus),
off Long Key, Florida, USA, by baited hook-and-line in July 2012. During April 2009 dead and
moribund specimens of Hapladena were recovered from the doctorfish, Acanthurus chirurgus
(Bloch), from a fish market in Christiansted, St. Croix, U.S. Virgin Islands. Specimens of
Megasolena hysterospina (Manter, 1931) Overstreet, 1969 were obtained from the Western
Atlantic seabream, Archosargus rhomboidalis (Linnaeus), off Missouri Key and Marathon,
Florida, in November 2011 and July 2012 as well as from the Bermuda porgy, Diplodus
bermudensis Caldwell, from Harrington Sound, Bermuda. Finally, specimens we attribute to a
new species of Megasolena were collected from the intestine of the queen angelfish,
Holacanthus ciliaris (Linnaeus), from the Gulf of Mexico approximately 130 km south of
Apalachicola, Florida. Specific fish names follow those given by FishBase [12].
2.2 Morphological material preparation

Haploporoids were isolated in a similar manner to the method of Cribb and Bray [13],
fixed as outlined in Andres et al. [9], and preserved in 70% ethanol. Staining and mounting also
follow the methods outlined in Andres et al. [9]. Measurements were made using a compound
microscope equipped with a differential interference contrast and calibrated digital software
(iSolutions Lite Version 8.2 ©). All measurements are in micrometres. For the description of the

new species, data for the type-specimen are followed by the range of data for the other
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specimens in parenthesis. We followed the terminology of Pulis and Overstreet [14] pertaining to
the hermaphroditic sac and its structures and use the same terminology for cadenatellids despite
their lack of a hermaphroditic sac. Museum abbreviations are as follows: GCRLM, Gulf Coast
Research Laboratory Museum, Ocean Springs, MS, USA, USNM, Smithsonian National
Museum of Natural History, Washington, DC, USA, and USNPC United States National Parasite
Collection now housed at the USNM.
2.3 molecular techniques and phylogenetic analyses

Genomic DNA was extracted from one hologenophore sensu Pleijel et al. [15] of the new
species and C. americana, two hologenophores of C. floridae, one entire specimen each of
Hapladena cf. varia Linton, 1910 and Hapladena acanthuri Siddigi and Cable, 1960, and three
entire specimens of M. hysterospina that were either fixed in cool 95% ethanol or heat killed
worms fixed in 70% ethanol. When an entire worm was used for DNA extraction, the individual
was first partially cleared in nuclease free water, photographed with the same scope mentioned
above, and then placed back into ethanol. Methods used for DNA extraction, PCR, and
sequencing as well as the primers used for PCR and sequencing follow those of Andres et al.
[5,9,16]. Amplification and sequencing targeted the 3’ end of 18S rDNA gene, internal
transcribed spacer region (ITS)-1, 5.8S rDNA gene, ITS-2, and 5’ end of the 28S rDNA gene
(including domains D1-D3). Contiguous sequences from the species were assembled using
Sequencher™ (GeneCodes Corp., Ann Arbor, Michigan, USA, Version 4.10.1) and submitted to
GenBank. Sequences of other haploporoids and outgroup species obtained from GenBank and
used in our phylogenetic analysis are presented in Table 1. Sequences for phylogenetic
estimation and pairwise comparison were aligned with MAFFT version 6 [26] with 1,000 cycles

of iterative refinement and the genafpair algorithm. For phylogenetic estimation, the alignment
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was masked with ZORRO [27] using default settings and positions with confidence scores <0.4
were excluded. The monorchid Hurleytrematoides chaetodoni (Manter, 1942) Yamaguti, 1954
(GenBank number XXNNNNNN; voucher USNM TBD) was used as the outgroup based on its
position relative to the Haploporoidea [18] and because we know the ITS2 and 28S rDNA
sequence was obtained from the same specimen. Bayesian Inference analysis (BI) was performed
using MrBayes 3.1.2 software [28], and the best nucleotide substitution model was estimated
with jModeltest-2 [29] as general time reversible with estimates of invariant sites and gamma-
distributed among site-rate variation (GTR + I + I') for both the ITS2 and 28S region. The two
regions were partitioned and the analysis was run with the following model parameters: nst = 6,
rates = invgamma, ngen = 1,000,000 and samplefreq = 100. The first 25% of trees were
discarded by setting the “burnin” parameter at 2,500 generations, and nodal support was
estimated by posterior probabilities over 2,500 generations.

All pairwise comparisons of sequence data exclude gaps. All sequences used for pairwise
comparisons were trimmed to the shortest sequence.

3. Results
3.1 Description
Megasolena mikra sp. nov. Andres and Pulis (Fig. 1A-B).

Description (measurements based on 4 gravid wholemounts). Body elongate, cylindrical,
tapering posteriorly, 2,744 (2,558-3,038) long, 871 (792-986) wide at level of midbody
representing 32 (30-34)% of body length (BL). Tegument unspined. Forebody 755 (752-937)
long representing 28 (27-31)% of BL. Hindbody 1,730 (1,555-1,820) long representing 63 (60—
63)% of BL. Eyespot pigment diffuse, in anterior %2 of forebody. Oral sucker subglobular,

subterminal, 492 (419-528) long, 489 (454-545) wide, with inner rim surrounded by ring of 12
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small papillae, with muscular ring at posterior margin. Ventral sucker 259 (235-289) long, 248
(231-291) wide. Ratio of oral sucker to ventral sucker widths 1:0.51 (0.51-0.53). Ratio of oral
sucker to ventral sucker lengths 1:1.90 (1.78-1.90). Prepharynx 34 (34-73) long. Pharynx
subglobular, contiguous with oral sucker, 408 (360—463) long, 388 (334-404) wide. Ratio of oral
sucker width to pharynx width 1:0.8 (1:0.7-0.8). Oesophagus 57 (48—73) long. Intestinal
bifurcation dorsal to level of ventral sucker, 799 (799-968) from anterior margin representing 29
(29-33)% of BL. Caeca long, approximately 8—12 times longer than wide, terminating blindly
237 (216-248) from posterior end, with postcaecal space representing 9 (7-9)% of BL.

Testes contiguous, slightly oblique, irregular, near midbody, intercaecal; anterior testis
231 (186-231) long, 198 (195-215) wide; posterior testis 228 (205-241) long, 189 (177-206)
wide. Post-testicular space 966 (759-979) long representing 35 (30-35)% of BL. External
seminal vesicle elongate, 73 (57-98) long, 15 (15-32) wide, posterior to ventral sucker.
Hermaphroditic sac thin-walled, anterodorsal to dorsal of ventral sucker, ovoid, 242 (234-330)
long, 291 (275-357) wide representing 93 (93—114)% of ventral sucker length; containing
terminal genitalia; internal seminal vesicle 129 (101-145) long, 81 (67-83) wide; prostatic bulb
elongate to subglobular, 56 (52-71) long, 40 (31-45) wide; male duct short, uniting with female
duct at midlevel of hermaphroditic sac; hermaphroditic duct eversible, approximately 1/2 length
of hermaphroditic sac. Genital pore medial, 31 (31-66) anterior to anterior margin of ventral
sucker.

Ovary irregular to longitudinally elongate, medial, intercaecal, contiguous with anterior
testis 247 (201-253) long, 262 (221-334) wide, 174 (174-201) from posterior margin of ventral
sucker. Mehlis’ gland anterodorsal to ovary, 131 long (103—135), 204 (125-217) wide. Uterus

confined between level of anterior margin of ovary and hermaphroditic sac, mostly intercaecal.
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Laurer's canal containing sperm, posterosinistral to Mehlis’gland, opening dorsally. Vitellarium
follicular, extending from near posterior margin of body to about midlevel of ventral sucker,
surrounding caeca, dorsal to reproductive organs, ventral to testes; vitelline reservoir dorsal to
ovary. Eggs thin-shelled, numerous, 72-76 (71-76) long, 29-32 (29-34) wide.

Excretory vesicle Y-shaped, branching near midlevel of ovary to posterior margin of
ovary; pore terminal.

Type-and only known host: Holacanthus ciliaris (Linnaeus), queen angelfish,
Pomacanthidae.

Type-Locality: West Florida Middle Grounds, Gulf of Mexico (28°32'37"N,
84°46'43"W), approximately 130 km south of Apalachicola, Florida, USA; from 59 m depth.

Site: Intestine.

Specimens deposited: Holotype USNM TBD; hologenophore USNM TBD; paratypes
USNM TBD (n=2).

Molecular Representative: Partial 18S, entire ITS region (ITS1, 5.8S, ITS2), partial (D1-
D3) 28S: GenBank accession no. MH244122 from 1 hologenophore and 1 entire immature
specimen (identical sequence to hologenophore).

Etymology: The Greek feminine “mikra” refers to the small size of the testes relative to
the ovary.

Remarks. Megasolena mikra sp. nov. can be differentiated from congeners in possessing
an ovary that is larger in diameter than the testes. It can be further differentiated from M.
hysterospina, Megasolena dongzhaiensis Liu, Zhou, Yu, and Liu, 2006, and Megasolena
littoralis Muioz, George-Nascimento, and Bray, 2017 in having an aspinous tegument. The new

species can be further separated from M. hysterospina and M. littoralis in having testes located
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further anterior (posttesticular space representing approximately 1/3 of the body length rather
than 1/4 or less of the body length). Megasolena mikra sp. nov. can also be differentiated from
Megasolena acanthuri Machida and Uchida, 1991 in possessing a ventral sucker that is smaller
than the oral sucker (oral sucker width to ventral sucker width ratio 1: 0.5 rather than 1: 1.3-1.7).
Megasolena mikra sp. nov. possesses testes that are contiguous rather than separated as in
Megasolena kyphosi Sogandares-Bernal, 1959. Megasolena mikra sp. nov. is differentiated from
Megasolena estrix Linton, 1910 in possessing a hermaphroditic sac that is approximately half as
large (in both length and width). No measurement of the hermaphroditic sac of M. estrix was
given by Linton [30], Manter [31], or Sogandares-Bernal [32]; thus, comparisons were made
based on the illustrations provided by those authors.

We also examined three other adult specimens of H. ciliaris from shallow water (<2 m)
off Grassy Key, Florida, but did not collect any haploporoids. Perhaps, this suggests that the new
species’ life cycle occurs further off-shore, but additional hosts from the different habitats are
required to test this.

3.2 Molecular analyses
3.2.1 Sequence comparisons

The DNA sequence fragment lengths for the newly provided specimens are in Table 2.
No intraspecific variation was found in any of the replicates, when multiple specimens were
sequenced. Sequences of M. hysterospina and M. mikra sp. nov. did not differ in either the 3' end
of the 18S nor in the 5.8S, but they differed by 6 bp (1.1%) in the ITS1 and 9 bp (0.7%) in the
28S. Sequences of C. americana and C. floridae did not differ in the 3' end of 18S, differed by
49 bp (9.6%) in the ITS1, differed by 1 bp (0.6%) in the 5.8S, and 25 bp (9.8%) in the ITS2.

Sequences of Hapladena cf. varia and H. acanthuri differed by 2 bp (2.2%) in the 3' end of the

10
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18S, by 23 bp (3.8%) in the ITS1, and 16 bp (5.7%) in the ITS2, but they did not differ in the
5.8S. Pairwise comparison of ITS2 sequence data for species of Megasolena are in Table 3, and
pairwise comparison of 28S sequence data for species of Cadenatella and species of Hapladena
are in Table 4 and Table 5, respectively.

3.2.2 Phylogenetic relationships among the Haploporoidea

The BI analysis of the concatenated rDNA sequences (ITS2 and partial 28S) of 50 taxa
resolved the Atractotrematidae as the strongly supported sister to the rest of the Haploporoidea
(Fig. 2). As observed in previous studies [8,9], the representative cadenatellids formed the sister
group to the mugilid haploporids (members of the subfamilies Haploporinae,
Chalcinotrematinae, Forticulcitinae, and Waretrematinae). Representatives of Megasolena and
Hapladena did not form a monophyletic clade separate from the rest of the haploporoids.
Therefore, the present estimation suggests that the Megasoleninae (if Hapladena is included) is
paraphyletic unless all other haploporids are considered megasolenines. As such, we advocate
that the Megasoleninae be restricted to haploporid species with two testes; the Cadenatellinae be
considered a subfamily of the Haploporidae; and that a new subfamily be established for species
possessing a single testis and formerly considered megasolenines.

Based on our phylogenetic analysis we recognize the Atractotrematidae, with the single
subfamily Atractotrematinae Yamaguti, 1939, and the Haploporidae containing the following
subfamilies: Haploporinae, Chalcinotrematinae, Forticulcitinae, Waretrematinae, Cadenatellinae,
and Megasoleninae, and establish a new subfamily to accommodate Hapladena and, tentatively,
Myodera.

3.3 Morphological review of treated subfamilies and additional data for studied basal

haploporids
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Cadenatellinae Gibson and Bray, 1982

Diagnosis. Body elongate. Tegument spined. Oral sucker complex, with 8—10 lobes on
dorsal and dorsolateral margins. Ventral sucker approximately in anterior third to eighth of body
length. Accessory sucker absent or present, if present 1 or more. Prepharynx present, shorter to
longer than pharynx. Pharynx well developed. Oesophagus variable. Intestinal bifurcation
anterior to ventral sucker. Uroproct present. Testis single, elongate, ellipsoidal to irregular, in
anterior to mid-hindbody. Hermaphroditic-sac absent. Seminal vesicle sinuous, extending into
hindbody. Pars prostatica vesicular, short. Hermaphroditic duct short. Genital pore median,
anterior to ventral sucker, with one or more accessory suckers. Ovary entire, rounded to oval,
pretesticular. Uterus confined between ovary and hermaphroditic duct. Uterine seminal
receptacle present. Eggs thin-shelled. Vitellarium with numerous small follicles, restricted to
hindbody. Excretory vesicle reaches ovary or ventral sucker. In marine teleosts (Kyphosus).

Type-genus: Cadenatella Dollfus, 1946.

Remarks. Cadenatella was originally allocated to the Enenteridae Yamaguti, 1958 but
was resolved as a haploporoid using BI analysis of partial 28S rDNA sequences [2]. Our analysis
revealed Cadenatella as monophyletic and occupying a position on the tree that has been
consistent with recent molecular analyses [8,9]. Bray et al. [2] remarked that the Cadenatellinae
will likely be recognized at the family level once additional molecular data for more members of
the Haploporoidea were available; however, we believe that such a move at this time would be
premature as additional data for basal haploporids are needed.

In the diagnosis, we use the term 'hermaphroditic duct' rather than genital atrium as the
structure has been previously called. Species of Cadenatella are the only currently known

haploporoids that lack a hermaphroditic sac surrounding the terminal genitalia. Thus, their
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inclusion in the Haploporoidea strongly suggests a secondary loss of the hermaphroditic sac wall
[2]; therefore, at least a portion of this structure is a hermaphroditic duct. The Cadenatellinae is
distinguished from all other Haploporoidea by its members lacking a hermaphroditic sac and

possessing an 8—10 lobed oral sucker (waretrematines with a lobed oral sucker have 6 lobes

[14]).

Cadenatella americana Manter, 1949

Type-host: Kyphosus incisor (Cuvier), yellow sea chub, Kyphosidae.

Other host: Kyphosus sectatrix (Linnaeus), Bermuda sea chub, Kyphosidae.

Type-locality: off Tortugas, Florida, USA.

Other localities: Biscayne Bay, Florida [34]; off Quintana Roo, Mexico [unpublished
report in 35]; off Long Key, Florida (24°50'22"N, 80°46'48"W).

Site: Intestine.

Holotype: USNM 1345544 (USNPC 46365).

Vouchers: Hologenophore USNM TBD, vouchers USNM TBD; GCRLM TBD:

Description based on 8 mature specimens (Fig. 3A). Body elongate, 1,999-3,965 long,
299-687 wide at level of final third of BL representing 13—19% of BL. Forebody 492-962 long
representing 17-26% of BL. Hindbody 1,301-2,801 long representing 65-75% of BL. Oral
sucker not retracted into forebody, 205-265 long, 170-237 wide. Ventral sucker 189-281 long,
178-306 wide. Ratio of oral sucker to ventral sucker widths 1: 0.96—1.33. Accessory sucker 62—
111 long, 62-118 wide. Prepharynx 100-336. Pharynx 119-325 long, 147-206 wide.
Oesophagus 11-26. Intestinal bifurcation 515-935 from anterior margin. Postcaecal space 38-99

representing 1-3% of BL. Uroproct present. Testis single, ellipsoidal, 389—-830 long, 153-349

13
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wide. Posttesticular space 611-1,299, representing 31-36% of BL. Ovary 93-153 long, 77-183
wide; 229-487 from posterior margin of ventral sucker, contiguous with to 57 from testis. Eggs
57-64 long, 28-36 wide.

Molecular Representative: Partial 18S, entire ITS region, partial (D1-D3) 28S: GenBank
accession no. MH244117 from 1 hologenophore.

Remarks. This species was described by Manter [33] as having a retracted oral sucker,
contracted forebody, and lateral outfoldings of the proximal portion of the prepharynx all of
which likely resulted from contraction of the body. Our specimens all have the oral sucker
protruded and a distinct prepharynx. Manter [33] also reported a small, inconspicuous, thin-
walled cirrus sac, and Overstreet [34] stated 'a thin membrane appears to surround the vesicle in
some wholemounts', a feature we did not observe in our specimens nor in any of the photographs
of the type-specimen. Perhaps a careful examination of living material or counter staining may

help determine if the hermaphroditic sac wall remains in some specimens of C. americana.

Cadenatella floridae Overstreet, 1969

Type-host: Kyphosus sectatrix (Linnaeus), Bermuda sea chub, Kyphosidae.

Type-locality: Biscayne Bay, Florida, USA.

Other localities: off Long Key, Florida, USA (24°5022"N, 80°46'48"W).

Site: Pyloric caeca and intestine.

Holotype: USNM 1366878 (USNPC 71301).

Molecular Representative: Partial 18S, entire ITS region, partial (D1-D3) 28S: GenBank
accession no. MH244118 from 2 hologenophores (identical sequences).

Vouchers: ; Hologenophore USNM TBD, vouchers USNM TBD; GCRLM TBD
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Description based on 7 mature lateral mounts (Fig. 3B). Body very elongate, 3,716-7,226
long, 217-397 deep at level of midbody representing 4—11% of BL. Hindbody 2,632-5,320
representing 71-74% of BL. Oral sucker 156—187 long, 104—132 deep, with 8 preoral lobes.
Ventral sucker 135-178 long, 108—158 deep, with ring of small papillae. Ratio of oral sucker to
ventral sucker depths 1: 1.00-1.25. Accessory suckers 8—10, extending midventrally from level
of posterior margin of pharynx to anterior margin of ventral sucker; smallest sucker first (most
anterior), 30-54 long, 2647 deep; largest sucker second to last (77-9™), 56-86 long, 57-76
deep. Prepharynx 268-536. Pharynx 166-259 long, 94—132 deep. Oesophagus 17-34 long.
Intestinal bifurcation 766—1,212 from anterior margin. Postcaecal space 61-99 representing 1—
2% of BL. Uroproct present. Testis single, ellipsoidal, 416-855 long, 94—167 deep. Posttesticular
space 1,363-2,562 representing 31-38% of BL. Ovary 105-177 long, 88—136 deep; 662-1,623
from posterior margin of ventral sucker, contiguous with to 91 from anterior margin testis. Eggs
46-62 long, 28-34 wide.

Remarks: Our specimens are slightly larger than those described by Overstreet [34] but

otherwise agree well with his description.

Megasoleninae Manter, 1937

Diagnosis. Body fusiform to elongate. Tegument thick, spined or unspined. Eyespot
pigmentation absent to diffuse. Oral sucker subterminal to terminal. Ventral sucker near anterior
third of body. Prepharynx variable. Pharynx large, well developed. Oesophagus variable. Caeca
saclike to cylindrical, wide, terminating blindly at level of posterior third of hindbody to near
posterior margin of body. Testes two, tandem to slightly oblique, contiguous to separated.

Hermaphroditic sac subglobular to elongate. External seminal vesicle elongate, narrow. Ovary
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immediately pretesticular. Uterus confined between ovary and hermaphroditic sac. Eggs non-
filamented. Vitellarium with numerous small, large, or dendritic follicles, filling available space
or lateral fields of hindbody. Lymphatic system present. Excretory vesicle I- or Y-shaped. In
marine fishes.

Type-genus: Megasolena Linton, 1910.

Remarks. In addition to Megasolena, we consider species of Metamegasolena and
Vitellibaculum to belong in Megasoleninae. Overstreet and Curran [3] suggested that those three
genera may not belong in the Haploporidae, as they possess two testes rather than a single testis.
The subfamily can be differentiated from the other haploporoids, except the Atractotrematidae in
possessing two testes. Megasoleninae can be differentiated from the atractotrematids in
possessing tandem to slightly oblique testes rather than oblique testes as well as having a larger
body and a more robust tegument.

Megasolena hysterospina (Manter, 1931) Overstreet, 1969

syns. Lepidauchen hysterospina Manter, 1931; Megasolena archosargi Sogandares-
Bernal and Hutton, 1959.

Type-host: Lagodon rhomboides (Linnaeus), pinfish, Sparidae.

Other Hosts: Archosargus probatocephalus (Walbaum), sheepshead; Archosargus
rhomboidalis (Linnaeus), Western Atlantic seabream; Diplodus bermudensis Caldwell, Bermuda
porgy, all Sparidae.

Type Locality: off Beaufort, North Carolina, USA.

Other Locality: Bayboro Harbor, Tampa Bay, Florida, USA [36]; Biscayne Bay, Florida
[34]; Jamaica [37]; Florian6polis, Santa Catarina, Brazil [38]; Rio de Janeiro State, Brazil [39];

coastal zone of Rio de Janeiro [40]; Little Duck Key, Florida (24°40'47"N, 81°14'5"W);
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Marathon, Florida (24°46'31"N, 80°55'46"W); Harrington Sound, Bermuda (32°19"23"N,
64°44'12"W).

Site: Intestine.

Holotype: USNM 1321180 (USNPC 8432).

Material Examined: 6 specimens from off Marathon, Florida; 5 specimens from
Harrington Sound, Bermuda.

Vouchers: USNM TBD; GCRLM TBD.

Molecular Representative: Partial 18S, entire ITS region, partial (D1-D3) 28S: GenBank
accession no. MH244121 from 1 entire specimen from Harrington Sound, Bermuda; 2 immature
specimens from off Marathon, Florida (all identical sequences).

Remarks. The specimens we collected off Florida and Bermuda morphologically and
morphometrically conform to the descriptions of Manter [41], Overstreet [34], and Amato [38].
One of our mature specimens (USNPC TBD) is shorter than all other accounts (1,031pum) and
the absolute measurements of all structures reflect the smaller body size as well. All specimens
are attenuated in the forebody at the level of the pharynx and possess an external seminal vesicle
that is 2-3 times longer than the internal seminal vesicle. We agree with Overstreet [34] in
considering M. archosargi as a junior synonym of M. hysterospina, based on morphological
features, geography, and host similarity.

Fischthal and Williams [42] reported one adult and three immature specimens of M.
hysterospina from the West African spadefish, Chaetodipterus lippei Steindachner (Ephippidae),
from the Sierra Leone River estuary, Sierra Leone. We have examined their specimens (USNM
1363273 and 1366373) and believe that these specimens likely represent an undescribed species

of Megasolena based on the narrower body of the adult, presence of tegumental spines around
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389 the excretory pore, and differences in the final host and geographic location. We refrain from
390  describing this species on the basis of a single individual because of the morphological variation
391  observed for M. hysterospina throughout its range.

392

393  Hapladeninae subf. nov.

394 Diagnosis. Body variable in shape, generally elongate. Eyespot pigment generally absent.
395  Tegument thick, with or without spines. Oral sucker subterminal to terminal. Ventral sucker in
396 anterior third of body, pedunculate or not. Prepharynx variable, generally less than to equal

397  pharynx length. Pharynx well developed. Oesophagus equal to or longer than pharynx. Caeca
398  cylindrical, terminating blindly near posterior end of body, forming cyclocoel, or uroproct. Testis
399  single, spherical to elongate, smooth to irregular, located in midhindbody or more posteriorly.
400  Hermaphroditic sac elongate to saccular. External seminal vesicle cylindrical, elongate, generally
401  longer than hermaphroditic sac. Ovary pretesticular in hindbody. Uterus confined to region

402  between ovary and hermaphroditic sac. Eggs operculate or not, filamented or not. Vitellarium
403  with numerous small follicles; follicles can be elongate, coalesced as tubules, or in rosette

404  pattern, usually fill entire available space in hindbody, generally restricted to hindbody.

405  Lymphatic system present or not. Excretory vesicle I-shaped. In marine fishes.

406 Type-genus: Hapladena Linton, 1910 (syns. Deredena Linton, 1910; Hairana Nagaty,
407  1948).

408 Type-species: Hapladena varia Linton, 1910.

409 Remarks. We consider Hapladeninae subf. nov. to include Hapladena and, tentatively,

410  Myodera, the only genera with members containing a single testis considered in the

411  Megasoleninae by Overstreet and Curran [3]. The name Scorpidicolidae Yamaguti, 1971 is
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available; however, we have chosen to use a derivative of Hapladena because we only
tentatively consider Myodera to have a close affinity with Hapladena. Species of Myodera have
features that may suggest they are closer aligned to species of Cadenatella; namely the
possession of an uroproct and kyphosid final hosts. Because cadenatellines were only recently
resolved within the Haploporidae, it is difficult to discern how important the lack of a
hermaphroditic sac is as a character. Overstreet and Curran [3] considered the presence of an
uroproct to be a generic character, and for the sake of parsimony, we have elected to tentatively
include the two species of Myodera within the new subfamily. Depending on the true position of
Myodera, Scorpidicolinae has priority over both Cadenatellinae and Hapledeninae subf. nov.;
therefore, future workers will have to correct the subfamilial classification for the marine, single
testis subfamilies once molecular data for members of the genus are available (unless species of
Myodera represent a distinct clade).

The Hapladeninae subf. nov. can be differentiated from the Megasoleninae in having a
single testis. It can be differentiated from Cadenatellinae in possessing a hermaphroditic sac
enclosing the terminal genitalia, lacking oral lobes, and lacking accessory suckers (in part). The
Hapladeninae subf. nov. is differentiated from the rest of the haploporids with a single testis (the
‘mugilid’ haploporids) in having a larger body size (in part), a robust tegument (in part), lacking
oral lobes (in part), and being in marine eupercarians (in part), primarily acanthurids, scarids,

pomacanthids, and kyphosids.

Hapladena acanthuri Siddiqi and Cable, 1960.
Type-Host: Acanthurus coeruleus Bloch and Schneider, blue tang surgeonfish,

Acanthuridae.
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Other host: Acanthurus chirurgus (Bloch), doctorfish, Acanthuridae.

Type Locality: off Parguera, Puerto Rico.

Other Locality: off Desecheo Island, Puerto Rico [43]; off St. Croix, U.S.V.IL. (host
purchased at a fish market).

Site: Intestine.

Holotype: USNM 1339799 (USNPC 39346).

Voucher: USNM TBD.

Molecular Representative: Partial 18S, entire ITS region, partial (D1-D3) 28S: GenBank
accession no. MH244119 from 1 entire dead specimen from St. Croix, U.S. V.1

Remarks. Our specimens match the description of H. acanthuri by Siddiqi and Cable
[44], but have slightly smaller ventral and oral suckers in terms of absolute values but not in
relative values (ratio). Hapladena acanthuri is differentiated from all other species of Hapladena
except Hapladena tanyorchis Manter and Pritchard, 1961 in possessing dendritic vitellaria.
Hapladena acanthuri can be separated from H. tanyorchis based on a shorter, smooth testis
rather than an irregular and elongate testis. Additionally, H. fanyorchis was described off

Hawaii, USA, whereas H. acanthuri was described from the Caribbean Sea.

Hapladena varia Linton, 1910

Type-Host: Acanthurus chirurgus (Bloch), doctorfish, Acanthuridae.

Other hosts: Acanthurus bahianus Castelnau, ocean surgeonfish; Acanthurus coeruleus
Bloch and Schneider, blue tang surgeonfish, both Acanthuridae.

Type Locality: off Dry Tortugas, Florida, USA.

20



457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Other Locality: off Tortugas [45]; Drowned Cays, Belize [46]; off Jamaica [47]; off St.
Croix, U.S.V.I.

Site: Intestine.

Syntypes: USNM 1321261, 1321262 (USNPC 8513, 8514).

Molecular Representative: Partial 18S, entire ITS region, partial (D1-D3) 28S: GenBank
accession no. MH244120 from 1 entire specimen from St. Croix, U.S.V.L

Remarks: Unfortunately, we do not possess a voucher specimen for H. cf. varia as only
one dead specimen of a large morphotype of Hapladena was obtained from the intestinal tract of
A. chirurgus. Based on initial examination, a photograph of the specimen prior to sequencing, its
final host, and comparison with the type material, this species is close to H. varia. Randall [48]
(and subsequently reported by Palm and Bray [49]) reported H. varia from the Convict
Surgeonfish, Acanthurus triostegus (Linnaeus), off the Hawaiian Islands. We believe it is
unlikely that these specimens represent H. varia based on the disparate geographical locations.
Interestingly, Manter and Pritchard [50] described Hapladena spinosa Manter and Pritchard,
1961 from the same host and same general locality (Hawaii), but did not mention the specimens
collected by Randall [48]. Although we cannot say for certain, it is likely that the specimens
collected by Randall [48] are H. spinosa.
3.4 Other taxonomic considerations
Hapladena invaginata Caballero, 1987 nom. nud.

Specimen Deposited: Institute of Biology, National Autonomous University of Mexico,

National Collection of Helminths, Mexico City, Mexico no. 2539.
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Remarks. This species was never described (pers. comm. Gerardo Pérez-Ponce de Le6n).
It was reported by Caballero et al. [51] and cited by Overstreet et al. [52]. Additionally, based on

pictures of the specimen sent by Gerardo Pérez-Ponce de Ledn it resembles H. varia.

Species transferred to other genera
Parasaccocoelium gymnocephali (Sheena and Janardanan, 2007) comb. n.

syn. Hapladena gymnocephali Sheena and Janardanan, 2007.

Remarks. Sheena and Janardanan [53] described and elucidated the life cycle of this
species from the Chaliyar and Kadalundi rivers in Kozhikode, India. The first intermediate host
is a freshwater gastropod, Gabbia travancorica (Benson), and the final host is an estuarine
perciform, Ambassis gymnocephalus (Lacepeéde). The inclusion of fresh and estuarine hosts in
the life cycle, combined with a relatively small body length, restricted uterus, extensive vitelline
field, and paired caeca strongly suggest that this species belongs in the Waretrematinae.
Hapladena gymnocephali has morphological characters in common with Parasaccocoelium
Zhukov, 1971 that Overstreet and Curran [3] considered a junior synonym of Pseudohapladena
Yamaguti, 1952, but was recently restored by Besprozvannykh et al. [6]. Morphologically, H.
gymnocephali possesses characters in line with the diagnosis of Pseudohapladena by
Besprozvannykh el al. [6], namely vitelline fields along the lateral margin that do not unite
posttesticularly, a uterus that is short and contains few eggs, and a testis that is longitudinally
elongate. Besprozvannykh et al. [6] consider members of the genus to only infect mugilids, but
host switching within the Waretrematinae seems to be common across genera [3,14]. Thus, we

do not consider a perciform rather than mugilid host to be of significance for its generic
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affiliation, whereas this species, if maintained in Hapladena would represent the only species of

fresh water or estuarine fish.

4. Discussion

Based on the results of our phylogenetic analysis, the interrelationships of basal
haploporids are more complex than the morphological subfamilial considerations sensu
Overstreet and Curran [3]. Overstreet and Curran [3] stated their own reservations about
including species with either one or two testes in their concept of the Megasoleninae. Our
molecular analysis supported that reservation, and we felt confident that the Megasoleninae
required revision despite the limited molecular representation of basal haploporids in our
analysis. However, the limited sample size of this study precludes us from making more
substantial revisions. Future researchers may prefer to restrict the Haploporidae to only those
subfamilies comprising the ‘mugilid’ haploporids and elevate the Megasoleninae, the
Hapladeninae subf. nov., and the Cadenatellinae to family level, or perhaps they may choose to
restrict the Haploporidae to include members possessing a single testis and elevate the
Megasoleninae. We believe that either action would be justified if our proposed subfamilial
concepts hold up to scrutiny by molecular analyses that include additional basal taxa (especially
species of Myodera and Vitellibaculum). In any event the haploporoids are a natural group.

The present phylogeny suggests that two testes and, perhaps, marine eupercarian fishes as
hosts represent the basal state for the superfamily. Regarding two testes, this seems likely given
the relative position of the Haploporoidea in general (e.g., [18]) and the basal position of
Megasolena relative to the rest of the haploporids. Most atractotrematids and megasolenines and

all hapladenines and cadenatellines parasitize marine eupercarians. Within the ‘mugilid’
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haploporid clade, all four subfamilies include species that parasitize mugilids, and most genera
contain species that parasitize the flathead grey mullet, Mugil cephalus (Linnaeus). Ecologically,
this could be significant because M. cephalus is a cosmopolitan species throughout coastal
waters in tropical and temperate regions and many populations (or species [54, 55]) are
diadromous. Manter [56] was the first to suggest that mugilids were responsible for the diversity
of haploporids in estuarine and freshwater habitats because they are widespread and capable of
traveling between marine, estuarine, and freshwater habitats and thereby acting as “ecological
bridges.” Our phylogeny certainly seems to support the ecological bridge hypothesis and likely
explains why the basal lineages are depauperate relative to the mugilid haploporids.

Finally, our results may indicate that the Indo-Pacific Region is the center of origin for
the Haploporoidea. All known atractotrematids are from this region as are many of the basal
haploporids (Megasoleninae, Hapladeninae subf. nov., and Cadenatellinae). Although only a few
examples are included in our analysis, we observe that representatives from the Indo-Pacific are
resolved as sister to representatives from Atlantic seas in the Megasoleninae, Hapladeninae subf.
nov., Cadenatellinae, and Haploporinae. As more haploporoids have molecular data made
available, these and other hypothesis can be tested.

S. Conclusion

Over the past decade, beginning in earnest with Blasco-Costa et al. [4], molecular
techniques have helped to improve the systematics of the Haploporoidea, and our study further
helps frame the interrelationships of the superfamily. Within each of the haploporid subfamilies
we recognize, additional clarification is still needed. In addition to needing a better
understanding of the basal groups as discussed above, the Waretrematinae and

Chalcinotrematinae are in need of rigorous molecular investigation. For the Waretrematinae,
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Spiritestis herveyensis Pulis and Overstreet, 2013 continues to be one of the most labile taxa;
Unisaccus tonkini Besprozvannykh, Atopkin, Ngo, Ha, Tang, and Beloded, 2017 was resolved as
a waretrematine in this study as it was in [25], despite Unisaccus Martin, 1973 morphologically
belonging in Haploporinae; and no molecular data are yet available for the type-species of the
subfamily, Waretrema piscicolum Srivastava, 1937. Similar to most of the subfamilies, the
Chalcinotrematinae also lacks molecular material for the type-species, Chalcinotrema salobrense
Freitas, 1947, but the Chalcinotrematinae is also of particular interest because it contains more
freshwater species and a broader host range (including mugilids) than the other subfamilies [3,8].
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Table 1 Species, hosts, and GenBank numbers for sequences used for phylogenetic analysis in this study.

Family Species Host GenBank Reference
Monorchiidae Hurleytrematoides chaetodoni (Manter, 1942) Yamaguti, 1954 Chaetodon striatus Linnaeus MH244116 This study
Paragonimidae ~ Paragonimus siamensis Miyazaki and Wykoff, 1965 Sartoriana spinigera (Wood-Mason) JQ322634 (ITS2) [17]
JQ322628 (28S)
Paragonimus westermani (Kerber, 1878) Braun, 1899 Maydelliathelphusa lugubris (Wood- JN656190 (ITS2) [17]
Mason) JN656176 (28S)
Atractotrematidae Atractotrema sigani Durio and Manter,1969 Siganus lineatus (Valenciennes) AY222267 [18]
Isorchis anomalus Andres, Pulis, and Overstreet, 2016 Chanos chanos (Forsskal) KU873018 [9]
Isorchis cannoni Huston, Cutmore, and Cribb, 2017 Siganus lineatus MF803156 (ITS2) [11]
MF803154 (28S)
Isorchis currani Andres, Pulis, and Overstreet, 2016 Selenotoca multifasciata (Richardson) KU873016 [9]
Isorchis megas Andres, Pulis, and Overstreet, 2016 Selenotoca multifasciata KU873015 [9]
Pseudomegasolena ishigakiense Machida and Kamiya, 1976  Scarus rivulatus Valenciennes AY222266 [18]
Cadenatellinae Cadenatella americana Manter. 1949 Kyphosus sectatrix (Linnaeus) MH244117 This study
Cadenatella floridae Overstreet, 1969 Kyphosus incisor (Cuvier) MH244118 This study
Cadenatella isuzumi Machida, 1993 Kyphosus vaigiensis Quoy and Gaimard FJ788497 [19]
Cadenatella pacifica (Yamaguti, 1970) Bray and Cribb, 2001  Kyphosus vaigiensis FJ788498 [19]
Haploporidae Capitimitta costata Pulis and Overstreet, 2013 Selenotoca multifasciata KC206497 [14]
Capitimitta darwinensis Pulis and Overstreet, 2013 Selenotoca multifasciata KC206498 [14]
Dicrogaster contracta Looss, 1902 Chelon auratus (Risso) FJ211267 (ITS2) [4]
FJ211261 (28S)
Dicrogaster perpusilla Looss, 1902 Chelon ramada (Risso) FJ211248 (ITS2) [4]
FJ211238 (28S)
Forticulcita apiensis Andres, Curran, Fayton, Pulis, and Mugil cephalus Linnaeus KP761087 [5]
Overstreet, 2015
Forticulcita platana Andres, Curran, Fayton, Pulis, and Mugil liza Valenciennes KP761086 [5]
Overstreet, 2015
Hapladena acanthuri Siddiqi and Cable, 1960 Acanthurus chirurgus (Bloch) MH244119 This study
Hapladena nasonis Yamaguti, 1970 Naso unicornis (Forsskal) AY222265 [18]
Hapladena cf. varia Linton, 1910 Acanthurus chirurgus MH244120 This study
Haploporus benedeni (Stossich, 1887) Looss, 1902 Chelon ramada FJ211247 (ITS2) [4]
FJ211237 (28S)
Intromugil alachuaensis Pulis, Fayton, Curran, and Overstreet, Mugil cephalus KC430095 [20]
2013
Intromugil mugilicolus (Shireman, 1964) Overstreet and Mugil cephalus KC430096 [20]
Curran, 2005
Lecithobotrys putrescens Looss, 1902 Chelon saliens (Risso) FJ211246 (ITS2) [4]

FJ211236 (28S)



Litosaccus brisbanensis (Martin, 1974) Andres, Pulis, Cribb,
and Overstreet, 2014

Megasolena hysterospina (Manter, 1931) Overstreet, 1969
Megasolena littoralis Mufioz, George-Nascimento, and Bray,
2017

Megasolena mikra sp. nov.

Parasaccocoelium haematocheilum Besprozvannykh, Atopkin,

Ermolenko, and Nikitenko, 2014

Parasaccocoelium mugili Zhukov, 1971

Parasaccocoelium polyovum Besprozvannykh, Atopkin,
Ermolenko, and Nikitenko, 2014

Ragaia lizae Blasco-Costa, Montero, Gibson, Balbuena, and
Kostadinova, 2009

Saccocoelioides beauforti (Hunter and Thomas, 1961)
Overstreet, 1971

Saccocoelioides chauhani Lamothe-Argumedo, 1974

Saccocoelioides cichlidorum (Aguirre-Macedo and Scholz,
2005) Andrade-Gomez, Pinacho-Pinacho, and Garcia-Varela,
2017

Saccocoelioides elongatus Szidat, 1954

Saccocoelioides lamothei Aguirre-
Macedo and Violante-Gonzalez, 2008
Saccocoelioides magnus Szidat, 1954

Saccocoelioides nanii Szidat, 1954

Saccocoelioides olmecae Andrade-Gémez, Pinacho-Pinachol,
Hernandez-Orts, Sereno-Uribe, and Garcia-Varela, 2016
Saccocoelioides orosiensis Curran, Pulis, Andres, and
Overstreet, 2018

Saccocoelioides sogandaresi Lumsden, 1963

Saccocoelioides tkachi Curran, Pulis, Andres, and Overstreet,
2018

Saccocoelium obesum Looss, 1902

Saccocoelium tensum Looss, 1902

35

Mugil cephalus

Archosargus rhomboidalis (Linnaeus)
Scartichthys gigas (Steindachner)

Holacanthus ciliaris (Linnaeus)

KM253765

MH244121
KX035007 (ITS2)

MH?244122

Planiliza haematocheila (Temminck and HF548461

Schlegel)

Planiliza haematocheila
Planiliza haematocheila
Chelon auratus

Mugil cephalus

Astyanax aeneus (Glinther)

Amatitlania septemfasciata (Regan)

Prochilodus lineatus (Valenciennes)
Dormitator latifrons Richardson
Cyphocarynx voga (Hensel)
Prochilodus lineatus

Dormitator maculatus (Bloch)
Poecilia gillii (Kner)

Poecilia latipina (Lesueur)
Astyanax aeneus (Glinther)

Chelon ramada

Chelon auratus

HF548468
HF548474

FJ211245 (ITS2)
FJ211235 (28S)
MG925103 (ITS2)
MG925104 (28S)
KU061105 (ITS2)
KU061119 (28S)
MG925105 (ITS2)
MG925106 (28S)

MG925107 (ITS2)
MG925108 (28S)
KU061099 (ITS2)
KU061120 (28S)
MG925111 (ITS2)
MG925112 (28S)
MG925113 (ITS2)
MG925114 (28S)
KU061114 (ITS2)
KU061134 (28S)
MG925115 (ITS2)
MG925116 (28S)
MG925119 (ITS2)
MG925120 (28S)
MG925121 (ITS2)
MG925122 (28S)
FJ211266 (ITS2)
FJ211260 (28S)
FJ211264 (ITS2)
FJ211258 (28S)

[16]

This study
(21]

This study
(6]

(6]
(6]

(4]
(8]
[22]

(8]

(8]
[22]
(8]
(8]
[22]
(8]
(8]
(8]
(4]
(4]



Skrjabinolecithum pyriforme Besprozvannykh, Atopkin,
Ermolenko, and Beloded, 2016
Skrjabinolecithum spasskii Belous, 1954

Skrjabinolecithum spinosum Besprozvannykh, Atopkin, Ngo,

Ha, Tang, and Beloded, 2017
Spiritestis herveyensis Pulis and Overstreet, 2013

Unisaccus tonkini Besprozvannykh, Atopkin, Ngo, Ha, Tang,

and Beloded, 2017
Xiha fastigata (Thatcher and Sparks, 1958) Andres, Curran,
Fayton, Pulis, and Overstreet, 2015

Planiliza haematocheila
Planiliza haematocheila
Mugil cephalus

Moolgarda seheli (Forsskal)
Osteomugil cunnesius (Valenciennes)

Mugil cephalus

LN864990 (ITS2)
HE806359 (28S)
HG530223 (ITS2)
HE806363 (285S)
MF176832 (ITS2)
MF176829 (28S)
KC206500
MF176838 (ITS2)
MF176843 (28S)
KP761088

(23]
[24]
[25]

(14]
[25]

(5]
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Table 2 Base pair lengths of sequences for the partial 18S rRNA gene, internal transcribed
spacer (ITS) region 1, 5.8S rRNA gene, ITS2, and partial 28S rRNA gene of Cadenatella
americana, C. floridae, Megasolena mikra sp. nov., M. hysterospina, Hapladena acanthuri, and
H. cf. varia.

18S ITSI 58S ITS2  28S

Cadenatella americana 107 511 157 258 1,384
Cadenatella floridae 107 517 157 258 1,384
Megasolena hysterospina 101 551 157 294 1,392
Megasolena mikra sp. nov. 101 552 157 294 1,392
Hapladena acanthuri 89 602 157 279 1,407
Hapladena cf. varia 89 603 157 279 1,407

Table 3 Pairwise comparisons (excluding gaps) of percent nucleotide similarity and number of
base pair differences (in parentheses) of the internal transcribed spacer region 2 rDNA sequences
of the three species of Megasolena.

Megasolena littoralis Megasolena
KX035007 hysterospina
Megasolena hysterospina 84.1 (46) -
Megasolena mikra sp. nov. 84.4 (45) 99.7 (1)

Table 4 Pairwise comparisons (trimmed to GenBank sequences; excluding gaps) of percent
nucleotide similarity and number of base pair differences (in parentheses) of the partial 28S
rDNA sequences of the four species of Cadenatella.

Cadenatella pacifica Cadenatella Cadenatella
FJ788498 americana floridae
Cadeﬁatella 92.6 (98) i i
americana
Cadenatella floridae 92.1 (105) 96.7 (44) -
Cadenatella isuzumi 88.7 (150) 89.4 (141) 88.7 (151)

Table S Pairwise comparisons (trimmed to GenBank sequence AY?222265; excluding gaps) of
percent nucleotide similarity and number of base pair differences (in parentheses) of the partial
28S rDNA sequences of the three species of Hapladena.

Hapladena nasonis AY222265 Hapladena acanthuri

Hapladena acanthuri 92.2 (101) -
Hapladena cf. varia 91.5 (110) 97.5 (32)
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Fig. 1. Megasolena mikra sp. nov. from Holacanthus ciliaris (Linnaeus) A: Ventral view
of holotype with everted hermaphroditic duct. B: Ventral view of hermaphroditic sac of paratype
USNM TBD. Scale bars: A = 1,000um; B = 100um.

Fig. 2. Phylogenetic relationships among members of the Haploporoidea Nicoll, 1914
resulting from Bayesian Inference analysis of concatenated partial 28S rDNA and internal
transcribed spacer region 2 (ITS2) sequences. Bolded taxa represent sequences derived for this
study; gray box denotes Haploporidae Nicoll, 1914; vertical bars denote family or subfamily
groups; black circles denote number and orientation of the testes possessed by members of the
clade; dark gray mullet denotes subfamilies with at least one member that parasitizes mullet
(Mugilidae) whereas all other major groups include taxa that parasitize marine eupercarians.
Waret. = Waretrematinae.

Fig. 3. Terminal genitalia of Cadenatella americana (A - Ventral) and Cadenatella

floridae (B - lateral). AS = accessory sucker; GP = genital pore; HD = hermaphroditic duct; VS
= ventral sucker. Scale bars = 100um.
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Hurleytrematoides chaetodoni MH244116
Paragonimus westermani JN656190 JN656176

[ Paragonimus siamensis JQ322634 JQ322628

Intromugil mugilicolus KC430096
E Intromugil alachuaensis KC430095

Saccocoelioides olmecae KU061114 KU061134
Saccocoelioides beauforti MG925103 MG925104
Saccocoelioides sogandaresi MG925119 MG925120
Saccocoelioides chauhani KU061105 KU061119 i i
Saccocoelioides cichlidorum MG925105 MG925106 Chalcinotrematinae
Saccocoelioides tkachi MG925121 MG925122
Saccocoelioides lamothei KU061099 KU061120
Saccocoelioides orosiensis MG925115 MG925116
Saccocoelioides nanii MG925113 MG925114
Saccocoelioides elongatus MG925107 MG925108
Saccocoelioides magnus MG925111 MG925112

Xiha fastigata KP761088
_D‘L_ Forticulcita apiensis KP761087
Forticulcita platana KP761086
- Parasaccocoelium polyovum HF548474
—Q’arasaccocoe/ium mugili HF548468
Parasaccocoelium haematocheilum HF548461

0.5 Skrjabinolecithum spasskii HG530223 HE806363
ES L Skijabinolecithum spinosum MF176832 MF 176829 W
‘1 Skrjabinolecithum pyriforme LN864990 HE806359 aret.
-

Forticulcitinae

Unisaccus tonkini MF176838 MF176843
Capitimitta darwinensis KC206498
Capitimitta costata KC206497
L Spiritestis herveyensis KC206500
Litosaccus brisbanensis KM253765

Dicrogaster contracta FJ211267 FJ211261
Dicrogaster perpusilla FJ211248 FJ211238
Ragaia lizae FJ211245 FJ211235 :

Haploporus benedeni FJ211247 FJ211237 Haploporinae
Lecithobotrys putrescens FJ211246 FJ211236
Saccocoelium obesum FJ211266 FJ211260
Saccocoelium tensum FJ211264 FJ211258
Cadenatella isuzumi FJ788497

7
Cadenatella pacifica FJ788498 .
ﬁwﬂa floridae MH244118 Cadenatellinae
Cadenatella americana MH244117
Hapladena nasonis AY222265
ﬂapladena acanthuri MH244119 | Hapladeninae subf. nov.
Hapladena cf. varia MH244120

- Megasolena hysterospina MH244121
Megasolena mikra sp. nov. MH244122 | Megasoleninae
Megasolena littoralis KX035007
Isorchis anomalus KU873018
™ 4'171 Isorchis megas KU873015
: ! Isorchis currani KU873016 :
"/t Isorchis cannoni MF803156 MF803154 | Atractotrematidae

Pseudomegasolena ishigaki AY222266
Atractotrema sigani AY222267

0.98,

0.94,









