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ABSTRACT: Tapeworm Priapocephalus eschrichtii is one of the only two known cestode 
species parasitizing the gray whale (Eschrichtius robustus) as adults. It was described in 
1970 and still lacks molecular characteristics and detailed morphology depictions. The 
main issue in further studies of such a parasite lies in its sampling, as whaling is currently 
strictly prohibited. Live specimens of P. eschrichtii were found during the governmental 
monitoring of legal aboriginal gray whale hunting in 2024 in Chukotka, Russia. We took 
this opportunity to study these helminths via DNA analysis, histology, and microscopy. The 
sequences for cox1 mtDNA, 18S, 28S, and ITS2 of P. eschrichtii are reported here for the 
first time. Histological analysis showed that adults of P. eschrichtii can cause inflammation 
of the mucosa in the small intestine of a gray whale. Light microscopy revealed clustered 
structures containing eggs in P. eschrichtii for the first time. Molecular and morphological 
analyses support a close relationship between Priapocephalus and Tetrabothrius genera. 
Data on scanning electron microscopy and histology support the idea about presence of 
pseudoscolex in P. eschrichtii. Eggs released in clusters contribute to multiple infections 
of the definitive host.
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Introduction

Sixteen species of parasites were reported in 
gray whales (Eschrichtius robustus Lilljeborg, 
1861) up to the date (Kuramochi et al., 2017). 
Some of them are considered species-specific 
(Wilson, Mittermeier, 2014, Kuramochi et 
al., 2017). Both larval and adult cestodes can 
parasitize whales (Skrjabin, 1965; Skrjabin, 
1972). Tapeworm Priapocephalus eschrichtii 
Muravyova et Treshchev, 1970 is one of two 
cestode species reported for a gray whale as 
definitive host (Muravyova, Treshchev, 1970; 
Kuramochi et al., 2017). It belongs to the fam-
ily Tetrabothriidae Linton, 1891, which other 
members parasitize both whales and seabirds. 
It is still discussed which type of hosts was 
acquired first (Hoberg, 1989). 

Cestode P. eschrichtii is supposedly specific 
for a gray whale, which makes it interesting 
within the framework of the host-parasite interac-
tions on both individual and population levels. On 
the other hand, P. eschrichtii along with very few 
other cestode species reduced its original scolex 
and developed a pseudoscolex instead (Temirova, 
Skrjabin, 1978). Recent studies of the nervous 
system in cestodes brought up revolutionary 
understanding of its complexity and presence of 

a brain (Rees, 1988; Halton et al., 1994; Crangle 
et al., 1995; Biserova, Korneva, 2012; Biserova, 
2016; Biserova et al., 2020; Biserova, Margarit, 
2024). How then did P. eschrichtii combine brain 
(essential structure situated in a scolex) with a 
reduction of a scolex itself? What genes were 
involved in it? The anatomy of pseudoscolex 
itself raises numerous questions of the kind.

Linear drawings of the scolex (external view), 
an egg, and sections of strobila of P. eschrichtii 
were provided in the species description back in 
1970 (Muravyova, Treshchev, 1970: fig. 1). Two 
black and white photographs of the tapeworm 
(general view of an anterior part and a magni-
fied view of adult proglottids) were provided by 
Kuramochi et al. half a century later (Kuramo-
chi et al., 2017: fig. 3). These images and text 
descriptions actually exhaust our knowledge 
about this cestode.

The main issue in further studies of such a 
parasite lies in its sampling. As whaling is cur-
rently strictly prohibited, samples can only be 
obtained from stranded or entangled gray whales 
that are found dead (Dailey, Stroud, 1978; Dailey 
et al., 2000; Gulland et al., 2005; Kuramochi et 
al., 2017). Such events are unpredictable, and 
once whale stranded, decomposition can occur 
faster than it is possible to sample the helminths. 

РЕЗЮМЕ: Ленточный червь Priapocephalus eschrichtii — один из двух известных видов 
цестод, паразитирующих у серого кита (Eschrichtius robustus) во взрослом состоянии. 
Он был описан ещё в 1970 году, но до сих пор не было молекулярных характеристик и 
подробных морфологических описаний. Главная проблема в дальнейших исследова-
ниях такого паразита заключается в отборе проб, поскольку китобойный промысел в 
настоящее время строго запрещён. Живые экземпляры P. eschrichtii были обнаружены 
во время государственного мониторинга законного аборигенного промысла серых 
китов в 2024 году на Чукотке, Россия. Мы воспользовались этой возможностью для 
изучения этих гельминтов с помощью анализа ДНК, гистологии и микроскопии. По-
следовательности мтДНК cox1, 18S, 28S и ITS2 для P. eschrichtii приводятся здесь 
впервые. Гистологический анализ показал, что взрослые особи P. eschrichtii могут 
вызывать воспаление слизистой оболочки тонкого кишечника серого кита. Световая 
микроскопия впервые выявила кластеры яиц у P. eschrichtii. Молекулярный и мор-
фологический анализы подтверждают тесную связь между родами Priapocephalus 
и Tetrabothrius. Сканирующая электронная микроскопия в сочетании с гистологией 
подтвердила идею о наличии псевдосколекса у P. eschrichtii. Яйца, выделяемые кла-
стерами, способствуют множественному заражению окончательного хозяина.
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The declared locations and accession numbers of 
P. eschrichtii holotypes and paratypes are known 
for Russia, which offers hope for conducting their 
molecular analysis. However, during the 1970s, 
helminths were preserved exclusively in formalin 
and formalin-based mixtures, which severely 
hampers attempts to extract DNA. Although 
protocols have been developed for these cases 
(Campos, Gilbert, 2012), obtaining informative 
and accurate sequences of sufficient length is not 
always successful.

Serendipitous finding of live specimens of 
P. eschrichtii occurred during aboriginal whale 
hunting in 2024 in Chukotka, Russia, monitored 
by a specialist from the Russian Federal Re-
search Institute of Fisheries and Oceanography 
(VNIRO). The cultural identity and survival 
of  Indigenous Peoples of the North (IPN) is 
closely tied to whaling practices (Polyakova 
et al., 2023). The rights of these ethnic groups 
to hunt whales are recognized by both the In-
ternational Whaling Commission (IWC) and 
the Russian government. Once a gray whale 
is hunted in Chukotka and brought ashore, its 
carcass is butchered within half an hour, involv-
ing approximately 30 villagers in the process. 
This brief window was the only opportunity to 
collect parasite samples. 

The aim of this study was to report for the first 
time the molecular characteristics of P. eschrich-
tii found in the small intestine of the gray whale 
legally hunted by IPN in 2024 in Chukotka, Rus-
sia. This article also offers detailed morphological 
depictions of P. eschrichtii obtained through light 
and  scanning electron microscopy, as well as 
histological preparations of the tapeworm itself 
and of the attachment site in the small intestine 
of the infected gray whale.

Material and Methods

SAMPLE COLLECTION. On September 18, 
2024, a male gray whale measuring 8 meters in length 
was hunted in the Bering Sea by the IPN from the vil-
lage 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 HistoSafe formalin 
(ErgoProduction LLC, St. Petersburg, Russia) 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. Specimens for light 
microscopy (LM) were fixed and stored in 10% 
buffered HistoSafe formalin (ErgoProduction LLC, 
St. Petersburg, Russia). Samples were rinsed in fresh 
water, placed in black container filled with tap wa-
ter, and studied under an optical stereo microscope 
MBS-10 (LOMO-MA, Saint Petersburg, Russia). 
Clusters of eggs and single eggs were mounted on 
slide in a drop of tap water, covered with a coverslip, 
and studied under an optical microscope Micmed-6 
(LOMO-MA, Saint Petersburg, Russia). Photographs 
were captured with a digital camera 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/ImageJ 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. 
Specimens for scanning electron microscopy (SEM) 
were fixed and stored in 10% buffered HistoSafe 
formalin (ErgoProduction LLC, St. Petersburg, Rus-
sia). Samples were rinsed in fresh water, dehydrated 
in ethanol series and acetone, critical point-dried in 
Leica EM CPD300 (Leica Microsystems Vertrieb 
GmbH, Austria), mounted on stubs, coated with gold 
using S150A Sputter Coater (Quorum Technologies 
Ltd., UK), and viewed under TESCAN MIRA 3 LMH 
scanning electron microscope (TESCAN, Brno, Czech 
Republic) in the Joint Usage Center “Instrumental 
Methods in Ecology” of the IEE RAS (https://sev-in.
ru/kabinet-elektronnoy-mikroskopii/).

HISTOLOGY. The dissected fragment (1 cm2) of 
the small intestine of the gray whale with an attached 
to it anterior part of the tapeworm, as well as fragments 
of the strobila were fixed in 10% buffered HistoSafe 
formalin (ErgoProduction LLC, St. Petersburg, Rus-
sia). Histological slides were prepared and scanned 
via Digital Pathology system by the commercial 
Unim Pathomorphological Laboratory in Moscow, 
Russia (Moscow, Russia; https://unim.su/), through 
the collaboration of VetUnion Company (Moscow, 
Russia; https://vetunion.ru/): paraffin sections (5 μm 
thick) were made using standard histological methods 
on HistoCore BIOCUT Rotary Microtome (Leica 
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Biosystems Nussloch GmbH, Germany) and stained 
with hematoxylin-eosin (H&E). 

DNA ANALYSIS. Samples were fixed with 70% 
ethanol. They were rinsed in sterile water and incubated 
in another portion of sterile water for an hour. DNA 
was extracted using the QIAamp DNA Accessory Set, 
Mini Kit (Qiagen, Venlo, Netherlands). The targeted 
regions included the mitochondrial cytochrome oxi-
dase (cox1 mtDNA), the nuclear small subunit (SSU 
or 18S), the nuclear large subunit (LSU or 28S), and 
the nuclear internal transcribed spacer (ITS2) of ri-
bosomal RNA. For cox1 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 (Scholz et al., 2013). 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 (Littlewood et al., 2008). 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) (Littlewood et 

Fig. 1. Lifetime photography of cestodes Priapocephalus eschrichtii. 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 ar-
rows 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.
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al., 2008). 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 (Logan 
et al., 2004). The PCR products were visualized on 
a 1% agarose gel. Bands of the expected size were 
excised, and DNA was purified using the Wizard SV 
Gel and PCR Clean-Up System (Promega, Madison, 
WI, USA). After further cleanup by ethanol precipita-
tion with ammonium acetate, samples were directly 
sequenced by Genotech LLC (Moscow, Russia). 
Chromatograms were inspected and edited in Chromas 
v.2.6.6 (Technelysium Pty Ltd., Brisbane, Australia; 
RRID:SCR_000598). Sequence similarity searches 
against GenBank were performed using BLASTN 
v.2.13.0+. (Zhang et al., 2004; Morgulis et al., 2008). 
Prior to analysis, the best-fitting models for the 
alignment of the 28S rRNA gene dataset (TIM3+G) 
and the 18S rRNA gene dataset (GTR+I+G) were 
determined using jModelTest v2.1.10 (Darriba et al., 
2012). Bayesian inference analyses were performed 
using MrBayes (v3.2.7a) (Ronquist et al., 2012), 
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 (Miller 
et al., 2010).

Results

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. Precise number 
of these segments is unknown, but it must be 
over 30. The edges of one of these segments 
facilitated the identification of parasites (Fig. 
1A). More than 50 specimens (approximately 
57) were observed in that segment (Fig. 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 sig-
nificantly; for instance, within 15 seconds, the 
cestodes contracted and shortened by 5 cm (Fig. 
1D, E). As they shortened, their width increased 
from 2 to 6 mm (Fig. 1B).

Studied specimens were large, robust, 
tetrabothriids. Proglottids are numerous, 
craspedote, wider than long throughout strobila 
(Figs 2C, 3D, 4D, E). Maximum length of strobila 
is (lifetime gross measurements) 400–500 mm × 
2–6 mm in width. Segments are wider than long 
throughout strobila; (n  = 3) 0.474–0.500  mm 
long × 2.165–1.582 mm wide in gravid proglot-

tids. Length-to-width ratio (n = 3) 1:3.34–4.33 
in gravid proglottids. Scolex typical for the 
genus with a flattened-spherical swelling at the 
anterior end, (n = 4) 0.759–3.044 (1.848) mm 
long × (n = 3) 1.681–2.744 (2.224) mm wide, 
auricles or bothridia absent (Figs 2A, 3A, 4A, 
B). Neck with a collar-like basal region, (n = 3) 
0.696–1.068 (0.89) mm wide, relatively short 
(n = 1, 0.183 mm) (Figs 2A, 3A, 4A). Genital 
pore and atrium unilateral, dextral in dorsal 
view (Figs 2C, 3D, 4D, E). Situated marginally 
in middle to anterior third of proglottid (Figs 
3C, 4C). Longitudinal musculature prominent 
in longitudinal sections of proglottids (Fig. 2A). 
Male Genitalia: protandrous; testes oval, (n = 
10) 0.051–0.069 (0.058) mm long × (n = 10) 
0.039–0.050 (0.043) mm wide, surround female 
organs, decreasing posteriad in number with 
maturation of male and female organs (Fig. 2C, 
D). Cirrus sac pyriform, situated in dorsal aspect 
of genital atrium (Fig. 2B, C, D). Genital atrium 
ovoid, highly muscularized (Figs 3C, 4C). Male 
genital canal opening on dorsal aspect of massive 
genital papillae (Figs 3C, 4C). Female Genitalia: 
Ovary multilobate; (n = 4) 0.717–0.805 (0.781) 
mm wide in maturity; situated not extending to 
osmoregulatory canals. Mehlis’ gland prominent, 
(n = 3) 0.074–0.087 (0.080) mm in width (Fig. 
2C, D). Female genital canal opening ventrally in 
central region of atrium through apex of massive, 
domelike, papilla, separate from aperture of male 
canal, at base of male genital papilla (Fig. 4C). 
Uterine pore median, dorsal, patent in pregravid 
strobilae; segments anapolytic (Fig. 3D). Mature 
eggs contained within capsule with granular 
membrane; (n = 10), 0.185–0.267 (0.227) mm in 
width (Fig. 3B, F). Hyaline embryophore (n=10) 
0.101–0.122 (0.114) mm in diameter, containing 
oncosphere (n=10) 0.051–0.072 (0.059) mm 
long. Embryonic hooks: three pairs; (n  = 2) 
0.021 mm in length for medial pairs (Fig. 3E). 

Histological examination of the intestine re-
vealed chronic lymphoplasmacytic inflammation 
of the mucous membrane (Fig. 2A).

Since the morphology of the found cestodes 
closely matched that of P.eschrichtii as described 
by Muravyova and Treshchev (Muravyova, 
Treshchev, 1970) they were identified as P. 
eschrichtii based on morphological character-
istics and host specificity. Sequences for cox1 
mtDNA, 18S, 28S, and ITS2 were obtained. 
Since the sequencing results were the same for 
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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).

The phylogenetic analyses of the studied P. 
eschrichtii samples, based on the 18S and 28S 
genes, revealed close relationships between 
P. eschrichtii and Tetrabothrius species with 

Fig. 2. Histological sections of cestodes Priapocephalus eschrichtii. LM; hematoxylin and eosin staining; 
5 μm thick sections. A — cestode in situ with a scolex embedded in the wall of the small intestine; chronic 
lymphoplasmacytic inflammation of the mucous membrane marked with an asterisk; B — longitudinal section 
of the strobila; ventral orientation of strobila; C — longitudinal section of the strobila; ventral orientation of 
strobila; D — transverse section of the mature proglottide. 
Abbreviations: br — basal region; c — cirrus; cs — cirrus sac; gp — genital pore; lu — lumen (of the whale’s intestine); 
m — musculature (of cestode); me — Mehlis’s gland; ms — muscle layer (of the whale’s intestine); mu — mucosa (of the 
whale’s intestine); oc — osmoregulatory canal; ov — ovary; sc — scolex; st — strobila; te — testes.

Table 1. GenBank accession numbers of nucleotide 
sequences corresponding to the voucher speci-

men, IPEE_Parasites 14376, of Priapocephalus 
eschrichtii.

Gene (region) Base pair number Accession number
cox1 mtDNA 522 PV656058
18S (SSU) 2085 PV667652
28S (LSU) 1486 PV656419
ITS2 548 PV658287



O.A. Loginova et al.250

Fig. 3. Light microscopy of cestodes Priapocephalus eschrichtii. A — total view of scolex; B — cluster 
of eggs; C — dorso-lateral view of reproductive organs (arrowheads indicate male reproductive product); 
D — uterine pores with eggs released in clusters; E — egg with an oncosphere and three pairs of embryonic 
hooks; F — cluster of eggs in irregular capsule. Specimens are depicted in water (previously preserved in 
10% buffered formalin); no staining added; E—F; cover slips used. 
Abbreviations: br — basal region; c — cirrus; ce — cluster of eggs; ga — genital atrium; gp — genital pore; sc — scolex; 
st — strobila; up — uterine pore.
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Fig. 4. Details of morphology of cestodes Priapocephalus eschrichtii; SEM. A — lateral view of scolex 
(the wrinkled area is indicated by an asterisk); 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; arrowhead indicates vagina opening); D — ventral view of strobila; E — ventral view of posterior 
end of cestode. 
Abbreviations: br — basal region; c — cirrus; gp — genital pore; sc — scolex; st — strobila.
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Fig. 5. Phylogenetic trees of the two genes for species identification of Priapocephalus eschrichtii. A — 18S 
(SSU) gene region analyzed, Bayesian Analysis (BA) was used according to GTR+G+I model with 500 boot-
strap replicates; B — 28S (LSU) gene region analyzed, BA (TIM3+G model). Posterior probability values 
for the nodes (≥ 0.95) 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, render-
ing 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 sup-
ported affinities were identified between the 
ITS2 rDNA sequence of P. eschrichtii and other 

known sequences for these taxonomic markers 
(Fig. 5). In both phylogenetic trees, the studied 
species clustered with Tetrabothrius species with 
maximal support. In the 18S rDNA phylogram, 
P. eschrichtii occupies a basal position, while 
in the 28S rDNA tree, it is positioned as a sister 
taxon to T. forsteri (Fig. 5B). Furthermore, the 
terminal clade comprising Tetrabothrius and 
Priapocephalus exhibited the highest level of nu-
cleotide substitutions (branch length) compared 
to all other cestodes included in the analysis.
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available ITS2 rDNA sequences of cestodes 
(data not shown).

The proportion of parsimony-informative 
characters in the cox1 mtDNA alignment, which 
is 532 bp long, was comparatively lower at 156 
characters. Additionally, the number of cestode 
species with known cox1 mtDNA sequences was 
also limited, with few higher taxa of this class 
represented in the NCBI GenBank. The cox1 
mtDNA sequence of P. eschrichtii exhibited 
weakly supported relationships (data not shown) 
with Paranoplocephala sp. strain RKZ13 (com-
plete mitochondrial genome, accession number 
NC_061205).

Discussion

Cestodes obtained from a gray whale in 
2024 were identified as P. eschrichtii as they 
matched descriptions by Muravyova and 
Treshchev (Muravyova, Treshchev, 1970) in 
terms of the typical host and location, cestode 
width (2  mm), scolex morphology (spherical 
swelling with a collar-like basal region, without 
auricles or bothridia), musculature development 
(prominent), and morphology of the reproductive 
system (dextraunilateral genital pores, median 
dorsal uterine pores, pyriform cirrus sac 0.14 × 
0.1 mm; oncosphere 0.05 mm, lateral embryonic 
hooks 0.021 mm). 

These specimens were morphologically and 
genetically identical to those collected in 2022 
(Loginova et al., 2022). Then, none of the col-
lected specimens had a scolex, preventing a com-
plete morphological diagnosis. The sequences 
reported here represent the first molecular data 
for P. eschrichtii, as there were no references 
available for molecular comparison back 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 (Muravyova, Tresh-
chev, 1970) or Kuramochi et al. (Kuramochi et 
al., 2017) (Table 2).

Muravyova and Treshchev, as well as 
Kuramochi with coauthors, 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 frag-
ments. 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, po-
tentially 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 (Lönnberg, 
1891) Lönnberg, 1892 measured live (Delamure, 
1955). Temirova 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 
(Temirova, Skrjabin, 1978). It highlights the 
need for consistent methodology in measuring 
and reporting cestode sizes.

Temirova and Skrjabin (1978) proposed that 
the apical region of the scolex in P. minor Nybelin, 
1928 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 il-
lustrate a wrinkled area at the apex of the scolex 
in P. eschrichtii.

According to Baer (Baer, 1954), the cirrus in 
Priapocephalus is covered with short spines. Our 
study does not support this claim (see Figs 2B–D; 
3C; and 4C–D). However, 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. Ad-

Table 2. Comparison of measurements of speci-
mens of Priapocephalus eschrichtii and literature 
data. All measurements are given in millimeters.

Source Maximum 
length

Maximum 
width

Muravyova, Treshchev, 
1970 93 2.3

Kuramochi et al., 2017 60 2.9
Loginova et al., 2022 ≤100 4
Present study1 400-500 6

1 Live specimens measured on the seashore (n=10).
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ditionally, Muravyova and Treshchev (1970) did 
not report the presence of spines. The majority 
of tetrabothriids have been documented as hav-
ing unarmed cirri (Temirova, Skrjabin, 1978). 

Rawson (1964) described par-uterine organs 
(which are vesicle-like structures similar to those 
found in Avitellina centripunctata (Rivolta, 
1874), a parasite of ruminants) in T. erostis Lön-
nberg, 1889. He noted that eggs are shed singly 
through the uterine pore. Similarly, Muravyova 
and Treshchev (1970: fig. 1) described and il-
lustrated 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 (Fig. 3D), but 
they were clustered within an irregular capsule 
(Fig. 3F), as previously described for T. jager-
skioeldi Nybelin, 1916 (Hoberg, Soudachanh, 
2021) and T. fraterculus Hoberg, Soudachanh 
et Bondarenko, 2023 (Hoberg et al., 2023). It 
remains unclear, whether these “par-uterine 
vesicles” and “irregular capsules” represent the 
same structures, and whether they must rupture 
to release the eggs. Currently, there are insuffi-
cient 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 57 specimens of P. eschrichtii found in a 
single one-meter-long-cut 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 (Temirova, 
Skrjabin, 1978). In seabirds, T. minor specimens 
were reported in such high numbers in fulmars, 
that the intestinal lumen was completely occupied 
by them (Temirova, Skrjabin, 1978). 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 fully 
realize their invasive potential. This multiple 
infestation appears even more pronounced when 
considering other potential hosts, such as gray 
whales, which have been observed to be com-
pletely 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 spe-
cies that produced these eggs.

In discussing the pathogenic impact of 
tetrabothriids on whale hosts, Temirova and 
Skrjabin (Temirova, Skrjabin, 1978) quoted 
Rees (Rees, 1956) 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 con-
siderable reduction of the functional area of 
the mucosa”, and she did not know if T. affinis 
changed its position or not (Rees, 1956). The 
unique attachment mechanism of Priapocepha-
lus suggests a permanent association with its host, 
allowing for comparisons only within the genus. 
Temirova and Skrjabin (Temirova, Skrjabin, 
1978) 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 (Temirova, 
Skrjabin, 1978: figs. 4 and 8). They also reported 
areas of sclerosis characterized by denser cellular 
infiltrates and glandular atrophy. Our findings 
align well with these observations (Fig. 2A). 
In addition to causing chronic inflammation 
of the host’s mucous membrane, the impact of 
tetrabothriids can include impairment nutrient 
uptake, intoxication from metabolic byproducts, 
and the risk of intestinal obstruction. Similar to 
how Dibothriocephalus latus (Linnaeus, 1758) 
induces vitamin B12 deficiency and affects the 
metabolism of other B vitamins in its human 
host (Nyberg, 1963), P. eschrichtii may influence 
the metabolism and behavior of its whale host. 
Felix (Felix, 2013) 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 differ-
ences in scolex structure, Temirova and Skrjabin 
(Temirova, Skrjabin, 1978) soon proposed that 
close taxonomic relationships exist between 
Priapocephalus and Tetrabothrius. This hypoth-
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esis was further supported by Hoberg (Hoberg, 
1989). A comprehensive cladistic analysis 
conducted by Hoberg and Adams (Hoberg, Ad-
ams, 1992) examined the relationships between 
Priapocephalus, Anophryocephalus Baylis, 1922 
from pinnipeds, and Strobilocephalus Baer, 1932 
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 18S rDNA (Fig. 5) 
illustrates strongly supported relationships be-
tween the clade comprising Tetrabothrius and 
Priapocephalus and species of Mesocestoides 
Vaillant, 1863. This finding echoes Baer’s early 
hypothesis (Baer, 1932) regarding the relation-
ships between these genera and suggests a pos-
sible colonization of marine habitats by this group 
of cestodes from pinnipeds. In addition to the 18S, 
28S, and cox1 mtDNA gene region sequences 
known for tetrabothriids, ITS2 sequences have 
also been uploaded to GenBank (Table 1) for 
further comparative analysis, as ITS2 has proven 
to be a valuable tool for species identification in 
other cestodes, such as diphyllobothriids (Logan 
et al., 2004).

Therefore, this article represents an oppor-
tunistic, single-host study, with any proposed 
extrapolations being hypotheses requiring 
broader sampling. This study is hopefully fol-
lowed by an ultrastructural research of the central 
nervous system in P. eschrichtii, investigation 
of pathogenicity of this cestode, its prevalence 
and intensity of infection.

Conclusions

Sequences for cox1 mtDNA, 18S, 28S, and 
ITS2 of P. eschrichtii are reported here for the first 
time. Molecular and morphological analyses sup-
port a close relationship between Priapocephalus 
and Tetrabothrius genera. Histological analysis 
showed that adults of P. eschrichtii can cause 
inflammation of the mucosa in the small intestine 
of a gray whale. Based on their size (40 to 50 
cm) and intensity (57 specimens per 1 meter of 
a small intestine), they may cause significant 
nutrient depletion, intoxication from metabolic 

byproducts, and the risk of intestinal obstruction. 
SEM along with histology supported the idea of 
pseudoscolex in P. eschrichtii. LM revealed clus-
tered structures containing eggs in P. eschrichtii 
for the first time. 
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