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Abstract

The family Echinostomatidae Looss, 1899 exhibits a substantial taxonomic diversity, morphological cri-
teria adopted by different authors have resulted in its subdivision into an impressive number of subfami-
lies. The status of the subfamily Echinochasminae Odhner, 1910 was changed in various classifications.
Genetic characteristics and phylogenetic analysis of four Echinostomatidae species — Echinochasmus sp.,
Echinochasmus coaxatus Dietz, 1909, Stephanoprora pseudoechinata (Olsson, 1876) and Echinoparyphium
mordwilkoi Skrjabin, 1915 were obtained to understand well enough the homogeneity of the Echino-
chasminae and phylogenetic relationships within the Echinostomatidae. Chromosome set and nuclear
rDNA (ITS2 and 28S) sequences of parthenites of Echinochasmus sp. were studied. The karyotype of this
species (2n=20, one pair of large bi-armed chromosomes and others are smaller-sized, mainly one-armed,
chromosomes) differed from that previously described for two other representatives of the Echinochas-
minae, E. beleocephalus (von Linstow, 1893), 2n=14, and Episthmium bursicola (Creplin, 1937), 2n=18.
In phylogenetic trees based on ITS2 and 28S datasets, a well-supported subclade with Echinochasmus sp.
and Stephanoprora pseudoechinata clustered with one well-supported clade together with Echinochasmus
Jjaponicus Tanabe, 1926 (data only for 28S) and E. coaxatus. These results supported close phylogenetic
relationships between Echinochasmus Dietz, 1909 and Stephanoprora Odhner, 1902. Phylogenetic analysis
revealed a clear separation of related species of Echinostomatoidea restricted to prosobranch snails as first
intermediate hosts, from other species of Echinostomatidae and Psilostomidae, developing in Lymnae-
oidea snails as first intermediate hosts. According to the data based on rDNA phylogeny, it was supposed
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that evolution of parasitic flukes linked with first intermediate hosts. Digeneans parasitizing prosobranch
snails showed higher dynamic of karyotype evolution provided by different chromosomal rearrangements
including Robertsonian translocations and pericentric inversions than more stable karyotype of digenean
worms parasitizing lymnaeoid pulmonate snails.
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Introduction

The family Echinostomatidae Looss, 1899 is a heterogeneous group of cosmopoli-
tan, hermaphroditic digeneans. Adult echinostomatids are predominantly found in
birds, and also parasitize mammals including man, and occasionally reptiles and fishes
(Huffman and Fried 1990, Kostadinova and Gibson 2000, Kostadinova 2005a). Mor-
phological diversity of this group and/or the diversity of the criteria adopted by differ-
ent authors have resulted in its subdivision into an impressive number of subfamilies
(Kostadinova and Gibson 2000). The Echinostomatidae has been viewed as a mono-
phyletic taxon, with some exceptions, but some authors suggested that the family Echi-
nostomatidae is polyphyletic and elevated the Echinochasminae Odhner, 1910 to full
family rank (Odening 1963, Sudarikov and Karmanova 1977). Kostadinova (2005a)
accomplished the last revision of the Echinostomatidae accepting 11 subfamilies and
44 genera after the vast comparative morphological study based on the examination of
type and freshly collected material, and a critical evaluation of published data. After-
ward, she retained the subfamilial status of the Echinochasminae with similar compo-
sition to that proposed in 1971 by Yamaguti.

The karyotypes of more than 20 species of the subfamily Echinostomatinae Looss,
1899 belonging to the genera Echinostoma Rudolphi, 1809, Echinopharyphium Dietz,
1909, Hypoderaeum Dietz, 1909, Neoacanthoparyphium Yamaguti, 1958, Moliniella
Hiibner, 1939, and Isthmiophora Lithe, 1909 have been described; most species had
2n=20 or 2n=22, except some species (for review, see Barsiené 1993). The karyotypes
of two species of the subfamily Echinochasminae, namely Echinochasmus beleocephalus
(von Linstow, 1893), 2n=14, and Episthmium bursicola (Creplin, 1937), 2n=18, have
been reported by Barsiené and Kiseliené (1990).

The use of molecular approaches to determine phylogenetic relationships of di-
geneans has grown very rapidly since 1990s and molecular-based studies on echinos-
tomes have been carried out to date (Morgan and Blair 1995, 1998a, 1998b, 2000,
Petrie et al. 1996, Grabda-Kazubska et al. 1998, Kostadinova et al. 2003, Saijuntha
et al. 2011, Georgieva et al. 2013, 2014, Noikong et al. 2014, Selbach et al. 2014,
Kudlai et al. 2015). The genus Echinochasmus Dietz, 1909 (as well as Echinostoma and
Echinopharyphium) is one of the most species—rich genera in Echinostomatidae (Ko-
stadinova and Gibson 2000); however, no one species of this genus was involved in
molecular phylogenetic studies of the Digenea (Cribb et al. 2001, Olson et al. 2003,
Olson and Tkach 2005).
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The present study is mainly focused on comparative analysis of species belonging
to the subfamily Echinochasminae. Two regions of IDNA, ITS2 and partial 28S, and
karyotype of cercaria of Echinochasmus sp., parasite of the gravel snail Lithoglyphus
naticoides (C. Pfeiffer, 1828) are presented there as well as DNA sequences of adult
specimen of type-species of Echinochasmus, Echinochasmus coaxatus Dietz, 1909 from
the final host Podiceps nigricollis C. L. Brehm, 1831. Morphology of the Echinochas-
mus sp. cercaria from the same population of L. naticoides was previously described by
Staneviciateé et al. (2008).

Materials and methods

The digeneans for this study were obtained from naturally infected hosts. Seven speci-
mens of gravel snail Lithoglyphus naticoides infected with parthenites of Echinochasmus
sp. were collected at water reservoir of the dammed up River Nemunas near Kaunas in
Lithuania (54°51.38'N, 24°09.08 E’). The specimens of snail Valvara piscinalis (Mil-
ler, 1774) infected with parthenites of Echinoparyphium mordwilkoi Skrjabin, 1915
were collected from the River Ula, Lithuania (54°7.76'N, 24°27.7G'E). The ethanol
fixed adult specimen of Echinochasmus coaxatus recovered from Podiceps nigricollis in
Kherson region (Ukraine) was received from collection of Department of Parasitology,
LI. Schmalhausen Institute of Zoology of NAS of Ukraine. Adult trematodes from
Larus melanocephalus (Temminck, 1820) and cercariae from Hydrobia acuta (Drapar-
naud, 1805) were described as Stephanoprora pseudoechinata (Olsson, 1876) by Kudlai
and Stunzénas (2013); rDNA sequences of these specimens were used for comparative
analysis in this study.

Living L. naticoides snails were incubated in 0.01% colchicine in well water for 12—
14 h at room temperature and afterward, dissected. The infected tissues from crushed
snails were transferred to distilled water for 40-50 min and fixed in a freshly prepared
Carnoy’s solution I (Farmer’s solution) composed of 3 parts of 95% ethanol and 1
part glacial acetic acid. Chromosome slides were prepared using air-dried method and
analysed after conventional Giemsa staining (Petkeviciuté and Staneviciate 1999). The
karyotypes were constructed by arranging the chromosome pairs in order of decreasing
size. Chromosomes of 11 high quality metaphase plates were measured using Image-Pro
Plus v3 software. Chromosome measurements included length of individual chromo-
somes, relative length, and centromeric index. These parameters were used for descrip-
tion of chromosome morphotype according to standard nomenclature of Levan et al.
(1964). Data were analyzed using the Student’s # test. Results were considered significant
when P<0.05. The same nomenclature was applied to the karyotype of the other seven
species used for comparison: Episthmium bursicola, Echinochasmus beleocephalus, Echi-
nopharyphium aconiatum Dietz, 1909, Istmiophora melis (Schrank, 1788) Liihe, 1909,
Hypoderaeum conoideum (Bloch, 1782), Sphaeridiotrema globulus (Rudolphi, 1814), and
Echinostoma revolutum (Froelich, 1802) Looss, 1899. Karyotypic data of these taxa were
obtained from Barsiené and Kiseliené (1990), BarSiené (1993) and Mutafova (2001).
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The DNA extraction (without proteinase or lysis buffer treatment) was performed
in sterile Tris-borate-EDTA (TBE) buffer. In previous study this method allowed us to
extract high quality DNA from tissue of molluscs (Stunzénas et al. 2011) and trema-
todes (Petkeviciate et al. 2014). An entire nuclear 5.85-1TS2-28S DNA sequence of
ribosomal DNA (-460bps: 5.8S ribosomal RNA gene, partial sequence; internal tran-
scribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence)
was amplified using primers: 3S (5’- CGG TGG ATC ACT CGG CTC GTG -3),
forward direction; 28S (5°- CCT GGT TAG TTT CTT TTC CTC CGC -3), reverse
direction (Bowles et al. 1995). The 5° end of the 28S rRNA gene sequence (-1,200
bps), not overlapping with the previous sequence, was amplified using two primers:
Digl2 (5°- AAG CAT ATC ACT AAG CGG -3’) forward direction; L0 (5- GCT
ATC CTG AG(AG) GAA ACT TCG-3’) reverse (Tkach et al. 1999). DNA frag-
ments were amplified via a standard Polymerase Chain Reaction (PCR) according to
Petkeviciaté et al. (2014).

DNA sequences of representative species of the superfamily Echinostomatoidea
and outgroup taxa were downloaded from GenBank and included in the phylogenetic
analysis and/or pairwise sequence comparisons together with our data. For phyloge-
netic analyses the sequences were aligned with Clustal W (Thompson et al. 1994) with
an open gap penalty of 15, and a gap extension penalty of 6.66. For data sets we
estimated the best-fit model of sequence evolution using jModeltest v. 0.1.1 software
(Posada 2008). Neighbour-joining (NJ) (Saitou and Nei 1987), maximum parsimony
(MP) (Nei and Kumar 2000) and maximum likelihood (ML) phylogenetic trees were
obtained and analysed using MEGA 5 (Tamura et al. 2011). Supports to internal
branches for the trees were estimated by bootstrap analyses with 1000 replicates. The
genetic distances of neighbour joining tree were calculated by Tamura-Nei (Tamura
and Nei 1993) for 28S gene and 5.85-1TS2-28S rDNA region datasets. Maximum
likelihood trees were obtained using general time reversible model with a gamma dis-
tribution of rates and a proportion of invariant sites (GTR+G+I) for the both datasets.
Gamma shape and number of invariant sites were estimated from the data. Parsimony
analysis based on subtree pruning and regrafting (SPR) was used with default parsi-
mony settings.

Results

Karyotype of Echinochasmus sp.

Chromosomes of 113 mitotic metaphase spreads from three molluscs revealed that
karyotype of Echinochasmus sp. is 2n=20j; it consists of one pair of large chromosomes
and nine pairs of smaller-size chromosomes. Also, the percentage of aneuploid cells
(2n=18-19) was 10.62%. Twelve spreads displaying values lower than modal, repre-
sent aneuploidies or (more likely) loss of chromosomes during processing, a technical
artefact commonly encountered with the slide preparation method used. The measure-



Phylogenetic relationships of some species of the family Echinostomatidae...

Q..e
,/,...

p
=

W o nm
b

Figure 1. Mitotic metaphase and karyotype of Echinochasmus sp. Bar = 10 um.
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Table I. Morphometric analysis of chromosomes of Echinochasmus sp. Staneviciute, Petkeviciate &

Kiseliené, 2008.

Chromosome number | Absolute length (mm) | Relative length (%) | Centromeric index | Classification
1 7.64'+1.69 18.97+1.61 37.45+1.64 sm-m
2 4.99+0.79 12.51+0.68 10.44+ 2.66 a-st
3 4.72+0.98 11.73+0.66 23.64+2.25 st-sm
4 4.46+0.88 11.09+0.58 14.18+3.62 st-a
5 3.98+0.78 9.89+0.60 13.95+4.13 st-a
6 3.69+0.63 9.23+0.64 30.39+5.27 sm
7 3.16+0.53 7.89+0.41 20.71+2.82 st
8 2.81+0.40 7.05+0.44 19.41+2.93 st
9 2.51+0.28 6.33+0.46 22.92+5.25 st
10 2.11+0.38 5.29+0.71 19.17+4.32 st

" - mean+SD; m - metacentric; sm - submetacentric, st - subtelocentric; a - acrocentric chromosomes

ments of mitotic chromosomes showed ten chromosome pairs ranging in size from
2.11 to 7.64 pm (Fig. 1, Table 1). The mean total length of the haploid complement
is 40.07 um. The homologues of the 1 pair are significantly large than the remaining
chromosomes and comprise about 19% of the total chromosome complement length.
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According to the centomeric index value they are of submeta-or metacentrics. The
remaining chromosomes decrease in size fairly gradually. Three pairs (2*, 4* and 5%)
fall into an intermediate position between acrocentric and subtelocentric; pair 3* is
subtelocentric - submetacentric; pair 6™ is submetacentric and four last chromosome
pairs (7™ — 10™) are subtelocentric.

Molecular analysis

New sequences from two different regions of nuclear ribosomal DNA were obtained:
the 5.8S-1TS2-28S and the 5” end of the 28S gene, which does not overlap with the
previous sequence. Complete nucleotide sequences are available in GenBank (Figs
2, 3). Pairwise comparisons of newly obtained sequences demonstrated that Echino-
chasmus sp. was closest to Stephanoprora pseudoechinara. These sequences of Echino-
chasmus sp. differed from sequences of S. pseudoechinata by 12 out of 653 base pairs
(1.84%) in the 5.8S-1TS2-28S region and by 15 out of 1070 base pairs (1.4%) in the
sequenced portion of the 28S gene. All other differences among the new sequenc-
es were more significant, sequence divergence ranged from 13.59 to 23.15% in the
5.8S-1TS2-28S region and from 6.5 to 10.76% in the portion of the 28S gene. Blast
searches (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) performed on these sequences
demonstrated the highest matches with sequences of digenean trematodes of super-
family Echinostomatoidea. The new sequences were aligned with sequences of repre-
sentative species of this superfamily. The aligned dataset of the 5.8S-1TS2-28S rDNA
region included 35 sequences of the Echinostomatoidea and 408 sites after trimming
the ends to match the shortest aligned sequences. This alignment without outgroups
showed a high sequence divergence of ITS2 rDNA region and comprises 228 variable
(56%) and 175 (43%) parsimony informative sites. The aligned dataset of the partial
28S gene included 33 sequences of the Echinostomatoidea and was comprised of 990
sites after trimming the ends to match the shortest aligned sequences. This alignment
without outgroups comprises 341 variable (34.44%) and 250 (25.25%) parsimony
informative sites.

Maximum likelihood, neighbor-joining and maximum parsimony analyses of
these sequences, including representative species of superfamily Echinostomatoidea,
produced identical topology of phylogenetic trees (Figs 2, 3). The Echinochasmus sp.
Stanevic¢iaté et al. 2008 clustered together with S. pseudoechinata in a 94—100% sup-
ported subclade in the ITS2 phylogenetic tree (Fig. 2) and a 100% supported clade in
the 28S phylogenetic tree (Fig. 3). This subclade clustered together with other species
from Echinochasmus genus and formed a well-supported monophyletic clade, clearly
separated from clades containing other species of Echinostomatoidea families. Echi-
noparyphium mordwilkoi clustered in a 96-100% supported clade with Echinoparyphi-
um spp. Species of these genera formed a 99-100% supported subclade without sepa-
rate branch of E. mordwilkoi (Fig. 3).
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Figure 2. Phylogenetic ITS2 tree. Maximum likelihood phylogenetic tree based on analysis of riboso-
mal DNA sequences (5.8S-1TS2-28S). Bootstrap percentages refer to maximum likelihood / neighbor-
joing / maximum parsimony analysis. Only bootstrap values above 70% are shown. GenBank accession
numbers are indicated before species names. Names of the target species are in bold; their hosts are pre-
sented in parentheses. Compressed clades: Fasciola (comprised sequences under GenBank accession num-
bers AM900370, EF534995, EF612486, JF496715), Echinostoma (AF067850, AF067852, AJ564383,
AY168930, EPU58100, ETU58097, ELU58099, GQ463131, GQ463132), Hypoderaeum (AJ564385,
GQ463134). Dotted rectangles 1 indicate digeneans whose life cycles include Lymnaeoidea as first inter-
mediate host; dotted rectangle 2 indicates digeneans whose life cycles include prosobranch snails as first
intermediate hosts.

Discussion

Sequence divergence between S. pseudoechinata and Echinochasmus sp., 1.84% in the
5.8S-1TS2-28S rDNA region and 1.4% in the partial 28S gene, falls within the level
of intragenus variability. Both taxa made up a strongly supported clade together with
the type-species of the genus Echinochasmus, E. coaxatus. These results imply that mac-
rocercous cercaria of Echinochasmus sp. may be attributed to the genus Stephanoprora
Odhner, 1902. According to Kostadinova (2005a), data on the life histories of some
Echinochasminae species (including, probably, E. macrocaudatus Ditrich, Scholz &
VargasVazques, 1996) tend to support the affiliation of species to Stephanoprora rather
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Figure 3. Phylogenetic 28S tree. Maximum likelihood phylogenetic tree based on analysis of ribosomal
28S gene DNA partial sequences. Bootstrap percentages refer to maximum likelihood / neighbor-joing /
maximum parsimony analysis. Only bootstrap values above 70% are shown. GenBank accession numbers
are indicated before species names. Names of the target species are in bold.Compressed clade Fasciola com-
prised sequences under GenBank accession numbers AY222244, EU025871, EU025872, HM004190).
Dotted rectangles 1 indicate digeneans whose life cycles include Lymnacoidea as first intermediate host;

dotted rectangle 2 indicates digeneans whose life cycles include prosobranch snails as first intermediate hosts.

than to Echinochasmus on the presence of a long-tailed cercarial stage. On the other
hand, S. pseudoechinata is a marine species, while Echinochasmus sp. Staneviciuté et al.
2008 is a parasite of freshwater organisms, a finding that shows a considerable ecological
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plasticity in this group. Sudarikov and Karmanova (1977) stated that the ontogenetic
character state of Echinochasminae species concerning the absence of well-developed
collar with collar spines in the morphology of cercaria, indicates that echinochasmids
is a more ancient group than other echinostomatids. The phylogenetic relationships
estimated by ITS2 and 28S sequences partly support this hypothesis, because Echi-
nochasmus sp. Staneviciaté et al. 2008 and S. pseudoechinata were clustered in one
clade with Sphaeridiotrema globulus (Psilostomidae) in the 288 tree. Cribb et al. (2001)
stated that from 144 known life cycles of Echinostomatidae species about two-thirds
of the first intermediate hosts are lymnaeoid pulmonates but there are also significant
numbers of species developing in prosobranchs. Ecological preferences of Echinos-
tomatidae species suggest that there has been a strong co-evolution with the Lymnae-
oidea and a less frequent association with a few prosobranch taxa. On the contrary,
all 18 species of Echinochasmus with known life cycles are restricted to prosobranchs.
Echinoparyphium mordwilkoi, that shows a separate position from Echinochasmus in the
molecular analyses (Figs 2, 3), is restricted to the lower heterobranch Valvata piscinalis
(Valvatoidea). Most of Psilostomidae species also admit for the first intermediate host
a prosobranch snail (Grabda-Kazubska et al. 1991), except those ones belonging to the
genus Ribeiroia Travastos, 1939, which position in this family is questionable (Wilson
et al. 2005). The species of this genus originally have parasitized pulmonate snails. In
the 28S phylogenetic tree, the clade uniting Echinochasmus spp. and Stephanoprora sp.
clustered with Psilostomidae (Psilochasmus oxyurus (Creplin, 1825) and S. globulus),
whose life cycles include prosobranch snails as first intermediate host. The isolate of
redia gathered from the prosobranch snail Gabbia vertiginosa (Frauenfeld, 1862), de-
spite being identified as Echinoparyphium sp. (unpublished data from Genbank), also
clustered with P oxyurus and S. globulus. Grabda-Kazubska et al. (1991) stated that the
morphological data and chaetotaxy of Echinochasmus cercaria also show that this genus
appears more closely related to the Psilotrema (Odhner, 1913) and Sphaeridiotrema
(Odhner, 1913) than to Echinostoma. The Psilostomidae, apart from the absence of
a circumoral head-collar armed with spines, closely resemble the Echinostomatidae
in their general morphology (Kostadinova 2005b). Species of Philophthalmus Looss,
1899 (Echinostomatoidea: Philophthalmidae), whose life cycles include prosobranch
snails as first intermediate hosts, formed a well-supported clade in the main clade unit-
ing subfamilies of Echinostomatidae (Fig. 3).

The chromosome complement of Echinochasmus sp. with 2n=22 chromosomes
gradually decreasing in size and with one-armed elements prevailing are characteristic
for species of type-genus Echinostoma (Barsiené 1993; Mutafova 1994). The same chro-
mosome morphology has been reported for species of the genus Echinopharyphium,
Neoacanthoparyphium, Moliniella, Hypoderaeum, Isthmiophora (Echinostomatinae),
but in these species the diploid chromosome number is lower, 2n = 20 (see Barsiené
1993 for review, Mutafova 1994). The chromosome number and morphology of Echi-
nochasmus sp. resemble the karyotypic data of other representatives of Echinostomati-
nae (Barsiené 1993). Surprisingly, the other two known karyotypes of species of Echi-
nochasminae are very different from that of Echinochasmus sp. Staneviciuté et al. 2008.
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Figure 4. Idiograms representing the haploid chromosome sets. Idiogram representing the haploid
sets of eight species: @ Echinochasmus sp. b Episthmium bursicola ¢ Echinochasmus beleocephalus d Echi-
nopharyphium aconiatum e Istmiophora melis € Hypoderaeum conoideum g Sphaeridiotrema globulus h Echi-
nostoma revolutum b, c - data of Bar$iené and Kiseliené (1990) d, e, f, h data of Bardiené (1993) g data
of Mutafova (2001).

The chromosome number of E. beleocephalus is 2n=14 and the karyotype consists of
three pairs of large biarmed chromosomes and four pairs of smaller homologues. The
chromosome set of Episthmium bursicola contains 2n=18 and is conspicuous by the
presence of a large first pair of subtelocentric elements and the rest of biarmed chromo-
somes (Bar$iené and Kiseliené 1990). The karyotype of Psilostomidae (Echinostoma-
toidea) — Psilotrema sp., Psilotrema simillimum (Mihling, 1898) (2n=16), Psilotrema
spiculigerum (Mithling, 1898) (2n=24) and Sphaeridiotrema globulus (2n=14) also vary
in their chromosome patterns (BarSiené 1993; Mutafova et al. 1998). Mutafova et
al. (2001) studied S. globulus and found a quite different diploid karyotype (2n=22
instead of 2n=14), with similar characteristic to those found in species of the genus
Echinostoma 2n=22 and chromosomes of similar relative length; likewise, the centro-
meric position also varied possibly due to pericentric inversions. A possibility of mis-
take in the identifications of some species was mentioned by Mutafova et al. (2001).
The ideograms of karyotypes of Echinochasmus sp. and some discussed species were
constructed (Fig. 4) based on the mean values presented in Table 1 and previously
published data (Barsiené¢ and Kiseliené 1990, Barsiené 1993, Mutafova et al. 2001).
A notable variation in chromosome number and morphology suggest the occurrence
of multiple chromosome changes: Robertsonian changes, translocations and pericen-
tric inversions. Chromosome rearrangements in lineage of Echinostomatinae show a
karyotypic trend towards reduction in chromosome number, but the main karyotypic
changes occurring in a case of speciation in this lineage are multiple pericentric inver-
sions and fit into category of karyotypic orthoselection according to White (1973).
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Centric fusions could be a possible mechanism for changes in the chromosomal
number in this family and in the other digenean groups (Grossman et al. 1981a,b,
Barsiené 1993, Mutafova 1994). Pericentric inversions are also possibly involved in
the karyotypic evolution of echinostomatids, since within the group of species with
2n=20 some of them have more biarmed chromosomes than others, while differences
in relative length values are not so conspicuous. The notable differences found in the
karyotypes of echinochasmine species show the need for further karyological analysis
of this family.

The results of this study indicated that the phylogenetic branching of digeneans
is related to the nature of their first intermediate host. Moreover, the mode of karyo-
type evolution correlates with the intermediate host: a remarkable karyotype variation
was detected among species parasitizing prosobranch snails, whereas differences among
karyotypes of the species parasitizing lymnaeoid pulmonates snails are not significant.
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