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Abstract

Clinostomum Leidy, 1856 (Trematoda: Clinostomidae) is a cosmopolitan, zoonotic genus of fluke that has been poorly
studied in an Australian setting. Following previous reports of reservoir fish in Australian fish ponds being heavily infected
with Clinostomum metacercaria, the current study was conducted to determine the specific identity of Clinostomum sp. in
inland Australia, by examining and characterizing parasites collected from a potential definitive host, cormorants. A total
of 33 parasite specimens belonging to the genus Clinostomum were collected from two cormorants (little black cormorants,
Phalacrocorax sulcirostris) that were collected from the Narrandera Fisheries Research Centre, New South Wales, at the
same locality where metacercaria of Clinostomum sp. have been reported in fish. All specimens in our study were immature
adults. Clinostomum specimens with similar morphology have been identified as C. complanatum in the past, based on their
morphological characteristics. However, phylogenetic analyses based on the ITS sequence data in the present study suggest
they are the same as the Clinostomum sp. previously reported from carp gudgeons (Hypseleotris spp.) from the same farm,
and distinct from C. complanatum. The ITS sequences obtained from the specimens in the present study were most similar
to those belonging to C. phalacrocoracis (never reported in Australia). Our specimens formed a distinct clade on the phylo-

genetic tree and their specific identity awaits until fully mature specimens are described in future studies.

Keywords New species - Wildlife - Birds - Life cycle - Environment health - Zoonoses

Introduction

The genus Clinostomum Leidy, 1856, belonging to the fam-
ily Clinostomidae Liihe, 1901, is a cosmopolitan parasite
with reports occurring in all regions of the world (Locke
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et al. 2015). Over 50 species make up the genus, of which
four have been reported in Australia (Table 1). Of these four
species, C. complanatum is a cosmopolitan parasite, while
the other three are endemic to Australia. All previous reports
of Clinostomum spp. in Australia are either from Queensland
or from Tweed Heads, New South Wales, near the border
with Queensland (Table 1). Recently, there have been reports
of unidentified metacercaria of Clinostomum in the Mur-
rumbidgee Catchment Area in inland Australia (Rochat et al.
2020; Shamsi et al. 2021).

Globally, through the use of molecular studies, a clear
separation of species has been recognized between con-
tinents and various geographical regions (Caffara et al.
2011, 2017; Pérez-Ponce De Leon et al. 2016). Due to the
high degree of morphological intraspecific variability and
interspecific similarities, and the more recent addition of
molecular analysis in species identification, Clinostomum
has undergone several taxonomic revisions (Ukoli 1966;
Yamaguti 1971; Gustinelli et al. 2010; Locke et al. 2011;
Sereno-Uribe et al. 2013). To date, few morphological traits
have been identified to reliably differentiate between species
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Table 1 List of reported host species of Clinostomum in Australian birds, including scientific name, and common name; Clinostomum species

identified in that host and location host was found

Host scientific name

Host common name

Host’s role in
parasite life
cycle

Parasite species

Geographical location

Reference

Anhinga melanogaster

Ardea novaehollandiae

Botaurus poiciloptilus

Botaurus policiloptilus

Pennant Darter
White Faced Heron

Australasian Bittern

Australasian Bittern

Definitive hosts

Definitive hosts

Definitive hosts

Definitive hosts

C. australiense

C. complanatum
C. hornum
C. complanatum (imma-

ture)

C. australiense (imma-

Queensland

Brisbane, Queensland;

Tweed Heads, New
South Wales

Cromarty, Queensland

Queensland

Surat, Queensland

Mawson et al. (1986)

Matthews and Cribb
(1998)

Matthews and Cribb
(1998)
Mawson et al. (1986)

Matthews and Cribb

Egretta alba Large Egret Definitive hosts
Egretta alba Large Egret definitive hosts
Egretta garzetta Little Egret Definitive hosts

Egretta intermedia Intermediate egret Definitive hosts

Egretta intermedia Egretta Intermedia Definitive hosts
Nycticorax caledonicus ~ Naked Night Heron Definitive hosts
Nycticorax caledonicus  Naked Night Heron Definitive hosts

Pelecanus conspicillatus Australian Pelican Definitive hosts

Australian Pelican Definitive hosts

Little Black Cormorant

Pelecanus conspicillatus

Phalacrocorax sulci- Definitive hosts
rostris

Anhinga (Syn. Plotus)
novaehollandiae

Australasian Darter definitive hosts

C. complanatum
C. australiense

Clinostomum sp.

C. australiense (imma-

ture only) (1998)

C. complanatum Surat, Queensland Matthews and Cribb
(1998)

C. complanatum Brisbane, Queensland ~ Matthews and Cribb
(1998)

C. complanatum Brisbane, Queensland Matthews and Cribb
(1998)

C. wilsoni Brisbane, Queensland ~ Matthews and Cribb
(1998)

C. hornum Cromarty, Queensland ~ Matthews and Cribb
(1998)

Brisbane, Queensland Mawson et al. (1986)

Moggill, Queensland

Matthews and Cribb
(1998)

Mawson et al. (1986)
Matthews and Cribb

Townsville, Queensland

Queensland
Townsville, Queensland

ture only) (1998)
C. australiense (imma-  Townsville, Queensland Matthews and Cribb
ture only) (1998)

for use in morphological speciation; traits that have been
identified include the anterior extent of vitellarium, the
presence of lateral evaginations in the uterine sac, gonad
location in the body, testicular shape, genital pore loca-
tion relative to gonads, and cirrus pouch location relative
to other organs (Ukoli 1966). Most morphological descrip-
tions within the literature are based on adult samples that
possess these mature reproductive systems (Ukoli 1966;
Locke et al. 2011; Sereno-Uribe et al. 2013). However, Caf-
fara et al. (2020) argued that metacercaria of Clinostomum
could be used for species identification, especially when
combined with molecular data. However, morphological
differences between the different stages hinder the ability to
link them together (Ukoli 1966; Locke et al. 2011; Sereno-
Uribe et al. 2013). Therefore, it is preferred that morpho-
logical speciation is carried out with molecular support to
ensure increased accuracy in identifying Clinostomum spe-
cies. Of the recognized species, 18 have been genetically
sequenced: C. complanatum, C. cutaneum, C. heluans, C.

@ Springer

phalacrocoracis, C. marginatum, C. attenuatum, C. detrun-
catum, C. philippinensis, C. poteae, C. tataxumui, C. tila-
piae, C. ukoli, C. caffarae, C. arquus, C. cichlidorum, C.
brieni, C. sinensis, and C. album (Gustinelli et al. 2010;
Caffara et al. 2011, 2014a, 2014b, 2017, 2020; Locke et al.
2015, 2019; Acosta et al. 2016; Rosser et al. 2018; Briosio-
Aguilar et al. 2019; Sokolov and Gordeev 2020; Won et al.
2020). In Australia, unidentified Clinostomum metacercaria
have been collected from a firetail gudgeon (Hypseleotris
galii) in Brisbane (Olson et al. 2003; Nolan and Cribb 2005)
and from Hypseleotris spp. in New South Wales (Rochat
et al. 2020; Shamsi et al. 2021).

Clinostomum has low host specificity and an indirect
life cycle that can infect a diversity of hosts, damaging
and impairing them and, in severe cases, resulting in death
(Shamsi et al. 2013; Sutili et al. 2014; Aghlmandi et al.
2018; Montes et al. 2020). The life cycle includes two inter-
mediate hosts, first an aquatic gastropod and then either a
freshwater fish or amphibian, and a definitive host, typically
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a piscivorous bird or potentially a larger freshwater fish
(Matthews and Cribb 1998; Kanev et al. 2002; Sutili et al.
2014; Locke et al. 2015; Wang et al. 2017). Several gastro-
pod species have been reported globally as first intermedi-
ate host species; however, no such reports have occurred in
Australia. Globally, secondary intermediate hosts have been
shown to include both wild and farmed freshwater fish and
amphibians (Cameron 1945; Anonymous 2001a; Wang et al.
2017). Within Australia, only a few species of fish have been
reported with Clinostomum metacercaria infections (Anony-
mous 2001a; Nolan and Cribb 2004; Rochat et al. 2020;
Shamsi et al. 2021). Piscivorous birds are the most common
definitive hosts for Clinostomum species. In Australia, this
group of birds includes Ardeiform birds, cormorants, and
pelicans (Matthews and Cribb 1998), all from Queensland.
The lack of reports on Australian host species, especially
outside of Queensland, could be simply due to no exper-
tise in other states/territories and/or no investigations being
conducted as it has been the case for some other parasite
studies in the country (Shamsi 2021). There is, therefore, the
potential for Clinostomum to be present within gastropods,
fish, amphibian, and piscivorous bird populations within
Australia that are yet to be reported.

Clinostomum spp. are also important due to their zoonotic
significance. Accidental human infection can occur with the
ingestion of infected raw fish (Tiewchaloern et al. 1999; Park
et al. 2009; Hara et al. 2014; Sutili et al. 2014) contaminated
with metacercariae, resulting in metacercarial excystment
in the stomach and migration to the oral cavity or oesopha-
gus where they cause laryngitis and/or pharyngitis, result-
ing in throat discomfort. Cases of Clinostomum zoonosis
have only been reported in countries where eating raw fish
is common and no such cases, as of yet, have been reported
in Australia. It is not clear whether this is due to a lack of
knowledge about the parasite, or poor documentation and
recording as has been the case for other fish-borne diseases
in Australia (Shamsi and Sheorey 2018), or because no
zoonotic cases have occurred within the country. With the
growing multicultural diversity and increasing consumption
of fish products within Australia (Mosby 2018), it is quite
possible that such cases may occur in the future.

Although this cosmopolitan parasite has been studied in
some detail in other countries, there is limited research on
it within an Australian setting (Matthews and Cribb 1998).
What little research has been done focuses on adult forms of
Clinostomum within definitive host species in wild popula-
tions. Therefore, there is a lack of knowledge on the range of
potential intermediate hosts of Clinostomum and its poten-
tial occurrence in aquaculture systems within Australia. In
other countries, it is known that Clinostomum infections
within fisheries can cause significant economic losses in
fish farms (Soler-Jiménez et al. 2017). Fish infected with
Clinostomum metacercariae demonstrate changes in feeding

behaviour and habits (Aghlmandi et al. 2018), resulting in
poor growth (Soler-Jiménez et al. 2017). The encystment of
the metacercaria results in an unappealing visual appearance
of the host as they develop yellow pus-like cysts (Cameron
1945). Consequently, these fish are disposed of and not sent
to market, further increasing losses due to infection. Parasite
migration and attachment within the host have been shown
to cause considerable damage to viscera and musculature,
adversely affecting vital organ function and in severe cases,
with a high enough burden, this can result in mortality and
further loss of production to the fishery (Shareef and Abidi
2012; Aghlmandi et al. 2018).

In Australia, investigations of native freshwater fish
within the Murray Darling Basin showed an infection of
Clinostomum sp. (metacercarial stage) within a population of
gudgeons coexisting as undesirable fish in Murray cod and
silver perch farms (Rochat et al. 2020; Shamsi et al. 2021).
Therefore, the present study was conducted to determine
the specific identity of Clinostomum species by attempting
to collect adult Clinostomum from piscivorous birds in the
region and characterize them.

Materials and methods
Parasite collection

Parasites were collected from little black cormorants, Phala-
crocorax sulcirostris (n=2) from the Narrandera Fisheries
Research Centre, New South Wales, at the same locality
where Clinostomum sp. have been reported in fish (Rochat
et al. 2020; Shamsi et al. 2021). The permit to collect the
birds was held by the fishery. The birds were stored frozen
before being thawed and examined for parasites.

Parasite identification

Morphological identification Specimens were rehydrated in
distilled water, stained with ACETO-ORCEIN, then dehy-
drated through a series of ethanol concentrations, cleared
with xylene and mounted on slides in Canada Balsam.
The mounted specimens were left for a week to allow the
Canada Balsam to set before being examined under a light
microscope.

Morphological characterization was performed under a
light microscope for each of the mounted trematodes using
an eyepiece micrometre. Measurements were taken follow-
ing Matthews and Cribb (1998). The ovary and uterus were
examined for the presence of eggs to determine the maturity
of the specimen. Trematode samples were morphologically
identified by comparison with morphological descriptions
from previous research and key interspecies morphological

@ Springer



2796

Parasitology Research (2021) 120:2793-2803

differences (Ukoli 1966; Kanev et al. 2002). All specimens
were deposited in the South Australian Museum (Accession
number: AHC 36874 and 3687436875).

Genetic characterization

Representative parasite specimens from each cormorant
were selected for molecular analysis. Two small wedges of
tissue were cut from their lateral border, caudal to the repro-
ductive organs, ensuring no vital morphology for species
identification was damaged. These wedges of tissue were
placed individually in autoclaved Eppendorf tubes for DNA
extraction. The tubes were stored in a freezer until DNA
extraction. Extraction was carried out using the Qiagen
DNeasy kit (QIAGEN, Germany), according to the manu-
facturer’s instructions and modified version in Shamsi et al.
(2019). The internal transcribed spacers (ITS) region of
nuclear ribosomal DNA was picked for molecular species
identification (Mesquita et al. 2020). The entire ITS region
was amplified by PCR using the D1 (F) 5'-AGGAATTCC
TGGTAAGTGCAAG-3' (forward) and D2 (R) 5-CGTTAC
TGAGGGAATCCTGG-3' (reverse) primers as published in
Hillis and Dixon (1991). Two microliters of extracted DNA
was directly added to a PCR mixture containing 13.25 pl

of nuclease free water, 5 ul of 5 x buffer (green), 2.5 ul of
25 mM MgCl,, 1 pl of 10 uM dNTP, 0.5 ul of 10 uM each
primer, and 0.25 pl of Taq polymerase (5 unit/ul Promega,
USA) for a total volume of 25 ul (n=1). PCR were carried
on a C1000 touch thermocycler (Biorad). Cycling conditions
were: 95 °C for 2 min (initial denaturing), 40 cycles of 95 °C
for 30 s (denaturing), 58 °C for 30 s (annealing), and 72 °C
for 1 min (extension) followed by final extension at 72 °C
for 10 min. The PCR products from this were run through
1.5% TAE agarose gel electrophoresis with SYBR safe dye
(Invitrogen, Australia). Samples that were found to be posi-
tive of sufficient strength were sent to Australian Genome
Research Facility for Sanger sequencing. Sequence quality
was checked using SeqMan v8.0 (DNASTAR).

ITS sequences of other well identified Clinostomum spe-
cies from published works were obtained from GenBank
for phylogenetic analyses (Table 2). Sequences were aligned
with Clustal W programme built in Bioedit (Hall 1999),
manually checked and trimmed according to the shortest
sequence. Alignment gaps were excluded for analyses.
Pairwise genetic distances, shown as percentage of differ-
ence, were calculated using MEGA X (Kumar et al. 2018).
Euclinostomum heterostomum (KP721430), which is also a
member of the family Clinostomidae, was used as the out-
group. The phylogeny of selected sequences was calculated

Table 2 Details of taxa used for phylogenetic analyses. ID no. refers to the identification number in Table 5

ID no Species name GenBank Full stage Host species Locality Publication
accession
number

1 Clinostomum sp. MT446440-1 Immature adult Cormorant (Phalacroco-  Australia This study
rax sulcirostris)

2 Clinostomum sp. MT446431 Metacercaria Carp gudgeons (Hypsele-  Australia Shamsi et al. (2021)
otris sp.)

3 C. phalacrocoracis FJ609423 Adult Grey Heron (Ardea Kenya Gustinelli et al. (2010)
cinereal)

4 C. cutaneum GQ339114 Adult Grey Heron (Ardea Kenya Gustinelli et al. (2010)
cinereal)

5 C. complanatum AY245701 Adult Little egret (Egretta Israel Dzikowski et al. (2004)
garzetta)

6 C. heluans MH159770 Metacercaria ~ Red Ceibal (Australoheros Brazil Briosio-Aguilar et al.
sp.) (2019)

7 C. tataxumui JX631136 Adult Bare-throated tiger heron ~ Mexico Sereno-Uribe et al. (2013)
(Tigrisoma mexicanum)

8 C. poteae MH282569 Adult Double-crested Cormorant USA Rosser et al. (2018)
(Nannopterum auratus)

9 C. marginatum JX631048 Adult Eastern Great Erget Mexico Sereno-Uribe et al. (2013)
(Ardea alba)

10 C. album KU708008 Adult Great Egret (Ardea alba)  USA Rosser et al. (2017)

11 C. brieni MH238415 Metacercaria Blunt-toothed African cat- Democratic Caffara et al. (2019)
fish (Clarias ngamensis) ~ Republic of the

Congo
12 Euclinostomum heteros- KP721430 Metacercaria Cichlids Israel Caffara et al. (2016)

tomum
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using MrBayes 3.2 using the GTR + G model as suggested
by jModelTest 2 (Darriba et al. 2012). The Markov chain
Monte Carlo algorithm was run for 2,000,000 generations
until the average standard deviation was less than 0.005. The
tree was visualized using Figtree v 1.4.3 (Rambaut 2014).

Results

A total of 33 Clinostomum were found in the stomachs
of examined birds. One bird was infected with 26 Clin-
ostomum sp. and the other bird was infected with 7. All
parasites were identified as immature Clinostomum based
on body size and shape, presence of an oral collar, location
of the anterior testis in posterior end of middle third of
body and posterior testis in anterior end of posterior third
of body, the size and shape of the reproductive organs,
position of the genital pore right of the midline level with
the middle of the anterior testis, and the location of the cir-
rus pouch. A description of the immature adult specimens
(n=18) is provided (Fig. 1):

Body elongated, rounded ends, slightly convex dorsally,
width generally uniform throughout, although widest in
region of reproductive organs in some specimens. Oral
collar present. Oral sucker medium sized. Ventral surface
covered with large “tubercules” anterior to ventral sucker;
fine “tubercules” around oral collar. Pharynx absent.
Oesophagus present with bifurcation anterior to ventral
sucker. Oesophageal bulb well-developed. Intestinal ceaca
thin, run posteriorly from oesophageal bulb to posterior
end of body. Caeca diverticula small, commence posterior
to ventral sucker. Excretory system difficult to ascertain.

a

Figure 1. Clinostomum sp.
found in the present study: a)
Microscopic photo taken by
camera; b) Line drawing. Scale
bar = 500pm.

Ventral sucker large, muscular, at least twice the size of
oral sucker. Anterior testis in posterior region of middle
third of body, offset to left of midline, roughly triangu-
lar in shape with concave posterior border and anterior
apex. Posterior testis in anterior region of posterior third
of body, situated on midline, relatively similar in size to
anterior testis, triangular with posterior apex and concave
anterior border. In some specimens, clear space surround-
ing testes. Testes location not obvious. Cirrus sac between
anterior testis and intestinal caeca on right side. Genital
pore right of midline, level with middle of anterior testis.
Ovary small, circular, posterior-medial to cirrus sac and
slightly overlies posterior border. No vitellarium present.
Uterus sac thin, tubular structure, running midline from
divergence anterior to anterior testis to just posterior to
ventral sucker. No eggs present in uterus. Eighteen speci-
mens were randomly selected for measurements of the tax-
onomically important features. Morphometrics of speci-
mens examined in present study are provided in Table 3.

Molecular Analyses

A sequence of the ITS region was obtained for one imma-
ture Clinostomum from each bird (GenBank accession
numbers: MT446440 and MT446441). Sequences of
1338 bp were aligned against all available Clinostomum
species in GenBank (Table 2). The sequences of imma-
ture Clinostomum sp. from cormorants in the present
study were identical with sequences of the metacercaria
of Clinostomum sp. from carp gudgeon (GenBank acces-
sion number: MT446431-39) and grouped together in the
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Table 3 Morphological measurements of Clinostomum sp. collected
from cormorants in this study compared to other Clinostomum spe-
cies described from Australian hosts. Measurements are presented as

range (average) in micrometres. AT anterior testis, CS cirrus sac, NFC
Narrandera Fisheries Centre, OC oral collar, OS oral sucker, PT pos-
terior testis, US uterine sac, VS ventral sucker

Morpho-type Clinostomum sp.  Clinostomum sp. C. australiense C. australiense C. complanatum  C. hornum C. wilsoni
Reference Present study Shamsi et al. Matthews & Matthews & Matthews & Matthews & Matthews & Cribb
2020 Cribb 1998 Cribb 1988 Cribb 1988 Cribb 1988 1988
Host species Cormorants Carp gudgeons  Egret & cormo-  Pelican Various aquatic ~ Herons Egret
rant birds
Geographical NFC, NSW NFC, NSW Surat, Qld Surat, Qld Qld & Northern  Cromarty, Qld Brisbane, QId
location NSW
Life cycle stage ~ Immature Adult Metacercaria Immature Adult Mature Adult Mature Adult Mature Adult Mature Adult
No. samples 18 31 5 5 22 4 8
examined
OC width 330-720 (475)  340-750 (571)  256-1284 (910)  880-1008 (922)  340-816 (602) 385-704 (512) 270-464 (396)
Body length 1130-3875 1530-5525 6672-10,160 7280—7760 2384-6320 1728-3856 5216-6176 (5578)
(3292) (4110) (8790) (7501) (4040) (2563)
Body width 400-1075 (882)  590-1600 (1195) 1984-2752 2532-2960 992-1984 (1411) 592-1216 (874)  1104-1312 (1196)
(2413) (2627)
Body length/ 2.93-7.86 (3.89) 1.22-7.70 (3.61) 3.36-3.88 (3.63) 2.59-3.1(2.87) 2.05-3.99(2.88) 2.17-3.32(2.95) 4.36-5.04 (4.67)
width
OS width 120-550 (223) 120-320 (227)  336-578 (448) 368-512 (410) 164-308 (236) 151-353 (239) 109-167 (145)

OS width/body
width

VS length
VS width

VS width/OS
width

VS width/body
width

Dist. betw. suck-
ers

US length

US width

AT length

AT width

AT width/length
PT length

PT width

PT width/length
Dist. betw. Testes
Ovary length
Ovary width

Ovary width/
length

CS length
CS width

CS length/body
length

Eggs present

0.13-0.80 (0.28)

510-720 (592)
410-650 (518)
1.02-4.38 (2.69)

0.47-1.3 (0.63)

270-510 (414)

340-900 (635)

30-150 (94)
120-340 (216)
200-430 (269)
0.80-2.08 (1.32)
130-350 (217)
190-450 (314)
0.53-2 (1.51)
150-270 (209)
50-300 (111)
75-350 (140)
1.11-1.64 (1.29)

113-300 (218)
90-275 (134)
0.03-0.15 (0.07)

No

0.12-0.42 (0.20)

210-750 (624)
230-730 (601)
1.92-4.83 (2.74)

0.39-1.13 (0.52)

320-750 (536)

360-3875 (802)

30-220 (92)
110-340 (236)
60-330 (245)
0.50-1.77 (1.08)
120-360 (246)
80-370 (269)
0.52-1.76 (1.13)
130-400 (235)
30-420 (102)
30-310 (107)
0.43-1.82 (1.10)

90-300 (264)
38-170 (108)
0.04-0.14 (0.07)

No

0.15-0.21 (0.19)*

832-1280 (1078)
880-1232 (1062)
2.13-2.62 (2.39)

0.36-0.49 (0.44)*

496-867 (717)

960-2902 (1860)

96-257 (180)
295-770 (534)
257-560 (446)
0.71-0.95 (0.85)
334-560 (406)
385-770 (618)
1.14-2.00 (1.54)
258-899 (619)
186-368 (285)
122-240 (181)
0.5-0.72 (0.64)

411-640 (538)
212-308 (270)
0.05-0.06 (0.06)*

No

0.14-0.17 (0.16)

912-1072 (995)
960-1152 (1043)
2.03-3.00 (2.59)

0.35-0.45 (0.40)

160-608 (390)

1280-2368
(1888)

96400 (288)
640-800 (720)
560-832 (688)
0.87-1.07 90.95)
432-720 (595)
640-992 (883)
1.16-1.77 (1.49)
560-688 (586)
304-336 (323)
160-224 (189)
0.5-0.67 (0.58)

320-608 (406)
240-320 (294)
0.04-0.08 (0.05)

Yes

0-0.22 (0.16)*

320-720 (489)
352-688 (508)
1.64-2.77 (2.20)

0.28-0.51 (0.37)*

148-640 (384)

398-2048 (961)

77-1120 (407)
212-520 (336)
321-931 (530)
1.11-2.12 (1.59)
141-514 (322)
353-899 (589)
1.41-2.50 (1.86)
141-405 (265)
128-334 (203)
71-462 (186)
0.46-2.18 (0.92)

161-545 (320)
84-513 (187)
0.06-0.11 (0.08)"

Yes

0.22-0.32 (0.27)*

416-648 (543)
385-597 (519)
1.67-2.65 (2.28)

0.49-0.66 (0.61)*

135-400 (243)

289-642 (408)

39-257 (121)
116-449 (218)
167-417 (279)
0.86-3.59 (1.62)
128-353 (181)
196-610 (364)
1.53-3.31 2.11)
0-302 (117)
64-225 (127)
39-225 (122)
0.61-1.00 (0.92)

135-449 (225)
64-193 (107)
0.07-0.12 (0.08)*

Yes

0.08-0.15 (0.12)*

480-544 (514)
448-528 (488)
3.33-3.54 (3.46)

0.38-0.43 (0.41)

240-449 (315)

1232-1696 (1372)

240-416 (347)
208-336 (288)
424544 (467)
1.35-2.04 (1.64)
320-432 (364)
539-656 (588)
1.46-2.00 91.63)
205-270 (246)
173-224 (188)
128-208 (171)
0.78-1.11 (0.93)

289-334 (307)
109-141 (124)
0.05-0.06 (0.06)

Yes

“Number presented in Matthews and Cribb (1998) incorrectly presented
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Bayesian inferred phylogenetic tree with 100% branch sup-
port forming a clade distinct from any other Clinostomum
species (Fig. 2).

Discussion

Sequences of the ITS region were identical between immature
Clinostomum specimens found in the stomach of cormorants
in the present study and the Clinostomum metacercaria previ-
ously reported and characterized in carp gudgeons from the
same geographical location (Rochat et al. 2020; Shamsi et al.
2021), suggesting they belong to the same species. However,
since the specimens of Clinostomum were immature in our
study, the specific description of the species and designation
of a name remain on hold until mature adults are found and
described in the future. Adult Clinostomum are found in the
anterior part of the digestive system, including the mouth

MT446440 Clinostomum sp.*
1 MT446441 Clinostomum sp.*
1 MT446431 Clinostomum sp.
FJ609423 C. phalacrocoracis
GQ339114 C. cutaneum
AY245701 C. complanatum

0.9_7 MH159770 C. heluans

MH282569 C. poteae
JX631048 C. marginatum
JX631078 C. marginatum

0.98
MH282566 C. album

KU708008 C. album

JX631136 C. tataxumui
1

JX631121 C. tataxumui

JX631050 C. tataxumui

— MH238415 C. brieni

KP721430 Euclinostomum heterostomum

b
0.020

Fig.2 Bayesian inferred phylogenetic tree of ITS region for
sequences obtained in this study, and sequences of Clinostomum spp.
and Clinostomoides brieni obtained from GenBank. The latter species
has been considered as Clinostomum brieni by Caffara et al. 2019.
Euclinostomum heterostomum was used as an outgroup. Posterior
probabilities (>90%) were listed above the branches. Asterisks denote
sequences from this study

area, which has not been examined in the present study. The
metacercaria collected from the fish all have very yellow
bodies (i.e., yellow grub), but the ones found in the birds,
including those in the present study, generally are either white
or have reduced amounts of yellow, which suggests what we
found were developing in the examined cormorants. Matthews
and Cribb (1998) reported four species of clinostomids from
a variety of bird hosts and suggested there appears to be a
lack of recognizable host-specificity within the community of
fish-eating water birds, with the exception for C. australiense,
since mature worms have been recovered only from Pelecanus
conspicillatus, whereas immature worms have been recovered
from a number of species of birds.

Morphologically, the specimens collected from cormo-
rants are closest to C. hornum, based on the features high-
lighted by Caffara et al. (2020) to differentiate between Clin-
ostomum species metacercaria. Although the description of
C. hornum is of an adult (Matthews and Cribb 1998) and
the specimens collected in this study were immature adults,
the reproductive structures were at approximately the same
stage of development as the metacercaria reported in Shamsi
et al. (2021). Specifically, the overall body measurements
were very similar with overlap in body size, sucker, and
reproductive structure dimensions (Table 3). The anterior
testis is triangular and offset to the left, which was a charac-
teristic distinguishing C. hornum from the other Australian
Clinostomum species (Matthews and Cribb 1998).

None of the Australian Clinostomum species that have
been morphologically identified from the adult stage have
been sequenced. Thus, there was no corresponding sequences
that matched the Clinostomum specimens collected from
cormorants in this study. The 18S and 28S sequences of
metacercaria from carp gudgeons in NSW were found to be
identical with the 18S and 28S sequences of an unidentified
Clinostomum sp. metacercaria from H. galii from the Bris-
bane area (Shamsi et al. 2021). There was no available ITS
sequence for comparison against the cormorant specimens,
but given the 100% match with the NSW metacercaria in this
study, it is most likely that the Brisbane metacercaria are the
same species. However, this interpretation should be taken
with caution, as the ITS region has been shown to have high
intraspecies variation (Locke et al. 2015) and future molecu-
lar analysis should look at using other regions such as the
COX1 to improve accuracy. However, without a correspond-
ing sequence from an identified mature adult, and to prevent
confusing the taxonomy of Clinostomum even further, we
cannot confirm the identity of the Clinostomum collected
from the cormorant in NSW as C. hornum. If the specimens
are confirmed as C. hornum with further research, this will
extend the distribution of that species from Townsville in
north Queensland (Nicoll 1914; Matthews and Cribb 1998),
through to the Murrumbidgee area of southern New South
Wales (Rochat et al. 2020; Shamsi et al. 2021; this study).
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Table 4 Morphological measurements of Clinostomum sp. collected
from cormorants in this study compared to other Clinostomum spe-
cies which grouped closely on the phylogenetic tree. Measurements

presented as range (average) in micrometres. AT anterior testis, CS
cirrus sac, NFC Narrandera Fisheries Centre, OC oral collar, OS oral
sucker, PT posterior testis, US uterine sac, VS ventral sucker

Morpho-type

Clinostomum sp.

C. complanatum

C. phalacrocoracis

C. cutaneum

C. cutaneum

Reference

Host species
Geographical location
Life cycle stage

No. samples examined
OC width

Body length

Body width

Body length/width
OS width

OS width/body width
VS length

VS width

VS width/OS width
VS width/body width
Dist. betw. suckers
US length

US width

AT length

AT width

AT width/length

PT length

PT width

PT width/length

Dist. betw. testes
Ovary length

Ovary width

Ovary width/length
CS length

CS width

CS length/body length
Eggs present

Present study
Cormorants
NFC, NSW
Immature Adult
18

330-720 (475)
1130-3875 (3292)
400-1075 (882)
2.93-7.86 (3.89)
120-550 (223)
0.13-0.80 (0.28)
510-720 (592)
410-650 (518)
1.02-4.38 (2.69)
0.47-1.3 (0.63)
270-510 (414)
340-900 (635)
30-150 (94)
120-340 (216)
200-430 (269)
0.80-2.08 (1.32)
130-350 (217)
190-450 (314)
0.53-2 (1.51)
150-270 (209)
50-300 (111)
75-350 (140)
1.11-1.64 (1.29)
113-300 (218)
90-275 (134)
0.03-0.15 (0.07)
No

Caffara et al. 2011
Fish

Italy
Metacercaria

10

686-1030 (820)
4495-7874 (5741)
1635-2434 (1934)
2.2-4.4 (2.99)
284-507 (401)
1.07-1.67 (1.36)
637-910 (795)
766-952 (839)
1.78-2.69 (2.14)
0.39-0.49 (0.44)
860-1115 (1020)

316-957 (484)
273-559 (412)
0.46-1.22 (0.91)
245-441(328)
408-602 (493)
1.09-1.88 (1.54)
214-527 (353)
135-164 (149)
97-178 (129)
0.59-1.09 (0.87)
209-405 (296)
124-197 (157)
0.03-0.07 (0.05)
No

Caffara et al. 2014a, b
Cichlid fish

Israel

Metacercaria

24

9500-15,200 (12,061)
1855-3967 (3075)

478-732 (576)
926-1253 (1094)
10111346 (1193)

677-1466 (1074)
643-1469 (1063)

606-1182 (957)
695-1469 (1072)

119-378 (278)
121-363 (262)
389-717
143-292

No

Gustinelli et al. 2010
Heron

Kenya

Mature Adult

15

933-1196 (1039)
3990-5610 (4928)
2071-3014 (2409)
1.68-2.47 (2.06)
335430 (382)
0.11-0.19 (0.16)
554-857 (698)
612-945 (789)
1.43-2.74 (2.09)
0.26-0.37 (0.33)
463-689 (603)

217-532 (393)
732-1200 (949)
1.93-4.2 (2.52)
264-595 (390)
879-1290 (1054)
1.96-3.58 (2.82)
220-404 (297)
86-269 (198)
188-358 (278)
1.03-2.8 (1.5)
152-344 (222)
173-328 (251)
0.03-0.07 (0.05)
Yes

Gustinelli et al. 2010
Tilapia

Kenya

Metacercaria

15

5220-6700 (6160)
1770-2450 (2140)

312-492 (394)
705-1002 (855)
792-1029 (878)

Of the sequences that are available for comparison, the
cormorant specimens were found to be closest to C. phala-
crocoracis. Morphological comparison of the Clinostomum
sp. in the present study against C. phalacrocoracis (Table 4)
showed very little overlap in the measurements or structure
of the reproductive organs (Caffara et al. 2014a, b). Clinos-
tomum phalacrocoracis has been reported in Israel (Caffara
et al. 2014b), Africa (Peirce and Din 1970; Zhokhov and
Morozova 2020), and South America (Acosta et al. 2016),
but never in Australia. The genetic divergence between the
immature Clinostomum found in the present study and C.
phalacrocoracis (0.019) is greater than the interspecies
divergence between C. phalacrocoracis and other species,
for example C. cutaneum (0.013), calculated in our study

@ Springer

(Table 5), so it is unlikely that samples in the current study
are indeed C. phalacrocoracis.

Indeed, Caffara et al. (2020) argued that comparison of
Clinostomum species between geographical regions was
unnecessary as, apart from C. complanatum, there is little evi-
dence of transcontinental distributions of Clinostomum. The
phylogenetic results obtained in this study appear to support
this, with all specimens grouping according to the geographi-
cal regions of collection. For example, specimens collected
from the Americas (C. heluans, C. poteae, C. marginatum,
C. album, and C. tataxumi), specimens collected from Africa
and the Middle East (C. phalacrocoracis, C. cutaneum, and
C. complanatum), and the specimens collected from Australia
(Clinostomum sp. collected from gudgeons and cormorants)
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all grouped into separate clades. Caffara et al. (2019) found a
similar pattern for the species collected from the Americas,
although the pattern for species collected from Africa and
Asia was not as clear-cut. However, the lack of sequences
for most Clinostomum species, and especially for C. compla-
natum from different geographical regions, means that these
results should be treated with caution.

The position of C. brieni in the ITS phylogenetic tree of
this study differed from the results found by Caftara et al.
(2019), where C. brieni was placed within the African/Asian
group of species. Caffara et al. (2019) used their results to
justify the placement of C. brieni within Clinostomum,
rather than in Clinostomoides, in which it was originally
described. Further research needs to be undertaken on this
species, across its range and using a variety of sequences, to
finalize its placement within the genera.

Although this study was unable to confirm the identity
of the species of Clinostomum infecting cormorants and
gudgeons from southern Australia, it has shown, through
molecular sequences, that the species is distinct from other
species that have been sequenced. However, it does high-
light the need for further research on parasites of Australian
aquatic birds.
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