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Abstract 

Two ribosomal DNA sequences were used to infer phylogenetic relationships among the Eucestoda order 
Proteocephalidea. A 437 bp portion of the I6S mitochondrial and a 1149 bp 5' portion of the nuclear large sub-unit 
rRNA molecule were sequenced for 53 proteocep hai idea n cestodes (representing nine subfamilies and 22 genera) and 
for one outgroup species. Parsimony and distance-based analyses of the two databases, alone and combined, failed 
to support the monophyly of the two traditionally accepted families, of numerous subfamilies (with the exception of 
the Rudolphielliinae and Othinoscolescinae which were validated in our analysis) and of various genera, including 
the genus Nomimoscolex (Woodland), Ophiotaenia (La Rue) as well as the type genus Proteocephalus (Weinland). 
Palaearctic Proteocephalus species nevertheless constituted a well-defined clade. The two genes globally yielded 
compatible results; however, the nuclear ribosomal gene provided a better resolution of relations among 
Proteocephalidea. © 1999 Australian Society for Parasitology Inc. Published by Elsevier Science Ltd. All rights 
reserved. 

Keywords: Eucestoda; LsrRNA; Molecular systematics; Proteocephalidea: Proteocephalus', Phylogeny: 16S rRNA 

1. Introduction 

Tapeworms of the order Proteocephalidea are 
parasitic in freshwater fishes, amphibians and 
reptiles. They are diagnosed by the following fea­
tures: distinct external segmentation, one set of 
gonads per segment, numerous testes (between 20 
and 400), a lateral genital pore, a bilobate ovary 
at the posterior end of proglottis, follicular and 
lateral vitellaria, and a scolex with four suckers. 
An apical organ, such as a sucker, or rarely an 
armed rostellum, may be present. Both Rego et 
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"Note: Nucleotide sequence data reported in this paper are 
available in the EMBL, GenBank® and DDJB databases 
under the accession numbers AJ 238826 to 238829, AJ 23881 
to 238832. AJ 238834 to 238837. AJ 388590 to 388638. AJ 
389477 to 389524. Alignments are available from the follow­
ing URL: http://www.hcrbaria.harvard.edu/ireebase. Under 
the study accession number 5389 and the matrix accession 
numbers M543 and M544. This is part of the PhD thesis of 
the first author. 
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Table 1 
List of taxa included in the datasci with host, geographical origin and reference of mounted vouchers from the Geneva Natural 
History Museum (!NVE) collection, when available. Outgroup; Tctraphyllidea Gen. sp. ex Sqitalus acanthias, North Sea 

From Brazil. Itacoatiara. Province Amazonas: 
Ampfwteromorphus parkamoo Woodland, 1935 ex Paulicea luetkeni, 11.10.1995. INVE 22245 
Amphoietomorphus piraeeha Woodland. 1934 ex Brachyplatystoma filamentosum, 07.10.1995. INVE 22239 
Crepidobothrium eirasi Rego and de Chambrier, 1995 ex Phractocephalus hemioliopterus, 17.10.1995 
Endorchis piraeeba Woodland, 1934 ex Brachyplatystoma filamentosum, 7.10.1995. INVE 21738 
Ephedrocephalus mierocephalus Diesing, 1850 ex Phractocephalus hemioliopterus, 5.10.1995. INVE 21910 
Goczeella siluri Fuhrmann, 1916 ex Pinirampus pirinampu, 2,10.1995. INVE 21887 
Proteocephalus pirarara (Woodland. 1935) ex Phractocephalus hemioliopterus, 1.10.1995. INVE 22106 
Megathylactis brooksi Pavanelli and Rego, 1985 ex Paulicea luetkeni, 2.10.1995. 1NVE21874 
Proteocephalus hemioliopteri (Rego, 1984) ex. Phractocephalus hemioliopterus, 13.10.1995. INVE 21889 
Nomimoscolex admonticcllia (Woodland, 1934) ex Pinirampus pirinampu, 30.9.1995. INVE 21870 
Nomimoscolex dorad (Woodland. 1935) ex Brachyplatystoma flavicans, 11.10.1995. INVE 22269 
Nomimoscolex lenlw (Woodland, 1933) ex Sombimychthys planiceps, 2.10.1995. INVE 21740 
Nomimoscolex piraeeha Woodland, 1934 ex Brachyplatystoma filamentosum, 13.10.1995. INVE 22284 
Nomimoscolex sp. es Brachyplatystoma volitanti, 2.10.1995. INVE 22298 
Nomimoscolex sudohim Woodland, 1935 ex Pseudoplatystoma fasciatum, 12.10.1995. INVE 21969 
Othinoscolex lenha Woodland, 1933 ex Sorubimichtys planiceps, 19.10.1995. INVE 22021 
Peltidocotyle sp. specimens ex Paulicea luetkeni, 2,4. 10.1995. INVE 21912 and INVE 22373 
Rudolphiella piracatinga (Woodland, 1935) ex Calophysits macropierus, 1.10.1995. INVE 19868 
Zygobothrium megacephalum Diesing, 1850 ex Phractocephalus hemioliopterus, 1.10.1995. INVE 21846 

From Brazil, Domingos Martins, Espiritu Santo Province: 
Ophiotaeniajarara Fuhrmann, 1927 ex Bothrops jararaca, 16.10.1989. INVE 12393 

From Argentina: 
Rudolphiella sp, ex Luciopimelodits pati, Rio Parana, Corrientes, Corrientes Province, 30.07.1997. INVE 24668 

From Paraguay: 
Ageneietla brevifilis dc Chambrier and Vaucher, 1999 ex Ageneiosus brevifilis, Rio Paraguay, San Antonio, Central Province, 

3.11.1995. INVE 21841 
Choanoscolex abscisus (Riggenbach, 1896) ex Pseudoplatystoma coruscans, San Antonio, Rio Paraguay. Central Province, 

14,10.1989 
Gibsoniela mcursaulti dc Chambrier and Vaucher, 1999 ex Ageneiosus brevifilis, San Antonio, Central Province, 3.11.1995. INVE 

21839 
Moiiticellia coryphiccphala (Monticelli, 1891) ex Salmimis maxillostts, General Diaz. Neembucu Province. 18.10.1989. INVE 

17984 
Nomimoscolex clnibbi (Pavanelli and Takemoto, 1995) ex Gyiimotus carapo, 18 km south of San Lorenzo, Neembucu Province. 

17.10.1989. INVE 20351 
Nomimoscolex lopesi Rego, 1989 ex Pseudoplatystoma fasciatum, San Antonio. Central Province, 06.11.1995. INVE 21963 
Nomimoscolex matogrossensis Rego and Pavanelli, 1990 ex Hoplias malabaricus. Arroyo Tapiracuayi, San Pedro Province, 

24.10.1989. INVE 17913 
Peltidocotyle rugosa Diesing, 1850 ex Pseudoplatystoma fasciatum, Rio Paraguay. San Antonio, Central Province, 2.10.1995. 

INVE 22374 
Ophiotaettiaparagitayensis (Rudin, 1917) ex Hydrodynasics gigas, Chaco Province. LI 1.1989. INVE 16927 
Proteocephalus rcnaudi de Chambrier and Vaucher, 1994 ex Platydoras armatutus, 7.11.1991. INVE 17894 
Ophiotaenia sanbernardinensis (Rudin, 1917) ex Hel'tcops leopardinus, Estancia Santa Sofia. Concepcion Province. 4.10-1989. 

INVE IS951 
Spattdifer maringacnsis Pavanelli and Rego, 1989 ex Sorubim lima, San Antonio. Rio Paraguay, Central Province, 14.10.1989 

From the United States: 
Proteocephalus ambloplitis (Leidy. 1887) ex LepOmis macrocliirus. Pear! River, Mississipi, 6.6.1996 
Ophiotaenia grandis La Rue, 1911 ex Agkistrodon piscivorus, Biloxi. Mississipi. 4.9.1997 

From Europe: 
Ophiotaenia europaea Odcntng, 1963 ex Natrix inaura, Hérault. France. 16.5.1990 
Proteocephalus exiguus La Rue, 1911 ex Coregamts sp. Lake of Bienne, Switzerland. 6.1996 
Proteocephalus filicollis (Rudolphi. 1802) ex Gasterosteus acu/eatus. Stirling. Scotland 
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Proteocephalus macroceplialus (Creplin, 1852) ex Anguilla anguilla. Ohre River, Czech Republic, 3.10.1994 
Proteaccphalus osculaius (Goeze, 1782) ex Silurus glanls, Oriik Water Reserve, Stedronin, Czech Republic. 12.9.1996 
Proteoceplialits percae (Müller. 17S0) ex Perca fluvialilis, Lake of Neuchâtel. Switzerland. 6.1996 
Proteocephalus poltanicola Gresson. 1952 ex Corego/ius pollan, Toome Bay, Northern Ireland, I.8. 1996 
Proteocephalus torulostis (Batsch, 1786) ex Leuciscus cephalus, Rokytnâ River, Czech Republic.13.5.1995 
Sifuroiacnia siluri (Batsch, 1786), ex Stlurtts glanis, Orlik water reserve. Czech Republic. 13-5.1998 

From Japan: 
Gangesia parasituri Yamaguti, 1934 ex Silurus asotus, Lake Suwa, Nagano Prefecture, 28.6.1996 
Paraproteocephalus parasiiuri (Zmcev, 1936) ex Silurus asotits, Lake Suwa, Nagano Prefecture, 28.6.1996 
Proteocephalus midonensis Shimazu, 1990 ex Lefua ec/ugonia, Midori, Iiyama City, Nagano Prefecture. 20.7.1996 
Proteocephalus pkcoglossi Yamaguti. 1934 ex Plecoglossus attivelis. Lake Biwa. Shiga Prefecture. 2.5.1992 
Proteocephalus tetrastomus (Rudolphi, 1810) e.v Hypomeusus nippoiiensis, Lake Suwa. Nagano Prefecture. 31.5.1996 

From Australia: 
Ophiotaenia goliardi (Johnston. 1911) ex Nolcchis scutatus, Melbourne, 12.6.1996 

From Africa: 
Ophiotaenia ophiodex Metlrick, 1960 ex Cousus maculatus, Ivory Coast. 6-7.1998 
Acanrhoiaenia sp. ex Varanus exanlhematìcus, Ghana. 1998 

al. [1] and Hoberg et al. [2] with morphological 
data, and Mariaux [3] with molecular data have 
defined a number of synapomorphies for the 
order and assessed its moriophyly. Over 300 
species have been described in two families: 
Proteocephalidae and Monticelliidae, containing 
12 subfamilies and 46 genera [4]. 

The first proteocephalidean representative, 
Taenia ( = Proteocephalus) percae was described 
by Müller in 1780. The genus Proteocephalus was 
erected by Weinland in 1858 for fish and amphi­
bian parasites. La Rue [5,6] erected two families: 
Proteocephalidae and Monticelliidae in his 
account of the group. He established the latter 
family to comprise the species Tetracolylus 
( = Moniicellia) coryphicephala Monticelli. 1891 
characterised by the cortical position of uterus, 
ovary and testes. Woodland [7-15] described nu­
merous species and genera of Monticelliidae 
from South America and Africa. His system 
included eight subfamilies, the taxonomy of 
which was based on the disposition of reproduc­
tive organs relative to the longitudinal muscle 
bundles. Freze [16] subdivided this group more 
extensively, especially in adding a third family 
Ophiotaeniidae, parasitic in amphibians and rep­
tiles. In a widely accepted move, however, 
Brooks [17] synonymised the Ophiotaeniidae with 
the Proteocephalidae. Schmidt [18] followed the 
classification of Frcze with some exceptions: he 
did not recognise the Ophiotaeniidae, and the 

Monticelliidae was characterised by the cortical 
location of vitelline follicles and thus included 
the Zygobothriinae. Rego [4] accepted the current 
classification in general terms but stressed that 
the finding of intermediate forms between 
Monticelliidae and Proteocephalidae makes 
Woodland's scheme of classification inadequate. 
He thus re-examined the taxonomy of the group, 
suppressed the Monticelliidae, and included all 
taxa within the single family Proteocephalidae 
according to criteria based on holdfast 
structure [19]. 

Several phylogenetic investigations of 
Proteocephalidea based on cladistic analyses of 
morphological characters have been performed 
by Brooks [17,20]. Brooks and Rassmussen [21], 
and Brooks et al. [22] (at a higher level that 
included Proteocephalidea). More recently, Rego 
et al. [I] examined the order at the subfamilial 
level. Results supported the monophyly of the 
Proteocephalidea but neither family, as currently 
conceived, was monophylettc. These cladistic 
analyses, however, were limited by the lack of in­
formation on the life-cycles of Monticelliidae, the 
uneven quality of morphological and biological 
data in the literature and a shortage of reliable 
and complete data for many taxa, mainly those 
described by Woodland [23], The monophyly of 
the order nevertheless remains uncontested [1-3]. 

The purpose of the present work is to examine 
phylogenetic relationships among representatives 
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of Proteocephalidea, and within the genus 
Proteocephalus in particular, using DNA 
sequences as an independent source of infor­
mation to avoid the constraints mentioned 
above. This should provide a basis for inferring 
their phylogeography and the history of their. 
host associations. The mitochondrion-encoded 
16S rRNA and the nuclear IsrRNA genes were 
investigated since they were assumed to evolve at 
an adequate rate, and since they are both easily 
amplified by PCR [24]. The IsrRNA was selected 
as its rate of evolution is greater than that of 
ssrRNA, which has been shown to be uninforma­
tive within the order Proteocephalidea [3]. 

2. Materials and methods 

2.1. Deoxyribonucleic acid preparation, PCR and 
sequencing 

Cestodes collected in this study (Table 1) were 
either frozen or preserved in 70% or 95% etha-
nol. Extraction was done by incubating the tissue 
(two to three segments for the larger forms, up 
to whole individuals for the smallest forms) in 
1 ml of extraction buffer (1OmM Tris, 10OmM 
Na2EDTA, 100 mM NaCl, pH 8.0, 0.05% SDS, 
200/ig Proteinase K) for 4 h at 55°C. A treat­
ment with RNAse A at a final concentration of 
100//g m l - 1 for 30 min and a phenol-chloro-
form-isoamyl-alcohol (49.5:1:49.5) extraction 
was then performed. Deoxyribonucleic acid was 
precipitated by adding one volume of 70% etha-
nol, dried and re-suspended in 50/il TE (1OmM 
Tris, 1 mM Na2EDTA, pH 8.0). Primers used to 
amplify approximately 440 bp of the large mito­
chondrial rRNA (16S) molecule were designed 
on the basis of conserved residues among taxa 
from different phyla. We used the following PCR 
primers: 16S-5' (5'-CAG GAA ACA GCT ATG 
AAC GNC TGT TTA YYA AAA ACA-3') and 
16S-3' (5'-TGT AAA ACG ACG GCC AGT 
CGG TCT TAA CTC ARN TCA-3'). The 
nucleotides in italics correspond to the sM13 
reverse and sM13 (—21) forward primer sites of 
M13 bacteriophage, added to facilitate auto­
mated sequencing. Polymerase chain reaction 
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fragments were obtained using a MJ-Research 
PTC-100 thermo-cycler with the following par­
ameters: 35 cycles (45 cycles when yield was low) 
with 30 s DNA denaturation at 940C, 30 s primer 
annealing at 45°C, and 1 min at 72°C for primer 
extension. The following primer pair was used to 
amplify a 5' portion of approximately 1170 bp of 
the IsrRNA gene: 28S-5' (5'-TAC CCG CTG 
AAC TTA AGC ATA T-3') and 28S-3' (5'-CTC 
CTT GGT CCG TGT TTC AAG AC-3') (the 
primer sequences were available in the 
literature [24,25]). Cycling conditions were as for 
16S, but annealing temperature in this case was 
600C. Polymerase chain reaction conditions were 
the following: 1OmM Tris-HCI (pH 9.0), 
1.5 mM MgCl2, 5OmM KCl, 0.1% Triton X-100, 
100 iiM dNTPs. Taq EXTRA-POL 1 (Eurobio) 
DNA polymerase (1.5 U) was used per reaction. 
Polymerase chain reaction products were checked 
for size on 0.8% w/v agarose gel and purified on 
QIAquick columns (Qiagen). Polymerase chain 
reaction fragments were directly sequenced for 
both strands by cycle sequencing using 
Thermosequenase (Amersham) and a LI-COR 
4000 (MWG) automated sequencer. All sequence 
data from the present research are deposited with 
EMBL/Genbank data library under accession 
numbers AJ 238826 to 238829, AJ 238831 to 
238832, AJ 238834 to 238837, AJ 388590 to 
388638, AJ 389477 to 389524, and the alignments 
are available from the following URL: http:// 
www.herbaria.harvard.edu/treebase. 

2.2. Phyhgenetic analyses 

Multiple alignment of a fragment of the 16S 
and IsrRNA genes was computed using 
CLUSTAL W [26]. Alignments were slightly 
modified by hand in GDE 2.2 [27]. AU regions of 
ambiguous alignment were removed from the 
dataset prior to phylogenetic analysis. Gaps were 
treated as missing data. Phylogenies based on the 
principle of parsimony were computed using 
PAUP* version 4.0b2 (DL SwofTord. 
Phylogenetic analysis using parsimony*, and 
other methods. Sunderland. MA: Sinauer 
Associates, 1999). Heuristic searches were per­
formed and the tree bisection-reconnection 

http://
http://www.herbaria.harvard.edu/treebase
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Tetraphyllid 
D Acanihotaenîa sp. ETH 
O Silurotaenia siluri PAL 
O Gangesia paras iluri PAL 
O Paraprot. parasiluri PAL 
• P. osculatus PAL 
• P. percae PAL 
• P. torulosus PAL 
• P. midortensis PAL 
• P. macrocephatus PAL 
• P. fiücollis PAL 
• P. plecogtossi PAL 
• P. tetrastomus PAL 
• P. pollandola PAL 
• P. exiguus PAL 
O P. pirarara NEO 
O Zyg. megacephatum NEO 
O P. hembliopteri NEO 
O E. microcephalus NEO 
O Crepid. eirasi NEO 
O Rudolph, sp. NEO 
O Rudolph, piracatinga NEO 
• O. jarara NEO 
• 0 . gallardiAUS 
• 0 . ophiodexETH 
• O. grandis NEA 
O P. renaudi NEO 
O Nom. lenha NEO 
O Goezeeüa siluri NEO 
O Nom. lopesiNEO 
O Nom. admonticellia NEO 
O Gibsonïela meursaulli NEO 
• Mont, coryphicephala NEO 
O Spatulifer maringaensis NEO 
O Nom. sp. NEO 
O Nom. piraeeba NEO 
O Nom. dorad NEO 
O PeIt. sp. specimen #1 NEO 
O Pelt. sp. specimen #2 NEO 
O Othinoscolex lenha NEO 
O PeIt. rugosa NEO 
O Ageneiella brevifilis NEO 
O Arnph. parkamoo NEO 
O Amph. piraeeba NEO 
O Endorchis piraeeba NEO 

• O. paraguayensis NEO 
• O. sanbernardinesis NEO 
O Megathylacus brooksi NEO 
• O. europaea PAL 
O Nom. matogrossensis NEO 
O Nom. chubbiNEO 
• P. ambloplitis NEA 
O Nom. sudobim NEO 
O Choanoscolex abscisus NEO 

Fig. I. Strict consensus tree of 75 equally parsimonious trees obtained from a parsimony analysis of the nuclear 28S rRNA data 
set. Alignment gaps were treated as missing. One-hundred heuristic searches were conducted, retaining 50 minimal trees per repli­
cate. The shortest trees were swapped in a second heuristic search. A tetraphyllidean was used as outgroup. Bootstrap values 
obtained for 100 replicates of IO heuristic searches are indicated above the intcrnodes. Figures under the intcrnodes indicate the 
bootstrap values obtained from 100 replicaies using the neighbor-joining distance algorithm. Geographical origin is designated as 
follows: NEO = Neotropical; NEA = Nearctic; PAL = Palaearciic; AUS = Australian: ETH = Ethiopian. Hosts are designated as 
follows: O = siluriform fishes; * = other teleost fishes. H = StIaIcCS. Q = saurians. Abbreviations: Amph.= Amplioieroiuorphus; 
Cr. = Crepidobolhrium: E. = Ephedroceplmius: Mom. = Monticelli«; Nom. = Nominwscolex; O. = Opliiotaciiia; 
Paraprot. = Paraproteoceplialux; Pelt. = Peltidocotyle; P. = Proieoceplialus; Rudolph. = Rudo/pbiefla; Zyg. = Zvgobotftritiiti. 
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(TBR) algorithm was in effect. Indications of 
support for various ciades were obtained by 
bootstrapping [28]. One-hundred re-sampled' 
datasets were analysed using the heuristic tree 
searching option of PAUP. Distance-based phy-
logenies were produced using the DNADIST and 
NEIGHBOR programs of PHYLIP version 3.572 
(J. Felsenstein. PHYLIP—Phylogeny inference 
package, version 3.2). Sequence data were 
reduced to a distance matrix using the Ki mura 2-
paramctcr model for nucleotide substitution [29]. 
The default transition/transversion ratio of 2 was 
used. Bootstrap analyses were done using 
SEQBOOT of PHYLIP: 100 bootstrapped data-
sets were constructed and analysed with 
DNADIST and NEIGHBOR programs. A con­
sensus tree was obtained using CONSENSE. The 
partition-homogeneity test (PHT) implemented 
with PAUP* 4,0b2 was used to assess the concor­
dance of the 16S and 28S datasets, using 100 
replicates with MAXTREES set to 100. 
Ambiguously aligned and uninformative charac­
ters were excluded from the PHT [30, 3I]. The 
Templeton compatibility test, implemented with 
PAUP*, was used to evaluate the significance of 
the difference in length observed when comparing 
constrained and unconstrained most parsimo­
nious trees. 

3. Results 

Proteocephalidean cestodes of 53 species, 
representing nine subfamilies and 22 genera, were 
analysed in this study. We included a tetraphylli-
dean species for tree-rooting purposes. A 1149 bp 
5' fragment of the nuclear IsrRNA gene was thus 
sequenced for 54 species. Due to problematic 
alignment, 131 sites were excluded from the 
analysis. Among the remaining 1018 positions, 
378 were variable and 248 were phylogenetically 
informative. Using this gene in parsimony ana­
lyses, we found 75 shortest trees with a length of 
993 steps and a consistency index (CI) of 0.37 
(Fig. 1). For the mitochondrial 16S rRNA frag­
ment, a partial sequence of 437 nucleotides was 
obtained for 53 cestodes (Proteocephalus hemio-
liopten was not included in this data matrix). 

Seventeen positions were removed due to proble­
matic alignment. The resulting matrix thus com­
prised 420 bp, of which 168 positions were 
variable and 130 were informative. This database 
yielded two shortest trees of 861 steps with a 
CI = 0.28, using parsimony. In addition to this 
lower consistency index, weaker bootstrap values 
were observed (Fig. 2). 

The overall tree resolution and topologies in 
both distance and parsimony trees are highly 
congruent, regardless of the database considered. 
All analyses are consistent in yielding the follow­
ing results; the monophyly of the order 
Proteocephaiidea is supported; however, neither 
of the two families as currently conceived, the 
Proteocephalidae and Monticelliidae [4], appears 
as a natural group, both are paraphyletic. 
Moreover, the monophyly of most subfamilies is 
not supported in our analyses. 

The subfamily Öthinoscolescinae, with 
Peltidocotyle rugosa from Pseudoplalystomo fas-
ciatum, Othinoscolex ienha from Sorubimichthys 
planiceps, and two additional Peltidocotyle 
species from Paulicea luetkeni is, nevertheless, 
well supported by 28S sequences. Genetic dis­
tances, measured as the percentage of divergent 
residues, demonstrate a strong similarity among 
the three latter species (two Peltidocotyle spp. 
and Othinoscolex). Analyses of yet another DNA 
sequence comprising the 5.8 rRNA and adjacent 
internal transcribed spacer 2 (ITS2) yielded 
highly compatible results (data not shown). 

.The subfamily Rudolphielliinae, which com­
prises a single genus, likewise appears as a natu­
ral group on the basis of analyses of the two 
following species: Rudolphiella sp. and 
Rudolphiella piracatmga. 

4. Discussion 

The two genes we used in the present systema­
tic analysis of Proteocephaiidea performed differ­
ently in solving phylogenetic relations within the 
order. Overall tree resolution, bootstrap values 
and consistency indices were higher using 
IsrRNA (CI = 0.37) compared with 16S 
sequences (CI = 0.28). The number of phytogen-
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O Nom. matogrossensis NEO 
• P. ambloplhis NEA 
• 0 . paraguayensis NEO 
O Spatulifer maringaensis NEO 
O Zyg. megacephalum NEO 
O E microcephalus NEO 
O Amph. piraeeba NEO 
• O. sanbernardinesis NEO 
O Nom. admonticellia NEO 
O P. pirarara NEO 
O Megathylacus brooksî NEO 
O PeIt. rugosa NEO 
O GoezeeÖa siluri NEO 
• O europaea PAL 
O Nom. lopesi NEO 
O Endorchis piraeeba NEO 
O Crepid. eirasi NEO 
O P. renaudi NEO 
O Nom. sudobim NEO 
O Choanoscolex abscisus NEO 
O Rudolph, piracatinga NEO 
O Rudolph, sp. NEO 
O Amph. parkamoo NEO 
O Nom. chubbiNEO 

• O. gallardi AUS 
• O. ophiodexETH 
• O. grandis NEA 
O Nom. sp. NEO 
O Nom. dorad NEO 
O Nom. piraeeba NEO 
O PeIt. sp. specimen #1 NEO 
O PeIt. sp. specimen #2 NEO 
O Othinoscolex lenha NEO 
O Gangesia paras iluri PAL 
O Silurotaenia siluri PAL 
D Acanthotaenia sp. ETH 
O Paraprot. parasihiri PAL 

• P. torulosus PAL 
• P. filicollis PAL 
• P. macrocephalus PAL 
• P. osculatus PAL 
• P. midoriensis PAL 
• P. tetrastomus PAL 
• P. plecoglossi PAL 
• P. percaePAL 
• P. exiguus PAL 
• P. pollandola PAL 

Fig. 2. Fifty per cent bootstrap tree inferred from the 16S rRNA sequences using parsimony. Bootstrap values obtained for IOO 
replicaies of !O heuristic searches are shown above the internodes. Figures under the imernodes indicate the values obtained from 
100 bootstrap replicates using the neighbor-joining distance algorithm. See Fig. 1 for names of species, geographical origins and 
host designations. 

etically informative characters was larger and 
significantly higher transition-transversion rate 
ratios for nucleotide substitution were found in 
the former molecule, suggesting that positions 

were less saturated with multiple substitutions 
than in 16S. We performed a partition-
homogeneity test [30,31] on the two datasets. 
which indicated that they contained conflicting 
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information and that, consequently, we should be 
cautious when combining them for phylogenetic 
analyses. Among the discrepancies that appear 
between the trees produced from the 16S and the 
28S ribosomai sequences are the phylogenetic 
relationships between Gangesia parasi/uri. 
Silurotaenia siluri (both of the subfamily 
Gangcsiinae and found in siluriform fish) and 
Acanthoiaenkt sp. (an Acanlhotaeniinae found in 
monitors). The former gene suggests the group­
ing: {[Gangesia, (Silurotaenia, Acanthotaenia% 
other Proteocephalidea}, whereas the latter 
favours the following combination: [Acantho-
taenia. [(Gangesia, Silurotaenia), other 
Proteocephalidea]}. These Proteocephalids dis­
playing a rostellum and/or spines may be con­
sidered as the most primitive Proteocephalidea 
considering their basal position in our phyloge­
netic reconstructions with both genes. The com­
bined dataset was nevertheless analysed: tree-
resolution and consistency index were intermedi­
ate to those found when analysing the separate 
components (data not shown) but, wherever sig­
nificant conflict occurred between both partitions. 
the combined dataset generally confirmed the 
results yielded by the IsrRNA partition. Thus, 
when resolving the relations between Gangesiinae 
and Acanthotaeniinae, it strongly supported the 
[AcanthotaeniaSGangesia, Silurotaenia)] grouping. 

For the reasons cited above, the IsrRNA 
sequence database was considered as the more re­
liable. but phylogenetic relationships among sev­
eral taxa, most of them from South America. 
could not be solved when using this gene. Some 
interesting facts were observed nevertheless. Our 
results did not support the most recent cladistic 
analysis of Proteocephalidea at the subfamilial 
level on the basis of 27 morphological 
characters [I]. Both works question the mono-
phyty of Monticelliidae and Proteocephalidae. 
The present analysis, however, suggests that most 
subfamilies, and even most genera, may not be 
natural groups. 

The monophyly of Rudo/phiella would need to 
be confirmed by including additional species in 
the analysis. Rudoiphiella is a morphologically 
well-characterised genus for which new synapo-

morphies, such as egg-membrane peculiarities, 
have been recently described [32]. 

In regard to the remaining genera considered 
in this work, the monophyly of 
Amphoteromorphus is supported only by nuclear 
ribosomai sequences, and with weak bootstrap 
values. Our phylogenetic reconstructions, more­
over, question the monophyly of Ophiotaenia, 
Nomhnoscolex and Proteocephalus. The case of 
the latter genus, 14 representatives of which were 
included in this study, is interesting. A strongly 
supported clade comprising Proteocephalus spp. 
and including Paraproteocephalus parasi/uri, all 
parasitic in teleost fish of Palaearctic origin (from 
Europe and Japan), is consistently found what­
ever tree reconstruction method or gene we con­
sidered. The remaining Proteocephalus specimens 
of Nearctic and Neotropical origin are invariably 
excluded from this group, suggesting that the 
genus Proteocephalus is indeed a polyphyletic 
group. Constraining this genus to be monophy-
letic in parsimony analyses requires 83 (28S) and 
39 (16S) additional steps. A Templeton test indi­
cated that both values were significantly different 
at P < 0.05 (calculated P values < 0.0001). 
Within this genus, we note the high degree of 
similarity between Proteocephalus exiguus and 
Proteocephalus pollandola (with 0.2% and 0.5% 
differing sites between them for the nuclear and 
mitochondrial dataset. respectively), two species 
recently placed in synonymy on the basis of mor­
phological. biometrica 1 and genetic (Random 
Amplified Polymorph DNA-RAPD) studies [33]. 
Hence we have evidence to confirm the polyphy­
letic nature of the genus Proteocephalus which 
accounts for over 40% of the nominal species of 
Proteocephalidea [22]. This genus has previously 
been suspected of being a composite group, the 
species of which " . . . may be more closely related 
to a variety of different groups than to each 
other" [22] (p. 663). Indeed, they are scattered to 
such extent in our reconstructions that the desig­
nation Proteocephalus will need to be used in a 
more restrictive sense in future, for example 
when referring to the Palaearctic species, and 
thus excluding species from the New World, to 
which they seem distantly related. Morphological 
features that would characterise these two groups 
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of Proteocephalus species remain to be estab­
lished. Recent life-cycle studies of Proteocephalus 
species parasites of fish from the Palaearctic. 
however, showed that they exhibited differences 
from the North American species P. ambloplitis. 
No parenteral location of plerocercoid larvae 
within a second intermediate host has been 
reported in Palaearctic species, in contrast to this 
Nearctic species [34]. Therefore, life-cycle data 
which are completely lacking for proteocephali-
deans parasitising South American fish and rep­
tiles, including species of MonticeIIiidae [I], may 
be useful as an additional source of information 
to morphological and biometrica! studies [34]. 

Our analyses include nine members of the 
genus Nomimoscolex, which has recently been 
revised by de Chambrier and Vaucher [23]: they 
invariably fail to cluster in our reconstructions. 
We none the less observe a well-supported clade 
comprising Nomimoscolex sp. and two species 
synonymised on the basis of morphological and 
biometrica! studies by de Chambrier and 
Vaucher [23]: Nomimoscolex piraeeba and 
Nomimoscolex dorad. Our results suggest that the 
latter two species are indeed close but may not 
represent a single species, considering that 1% 
and 5.5% of their positions differed in the 
IsrRNA and 16S rRNA sequences, respectively. 
The fact that the genus Nomimoscolex did not 
appear as a monophyletic group was not comple­
tely unexpected either. The variations found in 
uterine position and in the anatomy of the excre­
tory system within this genus are such that its 
monophyly was also questioned based on ana­
tomical features [23]. A different grouping of 
these species remains to be defined: a more exten­
sive analysis of these species will be published 
elsewhere. 

Within the Peltidocotylinae, Peltidocotyle 
rugosa, although exhibiting striking morphologi­
cal similarities with Peltidocotyle specimens 
found in P. luetkeni and Oihinoscolex lenha, dis­
played genetic distances that are within the range 
that can be expected between distinct species. 
The synonymy of the genera Oihinoscolex and 
Peltidocotyle has been discussed and established 
in a separate work, using both molecular and 
morphological approaches [35], 

Concerning the genus Ophiotaenia, we find a 
clade supported strongly by nuclear ribosomal 
sequences that comprises proteocephalids para­
sitic in snakes: Ophiotaenia ophiodex from Causus 
maculatus (Ivory Coast), Ophiotaenia goliardi 
from Notechis scutatus (Australia), Ophiotaenia 
grandis from Agkistrodon piscivorus (USA) and 
Ophiotaenia jarara from Bothrops jararaca 
(Brazil) (Fig. 1). AU are found in Viperidae with 
the exception of O. goliardi, which is found in 
EIapidae. Furthermore, Ophiotaenia paraguayen-
sis and Ophiotaenia sanbemardinensis, both para­
sites of South American snakes (Colubridae), 
form a robust, yet separate clade in trees pro­
duced from the 28S rRNA database exclusively. 
This latter group is curiously not well supported 
by the mitochondrial rRNA database. 
Ophiotaenia europaea from Natrix maura 
(Colubridae), France is not closely related to any 
of the six ophidian species above. Ophiotaenia 
species were thus distributed in three distinct 
clades which could be characterised by some 
morphological features: in Ophiotaenia goliardi, 
Ophiotaenia grandis, Ophiotaenia jarara and 
Ophiotaenia ophiodex, testes are distributed in 
two lateral fields and the uterine stem is medul­
lary. On the other hand, Ophiotaenia paraguayen-
sis and Ophiotaenia sanbemardinensis also have 
testes distributed in two lateral fields, but in this 
case the uterine stem is cortical and uterine devel­
opment is of the monticelliid type (see de 
Chambrier and Rego [36] and Scholz et al. [37] 
for details). Ophiotaenia europaea (with testes in 
two separate fields and a medullary uterus) did 
not group with any other species from its genus. 
This result was confirmed by the fact that two 
specimens of this species, one from Ukraine 
(found in Natrix natrix) and one from France 
(found in N. maura) were analysed and proved to 
be identical, in their I6S and IsrRNA sequences. 

The question of the geographical origin of 
Proteocephalidea has been addressed previously: 
Brooks [17] suggested a South American origin, 
whereas Euzet [38] and Rego et al. [1] postulated 
to an African origin. In our present work, the 
most basal taxa are Acanthotaenia from Ghana 
and Gangesiinae species from the Palaearctic, fol­
lowed by a clade of Palaearctic Proteocephalus 
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and the remnant species, mostly from South 
America but also from the Palaearctic, Nearctic, 
Africa and Australia. Our phylogenetic analyses 
thus suggest that the hypothesis favouring a South 
American origin for these cestodes is the less 
likely. We also observed a remarkable cluster 
comprising ophidian proteocephahds of various 
geographical origins (Neotropical, Nearctic, 
Australian and Ethiopian), suggesting a 
Gondwanan distribution for the common ancestor 
of these parasites. Our data additionally suggest 
that colonisation of reptiles occurred several times 
during the evolution of this group of parasites. 

As far as host-parasite relationships and the 
geographical origin of the Proteocephalidea are 
concerned, our conclusions converge with those of 
Rego et al. [I]. We failed, however, to confirm 
their phylogenetic hypotheses, and any previous 
classification based on morphological characters 
for that matter, when basing our analyses on 
DNA sequences. We performed parsimony ana­
lyses based on our molecular data, constraining 
tree topologies to fit the morphological phylogeny 
of proteocephalidean subfamilies proposed by 
Rego et al. [1] and found that, compared with the 
unconstrained trees, an additional 76 and 187 
steps were required for the 16S and IsrRNA 
sequences, respectively. A Templeton test indi­
cated the difference in tree length for both genes 
was significant (P < 0.0001). Congruent with some 
of the present findings were the phylogenetic 
reconstructions we performed using yet another 
gene system: nuclear 5.8S rRNA and ITS-2 
sequences on a subset of species (data not shown). 
In particular, the basal position of Gangesia and 
the split between Palaearctic and other species of 
Proteocephahts were supported by these sequences. 

The most recent cladistic analysis of 
Proteocephalidean subfamilies based on a list of 
morphological characters performed by Rego et 
al. [1] resulted in a cladogram with Cl of 0.571 
that revealed a considerable amount of parallel 
evolution: 14 characters out of the 27 listed 
showed some level of homoplasy. We likewise 
encountered some level of homoplasy in the 16S 
rRNA and, to a lesser extent, in the IsrRNA 
datasets, and concur in stressing the need to ana­
lyse more data to better understand relationships 
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within the order. In particular, an improved 
sampling of proteocephalideans would provide a 
better overview of the phylogeny of the group: 
Neotropical species were abundant, but few 
Nearctic, Asian, and Australian taxa were avail­
able for our study. Moreover, no Nupeliinae, 
Marsipocephalinae (parasitic in African siluri-
form fish and displaying cortical testes) or 
Sandonelliinae (parasitic in African 
Clupeiformes, and possessing compact vitelline 
follicles and the taxonomic position of which 
remains problematic) were represented. Rego et 
al. [1] recently discussed the status of the two lat­
ter subfamilies and found them to be basal in 
their respective families, but noted a general lack 
of information on these taxa. 

In addition to a wider sampling of species, the 
use of genes characterised by a slower rate of 
evolution, and that remain yet to be identified, 
may prove useful in deciphering relationships 
within this cestode order. As a result, the sys-
tematics of these parasites which display a wide 
diversity in scolex morphology as well as in in­
ternal arrangement of gonads, vitelline follicles 
and uterus within the proglottis still remains pro­
blematic. 

Acknowledgements 

We would like to thank the following people 
who supplied much of the material cited in this 
work: Alain de Chambrier who collected the ma­
jority of the species, mostly from South America; 
Ian Beveridge, David Griffiths, Vladimira 
Hanzelovâ, Iva Krâlovà, Robin Overstreet. 
Tomas Scholz and Takeshi Shimazu. 

A. de Chambrier, E. Hoberg and C. Vaucher 
provided useful comments on earlier versions of 
the manuscript. J.M. was supported by a grant 
(3100-037548.93) of the Swiss National 
Foundation for Scientific Research. 

References 

(I] Rego AA. de Chambrier A, Hanzelovâ V et al. 
Preliminary phylogenetic analysis of subfamilies of the 



MP. Zehnder, J. Mariaux / International Journal for Parasitology 29 (1999) 1841-1852 1851 

Proteocephalidea (Eucestoda). Syst Parasitol 1998:40:1-
19. 

12] Hoberg EP, Mariaux.J, Justine J-L, Brooks DR, Weekes 
PJ. Phylogcny of the orders of the Eucestoda 
(Ccrcomeromorphae) based on comparative morphology: 
historical perspectives and a new working hypothesis. J 
Parasitol 1997;83:1128-47. 

[3] Mariaux J. A molecular phytogeny of the Eucestoda. J 

Parasitol 1998;84:114-24. 
(4] Rego AA. Order Protcocephalidea MoIa1 1928. In: 

Khalil LF, Jones A. Bray RA, editors. Keys to the 
Cestode parasites of vertebrates. Wallingford: CAB 
International, 1994:257-93. 

[5] La Rue GR. A revision of the cestode family 
Proteoccphalidae. Zool Anz 1911;33:473-82. 

[6] La Rue GR. A revision of the cestode family 
Proteocephalidae. HI Biol Monogr 1914;1:1-349. 

[7] Woodland WNF. On the anatomy of some fish cestodcs 
described by Diesing from the Amazon. Q J Micr Sci 
1933;76:175-208. 

[8] Woodland WNF. On two new cestodes from the 
Amazon siluroid fish Brachyplalyswma vaillanli Cuv. 
Parasitology 1933;25:485-90. 

[9] Woodland WNF. On a new subfamily of proteocephalid 
cestodes—the Othinoscolecinae—from the Amazon 
Siluroid fish Phtystomatichtys sturio (Kner). Parasitology 
1933;25:491-500. 

10] Woodland WNF. On the Amphilaphorchidinae, a new 
subfamily of proteocephalid cestodes, and Myzophorus 
admonltcellia, gen. and sp.n., parasitic in Pirinampus spp. 
from the Amazon. Parasitology 1934;26:141-9. 

11] Woodland WNF. On six new cestodes from Amazon 
fishes. Proc Zool Soc Lond 1934;33-44. 

12] Woodland WNF. On some remarkable new cestodes 
from the Amazon siluroid fish Brachyptatystoma filamen-
iosiim (Lichtenstein). Parasitology 1934;26:268-77. 

13] Woodland WNF. Additional cestodes from the Amazon 
siluroids Piraravâ, Dorad, and Sudobim. Proc Zool Soc 
Lond 1935;851-862. 

14] Woodland WNF. Some more remarkable cestodes from 

Amazon siluroid fish. Parasitology 1935;27:207-25. 
15] Woodland WNF. Some new proteocephalids and a ply-

choboihriid (Cestoda) from the Amazon. Proc Zool Soc 
Lond 1935:619-23. 

Ì6] Freze VL Essentials of ccstodology, vol. V; 
Proteocephalaia in fish, amphibians and reptiles. 
Moskva: isdatel'stvo Nauka, 1965;538pp fin Russian; 
English translation, Israel Program of Scientific 
Translation. 1969, Cat. No. 1853. v + 597pp]. 

17] Brooks DR. Evolutionary history of the cestode order 
Proteocephalidea. Syst Zool 1978;27:312-23. 

18] Schmidt GD. CRC handbook of tapeworm identifi­
cation. Boca Raton, FL: CRC Press, 1986. 

19] Rego AA. A new classification of the cestode order 
Protcocephalidea Mola, 1928. Rev Bras Biol 
1995:12:791-814. 

(20] Brooks DR. Phylogenetic hypothesis, cladìstic diagnoses, 
and classification of the Monticelliidae (Eucestoda, 
Protcocephaliformes). Rev Bras Biol 1995:55:359-67. 

[21] Brooks DR, Rassmussen G. Proteocephalid cestodes 
from Venezuelan catfish, with a new classification of the 
Monticelliidae. Proc Biol Soc Wash 1984;97:748-60. 

[22] Brooks DR, Hoberg EP, Weekes PJ. Preliminary phylo­
genetic analysis of the major lineages of the Eucestoda 
(Platyhelminthes, Cercomeria). Proc Biol Soc Wash 
l991;l04(4):651-68. 

[23] dc Chambrier A1 Vaucher C. Révision des cestodes 
(Monticelliidae) décrits par Woodland (1934) chez 
Briichyplatystoma filameniosuin avec redéfinition des gen­
res Endorcliis Woodland, 1934 et Nominioscolex 
Woodland. 1934. Syst Parasitol 1997;37:219-33. 

[24] Hillis DM, Dixon MT. Ribosomal DNA: molecular evol­
ution and phylogenetic inference. Q Rev Biol 
1991;66:411-53. 

[25] Barker SC, Blair D. Garrett AR, Cribb DH. Utility of 
the Dl domain of nuclear 28S rRNA for phylo­
genetic inference in the Digenea. Syst Parasitol 
1993;26:181-8. 

[26] Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W. 
Improving the sensitivity of progressive multiple 
sequence alignment through sequence weighting, pos­
itions-specific gap penalties and weight matrix choice. 
Nucleic Acids Res 1994;22:4673-80. 

[27] Smith SW, Overbeek R, Woese CR, Gilbert W1 Gillevet 
PM. The genetic data environment: an expandable GUI 
for multiple sequence analysis. Comp Appi Biosci 
1994;10:671-5. 

[28] Felsenstein J. Confidence limits on phylogenies. An 
approach using the bootstrap. Evolution 1985:39:783-91. 

(29] Kimura M. A simple method for estimating evolutionary 
rates of base substitutions through comparative studies 
of nucleotide sequences. J MoI Evo! 1980:16:111-20. 

[30] Huelsenbeck JP, Bull JJ, Cunningham CW. Combining 
data in phylogenetic analysis. Trends Ecol Evol 
1996;11:152-8. 

[31] Farris JS, Käliersjö M, Kluge AG, Bull C. Testing sig­
nificance of incongruence. Cladistics 1995;10:315-9. 

[32] de Chambrier A. Vaucher C. Proteocephalidae el 
Monticelliidae (Eucestoda: Proteocephalidea) parasites de 
poissons d'eau douce au Paraguay, avec descriptions 
d'un genre nouveau et de dix espèces nouvelles. Rev 
Suisse Zool 1999:106(1):165-240. 

[33] Scholz T. Hanzclovâ V. Krâlovâ I, Griffiths D. 
Synonymy of Proieocephalus pollanicola Gresson, 1952 
(Cestoda: Proteocephalidae), a parasite of pollan. 
Coregonus pollan, with P. exiguus La Rue, 1911. Syst 
Parasitol 1998:40:35-41. 

[34] Scholz T. Life cycles of species of Prateoccphaliis, para­
sites of fishes in the Palearctic Region: a review. J 
Helminthol 1999;73:1-18. 

[35] Zehnder M, de Chambrier A. Morphological and mol­
ecular analyses of the genera Peliidocntyle Diesing. 
1850 and Otliinoscolex Woodland, 1933, and morpho-



1852 M.P. Zehnder, J. Mariaux I Internationaljournal for Parasitology 29 (1999) 1841-1852 

logical study of Woodlandielia Frezc, 1965 (Eucestoda, 
Proteocephalidea), parasites of South American 
siluriform fishes (Pimelodidae). Syst Parasi toi, in 
press. 

[36] de Chambrier A, Rego AA. Martauxielta pimelodi n.g., 
n.sp. (Cestoda: Monticclliinae): a parasite of pimelodid 
siluroid fishes from South America. Syst Parasitol 
1995;30:57-65. 

[37] Scholz T, de Chambrier A, Prouza A, Royero R. 
Redescription of Proteocepkalus macrophallus, a parasite 
of Cichla (Pisces, Cichlidae) from South America. Folia 
Parasitol 1996;43:287-91. 

[38] Euzet L. Problèmes posés par la spécificité parasitaire 
des cestodes Proteocephalidea et Pseudophyllidea para­
sites de poissons. Mem Mus Hist Nat Ser A Zool 
1982;123:279-87. 



Systematic Parasitology 46: 33-43. 2000. -
© 2000 Kluwer Academic Publishers. Printed in the Netherlands. 

Morphological and molecular analyses of the genera Peltidocotyle Diesing 
1850 and Othinoscolex Woodland 1933, and a morphological study of 
Woodlandiella Freze, 1965 (Eucestoda, Proteocephalidea), parasites of 
South American siluriform fishes (Pimelodidae) 

Marc P. Zehnder1* & Alain de Chambrier2 

1 Institut de Zoologie, Université de Neuchâtel, E.-Argand II, 2007Neuchâtel, Switzerland 
1MuSeUm d'Histoire Naturelle, CP 6434, J21J Geneva 6, Switzerland 

Accepted for publication 29th April, 1999 

Abstract 

Morphological studies of type-species of the genera Peltidocotyle Diesing, 1850 and Othinoscolex Woodland, 
1933 showed that these genera are synonyms. We therefore redescribe the type and fresh material of Peltidocotyle 
rugosa Diesing, 1850 and P. lenha (Woodland, 1933) [= Othinoscolex lenha Woodland, 1933], which appears 
to constitute two distinct species. They differ in the number and number of layers of testes, the diameter of 
the metascolex and the field occupied by the vitelline follicles. Phylogenetic analyses based on partial DNA 
sequences of 16S rDNA, 5.8S-ITS2 and 28S rDNA support these results. P. lenha and Woodlandiella myzofer 
(Woodland, 1933) are considered conspeciflc following a thorough morphological examination. With regard to 
host-parasite relationships, P. lenha has been reported from two host species, which is unusual as South American 
proteocephalideans generally display an oioxenous type of host-specificity. 

* 

Introduction 

Peltidocotyle Diesing, 1850, Woodlandiella Freze, 
1965 and Othinoscolex Woodland, 1933 represent 
three of the five genera comprising the monticel-
liid subfamily Peltidocotylinae. Each contain a single 
species and are identified primarily by the structure of 
their suckers which are biloculate in Peltidocotyle ru­
gosa Diesing, 1850 and uniloculate in Woodlandiella 
myzofer Woodland, 1933; Othinoscolex lenha Wood­
land, 1933, on the other hand, was characterised as 
being devoid of suckers. The recent report of bilocu­
late suckers in O. lenha by de Chambrier & Vaucher 
(1999), and the fact that W. myzofer, described from 
the same host species, has never been found since 
Woodland's description (1933), raised the question 
of the validity of these genera. It therefore seemed 
appropriate to re-examine the type-material of the 
three genera in order to assess their status. More­
over, morphological and molecular analyses based on 

* This work is a pnrt o( the PhD lhesis of (he first author 

DNA sequences were carried out on recently collected 
material of O. lenha from Sorubimichthys planiceps 
(Agassiz), Peltidocotyle rugosa from Pseudoplatys-
toma fasciatttm (L.) and Peltidocotyle specimens from 
Patdicea luetkeni (Steindachner). 

Materials and methods 

Specimen preservation and fixation 
Specimens were fixed directly after dissection of the 
host's intestine in hot 4% (v/v) neutral formaldehyde 
solution and were stored subsequently in 75% (v/v) 
ethanol. Cestodes were stained with Weigert's haema-
toxylin or Mayer's hydrochloric carmin solution, de­
hydrated in ethanol, cleared with Eugenol (clove oil) 
and mounted in Canada balsam. Pieces of strobila 
were embedded in paraffin wax, sectioned transversely 
at 12-15 ,am, stained with Weigert's hematoxylin 
and counlerstained with 1% eosin B. Eggs were 
mounted in distilled water for drawing. Voucher spec­
imens were deposited at the Natural History Museum, 
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Geneva, Switzerland. For genetic purposes, additional 
specimens were placed in fresh water in order to clean 
the strobila, and were preserved in 80% (v/v) elhanol. 
All measurements are given in micrometres unless 
otherwise indicated. Abbreviations used in descrip­
tions are as follows: X = mean, n = number of 
measurements, OV = ovary width versus proglottis 
width ratio, PG = position of genital pore as percent­
age of proglottis lengüi, PC = cirrus-pouch length 
versus proglottis width ratio, TM = type-material. 

Material examined in molecular analysis 
DNA sequences were obtained and aligned for the fol­
lowing species: Peltidocotyle rugosa ex Pseudoplatys-
toma fasciatum from San Antonio, Central province, 
Paraguay, 06.xi.1995: 22374 INVE; two Peltido­
cotyle [= Othinoscolex] lentia, 219I2, 22373 INVE 
ex Paulicea luetkeni (from two separate host speci­
mens) and P. lenha, 22021 INVE ex Sorubimichthys 
planiceps, all from Itacoaliara, Amazonas, Brazil, 
x.1995. Crcpidobothrium sp. ex Phractocephalus 
hemioliopterus (Schneider) from Itacoatiara, Ama­
zonas, Brazil, 1.x. 1995: 21108INVE and Monticellia 
coryphicephala (Monticelli, 1891) ex Salminus maxil-
losus Valenciennes (in Cuvier & Valenciennes), Gen­
eral Diaz Neembucu, Neembucu province, Paraguay, 
18.x.1989: 17984 INVE, are representatives of the 
subfamilies Proteocephalinac and Monticelliinae, re­
spectively, and were used as outgroup species for 
tree-rooting purposes, since the structure of the family 
Monticelliidae is uncertain. All host species belong 
to the siluroid fish family Pimelodidae, except for 
Salminus maxillosus which is a member of the family 
Characidae. 

DNA preparation, PCR amplification and sequencing 
DNA extraction was done by incubating the tissue (2-
3 proglottids) in 1 ml extraction buffer (10 mM Tris, 
100 mM Na2EDTA, 100 mM NaCl, pH 8.0, 0.05% 
w/v SDS, 200 /xg Proteinase K) for 4 hours at 55 0C. 
Then treatment with RNAse-A at a final concentration 
of 100//g/ml for 30 minutes and a phenolxhloroform: 
isoamyl-alcohol (49.5:1:49.5) extraction were per­
formed. DNA was precipitated by adding one volume 
70% v/v ethanol, dried and re-suspended in 50 fi\ 
TE (10 mM Tris, 1 mM Na2EDTA, pH 8.0). Primers 
used to amplify 440 base pairs of the 16S mitochon­
drial rDNA and the 5.8S rDNA-ITS2 fragments were 
designed on the basis of conserved residues among 
taxa from different phyla. The following PCR primers 
were used: 16S-5' (5'-CAG GAA ACA GCT ATG AAC 

GNC TGT TTA YYA AAA ACA-3') and 16S-3' (5'-
TGTAAA ACGACG GCCAGTCGG TCTTAA CTC 
ARN TCA-3') for the 16S rDNA gene (the 5'-most 
18 nucleotides in italics correspond to the sM13 re­
verse and sM13 (—21) forward primer sites of M13 
bacteriophage, added to facilitate automated sequenc­
ing); 5.8S-5' (5'-CGG TGG ATC ACT CGG CTC-3') 
and ITS2-3' (5'-TCC TCC GCT TAT TGA TAT GC-
3') for the 5.8S rDNA-ITS2 fragment; and 28S-5' 
(5'-TAC CCG CTG AAC TTA AGC ATA T-3') and 
28S-3' (5'-CTC CTT GGT CCG TGT TTC AAG AC­
S') to amplify a 5' 1000 bp portion of the 28S rDNA 
gene (Hillis & Dixon, 1991; Barker et al., I993). 
PCR reactions were performed on a MJ-Research 
PTC-100 thenno-cycler with the following parame­
ters: 35 cycles (45 cycles when yield was low) with 
30 seconds DNA denaturation at 94 0C, 30 seconds 
primer annealing at 40 °, 55 ° and 60 0C for the three 
primer pairs respectively, and 1 minute at 72 0C for 
primer extension. Ten mM Tris-HCl pH 9.0, 1.5 mM 
MgCl2, 50 mM KCl, 0.1% Triton XlOO, 100 /xM 
dNTP and 1.5 U Taq EXTRA-POL 1 (Eurobio) DNA 
polymerase were used per reaction. Products were 
checked for size on 0.8% w/v agarose gel and purified 
using QIAquick columns (Qiagen). PCR fragments 
were sequenced directly for both strands by cycle-
sequencing using Thermosequenase (Amersham) and 
a LI-COR 4000 (MWG) automated sequencer. All se­
quence data from the present research are deposited 
with EMBL/Genbank data library under the acces­
sion numbers AJ238826 to AJ238843, and a com­
plete alignment is available from the following site: 
http://www.herbaria.harvard.edu/treebase/search.html 
under the study accession number S371 and the matrix 
accession numbers M507-M509. 

Phylogenese analyses 
Multiple alignment of portions of the 16S, 5.8S rDNA-
ITS2 and 28S rDNA genes was computed using 
Clustal W (Thompson et al., 1994). Alignments were 
modified slightly by hand using GDE 2.2 (Smith et al., 
1994). All regions of ambiguous alignment were re­
moved from the dataset prior to phylogenetic analyses. 
Gaps were treated as missing data. Phylogenies based 
on the principle of parsimony were computed using 
PAUP 3.1.1 (Swofford, 1993). Exhaustive searches 
were performed. Nodal support was estimated by 
bootstrapping (Felsenstein, 1985). One hundred re-
sampled datasets were analysed in each case using 
the exhaustive tree searching option of PAUP. The 
partition-homogeneity test implemented with PAUP* 

06.xi.1995
http://www.herbaria.harvard.edu/treebase/search.html
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4.0bl (Swofford, 1998) was used to estimate com­
patibility of the three gene databases. Additionally, 
maximum likelihood phylogenies were produced us­
ing DNAML and distance-based phylogenies were 
produced using DNADIST and NEIGHBOR programs 
of PHYLIP version 3.572 (Felsenstein, I989). Se­
quence data were reduced to a distance matrix using 
the Kimura 2-parameter model for nucleotide substi­
tution, which assumes equal base frequencies and the 
common observation that transitions and transversions 
occur at different rates (Kimura, 1980). The default 
tran s iti on/trans version ratio of 2 was used (Figure 1). 
Bootstrap analyses were executed using SEQBOOT of 
PHYLIP: 100 bootstrapped datasets were constructed 
and analysed with DNADIST and NEIGHBOR pro­
grams. The consensus tree was obtained using CON-
SENSE. 

Peltidocotyle Diesing, 1850 
Syns Othinoscolex Woodland, 1933; Woodlandiella 
Freze, 1965 

Diagnosis 
Monticelliidae, Peltidocotylinae. Scolex with four 
biloculate suckers forming two separate cavities. 
Metascolex {sensu de Chambrier & Paulino, 1997) 
present. Ovary medullar. Uterus cortical, ventral, 
with diverticula occasionally protruding across lon­
gitudinal musculature into medulla. Testes in dorsal 
cortex. Vitelline follicles cortical, in two bands, dor­
sal and ventral. In South American siluroid fishes. 
Type-species P rugosa Diesing, 1850. 

Peltidocotyle rugosa Diesing, 1850 

Material examined 
From Pseudoplatystoma coruscans (L.) (Pimelodi-
dae). Brazil, Mato Grosso, 3.XÜ.1826: type-material, 
2 whole mounts. 8 transverse sections, 35/33-42 (coll. 
Institut de Zoologie, Neuchâtel). From Pseudoplatys­
toma fasciatum (L.) (Pimelodidae). Paraguay, Dep. 
Central, Rio Paraguay, San Antonio, 6.xi. 1995:22374, 
23839INVE. 

Description (Figures 10, 14) 

Strobila acraspedote, longer than 19 mm (TM — 27-
36 mm). Mature and gravid proglottides wider than 
long. Scolex 1,160 in diameter (TM = 1,170-1,240). 

Suckers biloculate 530 long (TM = 480-650, X = 
545, n = 4) and 370 wide (TM = 330-425, X = 
365, n = 4). Metascolex 3,710-4,870 in diameter 
(TM = 2,600-3,800). Internal longitudinal muscula­
ture well developed, consisting of strong bundles of 
lightly anastomosed fibres. 

Testes cortical, dorsal, 203-231 in number, X = 
225, n = 4 (TM = 166-206, X = 191, n = 3), in 
two or three layers, in one dense field, extending to 
vitelline follicles, 28-33 in diameter (TM = 28-31) 
(Figure 14). Cirrus-pouch elongate, pyriform, thin-
walled, 390-450 long, X = 412, n = 4, (TM = 
285-325, X = 315, n = 8). PC = 13-17%, X = 15%, 
n = 5 (TM = 18-26%, X = 22%, n = 9). Cirrus 
occupies 51-55%, X = 53%, n = 4 (TM = 44-56%, 
X ~ 50%, n = 7) of cirrus-pouch length. Genital 
pore irregularly alternate, PG = 15-20%, X = 17.5%, 
n = 4, (TM = 8-17%, X = 12%, n = 8). Vas def­
erens reaches median part of proglottis. Vagina with 
subterminal sphincter, always anterior to cirrus-pouch 
(Figure 14). Ovary bilobate, medullary, OV = 54-
62%, X = 56%, n = 6 (TM = 54-62%, X = 59%, 
n = 4). 

Vitelline follicles cortical," in two lateral fields, 
ventral and dorsal, uninterrupted at cirrus-pouch level, 
occupying 73-85% (X = 80%) (TM = 84-87%, 
X ~ 86%) of proglottis length on the poral side, and 
70-83% (X = 78%) (TM = 83-92%, X = 88%) on 
the aporal side (Figure 14). Ventral follicles spreading 
slightly further towards median part of segment. Ven­
tral osmoregulatory canals internal with respect to the 
vitelline follicles; dorsal canals internal with respect 
to ventral canal. Uterus pre-formed with 4-7 (TM = 
4-8) lateral diverticula on each side, occupying up 
to 45% of width of proglottis at this stage. Uterus 
occupies up to 55% of width of pregravid proglot­
tis. Oncospheres 11-13 in diameter (TM in whole 
preparation = 12-14), with hooks 6-8 long (TM = 6-
8). Embryophores 20-24 in diameter (TM = 20-22). 
Outer hyaline envelope up to 60 in diameter (collapsed 
in TM) (Figure 10). 

Remarks 

We noted some differences between the fresh and 
type-material of P. rugosa: the cirrus pouch versus 
proglottis width ratio was smaller (X — 15%) in the 
fresh material than in the type-material (X = 22%) 
(the value also found in P. lenha). The position of the 
genital pore was also closer to the anterior limit of the 
proglottis in the type-material than in the fresh speci-
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Monticellia coryphicephala 
(17984 INVE) 

Crepidoboihrìum sp. 
(21108 INVE) 

59 100 

100 

Peltidocotyle rugosa 
(22374 INVE) 

r Peltidocotyle lenha 
(22373 INVE) 

19 100 

0.01 

100 

84 

89 

i— Peltidocotyle lenha 
(21912 INVE) 

Peltidocotyle lenha 
(22021 INVE) 

Figure L Neighbor-joining tree constructed from the combined daiaset of 16S rDNA, 5.8S rDNA-ITS2 and 28S rDNA sequences using the 
Kimura-two-parameter model for nucleotide substitution. Parsimony analysis yielded an identical a single shortest tree with a length of 100 
steps and a consistency index (CI) of 0.89. The number of apomorphies for various branch sections is indicated in italics. Bootstrap values 
obtained in performing 100 parsimony bootstrap replicates are indicated in bold above the branches; indices obtained in performing 100 NJ 
bootstrap replicates are indicated below. Specimen voucher numbers are indicated under taxa names. 

mens. These differences could be due to the poor state 
of the very old type-material, which was collected in 
1826 (Southwell, 1925)! 

Peltidocotyle lenha (Woodland, 1933) Freze, 1965 
Syns Othinoscolex lenha Woodland, 1933; 
Woodlandiella myzofer (Woodland, 1933); 
Peltidocotyle rugosa of Rego & Pavanelli (1987) nee 
Diesing, 1850 

Material examined 
From Sontbimichthys planiceps (Agassiz) (Pimelodi-
dae): Brazil, Amazonas, ltacoatiara, ix.1992 and x-
xi.3995: 19537, 20499, 22021, 21882, 21883, 21884, 
22080,22380INVE. 
From Pauiicea luetkeni (Steindachner) (Pimelodidae): 

- Brazil, Amazonas, ltacoatiara, ix.1992 and x-
xi.1995: 20498, 21912, 22023, 22024, 22086, 22373, 
25369INVE; 

- Brazil, Parana, Guaira, 31.viii.1993, 21886, 
23689INVE; 

- Paraguay, Dep. Central, Rio Paraguay, San 
Antonio, 27.xi. 1993,22903 INVE. 

Description (Figures2-9, 11-13, 15) 

Strobila acraspedote, 31-130 mm long and 1,040-
2,400 wide. Immature, mature and gravid proglot­
tides wider than long; gravid proglottides occasionally 
longer than wide. Scolex 600-1,420 in diameter (X — 
920, n = 15). Suckers biloculate, 380-620 long (X -
490, n = 16). Metascolex developed, 980-2,700 in 
diameter (X = 2,000, n — 16). Internal longitudi­
nal musculature consisting in small bundles of parallel 
fibres, weakly anastomosed (Figures 7,11-13). 

Testes cortical, numbering 117-201 (X = 142, 
n = 19), in one or 2 layers, in one uniform field lim­
ited laterally by vitelline follicles and posteriorly by 
ovary (Figure 15). Testes 3 2 ^ 7 in diameter (X - 39, 
n = 46). Genital pore very anterior, PG = 12-24% 
(X = 18%, n = 48), irregularly alternate. PC = 17-
29% (X = 23%, n = 81). Cirrus-pouch pyriform, 
very elongate, thin-walled, 255-530 long (X = 385, 
n = 63). Cirrus occupying 50-63% of cirrus pouch-
length (X = 56%, n = 13). Ejaculatory duel long 
and very coiled. Vas deferens reaching median part 
of proglottis. Vagina always anterior to cirrus-pouch 
(n = 160), with thicker terminal portion surround­
ing subterminal sphincter. Ovary medullar, bilobate, 

31.viii.1993
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Figures 2-6. 2-4: Woodlandieìla myzofer (Woodland, 1933), cotype material BMNH 1964.12.15.94-100. 2. Scolex. 3. Deiail of internal 
longitudinal musculature. 4. Transverse section at ovarian level, mature proglottis. 5-6. Oihinoscolcx lentia Woodland, 1933, cotype material 
BMNH 1964.12.15. 87-92. 5. Transverse section of (he posterior pan, mature proglottis, detail of internal longitudinal musculature. 6. 
Transverse section al ovarian level, mature proglottis. Abbreviations: Im, internal longitudinal musculature; ov. ovary: te, testes; ut, ulenis; 
vi, vitelline follicles. Scale-bars: 2,4,6, 500 ^m; 3,5, 250 /tm. 
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Figures 7-13. 1. Pettidocotyle lenha (Woodland, 1933) from Sorubimichthys planiceps. Transverse section at ovarian level, mature proglottis, 
21882 INVE. 8-10. Ëggs drawn in distilled water. 8. R.lenha from 5. planiceps. 9. P. Icnha from Paulicea luetkeni, 25369 INVE. 10. P. rugosa 
Diesing. 1850, from Pseudoplatystama fasciatimi, 23839 INVE. 11. P. icnha from S. planiceps. Transverse section at ovary level, mature 
proglottis, detail of internal longitudinal musculature. 12-13. P lenha from Paulicea luetkeni, prcgravid proglottis, 21912 INVE. 12. Transverse 
seclion at ovarian level. 13. Transverse section of posterior part. Scale-bars: 7,12,13, 500 ^m; 8-10, 50 /ira; 11, 250 n m. 
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•". 14. Peliidocotyle rugosa Diesing, 1850. Mature proglottis, dorsal view, 23689 INVE. Fivecysticercoids are figured. 15. P. lenita 
933) from Paulicea iueikeni. Mature proglottis, ventral view, 23S39 INVE. Abbreviations: cd, dorsal osmorcgulaiory canal; cs, 
ial; cv, ventral osmoregulatory canal; cy, cysticercoid. Scale-bar. 500 /im. 



2. Pairwise distance matrix from the three amplified fragments:-16S rDNA/5.8S rDNA and ITS2/2SS rDNA 
lively. Numbers of nucleotide differences are shown below the diagonal and percentages of nucleotide differences 
twn above. 
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9, figure 85). Indeed, the absence of 
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aterial of these two species convinced 
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Othinoscolex is a junior synonym of 

logical study, together with DNA analy-
Figure 1), showed that the three E 

;ns from Sorubimichthys planiceps and 
keni exhibited a high level of resem-
iver, we found that P. lenha had distinc-
•gical features that differentiated it from 
ble 1). We noted differences: (!) in the 
of testes which was greater in P. rugosa 
a; (2) in metascolex diameter which was 
ugosa; (3) in the arrangement of testes 
, 1-2 layers in P. lenha and in 2-3 layers 
and (4) in the length of the field occu-
telline follicles which was shorter on the 
the proglottis than on the aporal side in 
reas no such disparity was observable in 

data corroborated our findings at the 
1 level regarding the status of the three 

P. lenha specimens, as could be observed from their 
sequence divergence (Table 2, Figure 1 ). On the other 
hand, P. rugosa appeared to be a close to but distinct 
from P. lenha. The most useful DNA sequence that 
supported our conclusions based on anatomy was the 
ITS2 fragment; it yielded identical sequences for the 
three P. lenha samples. P. rugosa, on the other hand, 
had 31 positions that differed over a total sequence 
length of 617 nt from the latter group (Table 2), thus 
supporting our taxonomic decision. 

Regarding host-parasite relationships, P. lenha has 
been reported from two Amazonian siluriform fish 
species, Paulicea luetkeni and Sorubimichthys plani­
ceps. This finding is unusual considering the oioxe-
nous host-specificity generally encountered in South 
American proteocephalidean cestodes. 

Despite the fact that the distribution and topogra­
phy of vitelline follicles are generally not considered, 
we regard them as representing reliable discriminating 
characters, as indicated above (see also de Chambrier, 
1989, p. 375; de Chambrier & Vaucher, 1997, p. 231; 
Rego et al., 1998, p. 5). Likewise, the use of suit­
able DNA sequences, i.e. with an appropriate rate of 
evolution, proved equally effective in distinguishing 
P. rugosa from P. lenha, two closely related species, 
thus illustrating the benefit in using both molecular 
and morphological approaches (Mariaux, 1996). 
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Abstract 

We describe a new species of Nomimoscolex from the Amazon siluriform fishes Brachyplatystomafilamentosum, 
B. flavicans and B. vaillanti. It differs from N. piraeeba in a lower mean number of testes, the paramuscular position 
of the vitelline follicles, the ovarian width/proglottis width ratio and the cirrus-pouch length/proglottis width ratio. 
Protein electrophoresis assays performed for 25 enzymatic systems showed that specimens of N. suspectus n. sp. 
from the three host species form a homogenous population which was genetically isolated from N. piraeeba and 
N. dorad. Moreover, the latter two species, syriònymised by Rego (1991) because of their close morphological 
similarity, could be separated at eight loci. We thus restore N. dorad as a valid species. We finally examined 
the composition of the genus Nomimoscolex using DNA sequences from the 5.8S rRNA, ITS-2 and 28S rRNA 
nuclear ribosomal genes and a matrix of 24 morphological characters. Phylogenetic relationships were inferred for 
nine species of the genus, five members of other monticelliid genera and two outgroup species. The results of the 
phylogenetic analyses performed on morphological and molecular characters converged with those from allozyme 
studies and showed that N. suspectus, N. piraeeba and N. dorad clustered in a distinct clade that excluded other 
members of the genus. We therefore recognised them as an aggregate of species to reflect an isolation supported by 
both morphological and genetic data. Because relationships among the remaining Nomimoscolex representatives 
and other genera were generally poorly resolved, regardless of the database analysed, no action was taken to 
reorganise them into alternative groupings. 

Introduction 

Woodland (1934), in the original description of Nomi­
moscolex piraeeba (the type-species of the genus), 
figured a proglottis (figure 7, plate 10) which could 
not be assigned to this species on the basis of differ­
ences in cirrus-pouch length in relation to proglottis 
width, in the disposition of vitelline follicles and in 
the field occupied by the vas deferens (de Chambrier 
& Vaucher, 1997). The latter authors could not re­
late it, for that matter, to any other known species of 
Nomimoscolex Woodland, 1934. However, after a re­
cent examination of abundant material collected from 
Neotropical siluriform fishes, we discovered a new 

*This work is a part of the PhD thesis of the first author. 
•Author for correspondence. 

species of Nomimoscolex, which matched the figure 
of Woodland (1934b), parasitising Brachyplatystoma 
filamentosum, B. flavicans and B. vaillanti. We con­
sequently examined its taxonomic status, including 
using allozyme electrophoretic methods, of Nomi­
moscolex suspectus n. sp. compared with N. piraeeba 
Woodland, 1934 recorded from B. filamentosum and 
N. dorad (Woodland 1935) recorded from B. flavicans. 
Thus, we are able to discuss with new arguments the 
synonymy of N. dorad with N. piraeeba proposed by 
Rego (1991) and followed by de Chambrier & Vaucher 
(1997). 

We also analysed the composition of the genus 
Nomimoscolex, recently revised by de Chambrier & 
Vaucher (1997). Indeed, mese authors showed it to 
represent a heterogeneous taxon: the variability which 
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they encountered in the position of osmoregulatory 
canals and the position of the uterine stem and di­
verticula within the genus Nomimoscolex was such 
that they emphasised the need for its reorganisation 
into a number of smaller groupings. In relation to 
this, we infer phylogenetic relationships for nine of 
the 11 species presently comprising the genus using 
morphological characters and DNA sequences from 
the nuclear 5.8S rDNA, ITS-2 and 28S rDNA genes. 

Materials 

Material is deposited at the Natural History Museum 
(INVE), Geneva, Switzerland and Oswaldo Cruz In­
stitute, Rio de Janeiro, Brasil (CHIOC). 

Monticelliidae, Endorchiinae: 
EndorchispiraeebaVJooälano, 1934 

Frani Brachyplatystoma filamentosum (Pimelodi-
dae): Brazil, Amazonas State, Itacoatiara, 21738** 
INVE, 07.10.1995. 

Monticelliidae, Zygobothriinae: 
Amphoteromorphus parfcamoo Woodland, 1935 

From Pauïicea luetkeni (Pimelodidae): Brazil, 
Amazonas State, Itacoatiara, 22245** INVE, 
11.10.1995. 

Gibsoniela meursaulti de Chambrier & Vaucher, 1999 
From Ageneiosus brevifilis (Auchenipteridae): 
Paraguay, San Antonio, Central Province, 21839** 
INVE, 03.11.1995. 

Harriscolex kapamri (Woodland, 1935) 
From Pseudoplatystoma tigrinum (Pimelodidae): 

'- Brazil, Amazonas State, Itacoatiara, 22018** 
INVE, 09.10.1995. 

Nomimoscolex admonticellia (Woodland, 1934) 
From Pinirampus pirinampu (Pimelodidae): Brazil, 
Amazonas State, Itacoatiara, 21870** INVE 
30.09.1995. 

Nomimoscolex chubbi (Pavanelli & Takemoto, 1995) 
From Gymnotus carapo (Gymnotidae): Paraguay, 
Neembucu Province, 18 km south of San Lorenzo, 
20351** INVE, 17.10.1989. 

Nomimoscolex dorad (Woodland, 1935) 
All samples from Brazil, Amazonas State, Itacoatiara. 

From Brachyplatystoma flavicans (Pimelodidae): 
22254*. 22255*, 22257*, 22259* INVE, 
03.10.1995; 22260*, 22261*. 22262* INVE, 
04.10.1995; 27152, 22263*, 23828* INVE, 
06.10.1995; 22265*,- 22267*, 27155 INVE, 
07.10.1995;22268*, 22269*'** INVE, 11.10.1995. 

Nomimoscolex lenha (Woodland, 1933) 
From Sorubimichthys planiceps (Pimelodidae): 
Brazil, Amazonas State, Itacoatiara, 21740** 
INVE, 02.10.1995. 

Nomimoscolex lopesi Rego, 1989 
From Pseudoplatystoma fasciatimi (Pimelodidae): 
Paraguay, Central Province, San Antonio, 21963** 
INVE, 06.11.1995. 

Nomimoscolex matogrossensis Rego & Pavanelli, 
1990 

From Hoplias malabaricus (Erythrinidae): 
Paraguay, San Pedro Province, Arroyo Tapiracuayi, 
17913** INVE, 24.10.1989. 

Nomimoscolex piraeeba Woodland, 1934 
From Brachyplatystoma filamentosum (Pimelodi­
dae): Brazil, Amazonas State, Itacoatiara, 22283*, 
22284*/**, 22288INVE, 13.10.1995. 

Nomimoscolex sudobim Woodland, 1935 
From Pseudoplatystoma fasciatum (Pimelodidae): 
Brazil, Amazonas State, Itacoatiara, 21969** 
INVE, 12.10.1995. 

Nomimoscolex suspectus n. sp. 
. AU samples from Brazil, Amazonas State, 

Itacoatiara. From Brachyplatystoma filamento­
sum (Pimelodidae): Holotype 34212 CHIOC, 
6 paratypes 27139, 27143, 27144, 27145 
INVE, 342120-c CHIOC 13.10.1995; 1 paratype 
22302* INVE, 07.10.1995; 1 paratype 22319 
INVE, 20.10.1995. Other material: 22291 INVE, 
18.09.1992; 22301*, 07.10.1995; 22289, 22304*. 
22305, 22306*. 22307*/** INVE, 08.10.1995; 
22311*, 22312*, 22313*. 22314*, 22315 
INVE, 13.10.1995; 22316*, 22317*. 22318 
INVE, 1:5.10.1995; 22320, 20.10.1995; 27142, 
13.10.1995. From Brachyplatystoma flavicans 
(Pimelodidae): 27146 INVE, 08.10.1995; 23829* 
BMVE, 06.10.1995; 22308*/**, 22309* INVE, 
08.10.1995; 22310* INVE, 11.10.1995. From 

. Brachyplatystoma vaillanti (Pimelodidae): 22292, 
22293, 22294, 22297*, 22298**, 22299*, 22300* 
INVE, 02.10.1995. 

Ophiotaeniajarara Fuhrmann, 1927 
From Bothrops jararaca (Viperidae): Brazil, 
Domingos Martins, Espiritu Santo State, 12393** 
DMVE, 16.10.1989. 

Monticelliidae, Momicelliinae: 
Choanoscolex cf. abscisus (Riggenbach, 1895) 

From Pseudoplatystoma fasciatum (Pimelodidae): 
Brazil, Amazonas State, Itacoatiara, 25102** 
INVE, 11.10.1995. 
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Proteocephalidae, Proteocephalinae: 
Proteocephalus pimrara (Woodland, 1935) 

From Phractocephalus hemioliopterus (Pimelodi-
dae): Brazil, Amazonas State, Itacoatiara, 22106** 
INVE. 01.10.1995. 

*Specimen used for protein electrophoresis studies 
**Specimen used for DNA sequence analyses 

All specimens used for protein electrophoresis or 
DNA sequencing were identified beforehand using 
conventional methods. 

Methods 

Specimen preservation and fixation for morphological 
studies 
Specimens were fixed directly after dissection of the 
host's intestine in hot 4% v/v neutral formaldehyde 
solution and subsequently stored in ethanol 75% v/v. 
They were stained with Weigert's haematoxylin or 
Mayer's hydrochloric carmine solution, dehydrated in 
ethanol, cleared with Eugenol (clove oil) and mounted 
in Canada balsam. Pieces of strobila were embedded 
in paraffin wax, sectioned transversely at 12-15 /im, 
stained with Weigert's haematoxylin and counter-
stained with 1% eosin B. Eggs were studied in distilled 
water. All measurements are given in micrometres 
unless otherwise indicated^ Abbreviations used in de­
scriptions are as follows: x = mean, n = number of 
measurements, OV = ovarian width / proglottis width 
ratio, PG = position of genital pore in % of proglottis 
length, PC = cirrus-pouch length I proglottis width. 
ratio, TM = type-material. 

Isoenzyme analyses 
Material subject to analysis by protein electrophore­
sis was placed in an Eppendorf-like tube and stored 
in liquid nitrogen. Tissue samples were subsequently 
homogenised in 0.1-0.2 ml of distilled water. A 
Whatman No. 3 (10 x 2.0 mm) paper wick was 
dipped into the homogenate and stored at —800C. 
This. was directly used as a source of enzymes for 
electrophoresis. Electrophoresis was carried out on 
a starch gel with a voltage of 90-100 V and a 
maximum intensity of 73 mA. Enzymatic assays 
were performed according, to the techniques de­
scribed by Pasteur et al. (1987). Twenty-five enzymes 
were tested: AAT (Aspartate Aminotransferase, EC 
2.6.1.1), ACOH (Aconitase Hydratase, EC 4.2.1.3), 
ACP (Acid Phosphatase, EC 3.1.3.2), AK (Adenylate . 

Kinase, EC 2.7.4.3), AKP (ALP) (Alkaline Phos­
phatase, EC 3.1.3.1), ALD (Aldolase, EC 4.1.2.13), 
CK (Creatin Kinase, EC 2.7.3.2), FK (Fructose Ki­
nase, EC 2.7.1.4), GCDH (Glucose Dehydrogenase, 
EC 1.1.1.118), GLC (NAD-Glucose Dehydogenase, 
EC 1.1.1.47), G6PDH (Glucose-6-phosphate Dehy­
drogenase, EC 1.1.1.49), GPI (Glucose-6-phosphate 
Isoraerase, EC 5.3.1.9), HK (Hexokinase, EC 2.7.1.1), 
IDH (Isocitrate Dehydrogenase, EC 3.1.1.42), LAP 
(Leucine Aminopeptidase, EC 3.4.11.1), LDH (L-
Lactate Dehydrogenase, EC 1.1.1.27), MDH (Malate 
Dehydrogenase, EC 1.1.1.37), ME (Malic enzyme, 
EC 1.1.1.40), MPI (Mannose-6-phosphate Isomerase, 
EC 5.3.1.8), NP (Purine Nucleoside Phosphorylase, 
EC 2.4.2.1), PEP (Peptidases, EC. 3.4.-.-: Pep-A, 
Pep-B, Pep-C and Pep-D, correspond to the following 
substrates: Val-Leu, Leu-Gly-Gly, Lys-Leu, Phe-Pro) 
and PGM (Phosphoglucomutase, EC 2.7.5.1). The 
nomenclature follows that of Richardson et al. ( 1986), 
Pasteur et al. (1987) and Durand et al. (1998). 

DNA preparation, PCR amplification and sequencing 
Specimens used in DNA sequence analyses were ei­
ther frozen or preserved in 95% ethanol after host 
dissection. DNA extraction was done by incubating 
the tissue (2-3 proglottides) in 1 ml extraction buffer 
(10 mM Tris, 100 mM Na2EDTA, 100 mM NaQ, 
pH 8.0, 0.05% w/v SDS, 200 /ig Proteinase K) for 
4 hours at 55°C. Then a treatment with RNAse-A at a 
final concentration of 100 jug/ml for 30 minutes and a 
phenol-chloroform-isoamyl-alcohol (493:1:49.5) ex­
traction were performed. DNA was precipitated by 
adding one volume 70% v/v ethanol, dried and re-
suspended in 50 /xl TE (lOmMTris, 1 mM Na2EDTA, 
pH 8.0). The 5.8S-5' (5'-CGG TGG ATC ACT CGG 
CTC-SO and ITS2-3' (5'-TCC TCC GCT TAT TGA 
TAT GC-3') PCR primers were used to amplify the 
5.8S rDNA-ITS2 fragment and were designed on the 
basis of conserved residues among taxa from differ­
ent phyla. The 28S-5' (5'-TAC CCG CTG AAC TTA 
AGC ATA T-3') and 28S-3' (5'-CTC CTT GGT CCG 
TGT TTC AAG AC-3') PCR primers were used to 
amplify an adjacent 5' 1000 nt portion of the 28S 
rDNA gene (these primer-sequences were availaible 
from Hillis & Dixon, 1991, and Barker et al., 1993). 
The two amplified regions are not contiguous but sep­
arated by a 28 nucleotide sequence. PCR reactions 
were performed on a MJ-Research PTC-100 thermo-
cycler or, alternatively, on a Primus (MWG-Biotech) 
thermocycler, with the following parameters: 35 cy­
cles (45 cycles when yield was low) with 30 seconds 
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DNA denaturation at 94°C, 30 seconds primer an­
nealing at 55 3 and 600C for the two primer pairs 
respectively, and 1 minute at 72°C for primer ex­
tension. Ten mM Tris-HCl pH 9.0, M mM mgCb, 
50 mM KQ. 0.1% TritonXlOO, 100 pM dNTP and 
1.5 U Taq EXTRA-POL 1 (Eurobio) DNA polymerase 
were used per reaction. Products were checked for size 
on 0-8% w/v agarose gel and purified on QIAquick 
columns (Qiagen). PCR fragments were directly se­
quenced for both strands by cycle sequencing using 
Thermosequenase (Amersham) and a LI-COR 4000 
(MWG-Biotech) automated sequencer. All sequence 
data from the present research are deposited with 
EMBL/GenBank data library under accession num­
bers AJ25134Ö-AJ251355, AJ275064, AJ275067, 
AJ275068. AJ275227, AJ288595, AJ288597, 
AJ288602, AJ288603, AJ288607-AJ288608. 
AJ288611, AJ288613, AJ288614, AJ288616, 
AJ288618, AJ288625, AJ288628, AJ288631. 

Phylogenese analyses of morphological and 
molecular characters 

Morphological characters 
Cladistic analyses of morphological characters were 
performed to infer phylogenetic relationships among 
nine Nomimoscolex species, one representative for 
five genera of the subfamily Zygobothriinae and two 
species used as taxonomic outgroups: Proteocephalus 
pirarara (Woodland, 1935) and Ophiotaenia jarara 
(Fuhrmann, 1927). Character polarisation was based 
on outgroup comparison with reference to the two 
.,latter species. We relied on morphological data com­
piled from the literature (Woodland, 1933a,b, 1934a,b, 
1935a,b, de Chambrier et al., 1992, 1996; de Cham-
brier & Vaucher, 1997,1999), but characters were also 
developed from direct morphological examination of 
specimens when necessary. A list of 24 binary and 
multi-state characters representing 59 character states 
was used in this study; they were defined as follows: 
<& 0 » = plesiomorphic state; <g; 1 — n ;$>= apo-
morphic states, <5C ? ; » = undefined. All multi-state 
characters were run as unordered. The numerical data 
matrix was written with MacClade 3.04 (Maddison & 
Maddison, 1992). 

Molecular characters 
Multiple alignment of sequences from the 5.8S rDNA-
ÏTS2 and 28S rDNA genes was computed using 
Gustai W (Thompson et al., 1994). Alignments were 
modified slightly by hand in GDE 2.2 (Smith et al., 

1994). All regions of ambiguous alignment were re­
moved from the dataset prior to phylogenetic analyses. 
Gaps were treated as an additional character state (5'ft 

base). However tree topologies were identical when 
gaps were treated as missing characters. 

Analyses 
Phylogenetic analyses were conducted using PAUP* 
version 4.0b2 (Swofford, 1996). Branch & Bound 
searches were performed for finding the most parsimo­
nious trees; heuristic searches were conducted when 
performing bootstrap and partition-homogeneity test 
analyses. The phylogenetic trees are presented with 
the following associated statistics: consistency index 
(CI), rescaled consistency index (RC), retention in­
dex (RI) and homoplasy index (HI), as defined by 
Maddison & Maddison (1992). Nodal support was 
estimated by bootstrapping (Felsenstein, 1985): 100 
re-sampled datasets were analysed in each case us­
ing the heuristic tree searching option of PAUP. The 
partition-homogeneity test (PHT) implemented.with 
PAUP* was used to estimate compatibility of the two 
molecular and the morphology-based partitions. Alter­
native1 constrained topologies were analysed, and the 
significance of the difference in the lengths of the strict 
consensus tree compared to the unconstrained most 
parsimonious tree was established using the Temple-
ton compatibility test (Templeton, 1983) implemented 
with PAUP*. For distance-based phylogenies, se­
quence data were reduced to a distance matrix using 
the Kimura 2-parameter model for nucleotide substi­
tution which assumes equal base frequencies and the 
common observation that transitions and transversions 
occur at different rates (Kimura, 1980). The default 
transition/transversion ratio of 2 was used. 

Nomimoscolex suspectus n. sp. (Figures 1-7) 

Hosts: Brachyplatystomafilamentosum (Lichtenstein) 
(type-host), B. flavicans (Castelnau) and B. vaillanti 
(Cuvier & Valenciennes). 
Type-locality: Itacoatiara, Amazonas State, Brazil, 
18.09.1992,02-20.10.1995. 
Site: Posterior part of intestine. 
Holotype: 34212 CHIOC. 
Paratypes: 22302, 22319, 27139, 27143, 27144, 
27145INVE; 34212b-c CHIOC 
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Figures 1-4. Nomimoscolex suspectus IL sp. I. Scolex, ventral view, holotype, 34212 CHIOC. 2. Nomimoscolex suspectus n. sp. Eggs drawn in 
distilled water, paratype, 22302INVE. 3. Nomimoscolex suspectus n. sp. Transverse section of posterior part, mature proglottis, paratype, 27139 
INVE. 4. Nomimoscolex suspectus n. sp. Transverse section at ovarian level, mature proglottis, paratype. 27139INVE. Abbreviations: ao, apical 
organ; eg, glandular cells; do, dorsal osmoregulatory canal; em, embryophore; gm, Mehlis' gland; Im, internal longitudinal musculature; oe, 
outer envelope; om, oncdspheric membrane; on, oncosphere; oo, oöcapc ov, ovary; sc, secondary canals; sm, secondary musculature; te, testes; 
ud, uterine diverticula; up, uterine pore; us, uterine stem; vc, vaginal canal; vd, vitelloducq vi, vitelline follicles; vo, ventral osmoregulatory 
canal: Scale-bars: 1,250 p.; 2,50 pm; 3,4, 500 p.m. 
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Description 

Monticelliidae, Zygobothriinae. Medium-sized worms, 
51-123 mm long (x = 78 mm), up to 1.35 mm wide. 
Strobila craspedote with transverse folds. Mature and 
gravid proglottides wider than long. Scolex small, 
320-450 (x = 370, n = 19) in diameter, with 4 tri­
angular bulges^ each bearing one shallow uniloculate 
sucker (Figure 1). Scolex covered with spiniform mi-
crotriches on its anterior part; those present on the rim 
of suckers about twice as long. Spiniform microtriches 
not extending beyond, level of posterior margin of 
suckers (Figure 7). Internal cavity of suckers devoid 
of spiniform microtriches (Figure 7). Suckers 320-

- 450 in diameter (x = 370, n = 19). Apical structure 
60-120 long and 55-100 wide, representing c. 20-
30% of scolex width, with an os emerging under apex 
(Figure 1). Presence of numerous elongate cells with 
granular cytoplasm extending posteriorly behind the 
suckers. 

Internal longitudinal musculature dense, inter-, 
rupted laterally, in well-separated, anastomosed lon­
gitudinal bundles. Secondary muscle layer not well 
delimited, situated in cortex (Figures 3,4). 

Testes medullary, spherical to ovoid, numbering 
47-93 (x = 69, n = 33), in one dorsal field, in 
one or 2 layers, separated from vitelline fields by os­
moregulatory ducts (Figure 6). Genital pore irregularly 
alternate, opening at 38-58% (x — 49%, n = 42) of 
proglottis length. Genital atrium present. Cirrus-pouch 
elongate, thick-walled, 255-425 (x ~ 354, n - 54) 
long. Cirrus pouch length I proglottis width ratio 28^-

•,43% (J: = 35%, n = 54). Very long cirrus, occupying 
> 70% of cirrus-pouch length. Ejaculatory duct coiled. 
Vas deferens situated between base of cirrus-pouch 
and median :part of proglottis and extending beyond 
latter. 

Vagina anterior (70%) or posterior (30%) (n = 
217) to cirrus-pouch, with thickened terminal portion 
surroundins muscular sub-terminal sphincter (Figures 
5,6). 

Ovary medullary, massive, bilobate producing rare 
dorsal lobules. Ovarian width I proglottis width ratio 
54-67%(x = 61,n = 46). 

Vitelline follicles paramuscular, arranged on either 
side of internal longitudinal musculature, situated lat­
erally in transverse sections, occupying nearly entire 
proglottis length (Figures 3,4).. 

Uterus cortical, pre-formed in immature proglot­
tides. Formation: presence in immature proglottides 
on either side of uterine stem of concentration of 

numerous intensely-staining cells foreshadowing loca­
tion of future lateral digitate diverticula, still unformed 
at this stage; lumen present in uterine stem in mature 
proglottides; uterus growing from cortical stem into 
medullary region with transversally and dorsally ram­
ified diverticula and lumen in first mature segments; 
uterus with 10-18 long and ramified diverticula on 
each side, occupying up to 60% of gravid proglottis 
width. 

Ripe eggs laid through one or 2 ventral uterine 
pore-like openings, formation of which is indicated by 
concentration of chromophilic cells in last immature 
segments. 

Oncospheres spherical, 14-15 in diameter, with 
5.5-6.5 long hooks, surrounded by oncospheric mem­
brane (Figure 2). Embryophores round or ovoid con­
sisting of 2 layers; outer layer larger than nuclei-
containing envelope, 31-35 x 28-30 in diameter; outer 
hyaline layer > 90 in diameter. Ventral and dorsal 
osmoregulatory ducts without anastomoses, situated 
between vitelline follicles and testes. Ventral osmoreg­
ulatory duct twice width of dorsal duct, sometimes 
overlapping marginal testes. 

Protein electrophoresis 

The population structure of Nomimoscólex suspectus 
specimens collected from three species of the siluri-
form fish genus Brachyplatystoma and the taxonomic 
status of Nomimoscólex piraeeba and N. dorad were 
examined using allozyme electrophoresis methods. Of 
25 enzymatic systems tested for allelic polymorphism, 
nine (AAT, ACP, AK, ALD, GPI, MDH, ME, MPI 
and NP) yielded genetically interprétable zymograms 
that showed some level of allelic variation. Seventeen 
specimens of Nomimoscólex suspectus n. sp. ( 10 from 
Brachyplatystoma filamentosum, four from B. fiavi-
cans and three from B. vaillantf), two specimens of N. 
piraeeba from B.filamentosum and 11 specimens of N. 
dorad from B. flavicans were included in our analysis. 

The nine enzymes above demonstrated a very simi­
lar electrophoretic mobility between all the specimens 
of N. suspectus we examined, regardless of their host 
species, thus strongly indicating they belong to the 
same species; The AAT locus was, however, pecu­
liar in exhibiting an allele with a faster electrophoretic 
mobility in one specimen of N. suspectus from B. 
flavicans. The two N piraeeba samples behaved iden­
tically in all systems! The 11 specimens of N. dorad 
likewise form a homogenous group: however, certain 
samples displayed exceptionally elongated stains that 



Figures 5-6. Nomimoscolex suspectus n. sp. 5. Mature proglottis, dorsal view, from synrype material of N. piraeeba Woodland ( 1934, plate 10, 
figure 7), BMNH 1964.12.15.111-122. Abbreviations: vs, vaginal sphincter. 6. Nomimoscolex suspectus a. sp. Holotype. 34212 CHIOC dorsal 
view, mature proglottis. Scale-bar. 500 /im. 

represented somewhat slower alleles for the GPI locus 
(Figure 8, lane 13). We have no explanation as to the 
possible causes of these smeared stains: they did not 
systematically occur in other enzymatic systems. We 
additionally found that the NP zymogram revealed two 
zones of enzymatic activity in all specimens examined. 
We interpreted this result as die presence of two loci 
for this enzyme. The possible simultaneous revelation 
of another enzyme was ruled out, since no such cases 

were reported in the literature for this specific enzyme. 
The HK zymogram (data not shown) was informative 
but not clearly interprétable: the activity of another 
enzyme (GCDH) may, in this case, have been revealed 
simultaneously (Hillis & Morris, 1990). The results of 
enzyme electrophoresis assays are summed in Table 1. 
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Figure 7. Nomimoscolex suspectus n. sp. Photomicrograph of scolex. Detail of suckers showing the numerous spiniform microtriches on their 
rim and the smaller spiniform microtriches present on the scolex. The spiniform microtriches end ar the level of the posterior margin of the 
sucker (arrow). Holotype 34212 CHIOC. Scale-bur. 50 um. 

Table 1. Alleles detected in enzyme electrophoresis analyses 
of three species of Nomimoscolex. 

Loci 

MPt 

AK 

ACP 

ALD 

MDH 

NP-I 

NP-2 

CPl 

ME 

JV. suspectus n. sp. 

17 samples 

MpP 

Ak" 

Acp" 

+* 

MdIf 

Np-la 

Np-2* 

Cpf-b 

Me" 

JV. dorad 

11 -samples 

MpP 

A1& 

Acp* 
_* 

Mdhb 

Np-lb 

Np-2b 

Cpia.c.d 

Me" 

N. piraeeba 

2 samples 

MpP 

AlP 

Acpc 

+* 
MdfP 

JVp-V 

Np-r 
Gpf 

Me0 

'The alleles for the AID locus are characterised by their 
migration: + towards the cathode; - towards the anode. 

Discussion 

Nomimoscolex suspectus n. sp. is placed in the genus 
Nomimoscolex Woodland, 1934 (subfamily Zygoboth-
riinae) due to the cortical or paramuscular position 
of the vitelline follicles as well as the presence of 

four simple unilobate suckers. Among the nine species 
currently placed in the genus (see de Chambrier & 
Vaucher, 1997), only N. piraeeba shares the presence 
of a glandular apical organ, a craspedote strobila and 
spiniform microtriches on the suckers. N. suspectus 
differs from the latter in: 

- a lower mean number of testes (69 in N. suspec­
tus. ranging between 92 and 113 in M piraeeba); 

- a greater cirrus-pouch length I proglottis width 
ratio (28-43 vs 21-23); 

- a lower ovarian width / proglottis width ratio (54-
67 vs 67-78); 

- the position of the vitelline follicles: paramus­
cular in N. suspectus and cortical in N. piraeeba 
(Table 2). 

Owing to the differences mentioned above, the 
present material is considered to represent a new 
species. Nomimoscolex suspectus. Etymology (Latin): 
admired, revered, also fallen under suspicion. 

Our description matches that of the proglottis fig­
ured by Woodland (1934b, figure 7, pi. 10 and figure 5 
in the present study) and verifies the observation made 
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Figures. Zymogram of the GPI (Glucose-phosphate lsomerase) enzyme for three Nomimoscolex species. Lanes 1,3-11,13: N. dorad: lanes 2 
and 12: N. piraeeba: lanes 14 -21 : M suspectus n. sp. An unusually elongate stain with a lower electrophoretic mobility is visible in a sample 
of N. dorad in lane 13. 

Table 2. Morphological comparison of three Nomimoscolex species. 

Scolex diameter 

PC 

OV 

GP 

Position of 

vitelline follicles 

Number of uterine diverticula 

Testes number 

Longitudinal musculature interrupted laterally 

N. suspectus n. sp. 

320-450 

28-43 

54-67 

38-58 

paramuscular 

10-18 

47-93, 

x = 69 

yes 

M piraeeba TM 

325 

21-28 

70-78 

29-46 

cortical 

7-12 

77-116, 

x = 9 2 

no 

M piraeeba 

Recently collected 

555 

21-24 

67-71 

33-54 

cortical 

- 7-13 

90-133, 

x = 113 

no 

N. dorad TM 

395-475 

26-33 

73-74 

32-54 

cortical 

9-13 

c. 120 

yes 

N. dorad 

Recently collected 

475-590 

16-22 

64-73 

36-51 

cortical 

6-11 

95-162. 

x = 117 

yes 

PC, Cirrus-pouch length I proglottis width ratio; OV Ovarian width I proglottis width ratio; GP, Position of genital pore as % of proglottis 
length; TM. Type-material, x = mean. 

by de Chambrier & Vaucher (1997, p. 224) that it 
cannot be assigned to N. piraeeba. 

/V. suspectus is also present, sympatrically, in 
Bmchyplatystoma vaillanti and B. fiavicans: speci­
mens from these hosts are morphologically identical 
to those from B. filamentosum. Regardless of the host 
species, the worms are frequently concentrated on a 
small area of the posterior portion of the intestine and 
rectum and the scolex often penetrates deeply into the 
intestinal mucosa. 

On the basis of protein electrophoresis studies, N. 
suspectus could be differentiated from N. piraeeba at 
the ACP, AK, GPI, ME, MDH and MPI loci, and from 
JV.' dorad at the ACP, ALD, GPI, MDH, NP-1 and NP-2 
loci. On the other hand, N. piraeeba and N. dorad dis­
played allelic polymorphism at eight loci: ACP, AK, 
ALD, GPI, MPI, ME, NP-I and NP-2 (Table 1). 

Considering N. piraeeba, /V. dorad and N. suspec­
tus, each show distinct alleles for several loci, and 
considering their reproductive isolation as assessed 
by the apparent lack of hybrids, we conclude that 

the three taxa above constitute three genetically dis­
tinct species of Nomimoscolex. A very low rate of 
heterozygocity was detected, which is a common ob­
servation in hermaphroditic organisms, but the GPI 
locus nevertheless revealed the simultaneous presence 
of one heterozygote in each of the N. suspectus and 
N. dorad populations. They both showed three stains 
of enzymatic activity due to the dimeric structure of 
this enzyme (Figure 8). The N. dorad heterozygote 
may be interpreted as being a hybrid between M do­
rad and N. suspectus; however, no additional enzyme 
yielded results that support this hypothesis. A careful 
examination of the gel also showed that N. suspectus 
had alleles that migrate slightly slower than that of N. 
dorad. 
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Pnylogeny 

Phylogenetic analyses based on morphological and 
molecular data 

Phylogenetic analyses based on morphological and 
molecular characters were conducted in order to ex­
amine the structure of the genus Nomimoscolex and 
its relationships with other genera in the subfam­
ily Zygobothriinae. The analyses thus included nine 
Nomimoscolex species of the Il recognised species 
of the genus, one of the four genera of the Zygob­
othriinae and two outgroup species, Proteocephalus 
pirarara and Ophiotaeniajarara which were selected 
because of their basal position respective to the above 
species in a previous phylogenetic study of the Pro-
teocephalidea based on partial 28S rDNA sequences 
(Zehnder & Mariaux, 1999). Choanoscolex sp., al­
though belonging to the Monticelliinae, was included 
in the present analysis since it appeared to be related 
to Nomimoscolex sudobim in the same work. 

Morphological analysis 

Phylogenetic analyses, based on the morphological 
matrix listing 24 characters and 59 character states 
(see Appendix and Table 3), resulted in a single most 
parsimonious tree with L = 60 steps (minimum length 
= 35; a = 0.58; HH = 0.42; PJ = 0.58; RC = 0.34; 
CI excluding uninformative characters = 0.56). Three 
characters (12, 14 and 24) were uninformative: Some 
degree of homoplasy was associated with 16 of the 24 
characters analysed, as can be seen by the consistency 
,indices given for individual characters in Table 4. The 
genus Nomimoscolex is not monophyletic in our con­
struction and overlaps widi the other genera (Figure 9). 
Constraining Nomimoscolex to be monophyletic re­
quires four additional steps, which is a significant 
difference as evaluated by a Templeton's test (P value 
= 0.014). A well-defined clade, however, comprising 
N. piraeeba, N. dorad and N. suspectus, was supported 
by high bootstrap values and seven character changes: 
three unambiguous synapomorphies (the presence of 
spiniform microtriches on the rim of suckers, an api­
cal organ of glandular nature and a uterine pore-like 
structure; characters 3, 5 and 21) and four characters 
that showed apparent homoplasy (a craspedote stro-
bila, an internal longitudinal musculature consisting 
of two layers, a cirrus-pouch length of between 20% 
and 36% of proglottis width, and an ovary of follicu­
lar structure; characters 7, 8, 15 and 16). There was 
little character support for the remaining intemodes 

(except for internode 1, see Figure 9): the number of 
changes ranged from one to a maximum of three. As a 
consequence, relationships among the majority of die 
species analysed remained largely unsupported. This 
result was confirmed by bootstrap analyses (Figure 9) 
that supported no more than die small clade described 
above. 

DNA analyses 

Two regions of die nuclear rDNA gene array were 
sequenced for the same 18 species as in die morpho­
logical analysis above: a 714 nt region comprising part 
of the 5.8S rDNA gene and the Internal Transcribed 
Spacer2 (ITS2), the '5.8S-ÏTS2' partition; and a 1026 
nt 5' region of the adjacent 28S rDNA gene, die '28S' 
partition. 

From *5.8S-ITS2\ 249 positions were discarded 
prior to the analysis due to their problematic align­
ment. Of me remaining 465 characters, 169 were 
variable and 137 were phylogenetically informative. 
Parsimony analyses found three nearly identical most 
parsimonious trees with L = 336 steps (CI = 0.66, RI 
= 0.77, RC = 0.51) (data not shown). Ophiotaenia 
jarara and Nomimoscolex lenha were not included in 
mis database due to sequencing and alignment diffi­
culties, respectively. The 28S rDNA fragment, on me 
other hand, was sequenced and aligned for all 18 taxa 
Seventeen sites were excluded due to their problem­
atic alignment. The resulting matrix comprised 170 
variable positions, of which 93 were informative. Par­
simony analyses yielded 15 shortest trees of 213 steps 
(CI = 0.55, RI = 0.68, RC = 0.38) (data not shown). 
A partition homogeneity test (PHT) indicated that the 
two molecular matrices contained no conflicting in­
formation and could be combined for phylogenetic 
analyses (PHT test value: P = 0.13). Analysis of the 
combined DNA dataset yielded seven shortest trees 
with L = 523, a = 0.63, RI = 0.74, RC = 0.46 and 
a tree resolution intermediate to that of the separate 
partitions (Figure 10). 

Both partitions, alone or combined, failed to 
confirm the monophyly of the genus Nomimoscolex. 
When applying this topological constraint, 17 addi­
tional steps were required, using the 28S database. 
This difference in tree length was not significant, as 
demonstrated by a Templeton's test (P = 0.31), and 
may be a consequence of the low tree-resolution ex­
hibited by this partition. However, when applying 
the same constraint to the 5.8S-ITS2 partition, which 
produced trees with a superior resolution and consis-
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Table 3. Morphological character matrix for Nomimoscolex and other genera included in the phylogenedc analyses. 

Species 

Proteocephalus pirarara 

Ophiotaenia jarara 

Amphoteromorphus parkamoo 

Choanoscolex sp. 

Endorchis piraeeba 

Gibsoniela meursaulti 

Harriscolex kaparari 

Nomimoscolex admoniicellia 

Nomimoscolex chubbi 

Nomimoscolex dorad 

Nomimoscolex lenha 

Nomimoscolex lopesi 

Nomimoscolex matogrossensis 

Nomimoscolex piraeeba 

Nomimoscolex sudobim 

Nomimoscolex suspectus n. sp. 

Characters 

I 

0 

0 

1 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0. 

0 

0 

0 

I 

0 

0 

0 

1 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

I 

0 

1 

4 

0 

I 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

I 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

I 

6 

0 

0 

1 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

1 

1 

I 

I 

1 

1 

0 

1 

0 

I. 

I 

] 

0 

0 

0 

8 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

I 

0 

1 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

] 

10 

0 

1 

0 

1 

1 

1 

1 

1 

1 

I 

1 

2 

I 

1 

2 

1 . 

Il 

0 

1 
1 

I 

I 

I 

1 

2 

1 

1 

1 

2 

1 

1 

I 

0 

12 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13 

0 

2 

0 

0 

0 

1 

0 

0 

I 

0 

1 

0 

0 

0 

0 

0 

14 15 

0 0 

I 2 

1 0 

1 0 

1 2 

16 

0 

0 

I 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0. 

1 

17 

1 

0 

0 

2 

1 

1 

0 

1 

0 

0 

1 

0 

0 

0 

I 

0 

18 

0 

I 

0 

2 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

I 

19 

0 

0 

0 

2 

1 

1 

1 

1 

I 

1 

0 

0 

1 

I 

2 

1 

20 

0 

0 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

P 
1 

0 

1 

22 

0 

0 

3 

2 

3 

I 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

23 

0 

0 

I 

0 

I 

I 

1 

1 

2 

0 

2 

1 

1 

0 

1 

0 

24 

0 

0 

I 

0 

0 

0 

0 

0 

0 

.0 

0 

0 

0 

0 

0 

0 

Table 4. Consistency indices for individual characters used in 
analysis. 

Character 

number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 

18 

19 

20 

21 

22 

23 

24 

Character 

Suckers structure 

Suckers papillae 

Suckers .spiniform microtriches 

Apical organ . 

Apical organ-structure 

Metascolex 

Strobila-structure 

Longitudinal musculature-layers 

Longitudinal musculature-structure 

Osmoregulatory ducts-position 

Testes-number 

Testes-position 

Testes-distribution 

Cirrus-'spination" 

Cirrus-pouch-length 

Ovary-structure 

Ovary-position' 
Ovary-width 

Uterus-position 

Uterus-development 

Uterine-lpore-like' structure 

Vitelline follicles - position 

Vagina-position relative to cirrus-pouch 

Eggs-shape 

a 
0.67 

0.5 

1.0 

0.5 

1.0 

0.5 

0.25 

0.5 

1.0 

0.67 

OS 

1.0 

1.0 

1.0 

0.5 

0.5 
0.4 

0.5 

0.5 

OJ 

1.0 
0.6 

0.67 

1.0 

tency index, and die combined molecular database, 
the differences in tree length (30 and 47 steps, re­
spectively) were significant in a Templeton's test (P 
< 0.0001). Nevertheless, the molecular databases sup­
ported strongly a split among die ingroup species and 
defined a clade comprising Nomimoscolex piraeeba, 
N. dorad and N suspectus which was also present on 
the morphological tree (Figure 9), and a sister group 
including the other Nomimoscolex representatives, the 
other genera of the Zygobothriinae and Choanoscolex 
sp. from the Monticelliinae. The '5-8S-ITS2' partition 
resolved relations efficiently within this clade but the 
different genera overlapped nevertheless: W chubbi 
and Harriscolex kaparari were strongly associated, as 
well as N. sudobim and Choanoscolex sp. Trees from 
'28S* on the other hand supported Unie more than the 
affinity of H. kaparari with N. chubbi. 

The three specimens of W. suspectus, each caught 
from a different species of the Amazon siluriform fish 
genus Brachyplatystoma, were found to be closely 
related: 28S sequences showed 0.1% differing nu­
cleotides among them. Their 5.8S-ITS2 sequences 
diverged somewhat more but they all exhibited a 
pTG]io microsatellite inserted in two regions of ITS2, 
a feature lacking in the other taxa. 

The two molecular and the 'morphology* partitions 
were ultimately tested for conflicting information in 
a partition homogeneity test that indicated they could 
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1 shortest tree: 

L = 60 steps 
CI = 0,58 

Figure 9. Phylogenetic hypothesis based on 24 morphological characters for die nine species of Nomimoscolex, representatives of four addi­
tional Zygobothriinae genera and Choanoscolex sp.. using Proteocephalus plrarara and Ophiotaenia jarara as outgroup species. Single most 
parsimonious tree obtained with the Branch and Bound searching algorithm: minimum length = 35 steps, 60 required, Q = 0.58, HI = 0.41 (if 
uninformative characters are included). Character support for each taxon and intemode (numbered) is defined below and includes apomorphy 
(A), homoplasy as convergence or parallelism (H), revasal (R) and polymorphism or change in terminal taxa (P). Terminal taxa are labelled 
accordingly: Ophiotenia jarara (A; 13; H: 18); Nomimoscolex suspecms n. sp. (H: 18, 22; R: U); Harriscolex kaparari (H: 2); Endorchis 
piraeeba (A: 1; H: 22); Nomimoscolex admomicellia (H: 11; R; 7); Gibsoniela meursauln (A: 1; H: 22); N. lenha (H: 2. 19,20); N. chubbi (R: 
17); Choanosolex sp. (A: IZ 17; H: 6, IS; R: 23); N. sudoblm (R: T); Amphoieromorphus piraeeba (A: 24; H: 1.6, 16, 22; R: 10); N. lopesi 
(H: 18). Nodes numbered from the base are designated as 1-14: 1: (A: 4, 7,10, I I . 14, 15; R: 17); 2: (A; 19.20.22); 3: (A: 3, 5.21; H: S, 16; 
R: 7,15); 4: (A: 9); 5: (A: 23); 6: (R: 4.15); 7: (A: 17); 8: (H: 8); 9: (A: 15); 10: (A: 13); 11: (A: 23); 12: (A: 19); 13: (A: 10); 14: (H: 11. 19; 
R: 17). Bootstrap values obtained for 100 heuristic replicates of 10 heuristic searches are indicated in bold. 

1 be combined for phylogenetic analyses. The combined 
dataset produced one shortest tree using parsimony 
(L = 576, CI = 0.60, RI = 0.61, RC = 0.32) (Fig­
ure 11) that was highly compatible with the molecular 
tree. 

Discussion 

Regarding the structure of the genus Nomimoscolex, 
our present study verifies previous statements made 
by Woodland (1935a) and de Chambrier & Vaucher 
(1997) that Nomimoscolex may represent a heteroge­
neous taxon, the members of which would need to 
be grouped into different genera. Our morphologi­
cal and molecular data partitions deciphered phylo­
genetic relationships within this genus to various de­
grees but were nevertheless congruent in showing that 
Nomimoscolex was not a monophyletic taxon. Brooks 
(1984T 1995) came to similar conclusions in his phy­

logenetic analyses based on morphological characters. 
Moreover, our partitions all strongly supported the 
grouping of N. piraeeba,N. doradandN. suspectusn. 
sp. in a robust cluster. The remaining Nomimoscolex 
spp. were invariably excluded from this clade and 
blended with the other genera. Their relationships, 
while resolved on the '5.8S-ITS2* tree, were only 
partly apparent when combining this partition to the 
'28S' and morphological datasets, which both pro­
duced less resolved trees. Thus, no clear alternative 
structure for the genus Nomimoscolex came forth from 
our phylogenetic analyses. 

The association of the monticelliine Choanoscolex 
sp. with the Zygobothriinae, and its preferential group­
ing with N. sudobim in our analyses of 5.8S-ITS2 
séquences, in particular, remains puzzling: the internal 
arrangement of their reproductive organs relative to 
the internal longitudinal muscle sheath differs consid-
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Proteocephalus pirarara 

Nomimoscolex piraeeba 

Nomimoscolex dorad 

Nomimoscolex suspectus n. sp. 
çxB.vaillanti 

Nomimoscolex suspectus a. sp. 
ex B. fìlamentosum 
Nomimoscolex suspectus n. sp. 
ex B. flav icons 
Amphoteromorphus parkamoo 

Endorchis piraeeba 

Gibsoniela mewsaulti 

Nomimoscolex admontìcellia 

Nomimoscolex matogrossensis 

Nomimoscolex lopesi 

Choanoscolex sp. 

Nomimoscolex sudobim 

Harrìscolex kaparari 

and 28S rDNA sequences ' Nomimoscolex chubbi 

Strict consensus of 7 trees 

L = 523 
. CI = 0.63 

Figure 10. Strict consensus of seven equally parsimonious trees obtained from the 5.8S rDNA, ITS2 and 28S rDNA sequence data set. 
One hundred heuristic searches were performed. Values obtained from 100 Bootstrap replicates of 10 heuristic searches are shown above 
intemodes. The figures below are obtained from 100 Bootstrap replicates using the neighbor-joining algorithm. The Kimura 2-parameter model 
for nucleotide substitution was used. Abbreviations: B., Brachyphtystoma. 
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erably. In the Monticelliinae the reproductive organs 
are all cortical, whereas in the Zygobotbriinae only the 
vitelline glands lie in the cortex. So far we have no ex­
planation for this association, but this result once again 
questions the morphological characters traditionally 
used in the group. 

Conclusions 

The simultaneous use of different means of investiga­
tion, i.e. morphological examination, isoenzyme and 
DNA sequence analyses, yielded converging results 
indicating that Nomimoscolex suspectus n. sp. spec­
imens collected from the Amazon siluriform fishes 

Brachyplatystoma fiiamentosum, B. flavicans and B. 
vaillanti belong to one same species. 

At the morphological level, W. suspectus could be 
separated from N. piraeeba and N. dorad by a few fea­
tures only, i.e. the paramuscular position of vitelline 
follicles, the cirrus-pouch length / proglottis width ra­
tio, the ovarian width / proglottis width ratio and the 
number of testes. Considering the resemblance of the 
three taxa and the degree of morphological overlap 
they exhibit, these criteria alone would not suffice to 
confidently state that N. suspectus represents another 
species. At the molecular level, however, allozyme 
electrophoresis assays revealed allelic polymorphism 
at six loci between N. suspectus and bom, N. piraeeba 
and N, dorad, suggesting that it is a biologically dis-
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Proteocephalus pirarara 

Nomimoscolex suspectus 
a. sp. 

Nomimoscolex piraeeba 

Nomimoscolex dorati 

Nomimoscolex 
admonticeüia 

Nomimoscolex lenka 

Amphoteromorphus 
parkamoo 

Endorckis piraeeba 

Gibsoniela meursaulti 

Nomimoscolex 
matogrossensis 

Nomimoscolex lopesi 

Choanoscolex Sp. 

Nomimoscolex sudobim 

Harriscolex kaparari 

Nomimoscolex chubbi 

Figure 11. Most parsimonious tree obtained from-the combined DNA sequences (5.8S rDNA, ITS2 and 28S rDNA) and moiphological 
partitions. Values obtained from 100 Bootstrap replicates of 10 heuristic searches are shown above internodes. Nomimoscolex lenha was 
included in this analysis even though sequences for 5.8S rDNA and ITS2 were not available for this taxon. 

Sh< 

L = 

U 

100 

100 

)rtest tree: 

576 
= 0.6 

57 

59 

91 

84 

98 

tìnct taxon. DNA sequence data were congruent with 
this conclusion: pairwise sequence divergence rates, 
for the whole 5.8S rDNA, ITS2 and 28S rDNA re­
gion, were of 3.5% between N. suspectus and both 
N. piraeeba and N. dorad. In comparison, sequence 
divergence rates ranged only from 0% to 0.8% in 
samples of N. suspectus from different hosts. 

N. piraeeba and N. dorad, which differed only 
in the cirrus-pouch length / proglottis width ratio 
(21-24% and 16-22%, respectively) and the lateral 
interruption of the internal longitudinal musculature 
(present exclusively in N. dorad, Table 2), appeared 
as two separate species in isoenzyme studies. Genetic 
distances, expressed as the percentage of differing nu­
cleotides within the combined 5.8S rDNA, ITS2 and 
28S rDNA sequences, likewise indicated that W. pi­
raeeba and N. dorad, with 2.2% divergence, may 
represent two species, considering that N. chubbi and 
Harriscolex kaparari have diverged at a comparable 
rate of 2.3%. 

Allozyme and DNA sequence data thus supported 
the re-establishment of N. dorad, which had previ­
ously been synonymised with N. piraeeba (see Rego, 
1991; de Chambrier & Vaucher, 1997). Due to the dif­
ficulty in distinguishing N. dorad from N. piraeeba, 
other than relying on molecular data, we consider 
it to represent a cryptic species. Curiously, while 
the expected grouping ((N. piraeeba, N. dorad), N. 
suspectus) was obtained when using molecular data 
for phylogenetic analyses, the morphological data 
favoured the ((N. dorad, N. suspectus), N. piraeeba) 
combination (by only one step, however). 

The results of our phylogenetic studies demon­
strated the need for a reorganisation of the genus 
Nomimoscolex. We favour the establishment of an 
aggregate of species, complying with Art. 6b of the In­
ternational Code of Zoological Nomenclature (1999), 
formed by N. piraeeba, N. dorad and N-suspectus, 
in order to reflect the high degree of morphological 
identity displayed by the three species and their iso­
lation into a distinct and robust clade that excluded 



other members of the genus in phylogenetic analyses. 
Consequently, the aggregate comprises: 
Nomimoscolex (piraeeba) piraeeba Woodland. 1934 
Nomimoscolex (piraeeba) dorad (Woodland, 1935) 
Nomimoscolex (piraeeba) suspectus n. sp. 
Relationships among the remaining species of mis 
genus were not satisfactorily resolved in our analy­
ses: neither the morphological nor molecular trees 
produced robust congruent groupings. These species 
clearly belong to independent lineages and the concept 
of the genus to which they are presently attributed 
is artificial. However, due to the lack of satisfacto­
rily supported hypotheses, we are currently unable to 
propose à complete reorganisation the group. 
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Appendix 

Description of characters 
(1) Suckers (structure). Three states: 0 = normal 
unilocular type; 1 = unilocular bilobate; 2 = triloc-
ulate. Character state 2 is autapomorphic for the genus 
Gibsoniela. 
(2) Homy projections (= papillae) on suckers. Two 
states: 0 = absent; 1 = present. 
(3) Spiniform microtriches on suckers. Two states: 
0 = absent; 1 = present 
(4) Apical organ. Two states: 0 = absent; 1 = present 
(5) Apical organ (structure). Two states: 0 = not glan­
dular, 1 = glandular. 
(6) Metascolex. Two states: 0 = absent; 1 = present 
(7) Strobila (segment structure). Two states: 0 = 
craspedote; 1 = acraspedote. 
(8) Longitudinal musculature. Two states: 0 = pres­
ence of one layer; 1 = presence of two layers. 
(9) Longitudinal musculature. Two states: 0 = unin­
terrupted laterally, 1 == interrupted laterally. 
(10) Osmoregulatory ducts (position in lateral view). 
Three states: 0 = overlapping vitelline follicle field; 
1 = situated between vitelline follicles and testes; 2 = 
overlapping testes field. 
( 11 ) Testes (mean number per proglottis). Three states: 

,0 = < 76; 1 = between 76 and 238*; 2 = > 238. 
'Values comprised within the X — s and X + s limits, 
where X represents the mean value for all measures, 
and s is the standard deviation. 
(12) Testes (position). Two states: 0 = medullary; 1 = 
cortical. The cortical position of testes is an autapo-
morphy of the genus Choanoscolex. 
(13) Testes (distribution). Three states: 0 = in one 
field; 1 = in two lateral fields, anteriorly confluent; 
2 = in two separate lateral fields. 

(14) Spines on cirrus. Two states: 0 = present; 1 = ab­
sent A spinose cirrus is only found in Proteocephalus 
pirarara, used as outgroup. 
( 15) Cirrus-pouch length I proglottis width ratio. Three 
states: 0 = > 36%; 1 = between 20% and 36%*; 2 = 
< 20%. *(see character 11). 
(16) Ovary (structure). Two states: 0 = follicular, 1 = 
compact 
(17) Ovary (position). Three states; 0 = medullary; 
1 = medullary with projections into dorsal cortex; 2 = 
cortical. 
Remark: although character polarisation was based on 
outgroup comparison, our most basal taxon, Proteo­
cephalus pirarara, was given the derived character 
state «; 1 » instead of «C 0 > for character 17. 
The state <3C 1 > - ovary medullary with projections 
into dorsal cortex - is found only exceptionally in pro-
teocephalid species that are basal to our ingroup. Our 
other outgroup taxon, Ophiotaenia jarara, bears the 
expected ancestral state <SC 0 » (medullary position 
of ovary), which is thereby restored, at the base of the 
ingroup species in our phylogenetic reconstructions. 
(18) Ovarian width I proglottis width ratio. Three 
states': 0 = between 60% and 78%*; 1 = < 60%; 2 = 
> 78%. *(see character 11). 
(19) Uterus (position). Three states: 0 = entirely 
medullary; 1 = uterine stem cortical with diverticula 
projecting into medulla; 2 = entirely cortical. 
(20) Uterus (development). Two states: 0 = normal 
type; 1 = 'monticelliid' type. 
(21) Uterine 'pore-like' structure. Two states: 0 = ab­
sent; 1 = present. 
(22) Vitteline follicles (distribution, as seen in cross-
sections). four states: 0 = medullary; 1 = parama­
cular and lateral; 2 = cortical.and lateral; 3 = cortical 
in two dorsal and two ventral bands. 
(23) Position of vagina relative to the cirrus-pouch. 
Three states. 0 = alternating; 1 = anterior in over 
95% of cases; 2 = posterior in over 97% of cases. 
(24) Eggs (shape). Two states: 0 = spherical; 1 -
elongate. The elongate egg shape is an autapomorphy 
of the genus Amphoteromorphus. 


