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Simple Summary

Marine mammals have parasites that are interesting to scientists in many areas, including biology
and medicine. It's important to study these parasites whenever we can. This study looked at
tapeworms found in the small intestine of a gray whale in Chukotka, Russia, in 2024. Researchers
used advanced microscopes and other techniques to examine these parasites. They identified them
as Priapocephalus eschrichtii based on their shape and the species of whale they were found in. They
also discovered that these parasites are related to another group called Tetrabothrius (found in
seabirds and whales.) This research provides new genetic information about these parasites for the
first time. More than 50 of these tapeworms were found in just one meter of the whale's intestine, and
some could grow up to 50 cm long. The whale showed signs of inflammation in its intestinal lining
due to the infection. The eggs of the cestodes were packed in a membrane. This grouping could cause
the whale to become infected with many tapeworms at once. Such infections may lead to health
problems that could affect the whale’s survival. More research on this topic is needed.

Abstract

Parasites of marine mammals are of significant interest in the fields of evolutionary biology,
veterinary medicine, human health, conservation, and ecology. Therefore, every opportunity to study
them should be seized. This study aimed to report on specimens of cestodes found in the small
intestine of a gray whale (Eschrichtius robustus) in Chukotka, Russia, in 2024. The specimens were
examined using light and scanning electron microscopy, histology, and molecular analysis. Based on
their morphology and host specificity, the cestodes were identified as Priapocephalus eschrichtii.
Analyses of the 185 and 28S ribosomal RNA genes confirmed a close relationship between P.
eschrichtii and species of Tetrabothrius, which infect seabirds and whales. Sequences of the 18S, 28S,
ITS2 rDNA, and gene CoxI mtDNA are reported here for the first time. More than 50 specimens of P.
eschrichtii were detected in 1 meter of intestine of the whale with a maximum length of 50 cm. Chronic
lymphoplasmacytic inflammation of the intestinal mucosa was observed in the infected whale. The
eggs of the cestodes were clustered within an irregular membrane, which may contribute to multiple
infestations of the host and lead to diseases that affect the whale’s health and survival. This study
should be continued.

Keywords: Priapocephalus eschrichtii; Eschrichtius robustus; tapeworm; cestode; Tetrabothriidae;
gray whale; marine mammals; Chukotka; Bering Sea
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1. Introduction

Marine mammals exemplify a unique and successful evolutionary trend among mammals,
representing “an assemblage of at least seven distinct evolutionary lineages that have independently
returned to the sea and spend the majority of their time in water” [1]. The current diversity of
parasites in marine mammals may arise from several distinct phenomena: the transfer of parasites
from terrestrial ancestors, in-ocean spillover of parasites between different marine mammals or even
other vertebrates, and adaptive evolution in response to their new aquatic habitat, etc.

The gray whale (Eschrichtius robustus) is a marine mammal that can weigh up to 35 tons and
reach lengths of up to 15 meters. It inhabits shallow waters along the continental edges of the United
States and Mexico to the east, and Russia, Japan, Korea, and China to the west [2] (pp. 222-241).
Overall, the gray whale’s status is classified as Least Concern on The IUCN Red List [3]. However,
the western (Okhotsk-Sea) subpopulation is listed as Endangered under criterion D on The IUCN
Red List [4] and is also classified as Endangered in the Russian Red Data Book of Rare and
Endangered Species (RDBRF) [5]. Parasites, particularly those that cause diseases, are considered a
significant threat in this context [2,5]. Within the framework of biodiversity conservation, whaling is
currently strictly prohibited in Russia, with the sole exception made for Indigenous Peoples of the
North (IPN). The cultural identity and survival of groups such as the Chukchi, Evenki, Eskimo,
Kereki, and others are closely tied to whaling practices [6]. The rights of these ethnic groups to hunt
whales are recognized by both the International Whaling Commission and the Russian government,
similar to how the Government of Greenland acknowledges the essential right of the Greenland Inuit
to hunt caribou (Rangifer tarandus) [7]. Similar to the unique life cycle of the northern Taenia saginata
in Russia, which depends on reindeer (R. tarandus) consuming human feces and the traditional
practice of IPN to eat the raw brains of hunted reindeer [8], the life cycle of certain other helminths
may also be maintained due to the ancient custom of consuming raw parts of hunted gray whales [9].

Aboriginal whale hunting in Chukotka, Russia, is monitored by specialists from the Russian
Federal Research Institute of Fisheries and Oceanography (VNIRO). They ensure that female whales
with calves are not hunted, assess the condition and fat content of gray whales, record population
data, and conduct various research activities [10,11]. Once a gray whale is hunted and brought ashore,
its carcass is butchered within half an hour, involving approximately 30 villagers in the process. This
brief window is the only opportunity for a VNIRO specialist to collect parasite samples. Otherwise,
such samples can only be obtained from stranded or entangled gray whales that are found dead [12-
15].

Sixteen species of parasites were reported in gray whales during the pre-DNA era [15]. Some of
these ecto- and endoparasites are considered species-specific [2,15], and thus they are as endangered
as gray whales themselves. As integral components of hidden biodiversity, these parasites deserve
the same level of attention as vertebrates and free-living species [16]. “A holistic appreciation of
parasites should consider both their (many) beneficial and (a few, proven) detrimental impacts,
something which could be operationally incorporated into conservation assessments and strategies”
[17].

The parasites of gray whales warrant further study for several reasons:

They can provide insights into the phylogeny of marine mammals through their associated
parasites (biology);

1. They may pose a threat to their endangered host, the gray whale (veterinary);

2. They could present a risk to humans who consume gray whale organs (human medicine);

3. They represent an equal and fragile component of biodiversity (conservation);
4

They produce propagules that serve as food for other marine species (ecology).

Every opportunity should be seized to enhance our understanding of gray whale parasites.
Therefore, the aim of this study was to report on the parasitic worms found in the gray whale hunted
in Chukotka, Russia. This work presents, for the first time, the molecular characteristics of these
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helminths, along with detailed morphological depictions obtained through light and scanning
electron microscopy, as well as histopathological findings from the infected gray whale.

2. Materials and Methods

On September 18, 2024, a male gray whale measuring 8 meters in length was hunted in the
Bering Sea by the IPN from the village of Lorino, Chukotka, Russia, in accordance with license
number 53, signed by the Deputy Head of the Federal Service for Supervision of Natural Resources
on April 28, 2024. A specialist from VNIRO was able to access the small intestine of the whale and
examine it on the seashore. Numerous tapeworms were found firmly attached to the intestinal walls.
Photographs of the live cestodes were taken using the dual camera of an iPhone 7 Plus (Apple Inc.,
Cupertino, USA). Several fragments of the cestodes were collected, each divided into two parts. The
material was placed into individually labeled containers. Some parts were preserved in 10% buffered
formalin for morphological evaluation, while other corresponding parts were preserved in 70%
ethanol for molecular analysis. The samples were subsequently delivered to the Parasitology Center
of the Institute of Ecology and Evolution of the Russian Academy of Sciences (IEE RAS) in Moscow,
Russia.

Light microscopy (LM) was conducted using optical microscopes MBS-10 and Micmed-6
(LOMO-MA, Saint Petersburg, Russia). Photographs were captured with a digital camera, the Canon
5D Mark II (Canon Inc., Tokyo, Japan), which was connected to the microscope via a C-mount adapter
(LOMO-MA, Saint Petersburg, Russia). Measurements were performed using Fiji/Image] software,
version 1.2.4 (RRID:SCR_003070) from the National Institutes of Health (Bethesda, MD, USA),
calibrated with a transmitted light object micrometer (OMP) slide (LOMO-MA, Russia).

Scanning electron microscopy (SEM) was conducted using a TESCAN MIRA 3 LMH scanning
electron microscope (TESCAN, Brno, Czech Republic) at the Joint Usage Center “Instrumental
Methods in Ecology” of the IEE RAS. Sample preparation involved a series of washes with increasing
concentrations of alcohol, concluding with acetone. The samples were then dried using critical point
drying and coated with gold for imaging.

Histological slides of the helminth sections were prepared and scanned by the Unim
Pathomorphological Laboratory in Moscow, Russia, through the collaboration of VetUnion
Company. Hematoxylin and eosin (H&E) staining was utilized for the preparation of the slides.

DNA analysis was conducted as follows: DNA was extracted using the QlAamp DNA Accessory
Set, Mini Kit (Qiagen, Venlo, Netherlands). The targeted regions included the mitochondrial
cytochrome oxidase (CoxI mtDNA), the nuclear small subunit (SSU or 18S), the nuclear large subunit
(LSU or 28S), and the nuclear internal transcribed spacer (ITS2) of ribosomal RNA. For CoxI mtDNA,
the forward primer PBI-cox1F (CAT TTT GCT GCC GGT CAR CAY ATG TTY TGR TTT TTT GG)
and reverse primer PBI-cox1R (CCT TTG TCG ATA CTG CCA AAR TAA TGC ATD GGR AA) were
utilized, following established protocols [18]. For the 18S region, the forward primer WormA (GCC
AAT GGC TCA TTA AAT CAG) and reverse primer WormB (CTT GTT ACG ACT TTT ACT TCC)
were used, along with the additional sequencing primer 1270F (ACT TAA AGG AAT TGA CGG) and
corresponding protocols [19]. The 28S region was amplified using the forward primer ZX-1 (ACC
CGC TGA ATT TAA GCA TAT) and reverse primer 1500R (GCT ATC CTG AGG GAA ACT TCG),
along with the additional sequencing primer 300F (CAA GTA CCG TGA GGG AAA GTT G) [19]. For
the ITS2 region, the forward primer FLO1 (CGG TGG ATC ACT CGG CTC) and reverse primer ITSII
(TCC TCC GCT TAT TGA TAT GC) were used, following appropriate protocols [20]. Amplification
products were checked, purified, and sequenced, and the resulting chromatograms were analyzed as
described by Loginova et al. [21]. Prior to analysis, the best-fitting models for the alignment of the
285 rRNA gene dataset (TIM3+G) and the 185 rRNA gene dataset (GTR+I+G) were determined using
jModelTest v2.1.10 [22]. Bayesian inference analyses were performed using MrBayes (v3.2.7a) [23],
with Markov chain Monte Carlo simulations run for 15,000,000 generations; only the final 75% of
trees were utilized to generate the consensus trees [24].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Results

Numerous live cestodes were observed firmly attached to the wall of the small intestine of a gray
whale that was legally hunted in the Bering Sea by IPN in Chukotka, Russia (Figure 1).

Figure 1. Live cestodes found in the small intestine of a gray whale legally hunted by IPN in Chukotka, Russia:
(A) Several cestodes are pulled out from the intestinal incision; (B) Close view of the two cestodes attached to
the wall of the dissected small intestine; (C) General view of a set of cestodes; (D) Cestodes in the dissected
intestine (numbered blue arrows indicate positions of the posterior ends of helminths); (E) Same view as D, but
depictured 15 seconds later (numbered blue arrows indicate positions of the posterior ends of helminths at the
moment of shot, black arrows with corresponding numbers indicate positions of the posterior ends of the same

helminths 15 seconds prior to shot). Photographs were taken on the shore of the Bering Sea.

During the butchering of the whale, its intestine was sectioned into approximately 1-meter-long
segments, as the entire organ was too heavy to handle effectively. The edges of these segments
facilitated the identification of parasites (Figure 1A). The intensity of the infestation was observed to
exceed 50 specimens per meter of intestine (Figure 1C). Although it was not possible to measure the
total length of the cestodes, they were estimated to reach approximately 40-50 cm. Due to muscle
contractions, their length and width varied significantly; for instance, within 15 seconds, the cestodes
contracted and shortened by 5 cm (Figures 1D, E). As they shortened, their width increased from 2 to
6 mm (Figure 1B).

Details of the cestode’s attachment to the intestinal wall and its morphology are presented in
Figure 2.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Histological preparations of the cestodes found in the small intestine of a gray whale legally hunted
by IPN in Chukotka, Russia: (A) Cestode in situ with a scolex embedded in the wall of the small intestine; (B)
Longitudinal section of the strobila showing cirrus sac, ventral orientation of strobila; (C) Longitudinal section
of the strobila, ventral orientation of strobila, copulative organs seen in the left (cirrus sac top left, vagina bottom
left), multiple darker ovary seen in the center, multiple lighter testes seen between ovary and margins; (D) Cross
section of the mature proglottide, copulative organs in the left. Light microscopy, hematoxylin and eosin

staining.

Histological examination of the intestine revealed chronic lymphoplasmacytic inflammation of
the mucous membrane (Figure 2A). The scolex, embedded in the wall of the small intestine, is
followed by a collar-like basal region within the intestinal lumen, and proglottids that contain tubular
glandular structures and smooth muscle bundles.

The morphology of the obtained cestodes, studied using LM and SEM, is presented in Figures 3
and 4.%*,

Distributed under a Creative Comr CC BY license.
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0.05 mm 0.1 mm

Figure 3. Cestodes found in the small intestine of a gray whale legally hunted by IPN in Chukotka, Russia: (A)
total view of scolex with a collar-like basal region; (B) close view of the eggs of one cluster; (C) dorso-lateral view
of reproductive organs (arrowheads indicate male reproductive product atop erected genital papillae, arrow
indicates non-erected genital papilla); (D) dorso-lateral view of strobila showing uterine pores with clusters of
eggs (square indicates one of these clusters), cestode is slightly curved around its longitudinal axis, its anterior
end is directed to the right and upward, dextral unilateral genital pores are visible in the right foreground,
opposite ventral side is visible in the right background; (E) eggs with an oncosphere and three pairs of embryonic

hooks; (F) cluster of eggs in irregular capsule extracted from an uterine pore marked with a square at D. Light

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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microscopy, specimens are depicted in water (previously preserved in 10% buffered formalin), no staining

added, E-F, cover slips used.

- : £
SEM MAG: 118 x L | E 8.07 mm MIRA3 TESCAN|
View field: 2.64 mm 3 : 2. Det: SE 500 pm
SEM HV: 10.0 kV SM: WIDE FIELD Performance in nanospace
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Figure 4. Scanning electron images of cestodes found in the small intestine of a gray whale legally hunted by
IPN in Chukotka, Russia: (A) lateral view of scolex with a collar-like basal region; (B) apical view of the same
scolex and ventral view of the beginning of strobila; (C) ventro-lateral view of reproductive organs (arrow
indicates male reproductive product atop erected genital papillae, arrowhead indicates vagina opening); (D)
ventral view of strobila showing unilateral genital pores in the left; (E) ventral view of posterior end of cestode,

the two penultimate proglottids show genital pores in the left.

The morphology of the cestodes found in the small intestine of the gray whale, which was legally
hunted by the IPN in Chukotka, Russia, closely matched that of Priapocephalus eschrichtii as described
by Muravyova and Treshchev [25]. Therefore, based on morphological characteristics and host
specificity, the obtained cestodes were identified as P. eschrichtii. Sequences for CoxI mtDNA, 18S,
28S, and ITS2 were obtained. Since the sequencing results were the same for every approach, single
sequences of each type were submitted to GenBank. The corresponding voucher specimen,
IPEE_Parasites 14376, was archived in the Museum of Helminthological Collections of the
Parasitology Center, IEE RAS (Table 1).

Table 1. GenBank accession numbers of nucleotide sequences corresponding to the voucher specimen,
IPEE_Parasites 14376, of P. eschrichtii found in the small intestine of a gray whale legally hunted by IPN in

Chukotka, Russia.
Gene (region) Base pair number Accession number
CoxI mtDNA 522 PV656058
18S (SSU) 2085 PV667652
28S (LSU) 1486 PV656419
ITS2 548 PV658287

The phylogenetic analyses of the studied P. eschrichtii samples, based on the 18S and 285 genes,
revealed close relationships between P. eschrichtii and Tetrabothrius species with known sequences for
these taxonomic markers (Figure 5). In both phylogenetic trees, the studied species clustered with
Tetrabothrius species with maximal support. In the 185 rDNA phylogram, P. eschrichtii occupies a
basal position, while in the 285 rDNA tree, it is positioned as a sister taxon to T. forsteri (Figure 5B).
Furthermore, the terminal clade comprising Tetrabothrius and Priapocephalus exhibited the highest
level of nucleotide substitutions (branch length) compared to all other cestodes included in the
analysis.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. Phylogenetic trees of the two genes for species identification of P. eschrichtii found in the small intestine
of a gray whale legally hunted by IPN in Chukotka, Russia: (A) 185 (SSU) gene region analyzed, Maximum
Likelihood (ML) method was used according to GTR+G+I model with 500 bootstrap replicates; (B) 28S (LSU)
gene region analyzed, ML TIM3+G. Significant bootstrap support values (= 50%) are shown next to the branches.

The studied isolates are indicated with black circles.

A BLAST search for similar sequences in the NCBI GenBank using the obtained ITS2 rDNA
sequence revealed a limited set of related cestode sequences. Different groups of cestodes were
unevenly represented within this set, rendering the phylogenetic analysis of this sequence nearly
meaningless, despite a high percentage of parsimony-informative characters (356 out of 564 bp in the
alignment). No strongly supported affinities were identified between the ITS2 rDNA sequence of P.
eschrichtii and other available ITS2 rDNA sequences of cestodes (data not shown).

The proportion of parsimony-informative characters in the CoxI mtDNA alignment, which is 532
bp long, was comparatively lower at 156 characters. Additionally, the number of cestode species with
known CoxI mtDNA sequences was also limited, with few higher taxa of this class represented in the
NCBI GenBank. The CoxI mtDNA sequence of P. eschrichtii exhibited weakly supported relationships
(data not shown) with Paranoplocephala sp. strain RKZ13 (complete mitochondrial genome, accession
number NC_061205).

Distributed under a Creative Commons CC BY license.
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4. Discussion

Cestodes obtained from a gray whale in 2024 were identified as P. eschrichtii, one of only two
cestode species reported in gray whales [15]. These specimens were morphologically and genetically
identical to those collected in 2022 [26]. In 2022, none of the collected specimens had a scolex,
preventing a complete morphological diagnosis. The sequences reported here represent the first
molecular data for P. eschrichtii, as there were no references available for molecular comparison in
2022. Additionally, specimens of P. eschrichtii collected from gray whales in Lorino were found to be
longer and wider than those described by Muravyova and Treshchev [26] or Kuramochi et al. [15]
(Table 2).

Table 2. Comparative measurements of specimens of P. eschrichtii found in the small intestine of a gray whale
legally hunted in 2024 by IPN in Chukotka, Russia and literature data. All measurements are given in

millimeters.
Source Maximum length Maximum width
Muravyova and Treshchev, 1970 [26] 93 2.3
Kuramochi et al., 2017 [15] 60 29
Loginova et al., 2022 [26] <100 4
Present study’ 400-500 6

1 Live specimens measured on the seashore (n=10).

These differences may be attributed to several factors. Muravyova and Treshchev, as well as
Kuramochi et al., likely worked with specimens delivered to their laboratories rather than directly
observing them at the collection site. Consequently, the specimens they received may not have been
whole cestodes but rather fragments. Similarly, in this study (and in 2022), only fragments —not entire
helminths —were sent to the laboratory. Alternatively, our colleagues may have studied juvenile
specimens that had not yet reached their full size. It is also possible that the measurements reported
in previous studies pertained to dead helminths, which were likely preserved in formalin or another
substance, potentially causing contraction and a reduction in size. As shown in Figure 1D and E, P.
eschrichtii specimens can reduce their length by up to 5 cm in just 15 seconds. These muscle
contractions also affect the width and thickness of the cestodes. A similar phenomenon, which is
likely inherent to all flatworms, has been documented in another tetrabothriid, Tetrabothrius affinis
[27] (pp. 85-86). Terimova and Skrjabin noted that the size ranges of tetrabothriid strobila can vary
even within a single species, depending on host species, intensity of infection, and other factors [28].

Temirova and Skrjabin [28] proposed that the apical region of the scolex in P. minor was actually
a remnant of a true scolex, which is typical for tetrabothriids, situated atop a pseudoscolex. The true
scolex diminishes in size, while the pseudoscolex develops following the penetration of the intestinal
wall. Our study supports this hypothesis, as Figure 4A and B illustrate a wrinkled area at the apex of
the scolex in P. eschrichtii.

According to Baer [29], the cirrus in Priapocephalus is covered with short spines. However, our
study does not support this claim (see Figures 2B,C,D; 3C; and 4C,D). It is important to note that the
specimens in the present research were not examined immediately for the presence of spines, and it
is possible that the cestodes may have lost them over time. Additionally, Muravyova and Treshchev
[26] did not report the presence of spines. The majority of tetrabothriids have been documented as
having unarmed cirri [28].

Rawson [30] described par-uterine organs, which are vesicle-like structures similar to those
found in Avitellina centripunctata, a parasite of ruminants, in T. erostis. He noted that eggs are shed
singly through the uterine pore. Similarly, Muravyova and Treshchev [26] described and illustrated
the shedding of eggs singly through uterine pores in P. eschrichtii. In this study, we observed that
eggs of P. eschrichtii were also excreted through uterine pores (Figure 3D), but they were clustered
within an irregular capsule (Figure 3F), as previously described for T. jagerskioeldi [31] and T.
fraterculus [32]. It remains unclear whether these “par-uterine vesicles” and “irregular capsules”
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represent the same structures, and whether they must rupture to release the eggs. Currently, there
are insufficient suitable samples to address this question. Further sampling is necessary to investigate
this phenomenon, as the clustering of eggs (rather than their solitary excretion) could explain the
multiple infestations of tetrabothriids observed in hosts among whales and seabirds. This study
reports over 50 specimens of P. eschrichtii found in 1 meter of the small intestine of a single gray
whale. Skrjabin reported 830 tetrabothriids in 1 meter of the small intestine of a sei whale (Balaenoptera
borealis) and 3,328 tetrabothriids in another sei whale [28]. In seabirds, T. minor specimens were
reported in such high numbers in fulmars that the intestinal lumen was completely occupied by them
[28]. If eggs are excreted in clusters, they are likely consumed in clusters by intermediate hosts, which
could lead to multiple infestations of the definitive host, assuming that the larval cestodes can realize
their full invasive potential. This multiple infestation appears even more pronounced when
considering other potential hosts, such as gray whales, which have been observed to be completely
free of tetrabothriids during aboriginal whaling. The number of eggs per capsule may be a species-
specific trait that correlates with the ability of the intermediate host to harbor larvae and survive.
Consequently, this trait could have diagnostic value, as the number of tetrabothriid larvae per
invertebrate intermediate host may preliminarily indicate the specific cestode species that produced
these eggs.

In discussing the pathogenic impact of tetrabothriids on whale hosts, Terimova and Skrjabin [28]
quoted Rees [33] who studied T. affinis from a blue whale: “heavy infestation ... result in a
considerable reduction of the functional area of the mucosa.” However, what she really wrote was:
“It is possible, also, that the worm does not change its position once it is attached. If it did so the
damage to the part of the mucosa concerned would appear to be permanent, and a heavy infestation,
where the worms changed their position frequently, would result in a considerable reduction of the
functional area of the mucosa”, and she did not know if T. affinis changed its position or not [33]. The
unique attachment mechanism of Priapocephalus suggests a permanent association with its host,
allowing for comparisons only within the genus. Terimova and Skrjabin [28] studied a specimen of
P. minor in situ. Their histological examination of the intestine revealed an infiltrate of plasma cells,
along with leukocytes and lymphocytes (see Figures 4 and 8 in [28]). They also reported areas of
sclerosis characterized by denser cellular infiltrates and glandular atrophy. Our findings align well
with these observations (Figure 2A). In addition to causing chronic inflammation of the host’s
mucous membrane, the impact of tetrabothriids includes nutrient uptake, intoxication from
metabolic byproducts, and the risk of intestinal obstruction. Similar to how Diphyllobothrium latum
induces vitamin B12 deficiency and affects the metabolism of other B vitamins in its human host [34],
P. eschrichtii may influence the metabolism and behavior of its whale host. Felix [35] emphasized the
necessity of investigating the role of parasites in marine mammal stranding events and the
importance of accurate identification of these parasites.

Despite the evident morphological differences in scolex structure, Terimova and Skrjabin [28]
soon proposed that close taxonomic relationships exist between Priapocephalus and Tetrabothrius. This
hypothesis was further supported by Hoberg [36]. A comprehensive cladistic analysis conducted by
Hoberg and Adams [37] examined the relationships between Priapocephalus, Anophryocephalus from
pinnipeds, and Strobilocephalus from dolphins and beaked whales, leading to the identification of a
set of synapomorphies for several marine tetrabothriid genera. Although nucleotide data for
Anophryocephalus are currently unavailable, the general conclusions drawn by the aforementioned
authors regarding tetrabothriid evolution are gaining support from the analysis of Priapocephalus
relationships. The phylogram based on 185 rDNA (Figure 5) illustrates strongly supported
relationships between the clade comprising Tetrabothrius and Priapocephalus and species of
Mesocestoides. This finding echoes Baer’s early hypothesis [38] regarding the relationships between
these genera and suggests a possible colonization of marine habitats by this group of cestodes from
pinnipeds. In addition to the 18S, 28S, and CoxI mtDNA gene region sequences known for
tetrabothriids, ITS2 sequences have also been uploaded to GenBank (Table 1) for further comparative
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analysis, as ITS2 has proven to be a valuable tool for species identification in other cestodes, such as
diphyllobothriids [20].

5. Conclusions

Addressing In addressing the issues outlined in the introduction, the following conclusions can
be drawn:

1. Molecular and morphological analyses support a close relationship between Priapocephalus and
Tetrabothrius; however, the phylogeny of Tetrabothriidae and their co-evolution with hosts
require further investigation;

2. Adults of P. eschrichtii pose a threat to their host, the gray whale, through inflammation of the
mucosa in the small intestine, significant nutrient depletion, intoxication from metabolic
byproducts, and the risk of intestinal obstruction;

3. While adults of P. eschrichtii do not pose a threat to humans consuming gray whales, as the gray
whale is their definitive host, the circumstances that allowed for the sampling of P. eschrichtii
may also provide opportunities for further investigation of raw brain and other parts of the gray
whale for potential cestode larval stages that could infect humans eating uncooked whale
organs;

4. The nucleotide sequences obtained in this study provide a foundation for further comparison
between P. eschrichtii and other Priapocephalus species, which will help confirm (or refute) the
host specificity of P. eschrichtii and its dependence on the survival of gray whales;

5. The reported length and intensity of invasion suggest that P. eschrichtii propagules may serve as
a significant food source for other marine invertebrate species.

This study should be continued, and authors encourage collaboration among specialists in the
field.
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CoxI Cytochrome oxidase
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GTR+I+G  General time-reversible model with Invariant sites and Gamma distribution
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IEE RAS o
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TUCN International Union for Conservation of Nature
LM Light microscopy
LSU Large subunit
ML Maximum likelihood
RDBRF Red Data Book of the Russian Federation
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SEM Scanning electron microscopy
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