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Abstract: The aim of the present study is to observe the nucleotide sequence variation of ITS of Clinostomum
spp. from different fish host species and different localities which was done by using DNA sequence analysis
and construction of phylogenetic relationship of this parasite in fishes of Kashmir on the basis of (28S rDNA).
Parasite specimens of Clinostomum spp. were collected from the Carassius carassius; Schizothorax niger,
S. esocinus,; S. curvifrons and S. plagiostomus of Kashmir and were used for DNA extraction. Samples were
immediately fixed in 70% alcohol after collecting from the gills, gill cover, mouth cavity, eyes, & fins of host fish.
These samples were remained in alcohol until the present study.The size of the amplified product of
Clinostomum schizothoraxi was found 544 bp long and the sequence obtained was submitted to GenBank and
their accession number acquired was AF973619. This species also showed 47% Gaunine+Cytocine content
which reflects that they are also stable at high temperature. Specimens of Clinostomum schizothoraxi was
found in fish hosts of Carassius carassius, Schizothorax niger, S. esocinus, S. curvifrons and S. plagiostomus
as is evident from the NJ phylogenetic tree, which means that there is some correlation between Monogenean
and Digenean parasites as far as their hosts are concerned. This species has been studied for the first time with

respect to their molecular analysis.
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INTRODUCTION

Digenetic trematodes comprise an estimated 24000
species, many of which have yet to be described [1].
The Clinostomidae Luhe, 1901 is a family of digeneans the
members of which, at the adult stage, live in the oral
cavity, pharynx, or oesophagus of fish eating birds,
reptiles and occasionally mammals, including man. Among
the four subfamilies [2] is the Clinostominae Luhe, 1901,
which comprises three genera infecting piscivorous birds,
such as herons, cormorants and pelicans; Clinostomum
Leidy, 1856 is the type genus. Due to the high degree of
morphological variability within the same species, in the
past, Clinostomum has been subjected to several
taxonomic revisions. The application of a molecular
approach may be particularly important for the completion
of the life-cycle and identification of those Clinostomum
species described in the past only on the basis of
morphological features of the metacercarial stage without

any subsequent description of the relative adult stages
from the definitive host. Species-level identification of
most trematodes is based exclusively on adult
morphology. Difficulties arise because they are small,
soft-bodied, have few stable morphological characters
and are subject to host-induced phenotypic variation
[3-5]. In this context, molecular markers study offer
powerful and much-needed tool that have the potential to
distinguish between morphologically similar species at
any stage in their life cycle. The aim of the present study
is to survey the different water bodies of Kashmir valley
to collect Clinostomum species from fishes. Study the
nucleotide sequence variation of Internal Transcribed
Spacer (ITS) of Clinostomum species from different fish
hosts and different localities which was done by using
DNA sequence analysis. Construction of phylogenetic
tree to show the relationship of Clinostomum species in
fishes of Kashmir on the basis of molecular techniques
(28S rDNA).
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MATERIALS AND METHODS

Parasite Material: Mature specimens of clinostomids
were recovered from fish hosts of Carassius carassius,
Schizothorax niger, S. esocinus, S.
S. plagiostomus from Anchar, Manasbal, Wular, Dal lake,
River Jhelum and River Sindh of Kashmir valley,
preserved in 100% ethanol for genomic DNA extraction
and stored at -20°C for good quality of DNA. For DNA

extraction ethanol was removed from parasites as per the

curvifrons and

protocol given in methodology and as such specimens
were air dried to remove ethanol [6]. The resultant DNA
was examined on 1.5% agrose-TAE gels, stained with
ethidium bromide and visualized under UV light.

Extraction of DNA: Mature specimens of clinostomids
were recovered from fish hosts of Carassius carassius,
S. esocinus, S. curvifrons and
S. plagiostomus from Anchar, Manasbal, Wular, Dal lake,
River Jhelum and River Sindh of Kashmir valley,
preserved in 100% ethanol for genomic DNA extraction
and stored at -20°C for good quality of DNA. For DNA
extraction ethanol was removed from parasites as per the
protocol [6] and as such specimens were air dried to
remove ethanol.

Schizothorax niger,

The thermal gradient of these marker regions started
with an initial denaturation at 95°C (10 minutes),
denaturation for 40 cycles (40 cycles at 95°C for 30
seconds), annealing, 28S at 52°C (30 seconds), extension
72°C (75 seconds) and final extension at 72°C (10 min).
The amplified PCR products separated by
electrophoresis through 1.6 % (w/v) agarose gels in TAE
buffer, stained with ethidium bromide, transilluminated
under ultraviolet light and then photographed. PCR
products were purified using Genei Quick PCR purification
kit for DNA sequencing and sequenced in both
directions using PCR primer sets utilizing Macrogen
sequencing service, Korea.

were

Sequence Analysis: Similarity search was carried out
using Basic Local Alignment Search Tool (BLAST)
available at http://www.ncbi.nlm.nih.go v/blast. Since the
full length of the 28S rDNA could not be retrieved from
one direction sequencing, the contigs were created by
assembling the forward and reversed sequences of the
genes using DNA Baser v3.53
(http://www.dnabaser.com/). Multiple sequence
alignments were done for each of the amplified markers
from the studied metacercaria, with related sequences

from family Clinostomidae retrieved from GenBank, using
ClustalW  of  Bioedit software  (http://www.
ebi.ac.uk/clustalw). For sequence Bioedit
software version 7.0.9.0 [7] was used.

identities

Construction of Phylogenetic Tree: The phylogenetic
tree is constructed by considering all initial clusters as
leaf nodes in the tree and each time two clusters are
joined, a node is added to the tree as the parent of the two
chosen nodes. The branch lengths are set corresponding
to the distance between clusters, which is calculated as
the average distance between pairs of sequences in each
cluster. The algorithm assumes that the distance data has
the so-called molecular clock property, i.e., the divergence
of sequences occurs at the same constant rate at all parts
of the tree.

RESULTS

PCR amplification was carried out to amplify ITS
region of the Digenean parasite (Table 1). The size of the
amplified product was found to be 544 bp long (Fig. 1).
In BLAST search of the sequences, it showed maximum
similarity with the other families of Clinostomum spp..
Based on morphological characters, this species was
identified as belonging to Clinostomum schizothoraxi.
The present results of the molecular analysis confirmed
the species identification of Clinostomum schizothoraxi.
Therefore, it can be assumed that the present form
recovered from the fish host in Kashmir valley is
Clinostomum schizothoraxi Kaw, 1950.

The size of the nucleotide sequence was found to be
544 bp long. The sequence obtained were submitted to
GenBank and their accession number acquired was
AF973619 (Table 1). Sequences were compared with other
sequences of digeneantrematode species from GenBank.
The consensus sequences analysed by BLAST search
gave a 93.25% identity with C. cutaneum (GQ339114.1)
and 85% with C. complanatum (FJ609420.1). The
alignment of 28S rDNA sequences of Clinostomum
schizothoraxi showed few differences between the
species of other digeneans.

The present observation shows that Clinostomum
schizothoraxi has 544 base pair length with 171 amino
acids. This species is more stable at higher temperature
with 47% G+C content (Table 2).

Clinostomum  schizothoraxi showed maximum
similarity with those of Clinostomum cutaneum and
Clinostomum complanatum as shown in Table 3.
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544 bp

Fig. 1: PCR product of Clinostomum schizothoraxi Kaw, 1950 [M = marker; bp = base pairs (100 bp ladder); 1, 2, 3, 4,
5=DNA of Clinostomum spp.]

Table 1: Digenean trematode species used for molecular comparison of ITS DNA sequences along with their hosts, country and GenBank accession numbers for corresponding sequences

(*Query sequence)

S.No.  Digenean Species Accession No  Family Base pairs  Authors Country Year

1 Clij schizoth iuscarassius; Schizothorax niger; AF973619 Clinostomatidae 544 bp (Present study) Ahmad er al.,  India 2015
Kaw, 1950* Schizothorax esocinus; Schizothorax curvifrons

2 Clinostomum cutaneum Grey herons Ardea cinerea L. and Nile tilapia FJ609421 Clinostomatidae 4614 bp Caffara and Stanzani [8] Kenya 2010

Oreochromisniloticusniloticus (L.)

3 Clinostomum cutaneum Ardeacinerea GQ339114 Clinostomatidae 4637 bp Gustinelli et al. [9] Kenya 2010

Table 2: Summary of base pairs and amino acids of Clinostomum schizothoraxi Kaw, 1950

Length A C G T G+C

544 bp 127 112 148 157 47%

Total No. of Amino Acids 171

Molecular Weight 19250 Da

Table 3: Pairwise alignment of the 28S rDNA ITS consequences of Clinostomum schizothoraxi and Clinostomum cutaneum, numbering refers to ITS sequences

Digenean Species  ITS Sequences ~ DNA sequences

C. schizothoraxi 89 CCTGACCTCGGATTAGGCGTGATTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA 148
(MO RO A

C. cutaneum 2935 CCTGACCTCGGATCAGACGTGATTACCCGCTGAACTTAAGCATATCACTAAGCGGAGGAA 2994

C. schizothoraxi 149 AAGAAACTAACCAGGATTCCCTTAGTAACGGCGAGTGAACAGGGATTAGCCCAGCACCGA 208
T O

C. cutaneum 2995 AAGAAACTAACCAGGATTCCCT-AGT-ACTGCGAGTGAAGAGGGATTAGCCCAGCACCGA 3052

C. schizothoraxi 209 AG-CTGCGGTCATTTGGCCGTTCGGCAATGTGGTGTTTAGGTTGGCATGCTCAGGCGATG 367
(AN A

C. cutaneum 3053 AGCCTGCGGTCATTTGACTGCTAGGCAATGTGGTGTTTAGGTTGGT-T-CTT-GGC-AT- 3107

C. schizothoraxi 368 TACTG-TGC----TAAGTCCATTCATGAATATGGNTAGCT--ATCTGGCCCAGAGAGGGT 427
T

C. cutaneum 3108 TACTGCTCCACCCTAAGTCCAGCAATGAGTACGGCTTACTGGAT-TGGCCCATTGAGGGT 3166

C. schizothoraxi 428 GAAA--CCCGTG 439
(A

C. cutaneum 3167 GAAAGGCCCGTG 3178

gb>AF973619 of Clinostomum schizothoraxi and gb>GQ339114.1 of Clinostomum cutaneum. Clinostomum schizothoraxi Length=544

Score 544 bits, E value = 6e-60

Identities = 235/252 (93.25%), Gaps = 16/252 (6.35%)

Strand=Plus/Plus
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Fig. 2: Neighbour Joining (NJ) phenogram of Kimura 2-parameter distances in sequences of 28S rDNA ITS sequence of

Clinostomum schizothoraxi Kaw, 1950
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Fig. 3: Neighbour Joining (NJ) phylogenetic tree of hosts of Clinostomum species with their GenBank accession numbers

of Clinostomum schizothoraxi Kaw, 1950

For  phylogenetic analysis, Maximum
likelihood (ML); Maximum Parsimony (MP) and

Neighbour Joining (NJ) trees were constructed
(Figs. 2&3. The ITS sequences of Clinostomum
schizothoraxi were compared with the sequences

available for other Digenean parasites in the GeneBank
database. The trees showed that the query ITS of
Clinostomum schizothoraxi sequences stand close to of
C. cutaneum.

It is clear from the Table 4 that Clinostomum
schizothoraxi with GeneBank accession number shows
AF973619 shows 93.25% and 92.06% resemblance with
that of Clinostomum cutaneum (GQ339114.1) and
Clinostomum complanatum (FJ609421.1) with 16 gaps
respectively. Out of 252 base pairs Clinostomum
schizothoraxi, 235 & 232 base pairs match with that of
Clinostomum cutaneum & Clinostomum complanatum
respectively.
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Table 4: Sequences producing significant alignments in Clinostomumspecies

Description

Max score

Total score  Query cover E value Identity Accession No.

Clinostomum cutaneum voucher 129/09 18S ribosomal RNA gene, 241

internal transcribed spacer 1, 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

241 24% 2e-59 93.25% GQ339114.1

Clinostomum cutaneum voucher 118/07 18S ribosomal RNA gene, 241

internal transcribed spacer 1, 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

241 24% 2e-59 92.06% FI609421.1

Clinostomum complanatum voucher 297/02 18S ribosomal RNA gene, 241

internal transcribed spacer 1, 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

241 24% 2e-59 85% FJ609420.1

Clinostomum phalacrocoracis voucher 10/08 18S ribosomal RNA gene, 241

internal transcribed spacer 1, 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

241 24% 2e-59 82% FJ609422.1

Clinostomum phalacrocoracis voucher 16/08-2TA 18S ribosomal 233

RNA gene, internal transcribed spacer 1, 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

233 24% 4e-57 78% FJ609423.1

DISCUSSION

Clinostomum schizothoraxi was first described for
the first time [10] from Schizothorax niger, S. esocinus
and Oreinus sinuatus in the River Jehlum [11, 12] from
Cyprinus carpio specularis, S. curvifrons, Nemachilus
kashmirensis, Oreinus plagiostomus and Glyptothorax
sp. In order to contribute to the known molecular data on
metacercarial form of Clinostomum species, the 28S rDNA
of Clinostomum schizothoraxi was sequenced from
Scizothorax and Carassius spp. collected from Kashmir
valley. Comparison of the alignments obtained from
sequences of the 28S rDNA genes and the internal
transcribed spacer regions ITS1 and ITS2 of Clinostomum
schizothoraxi with the other Digenean species sequences
available in GenBank produced interesting results.
The present observation showed that the alignment of the
28S rDNA exhibited few differences between the
Clinostomum schizothoraxi and C. cutaneum, with
distances of 6.75% [13] this region is highly conserved
and is characterized by a slow evolutionary rate, useful for
evaluating ancient evolutionary events however; it may
be useless in some cases for discriminating organisms at
the species level but in the case of the present study, the
alignment showed little differences between the species.
Several authors [14-15] described this gene as
characterized by a high level of conservation similar to
that of 18S rRNA gene, so it is used in phylogenetic
studies [16-18]. In addition, this coding region is too short
160 bp in Clinostomum species, to produce phylogenies
across large time scale.

The internal transcribed spacers, ITS1 and ITS2, are
relatively conserved regions within species or genera and
have been used as markers in population genetic studies
[13] and to explore species boundaries in digenean
families [19]. During the present study it was observed
that ITS1 of C. schizothoraxi is characterized by the
presence of tandem repeat units at the 50 end that provide
the variability in the sequence composition at both the
interspecific and intraspecific level. These repeats are also
known in some digenetic trematode families, such as the
Haematoloechidae, Mesometridae, Opecoelidae,
Schistosomatidae, Strigeidae and Telorchiidae [19] and
supports the present observation. The ITS1 sequences of
C. schizothoraxi were 544 bp long and interspecific
variation in the length of the ITS1 was observed, like the
observations of others authors, Van Herwerden et al. [20]
for Schistosoma spp. [21] Trichobilharzia spp. The
different lengths of ITS1 are due to the presence of the
repeat elements [22-24] which supports our results.
The ITS2 spacer is characterized by a lower degree of
variation with a high degree of conservation at the
species level. Usually, it does not contain repeat units,
although [25] found repeat units of ITS2 in the
Echinostomatidae. It is also characterised by differences
in length within and between families. In this study, it was
found different length i.e., 544 bp in C. schizothoraxi
moreover, intraspecific variations were not observed as
described by some authors for other digeneans [22, 26,
27]. The 28S rDNA gene is longer and has more variations
in the rate of evolution than the 18S rRNA. This gene has
been used in phylogenetic studies [28]. The alignment of
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the 28S rDNA sequences obtained showed very low
differences between the sequences compared, particularly
between C. schizothoraxi and C. cutaneum with only 17
nucleotide differences.

Even though sequencing DNA represents the
primary approach of modern systematics, the combination
with traditional techniques, such as the use of
morphological parameters, is essential for describing
parasites at the species level. In fact, Nolanand Cribb [19]
the best way to approach species identification is to
perform morphological descriptions on half the specimens
and molecular analysis on the other half.

In the present study, the metacercarial form of
C. schizothoraxi was described for the first time from
cyprinid fishes of Kashmir valley, the definitive host of
the parasite, combining a traditional morphological
approach with molecular analyses. Besides sequencing
the DNA of parasite, the present study also able to link
the adult stage to the metacercarial stage found in
Kashmir valley from the same environment, confirming the
morphological observations. Matthews and Cribb [29]
suggested the need for a reorganization of the genus
Clinostomum using both morphological and molecular
approaches, this study hopefully represents the first input
towards a systematic revision of this complex group of
parasites.

CONCLUSION

It was concluded that the Clinostomum
schizothoraxi Kaw, 1950 which was previously identified
on the basis of morphology in various size parameters
viz., body length, body width, clamp size, pharynx size,
sucker distance, prohaptoral length efc are hereby
supported on the basis of molecular characterization
which was confirmed during the present study.
Morphological findings are hereby supported using
molecular tools like DNA extraction, nucleotide
sequencing and base pair length. Thus, this study and its
implications would definetly help in justifying the
taxonomical studies of Clinostomum spp. and digeans as
a whole.

ACKNOWLEDGEMENTS

The authors extend their thanks to the authorities
of the Department of Zoology & Biotechnology,
University of Kashmir for the facilities provided.
Tanveer A. Sofi is also highly thankful to Prof. Fayaz
Ahmad for giving valuable suggestions while compiling
this paper.

10.

11.

12.

REFERENCES

Poulin, R. and S. Morand, 2004. Parasite Biodiversity.
Smithsonian Institution Press, Washington D.C.
Kanev, 1., V. Radev and B. Fried, 2002. Family
Clinostomidae Luhe, 1901. In: D. I. Gibson, A. Jones,
& R. A. Bray (Eds.), Keys to the Trematoda (Vol. 1).
Wallingford, UK: CAB International and the Natural
History Museum, pp: 113-120.

Blankespoor, H.D., 1974. Host-induced variation in

Plagiorchisnoblei  Park, 1936 (Plagiorchiidae:
Trematoda). American Midland Naturalist,
92:415-433.

Graczyk, T., 1991. Variability of metacercariae of
Diplostomum  spathaceum  (Rudolphi, 1819).
(Trematoda, Diplostomidae). Acta Parasitol.,
36: 135-139.

Perez-Ponce De Leon, G., 1995. Host-induced
morphological variability in adult Posthodiplostomum
minimum (Digenea: Neodiplostomidae). Journal of
Parasitology, 81: 818-820.

Sambrook, J. and D.W. Russell, 2001. Molecular
cloning: a laboratory manual. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York.
Hall, T.A., 1999. BioEdit: a user-friendly biological
sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symposium
Series, 41: 95-98.

Caffara, M. and E. Stanzani, 2010. First description of
the adult stage of Clinostomum cutaneum Paperna,
1964 (Digenea: Clinostomidae) from grey herons
Ardeacinerea L. and a redescription of the
metacercaria from the Nile tilapia Oreochromis
niloticus (L.) in Kenya. Syst. Parasitol., 76(1): 39-51.
Gustinelli, A., M. Caffara, D. Florio, E.O. Otachi,
E.U. Wathuta and M.L. Fioravanti, 2010. First
description of the adult stage of Clinostomum
cutaneum Paperna, 1964 (Digenea: Clinostomidae)
from grey herons Ardeacinerea L. and a redescription
of the metacercaria from the Nile tilapia Oreochromis
niloticus (L.) in Kenya. Syst. Parasitol., 76: 39-51.
Kaw, B.L., 1950. Studies in Helminthology: Helminth
parasites of Kashmir. Part-I. Trematodes. Indian J.
Helminthol., 2(2): 67-126.

Dhar, R.L., 1978. Studies on the Helminth Parasites of
Fishes of Jammu and Kashmir. Ph.D. Thesis,
University of Kashmir, Srinagar.

Dhar, R.L. and V.K. Kharoo, 1986. Studies on
trematode parasites of fishes-Genus Clinostomum
Leidy, 1856 from freshwater fishes of Kashmir. Ind. J.
Helminthol., 38(1): 74-78.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Global J. Mol. Sci., 12 (1): 01-07, 2017

Hillis, D.M. and M.T. Dixon, 1991. Ribosomal DNA:
molecular evolution and phylogenetic inference.
Quarterly Review of Biology, 66: 411-426.
Hershkovitz, M.A. and L.A. Lewis, 1996. Deep-level
diagnostic value of the rDNA-ITS region. Molecular
Biology and Evolution, 13: 1276-1295.

Coleman, A.W., 2003. ITS2 is a double-edged tool for
eukaryote evolutionary comparisons. Trends in
Genetics, 19: 370-375.

Troitsky, A.V. and V.K. Bobrova, 1986. 23s rRNA-
derived small ribosomal RNAs: Their structure and
evolution with references to plant phylogeny. In S. K.
Dutta (Ed.), DNA systematics. Vol 2. Plants. Boca
Raton, FL: CRC Press, pp: 137-170.

Troitsky, A.V., Y.E. Melekhovets, G.M. Rakhimova,
V.K. Bobrova, KM. Valiejo-Roman and
A.S. Antonov, 1991. Angiosperm origins and early
stages of seed plant evolution deduced from
rRNA sequences. Journal of Molecular Evolution,
32: 253-261.

Suh, Y., L.B. Thien and E.A. Zimmer, 1992. Nucleotide
sequences of the internal transcribed spacers and
5.8s rRNA gene in Canella winterana (Magnoliales;
Canellaceae). Nucleic Acids Research, 20: 6101-6102.
Nolan, M.J. and T.H. Cribb, 2005. The use and
implications of ribosomal DNA sequencing for the
discrimination of digenean species. Advances in
Parasitology, 60: 101-163.

Van Herwerden, L., D. Blairand T. Agatsuma, 1998.
Intra- and inter-specific variation in nuclear
ribosomal internal transcribed spacer 1 of the
Schistosoma  japonicum  species  complex.
Parasitology, 116: 311-317.

Dvorak, J., S. Vanacova, V. Hampl, J.F. Legr and
P. Horak, 2002. Comparison of European
Trichobilharzia species based on ITS1 and ITS2
sequences. Parasitology, 124: 307-313.

Luton, K., D. Walker and D. Blair, 1992. Comparisons
of ribosomal internal transcribed spacers from two
congeneric species of flukes (Trematoda: Digenea).
Mol. Biochem. Parasitol., 56: 323-328.

23.

24.

25.

26.

27.

28.

29.

Kane, R.A. and D. Rollinson, 1994. Repetitive
sequences in the ribosomal DNA internal transcribed
spacer of Schistosoma haematobium, Schistosoma
intercalatum and Schistosoma mattheei. Molecular
and Biochemical Parasitology, 63: 153-156.

Kane, R.A., LL. Ridgers, D.A. Johnston and
D. Rollinson, 1996. Repetitive sequences within the
first internal transcribed spacer of ribosomal DNA in
schistosomes contain a Chi-like site. Molecular and
Biochemical Parasitology, 75: 265-269.

Morgan, J.A.T. and D. Blair, 1995. Nuclear rDNA ITS
sequence variation in the trematode genus
Echinostoma: an aid to establishing relationships
within the 37-collar-spine group. Parasitology,
111: 609-615.

Galazzo, D.E., S. Dayanandan, D.J. Marcogliese and
J.D. McLaughlin, 2002. Molecular systematics of
some North American species of Diplostomum
(Digenea) based on rDNA sequence data and
comparisons with European congeners. Can. J. Zool.,
80: 2207-2217.

Jousson, O. and P. Bartoli, 2002. Species diversity
among the genus  Monorchis  (Digenea:
Monorchiidae) parasitic in marine teleosts: Molecular,
morphological and morphometrical studies with a
description of Monorchisblennii n. sp. Parasitology
Research, 88: 230-241.

Olson, P.D., T.H. Cribbb, V.V. Tkachd, R.A. Braya
and D.T.J. Littlewood, 2003. Phylogeny and
classification of the Digenea (Platyhelminthes:
Trematoda). International Journal for Parasitology,
33:733-755.

Matthews, D. and T.H. Cribb, 1998. Digenetic
trematodes of the genus Clinostomum Leidy, 1856
(Digenea:  Clinostomidae) from  birds of
Queensland, Australia, including C. wilsoni n. sp.
from Egrettaintermedia. Systematic Parasitology,
39: 199-208.



