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Morphological and molecular data were obtained for encysted metacercariae found in the digestive
gland of a mollusc Hydrobia acuta from the Black Sea. Morphologically, these metacercariae corre-
spond to the family Microphallidae and the genus Microphallus. Results of phylogenetic analyses based
on partial 28S rDNA sequence data provide evidence for the fact that the metacercariae from H. acuta
are closely related to Microphallus abortivus, with high statistical support. Our survey shows that
M. abortivus completes its life cycle in the Black Sea, and gastropods H. acuta are used as the sec-
ond intermediate hosts, while marine and coastal birds can serve as the definitive hosts. This study
extends the range of M. abortivus to the Black Sea.
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Trematodes of the family Microphallidae are typical parasites of waterfowl and shorebirds [Belopol-
skaya, 1963; Kuklin, Kuklina, 2005; Smogorzhevskaya, 1976]. This family, as well as a higher taxon, Mi-
crophalloidea, is actively studied using morphological and molecular approaches [Aldama-Prieto et al.,
2024; Choudhary et al., 2015; Olson et al., 2003; Pina et al., 2011; Tkach et al., 2003]. Microphalli-
dae includes 39 genera, and 4 out of those are noted in the Black Sea: Gynaecotyla Yamaguti, 1939;
Microphallus Ward, 1901; Maritrema Nicoll, 1907; and Levinseniella Ward, 1901 [Smogorzhevskaya,
1976]. Despite the fact that these helminths are often found in intestines of Crimean coastal birds
[Smogorzhevskaya, 1976], data on their larval stages in Black Sea molluscs are scarce and concern
only parthenites of two species: Gynaecotyla adunca and Maritrema misenense [Belousova, 2021, 2022].
There are no records on metacercariae of Microphallus in molluscs in the Black Sea. By now, three
species of trematodes of this genus have been reported in intestines of Crimean coastal birds: M. pa-
pillorobustus (Rankin, 1940) Baer, 1944; M. pygmaeus (Levinsen, 1881) Baer, 1944; and M. similis
(Jagerskiold, 1900) Baer, 1944 (syn. M. excellens). Trematodes of the species Microphallus abortivus
Deblock, 1974 have not previously been registered in the Black Sea.

The discovery of M. abortivus metacercariae in a gastropod Hydrobia acuta in the Black Sea expands
the information on the species composition of microphallid trematodes and the range of their second
intermediate hosts.
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MATERIAL AND METHODS

Sampling. A total of 50 specimens of a gastropod H. acuta were sampled in June 2023 in Kruglaya
Bay, 44°36’06”N, 33°26’41”E (Black Sea), and examined. The molluscs were extracted from sediments
with a hand dredger with a sampling area of 0.04 m?. In a laboratory, a sediment was washed through
a sieve with a mesh size of 0.5 mm, and H. acuta were selected. For helminthological studies, the molluscs
were kept in 200-mL crystallizers for 10 days. Unfiltered seawater in the crystallizers was changed once
every 2-3 days.

Morphological data. Helminths were detected in the molluscs by compressing tissues between glass
slides and examining with light microscopy (MBS-10 microscope) at magnification 98x [Bykhovskaya-
Pavlovskaya, 1969]. The morphological features of live metacercariae were studied under Olym-
pus CX41 microscope. All measurements were made on live parasites. Measurements are given in mi-
crons (um), with values presented as minimum and maximum, arithmetic mean, and standard error.
Figures are based on micrographs taken under Olympus CX41 microscope equipped with Lumenera
Infinity 1 digital camera.

Statistical methods. After parasites were detected, we assessed the infection indexes in H. acuta: in-
vasion prevalence, invasion intensity, and abundance. Statistics were calculated using Statistica 6 software
package for Windows (Statsoft).

DNA extraction, amplification, and sequencing. One specimen of metacercaria was
fixed in 96% ethanol. Total DNA was extracted using the HotSHOT technique [Truett,
2006] and stored at —-20 °C. Ribosomal 28S RNA gene fragment was amplified using
28S-A forward primer (5" GCA CCCGCTGAAYTTAAG?3’) [Olson et al.,, 2003] and 1500R
(5 GCT ATC CTG AGG GAA ACTTCG 3’) [Matejusova, Cunningham, 2004]. An initial PCR reac-
tion was carried out in a total volume of 25 pL consisting of 0.25 mM of each primer pair, 25 ng of total
DNA in water, and 12.5 pL of Promega GoTaq Green Master Mix (Madison, Wisconsin, the USA). Am-
plification of a 1,200-bp (base pairs) fragment of 28S rRNA gene was performed in GeneAmp 9700
thermal cycler (Applied Biosystems, the USA) with a 5-min denaturation at +96 °C, 35 cycles of 1 min
at +96 °C, 20 s at +55 °C, and 2 min 30 s at +72 °C, and a 10-min extension at +72 °C. Negative
and positive controls were made with the use of both primers.

The PCR product was directly sequenced using ABI Big Dye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems), as recommended by the manufacturer, with the internal sequencing primers,
described by V. Tkach et al. [2003] for 28S rDNA. The PCR product was analyzed with ABI 3500
genetic analyzer at the Federal Scientific Center of the East Asia Terrestrial Biodiversity FEB RAS.
The sequence was submitted to the NCBI database with accession number PX049080.

Alignment and phylogenetic analysis. Ribosomal DNA sequences were assembled with
SeqScape v2.6 software. Alignments and estimation of the number of variable sites and sequence dif-
ferences were performed using MEGA 7.1 [Kumar et al., 2016]. Phylogenetic relationships were in-
ferred from our data and the nucleotide sequences of 28S rDNA from other trematode specimens
from the family Microphallidae and Paralecithodendrium chilostomum, a representative of the family
Lecithodendriidae used as an outgroup, taken from the NCBI database.

Phylogenetic analysis of nucleotide sequences was undertaken applying maximum likelihood (ML)
and Bayesian (BI) methods. Prior to analysis, the nucleotide substitution model was estimated involv-
ing Akaike information criterion (AIC) [Akaike, 1974] using jModeltest v3.07 software [Darriba et al.,
2012]. A model GTR +1+ G [Posada, 2003] was estimated as an optimal one for the 28S rDNA se-
quence data of applied dataset for both ML and BI analyses. Phylogenetic trees were reconstructed
with PhyML 3.1 [Guindon, Gascuel, 2003] and MrBayes v3.1.2 software [Ronquist et al., 2012].
A Bayesian algorithm was performed using the MCMC option with ngen = 10,000,000, nruns = 2,
nchains =4, temp = 0.5, and samplefreq = 100. Burning values for “sump” and “sumt” options composed
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25% of number of generations (ngen). Phylogenetic relationship significance was estimated with approxi-
mate likelihood-ratio test using a Bayesian support for ML [Olson et al., 2003] and posterior probabilities
for BI analyses [Huelsenbeck et al., 2001].

RESULTS

Encysted metacercariae of trematodes were found in the digestive gland of H. acuta. Parthen-
ites of this species in molluscs were not observed. The metacercariae were placed in the fam-
ily Microphallidae according to the main morphological features, and in the genus Microphal-
lus according to the following morphometric parameters proposed by S. Deblock [1974]: cyst
size 138 x 145 vs. 125-135 x 115-120 (metacercaria from Atlantic France coast); body length
125-168 vs. 150-240; scale-like spines length 1.3—-1.7 vs. 2.5; genital papilla size 10-15 x 22-26
vs. 15-35 x 30-37 (Table 1).

Table 1. Comparison of features of Microphallus abortivus metacercariae from Hydrobia molluscs
from the Black and Mediterranean seas

Ta6uauma 1. CpaBHHTENIbHAS XapaKTEPUCTUKA MOPQOJIOTHYECKUX TPU3HAKOB MeTarlepKapuit
Microphallus abortivus ot MmosmockoB Hydrobia n3 akBatopuil YepHoro u Cpequ3eMHOro Mopei
Microphallus abortivus, Microphallus abortivus
Feature present study, from Hydrobia ulvae [Deblock, 1974],
n =4, the Black Sea the Mediterranean Sea
Body length 135-176 (156 £ 11) 150-240
Body width 67-94 (84 £ 6) 90-120
Oral sucker length 21-24 (22 £ 0.8) 20
Oral sucker width 24-30 28+ 1) 25
Ventral sucker length 22-37 (29 £ 11) 23-26
Ventral sucker width 22-37
Prepharynx length 23 20
Pharynx length 17-19 (18 £ 1) 16-19
Pharynx width 9-13(11£2) 10-14
Oesophagus length 23-26 (24 £ 2) 30-45
Testis length 27 35
Testis width 15 13-15
Ovary length 16
Ovary width 22
Seminal vesicle length 22-26 30-37
Seminal vesicle width 10-15 15-25
Oral-to-ventral sucker ratio 0.8 1.1

The description is based on 4 live metacercariae of M. abortivus.

Description (Fig. 1). Body pyriform, 135-176 (156 * 11) length, 67-94 (84 * 6) width, unspined
(see Fig. 1). Oral sucker subterminal, small, 21-24 (22 £ 0.8) x 24-30 (28 £ 1). Prepharynx distinct,
23 length. Pharynx small, 17-19 (18 £ 1) x 9-13 (11 % 2). Esophagus long, 23-26 (24 t 2). Caeca short,
not surpassing ventral sucker. Ventral sucker small, 22-37 (29 + 11), in the middle third of body. Testes
symmetrical, postacetabullar, 27 x 15. Seminal vesicle immediately pre-acetabular, 26 x 10. Ovary be-
side ventral sucker, 16 x 22. Cirrus sac absent. Vitellaria symmetrical behind testes in form of a lobed
compact mass. Excretory vesicle V-shaped.
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Taxonomic summary.

Type host: Hydrobia ulvae (Pennant, 1777).
Host: Hydrobia acuta (Draparnaud, 1805).
Type locality: Atlantic coast of France.
Locality: Black Sea (44°36’06”N, 33°26’'41”E).
Location in the host: digestive gland.
Prevalence: 2% in Hydrobia acuta.

Intensity: (8 + 8) specimens-specimen™".
Abundance index: 0.03 + 0.03.

Fig. 1. Microphallus abortivus Deblock, 1974 metac-
ercaria (drawing of a live worm) from a gastropod
Hydrobia acuta (Draparnaud, 1805) in the Black Sea.
Scale bar is 100 pm

Puc. 1. Merauepkapuss Microphallus abortivus
Deblock, 1974 (pucyHOK %HMBOTO 4epBsl) OT MOJIITIOC-
ka Hydrobia acuta (Draparnaud, 1805) B YépHoMm
Mope. MaciirabHast vnerika — 100 MM

Partial 28S rRNA gene sequence of a single M. abortivus specimen of 1,109 bp in length (PX049080)
was generated and aligned with all available ribosomal large subunit sequences of Microphallidae
and trimmed to the optimal alignment length (1,119 bp) for the available dataset using Gblocks server
(http://phylogeny.lirmm.fr/phylo_cgi/one_task.cgi?task_type=gblocks). Based on these data, phyloge-
netic trees were generated with ML and BI algorithms; those resulted in the same tree topology (Fig. 2).

Results of phylogenetic analysis indicate that the genus Microphallus was strongly monophyletic,
and metacercaria was proposed as a representative of M. abortivus ex H. acuta from the Black Sea
from our material clustered with M. abortivus ex H. ulvae from the United Kingdom water basins pro-
vided by V. Tkach er al. [2003], with high statistical support. Microphallus primas from the same study
was a sister relative to M. abortivus. Genetic p-distance value between M. abortivus from our study
and from the survey of V. Tkach ef al. [2003] was (0.63 + 0.23) %, whereas p-distance value between
M. primas and different specimens of M. abortivus ranged from (0.82 = 0.24) % to (0.90 = 0.28) %
(Table 2). The same values were observed between M. minutus and Microphallus calidris, (0.48 £ 0.21) %,
and also between M. minutus and M. piriformes, (0.97 + 0.29) %. Genetic p-distance values between
other species within the genus Microphallus ranged from (1.25 + 0.34) % (M. piriformes | M. calidris)
to (8.33 £ 0.8) % (M. abortivus | M. triangulatus).
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Microphallus cf aborfiviis
Mgﬂ"ﬂﬂﬁ]ﬁ Micraphallus abortivus
AY220627 Microphallus primas

0.9y OR437720 Microphallus basodachlophallus
M AY220628 M. basodactylophallus
QRA37721 M. basodactylaphallus
MGT83588 Micraphallus ochotensis
LU0 IMGTE3587 M. ochotensis
L01.0 MGT83586 M. ochotensis
HM584142 Micraphallus sp.
EJ268216 Microphallus sp.
AB974360 Microphallidae sp.
LO0/L0 yHMS584140 Microphallus sp.
HM584131 Micraphalius sp.
HM3584139 Microphalius friangulatus
HM3584125 Microphallus calidris
HM584122 Microphallus piriformis

0.97/10.93

LOLO

KT355822 Microphallus minutus

ET353823 M minutus

HM 584138 Microphallus similis
HMS84137 M. similis B

LY 1 ¥220635 M. similis Microphallus

AY220621 Candidotrena loazsi

E3{712085 Lon gr’drrc{oa}?ﬁ:ﬁ tethepae

AY220631 Maritrema prosthometra
AY220629 Marifrema arenaria

AY220630 Maritrama socysia

L0/1.0 JF826247 Maritrema eroliae

10 1.0/1.0 AY220632 Floridatrema heavdi
AF1351927 Maritrema neomi
0.98/0.97 KJT144173 Maritrema deblocki

ET355818 Maritrema brevisaccifertm
MT328200 Maritrema kostadinevae
QP909833 Marirrema afanassjewi
AF151926 Maritrema subdeolum
MT216311 Aniophallophorus minutus

EJ126725 Paralecithodendrinm chilostomum

0.03

Fig. 2. Phylogenetic relationships of Microphallus spp. based on partial sequences of 28S rRNA gene.
Nodal support is represented for ML/BI algorithms. Only significant values of the posterior probabilities
(= 0.9) are indicated. Newly obtained sequence is highlighted in bold

Puc. 2. dunoreneruueckue otHomeHus Tpemaron Microphallus spp. Ha OCHOBE YaCTUYHBIX MOCJIEIOBA-
tenpHOCTel rera 28S pPHK. IMognepxka y3710B npencrasieHa st anroputMoB ML/BI. Yka3zaHsl TOJBKO
CTATHCTUYECKU 3HAUYMMBIE arlocTepropHble BeposTHocTH (= 0,9). HoBas mociemoBaTeslbHOCTh BBIIEIEHA
JKHUPHBIM IIpHPTOM

Table 2. Genetic p-distances (%) between Microphallus species based on 28S rDNA sequence data
(specimens from the present study are bolded)

Tadbmmua 2. Tenernueckue p-guctanuuu (%) Mexay npeiacraButenssMu popa Microphallus Ha ocHOBe
nocnenoBatenbHocTet 28S pIHK (00pasipl M3 HACTOSILETO UCC/IeOBAHUS BbIICJIEHBI KU PHBIM IIPUDTOM)

1 2 3 4 5 6 7 8 9 10

1 | Microphallus cf. abortivus 0.23] 024 | 0.76 | 0.77| 0.76 | 0.76 | 0.80 | 0.81| 0.82
2 | AY220626 M. abortivus 0.63 0.28] 0.77| 0.77| 0.76 | 0.79| 0.80| 0.81 | 0.82
3 | AY220627 Microphallu primas 0.82 | 0.90 0.731 0.75] 0.75| 0.77 | 0.78 | 0.79 | 0.80
4 | MG783588 Microphallus ochotensis 7.251 7.33| 7.15 0.64| 0.65| 0.69| 0.68| 0.71| 0.69
5 | HM584138 Microphallus similis 7.07| 697 6.97 | 4.80 041 0.73| 0.50| 0.51| 047
6 | KT355823 Microphallus minutus 7.341 7.24| 7.33| 5.07| 1.99 0.68 | 0.38 | 0.29| 0.21
7 | OR457721 Microphallus basodactylophallus | 7.76 | 7.93 | 7.93| 593 | 6.11 | 5.83 0.73] 0.75] 0.74
8 | HM584139 Microphallus triangulatus 8.33| 824 | 824 | 579| 326 | 1.63| 6.84 048 0.39
9 | HM584122 Microphallus piriformes 7.831 772 7.72| 5.79| 290| 0.97 | 6.71 | 2.32 0.34
10 | HM584125 Microphallus calidris 7.83| 7.72| 7.82| 541 | 241| 048 | 6.23| 1.64| 1.25
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DISCUSSION

The presence of M. abortivus trematode metacercariae in molluscs of the genus Hydrobia has been
reported only twice [Deblock, 1974; Saville, [rwin, 1991]. Parthenites and metacercariae of a trematode
M. abortivus were first described by S. Deblock [1974] from a gastropod H. ulvae of the Atlantic coast
of France. The author [Deblock, 1974] completely reproduced the life cycle of a trematode M. abortivus,
studying all developmental stages of the helminth from natural hosts. In the second publication [Saville,
Irwin, 1991], the researchers identified the same helminth species larva in the same host and reported
the cyst structure and the larval behavior using light microscopy.

The main morphometric features of M. abortivus detected in the present study from Black Sea mol-
luscs H. acuta correspond to those of larvae of the same species in molluscs H. ulvae from the Atlantic
coast of France [Deblock, 1974].

On the Atlantic coast of France, gastropods H. ulvae act as the first and second intermediate hosts
for M. abortivus [Deblock, 1974]. Probably, marine malacophagous birds of the orders Charadriiformes
and Anseriformes serve as definitive hosts for this trematode [Deblock, 1974]. As M. abortivus meta-
cercariae were detected in Hydrobia snails of distant localities of European territory [Deblock, 1974;
Saville, Irwin, 1991], distribution of this species from localities in Europe to the Black Sea is probably
related to migrations of its definitive hosts, malacophagous waterfowl birds, presumably those feeding
in shallow water [Beskaravayny, 2012]. In our opinion, this is the most likely pathway for M. abortivus
distribution to the Black Sea.

Conclusion. Morphological characteristics and molecular data support the trematode found
as Microphallus abortivus. Our study expands the range of this species to the Black Sea with Hydrobia
acuta molluscs as an intermediate host. Further surveys are needed to analyze and describe the complete
life cycle of this trematode in the Black Sea and to identify its definitive hosts which are likely marine
and coastal birds.

This work was carried out within the framework of IBSS state research assignment “Biodiversity as the ba-

sis for the sustainable functioning of marine ecosystems, criteria and scientific principles for its conservation”
(No. 124022400148-4).
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10 Y. Andryushina and D. Atopkin

IEPBOE OFHAPYKEHUE TPEMATO/JIbI MICROPHALLUS ABORTIVUS
B YiEPHOM MOPE:
MOP®OJIOTHUYECKAA U MOJIEKY/IIPHO-TEHETUUYECKAS XAPAKTEPUCTUKU

10. B. Auaprommunal, JI. M. Atonkun®

'®I'BYH PUII «HCTUTYT GHOJOrMH I0KHBIX Mopeii umenn A. O. Kopaneckoro PAH»,
Cesacromnoss, Poccuiickas @enepanys
2®epiepalTbHbIi HAyYHBIIH HEHTp GHOpa3HOOGPa3Ns Ha3eMHOM 61oTh Boctounoit Asuu JIBO PAH,
Brnagusoctok, Poccuiickas ®enepanus
E-mail: beljuvi@ibss-ras.ru

s Metauepkapuil TpeMaro]i, OOHApYKEHHBIX B THIIEBAPUTEIBHON Kelie3e YepHOMOPCKOTO MOJI-
mocka Hydrobia acuta, momydyensl niepBsle Mopomornueckrie U MoleKyJsipHbele ganHble. [lo oc-
HOBHBIM MOP(OJIOrMYECKUM IIPU3HAKAM 3TH METalepKapuyd COOTBETCTBYIOT AMArHO3Y CEMENCTBa
Microphallidae u poga Microphallus. Pe3ynbTaTsl (pUIOreHETUYECKOTO aHAIM3a HA OCHOBE JaHHBIX
0 yactiuHoil nociepoBatensHocTd 28S pJHK mnokasanm, 4To Meranepkapud M3 HAIero MatepH-
ayla oTHocsATCA K pony Microphallus m 6nuzkopoactBeHHsl ¢ M. abortivus ¢ BBICOKOW CTaTUCTHUeE-
CKOM TOAJepKKoU. B xope Haiero vccieqoBaHusl YCTaHOBJIEHO, yTo B UEpHOM Mope Tpemarona
M. abortivus ucnionb3yeT OPIOXOHOTHUX MOJUTIOCKOB H. acuta Kak BTOPHIX MPOMEXYTOUHBIX XO35IEB;
MOpPCKHE U MPUOPEKHBIE MITUIBI MOTYT CIIYKHUTh B KauecTBe Je(PUHUTHBHBIX XO35EB.

KuaroueBsle caoBa: Tpemarona, meranepkapusi, Microphallus abortivus, ractponioasl, Hydrobia acuta,
YépHoe Mope, MOpGOJIOTHsl, MOJIEKYJISIPHO-TeHETHUECKUE TAHHbIE
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