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Abstract. Pseudamphistomum truncatum (Rudolphi, 1819) samples were obtained from a Caspian Seal (Pusa 

caspica) which was dead, possibly due to Canine Distemper Virus (CDV). After preparation, several samples were 

scanned using Scanning Electron Microscopy (SEM) and Energy-Dispersive X-ray Analysis (EDXA). Key 

characteristics were displayed with SEM including the oral and ventral (acetabulum) suckers, spined body, oval 

operculated eggs and truncated posterior region. The oral sucker with the oral cavity is muscular and contains 

convoluted muscular walls. The acetabulum or ventral sucker is in a depressed area with 3 prominent muscular 

rings and finger-like internal convolutions. The expanded truncated posterior body region is prominent. Eggs are 

oval and operculated. The EDXA scans of the body generated data similar for trematodes. The eggs are wavy in 

appearance and have high levels of calcium and sulfur. This is the first published study of P. truncatum using 

electron optics. This is also the first report of this digene in the seals checked in the southern part of the Caspian 

Sea, Iranian shores. 
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Introduction 

 
The Caspian Seal (Pusa caspica = Phoca 

caspica) is the host for the trematode, 
Pseudamphistomum truncatum. This mammal 

can be the definitive host for several parasites. 
The scientific classification for the host 
mammal is as follows: 
 
Kingdom: Animalia 
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Phylum: Chordata 
Class: Mammalia 
Order: Carnivora 
Suborder: Pinnipedia 
Family: Phocidae 
Genus: Pusa 
Species: P. caspica 
Binomial name: Pusa caspica 
 
The Caspian Seal (Pusa caspica) is one of the 
smallest members of the earless seal family 
and unique in that it is found exclusively in the 
brackish Caspian Sea. They can be found not 
only along the shorelines, but also on the many 
rocky islands and floating blocks of ice that dot 
the Caspian Sea. In winter, and cooler parts of 
the spring and autumn season, these marine 
mammals populate the Northern Caspian 
region. As the ice melts in the warmer season, 
they can be found on the mouths of the Volga 
and Ural Rivers, as well as the southern 
latitudes of the Caspian Sea where cooler 
waters can be found due to greater depth 
(Geptnor, 1976; Khuraskin and Zakharova, 
2000a; 2000b). 
 
It is unclear as to how these seals became 
isolated in the landlocked Caspian Sea. One of 
the most widely known hypotheses argues that 
the seals reached the Caspian during the 
Quaternary period from the north when 
continental ice sheets melted, and that they are 
descended from the ringed seal. Adults are 
approximately 1.5 meters (4.9 ft) in length and 
weigh around 86 kilograms (190 lb); males are 
generally larger and bulkier than the females. 
Their dental formula is I 3/2, R 1/1, PC 6/5 
(Geptnor, 1976; Khuraskin and Zakhavova, 
2000a). 
 
The Caspian seal, P. caspica, is endemic to the 
Caspian Sea. It is distributed throughout the 
sea from avant-deltas of the Volga and Ural 
Rivers to the Iranian coasts. Some animals 
occurred sporadically in the Volga River as far 
as Volgograd and 200 km upstream the Ural 
River (Rumyantseu and Khuraskin, 1978; 
Miyazaki, 2001). 
 

Pseudamphistomum truncatum is a parasite 
common to the Caspian seal as well as other 
protozoan and helminth parasites. There are 
several other described species for 

Pseudamphistomum. Pseudamphistomum is a 
digene that normally is found in the liver and 
gall bladder. It is part of the Opisthorchidae 
family which includes Opisthorchis Blanchard, 
1895, Metorchis Looss, 1899 and the Chinese 
liver fuke Clonorchis sinensis Cobbolde, 1875. C. 

sinesis is a major parasite of the liver for 
humans (Sherrard-Smith et al., 2009). C. 

sinesisis the most important member of this 
family as it’s a zoonotic food-borne liver digene 
for humans, specially in Southeast Asia (Kang 
et al., 2008; Sherrard-Smith et al., 2009) where 
its endemic in several countries (King and 
Scholz, 2001). Opisthorchid digeneans are 
typical and common parasites of mammals. 
Pseudamphistomum has three described 
species namely; P. truncatum, P. aethiopicum 
and and P. danubiense that the first is the type 
species (Yamaguti, 1971). Pseudamphistomum 

truncatum has been reported in different hosts 
including cat, dog, wolf, red fox, raccoon dog, 
mink, ferret, otter, shrews, seals (harbor, 
ringed, harp and Caspian) and human and 
some fishspecies as intermediate hosts 
(Schuster et al., 1999; Hawkins et al., 2010). 
Some of the key characteristics for P. 

truncatum are: spinose, posterior end truncate, 
anterior end more or less pointed, sucker-like 
ventro-terminal depression, oral sucker 
subterminal and muscular, acetabulum or 
ventral sucker present nearly as large as the 
oral sucker, body elongate 1300-1550 x 27-475 
μm, eggs numerous and oval 26-28 x 13-16 μm. 
(Yamaguti, 1958; Skryabin, 1950; Scholz, 
2008). 
 
One of the parasites found recently in the seal 
was Pseudamphistomum truncata (Rudolphi, 
1819). The opisthorchid digenean is a typical 
and common parasite of wild carnivores. 
Hawkins et al. (2010) recently reported on this 
digenean in American Mink (Mustela vison) and 
Eurasian otter (Lutra lutra) in Ireland. Simpson 
et al. (2009) found the bile fluke in Eurasian 
otters (Lutra lutra) in Great Britain. In one 
study, native Eurasian otter (Lutra lutra) and 
introduced American mink (Mustela vison) 
carcasses collected throughout Ireland were 
screened for biliary parasites. Carcasses 
collected throughout Ireland are screened for 
biliary parasites. Secondary intermediate 
hosts, cyprinid fish, were also examined for 
Opistorchiid metacercariae. Twenty-nine mink 
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and 24 otter gall bladders were screened for 
biliary parasites. A single mink and three otters 
were found to be infected with the digenetic 
trematode Pseudamphistomum truncatum. 
Eighty-nine percent of roach (Rutilus rutilus) 
from the nearby River Shannon were infected 
with P. truncatum metacercariae, confirming 
the persistence of the parasite. This is the first 
record of the species in Ireland, and its recent 
introduction is probably related to the 
movement and release of cyprinid fishes by 
anglers (Schuster et al., 1999; Hawkins et al., 
2010). As listed in these publications, different 
fish species are important intermediate hosts 
for P. truncatum. Fish are a major food source 
for seals and other listed hosts. Fishes can 
transmit the infection to the final hosts that can 
be seals, otters, minks and even humans 
(Sidorovich and Anisimova, 1997; Hawkins et 
al., 2010). 
 
Materials and methods 

 
Specimens of Pseudamphistomum truncatum 
from Pusa caspica (Caspian Seal) were 
collected in Iran by the second author, from a 
dead male seal found at the beach of Ramsar 
City, Mazandaran Province, Northern Iran. 
After necropsy all the organs were checked 
carefully. Liver was somewhat pale in some 
parts. After cutting, numerous digenes were 
found in the liver tissue and bile ducts. 
Specimens were cleaned in saline, fixed in 70% 
ethanol (ethyl alcohol). There are many 
potential hosts for P. truncatum (see discussion 
and literature cited) around the world. The 
specimens we obtained for this study were 
fixed in 70% ethanol (ethyl alcohol). The 
selected specimens were placed in critical 
point drying (CPD) baskets then dehydrated 
using an ethanol series of 95% and 100% for at 
least 10 minutes per soak followed by the 
critical point drying (Lee, 1992). Samples were 
mounted on SEM sample mounts (stubs), gold 
coated and observed with a scanning electron 
microscope (XL 30 ESEMFEG; FEI, Hilsboro, 
Oregon). Digital images of the specimen were 
obtained using digital imaging software 
attached to a computer. 
 
For X-ray microanalysis (EDXA), standard 
methods of SEM preparation were used (Lee, 

1992). Coated specimens were examined with 
an Environmental SEM (XL 30ESEMFEG) 
equipped with a Phoenix Energy-Dispersive X-
ray Analyzer. X-ray spot analysis was 
performed at 15 KV with a spot size of 5 and 
results were represented in charts and 
recorded with digital imaging software 
attached to the computer.  
 
Results 

 
Figures 1 to 8 are the results of the fine 
structure study of Pseudamphistomum 

truncatum. Figure 1 depicts the ventral surface 
of the digenean trematode with a truncated 
body covered with spines. The anterior end is 
pointed with a subterminal and muscular oral 
sucker (figure 2). The oral region is prominent 
(figure 2) with the oral cavity and pre-pharynx 
region. There is a mid-body depression with 
the ventral sucker or acetabulum (figures 1, 3, 
and 4). The acetabulum (ventral sucker) is 
circular with a well defined cavity and 3 rings 
of muscle (figures 1, 3 and 4). The inner area of 
the ventral sucker has a series of finger like 
ridges (20-25 in number) which will aid the 
fluke in host attachment (figure 4). The 
posterior part of the P. truncatum is 
characterized by an expanded truncated end 
with a sucker like depression (figures 1, 5 and 
6). The “en face” of the posterior end shows a 
muscular ring following the spinous body with 
numerous holes (figure 5). There is a sucker-
like depression for the posterior end (figure 6). 
The dorsal side of the fluke shows the same 
tapering body shape with a truncated terminal 
end covered with small spines (figure 7). The 
eggs are oval with a wavy like appearance, note 
the opercular end (figure 8).  
 
Results for the X-ray microanalysis (EDXA) are 
shown in figures 9, 10 and 11. The outer shell 
of the operculated egg is high in calcium and 
sulphur ions (figure 9). These ions are critical 
in forming a hardened shell for the egg. EDXA 
scans of the body of the trematode are shown 
by figures 10 and 11 (Anterior and Posterior 
Body). Carbon, Calcium, and Sulphur are 
depicted by the scans. Gold (Ag), Palladium and 
Osmium (Os) peaks are due to specimen 
preparation. The charts list weight percent of 
the elements. 
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Figure 1. Ventral surface of Pseudamphistomum truncatum showing the muscular oral sucker and the acetabulum or ventral 
sucker (arrows) with a blunt, truncated terminal area. The body is covered with spines. The body is slightly distorted due to 
fixation and preparation. Figure 2. The oral region of P. truncatum showing the muscular oral sucker and beginning of the 

blind digestive system. Note the convolutions and spines on the body surface. The pre-pharynx area is visible. Figure 3. Mid 
body on the ventral side is the acetabulum (arrows) within a concave depression. This is a major attachment structure for the 

trematode. The muscular rings around the acetabulum are visible. Figure 4. Higher magnification of the acetabulum or 
ventral sucker. With the rings of muscle surrounding the finger-like inner rows (arrow). Modifications for attachment. 

Figure 5. “En face” or terminalis of the body of P. truncatum circular truncated end of the body with a concave depression. 
Figure 6. Higher magnification of Figure 5 displaying the concave depression of the terminalis for the trematode. A sucker-
like structure. Figure 7. The dorsal side of P. trucatum. Spines appear along the length of the helminth. An arrow-head like 

body that tapers from the pointed anterior end to the truncated terminal end. Figure 8. The operculated (arrow) egg with a 
wavy like appearance. Numerous eggs were visible for the specimen. 
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Figure 9. EDXA (Energy Dispersive Analysis for X-Ray) scan of the chemical elements present on the surface of the egg. 
Elements are listed in weight percent (wt %) on the chart with peak heights on the graph. Figure 10. EDXA scan for the 

anterior region of P. truncatum. Figure 11. EDXA scan for the posterior region of P. truncatum.
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Discussion 

 
The second author examined Caspian seals that 
probably died from Canine Distemper Virus 
(CDV) near the Caspian Sea. A previous paper 
had described an acanthocephalon from the 
same mammal (Amin et al., 2011). The first 
detailed information on Caspian seal parasites 
was reported by Shehupakov (1936) who 
listed 6 species of nematodes, trematodes and 
acanthocephalans prompting Dogiel (1947; 
1962) to declare the Caspian seal a relic 
species for having lost cestode and arthropod 
parasites. 
 
The pioneer of parasitological investigation of 
the Caspian sea was D.M. Landa who in 1929 
dissected two seals on the Mangyshlak 
Peninsula. He wrote that “the seals were 
infected with cestodes and nematodes” (Landa, 
1931). Since 1957 a great deal of 
parasitological research has been carried out 
by Y.V. Kurochkin and others (Kurochkin, 
1958; 1962; 1964; 1975). 
 
Canine Distemper Virus (CDV) has been 
verified as the cause of death for the Caspian 
seals (Forsyth et al., 1998; Kennedy et al., 
2000). The disease has been a major problem 
for mammals and represented the die-off for 
the seal. P. truncatum was obtained from one of 
the dead seals. 
 
The morphology of P. truncatum was studied 
using electron optics and elemental 
microanalysis (EDXA). Additional structures 
were visible with this technique. 
Pseudamphistomum truncatum is a typical and 
common parasite of wild carnivores as well as 
other mammals. The most common frequent 
hosts of this fluke are mustelids, Ermine, 
Mustela ermina (Shimalov and Shimalov, 
2001a; 2001b), European polecat, M. putorius 
(Shimalov and Shimalov, 2002a; Anisimova, 
2002), American mink Neovison vison 
(Sidorovich and Anisimova, 1997; Shimalov 
and Shimalov, 2001a; Skov et al., 2008; 
Hawkins et al., 2010), least weasel, M. nivalis 
(Shimalov and Shimalov, 2001b), European 
mink, M. lutreola (Anisimova, 2004; Torres et 
al., 2008), Eurasian otter, Lutra lutra (Shimalov 
et al., 2000; Torres et al., 2004; Simpson et al., 
2005; Hawkins et al., 2010). It has been noted 

as the parasite of the red fox, Vulpes vulpes 
(Schuster et al., 1999; Shimalov and Shimalov, 
2003), arctic fox V. lagopus (Malczewski, 1962), 
grey wolf, Canis lupus (Shimalov and Shimalov, 
2000), raccoon dog, Nycteratus procyonoides 
(Shimalov and Shimalov, 2002b), as well as two 
species of seals, harbor seal (Phoca vitulina) 
and grey seal (Halichoerus grypus). P. 

truncatum is found mainly in the Central and 
Eastern Europe and in Russia. It has been also 
observed in Denmark, Ireland, England, 
Germany and Southern Europe. This study 
extends hosts to the Caspian seal (Pusa 

caspica) from the Caspian Sea. This is the first 
report of this digene in a Caspian seal (Pusa 

caspica) from the southern shores of Caspian 
Sea, as the previous study (on 24 dead seals) 
found no parasites in the livers (Eslami and 
Kiai, 2009). 
 
In Poland P. truncatum has been recorded 
twice as a fox parasite (Hildebrand et al., 
2011). In the 1950s and 1960s it was found in 
the wild red foxes near the Baltic Sea Coast and 
in the Wielkopolska region of Poland on a farm 
of arctic foxes which had been fed fishes from 
the Vistula Lagoon (Malczewski, 1962; Gorski 
et al., 2006; Pojmanska et al., 2007; Gorski et 
al., 2010). 
 
The Caspian seal, P. caspica is a host to a wide 
array of parasites some of which may 
contribute to the decrease in numbers of the 
host. Research should continue on both the 
protozoan and metazoan parasites of P. 

caspica. 
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