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Abstract

The trematode Maritrema gratiosum Nicoll, 1907 has a heteroxenous life cycle comprising a marine
gastropod as its first intermediate host, a barnacle as its second intermediate host, and a bird as its
definitive host. Globally, the species is widely distributed from subtropical waters of the South China
Sea to arctic waters of the Barents Sea. In European waters (namely, western Europe and the Barents
Sea), the complete life cycle of M. gratiosum is known. Elsewhere in its range, however, its life cycle
remains incompletely understood. Clarifying its distribution and resolving unknown host associ-
ations are essential for advancing a more holistic view of host—parasite dynamics and their
ecological role in intertidal ecosystems. In this study, M. gratiosum was detected using DNA-
based assays in individuals of the barnacle Balanus glandula Darwin, 1854 that were collected from
the rocky intertidal zone along the southern coast of British Columbia, Canada. This finding
provides the first molecular evidence of this trematode species in the Pacific, complementing earlier
records. The same molecular approach can be extended to identify region-specific hosts, such as the
first intermediate (molluscan) host in the Pacific region, which remains unidentified.

Introduction

Maritrema gratiosum Nicoll, 1907 (Digenea: Microphallidae) is a microphallid trematode with a
heteroxenous life cycle involving intertidal invertebrates as first and second intermediate hosts
and marine coastal birds as definitive hosts. First described from British shorebirds in the early
20th century (Nicoll 1907), the species has been known under various synonyms, including
Cercaria balani Lebour, 1908, Cercaria littorinae saxatilis V. Popiel, 1976, and Maritrema
arenaria Hadley & Castle, 1940 (Deblock and Stam 1960; Deblock and Tran Van Ky 1966; Irwin
et al. 1990). The species is primarily reported from the temperate waters of western Europe
(Northeast Atlantic), where its life cycle has been characterised and where it has been the subject
of detailed morphological, experimental, and, more recently, molecular work (Chuang 2021;
Chuang et al 2025; Deblock and Tran Van Ky 1966; Hadley and Castle 1940; Irwin 1983; Irwin
et al. 1990; Nicoll 1907; Popiel 1976a, b, 1978; Tkach et al 2003).

The life cycle of M. gratiosum begins when the miracidia hatch from eggs in the intestine of its
first intermediate host (a marine gastropod). Within the reproductive system of the gastropod,
miracidia develop into sporocysts and undergo asexual reproduction to produce daughter sporo-
cysts (Carrol et al. 1990; Popiel, 1978). In turn, daughter sporocysts give rise to clonal cercariae,
which are ultimately released into the water column (Carrol et al. 1990). Although motile, cercariae
exhibit limited swimming ability (Hadley and Castle, 1940; Williams et al. 1981). The free cercariae
infect the second intermediate host (a barnacle). Cercariae enter the body of the barnacle via the
cirri during feeding and encyst as metacercariae embedded in the intestinal wall (Irwin et al. 1990).

Metacercariae remain encysted until the second intermediate host (the barnacle) is ingested by the
definitive host, which is typically a shorebird (Charadriiformes) or a waterfowl (Anseriformes), and
less commonly a passerine (Passeriformes) or a grebe (Podicipediformes) (Ching 1978; Deblock and
Rausch 1972; Hadley and Castle 1940; Nicoll 1907; Presswell et al. 2014). Within the digestive tract of
the avian host, metacercariae excyst and develop into sexually mature adults. Subsequently, eggs are
produced and, eventually, expelled into the marine environment through defecation, where they are
ingested by the first intermediate (molluscan) host, completing the life cycle of M. gratiosum.

Beyond the known hosts distributed in the Northeast Atlantic, M. gratiosum has been
reported from a wide range of other hosts and regions. Yet, knowledge about its global
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distribution and life cycle remains fragmented, with many records
based on morphology and incomplete identification of intermedi-
ate or definitive hosts. To synthesise this information, we consoli-
dated published occurrence records to reconstruct the species’
global distribution and identify regions where its life cycle remains
unresolved. Further, genetic evidence in support of species identity
remains geographically limited for such a widespread trematode
species. In particular, all known genetic sequences of M. gratiosum
are from trematodes collected in the Northeast Atlantic (Tkach
et al. 2003; Chuang 2021). Here, we employed genetic methods to
confirm the taxonomic identity of metacercariae of M. gratiosum
recovered from barnacles in the Northeast Pacific (British Colum-
bia), supporting previous identifications in this region (Ching 1978,
1991; MacLeod et al. 2021). Through this case study and a com-
prehensive review of published records, we aim to clarify the known
distribution of this trematode and to assess the extent to which its
life cycle and host associations have been described across its range.

Material and methods
Collection of animals

In December 2020, individuals of Balanus glandula Darwin, 1854
were collected from Point Grey Park (49°16'26.0"N; 123°09'52.2" W),
along the southern shore of Burrard Inlet in Vancouver, British
Columbia, Canada — a site previously reported to exhibit a high
prevalence of metacercarial infection (sensu MacLeod et al. 2021).
Collections targeted individuals of B. glandula inhabiting the
intertidal zone. In the laboratory, somatic tissues of B. glandula
were extracted using dissection forceps and examined under a
light microscope for the presence of putative metacercariae of
Maritrema gratiosum (Figure 1). Infected tissues from two indi-
viduals were preserved in 95% ethanol and stored at —20 °C until
extraction of deoxyribonucleic acid (DNA).

Genetic analysis

Genomic DNA was extracted from preserved trematode cyst tissues
in B. glandula using the DNeasy Blood & Tissue Kit (QIAGEN)
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following the manufacturer’s protocols, with the exception that
samples were eluted in a final volume of 50 pL. DNA concentrations
were assessed using a Qubit fluorometer (Thermo Fisher Scientific).

Amplification via polymerase chain reaction (PCR) was used to
target a partial region (~750 bp) of the 28S ribosomal RNA gene
(28S) using the primers T16: 5-GAG ACC GAT AGC GAA ACA
AGT AC-3' and T30: 5-TGT TAG ACT CCT TGG TCC GTG-3'
(Harper and Saunders 2001). Additional amplification was used to
target a partial region of the cytochrome c oxidase subunit I (COI)
gene using the primers JB3: 5'-TTT TTT GGG CAT CCT GAG
GTT TAT-3' and Trem.coxl.rrnl: 5-AAT CAT GAT GCA AAA
GGT A-3' (Bowles and McManus 1993; Kral’ova et al. 2001).

PCRs were prepared with 12.5 pL FroggaBio 2xTaq, 0.6 uL of
each forward and reverse primer, 3.55 uL of Bovine Serum Albumin
(New England BioLabs), 2.55 pL of UltraPure DNase/RNase-Free
Distilled Water (Thermo Fisher Scientific), and 5 pL of genomic
DNA for a final volume of 25 pL. PCR conditions for samples
prepared with the T16/T30 and JB3/Trem.coxl.rrnl primer sets
included the polymerase activation of 94 °C for three minutes,
followed by 40 cycles of denaturation and amplification at 94 °C
for 30 seconds, 58 °C for 45 seconds, and 72 °C for one minute, then
followed by a final elongation step of 72 °C for eight minutes. PCR
amplification products were visualised on a 1.5% agarose gel stained
with Red Safe (FroggaBio).

Non-purified PCR product was submitted to the Centre d’ex-
pertise et de services Génome Québec (Montréal, Canada) for
Sanger sequencing. Sequences were obtained in both forward and
reverse directions and edited using Geneious (version 11.0.4). A
consensus sequence was formed by merging the forward and
reverse sequences via de novo assembly.

Taxonomic assignment was carried out using BLASTn searches
via the Basic Local Alignment Search Tool (BLAST) against the
nucleotide database (nr/nt) of the National Center for Biotechnology
Information (NCBI). Further taxonomic validation was carried out
by placing our unknown sequences into a neighbour-joining tree
with previously published Maritrema spp. sequences obtained from
NCBI. This tree was constructed in Geneious v11.1.5 with 100 boot-
strap replicates and all sequences trimmed to equal length (468 bp).

Figure 1. (A) Encysted metacercariae of Maritrema gratiosum in the somatic tissue of Balanus glandula. (B) Close-up view of a metacercaria (black arrow). Scale bars represent

300 pm.
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Results and discussion

In this study, we used molecular tools to support the identity of the
trematode parasitising the barnacle Balanus glandula in British
Columbia, Canada, as Maritrema gratiosum. This represents the
first molecular confirmation of M. gratiosum outside western
Europe. Amplification using T16 / T30 (28S) was successful in
yielding parasite DNA sequences from two samples (Barcode of
Life Data System [BOLD]; https://doi.org/10.5883/DS-TREM).
These sequences were >99% identical to Maritrema gratiosum
(previously Maritrema arenaria) from Northern Ireland (NCBI
Accession: AY220629.1; Tkach et al. 2003). Tree-based analysis
also placed our sequences into a clade with this species with zero
nucleotide differences (Figure 2). The next closest clade was
Maritrema prosthometra Deblock & Heard, 1969, isolated from
rodents in Florida, with 96% similarity (20 nucleotide differences;
AY220631.1; Galaktionov et al. 2012; Tkach et al. 2003). In a
separate analysis, sequences isolated from Semibalanus bala-
noides (Linnaeus 1767) collected from Scotland were identical
to those from Northern Ireland (Chuang, 2021). We also obtained

M. minutus [KT355823]
63

sequences using the COI primers (JB3/Trem.cox1l.rrnl) for the
same specimens. However, these sequences had low similarity to
publicly available reference sequences in BOLD and NCBI, and were
not informative for inferring species identity. All DNA sequence data
from both markers are publicly accessible in BOLD (https://doi.
org/10.5883/DS-TREM) and NCBI (COIL PZ385258-PZ385259;
28S: PZ385594-P7385595).

Based on published occurrence records derived from both mor-
phological and molecular identifications, M. gratiosum has a broad
distribution spanning subtropical to arctic waters across both the
Northern and Southern Hemispheres (Figure 3). In subtropical
waters, the species has been detected in the South China Sea and
the Gulf of Mexico (Figure 3). In temperate waters, records extend
across western Europe, the Mediterranean Sea, British Columbia,
the eastern United States, and New Zealand, while occurrences in
subarctic waters span the Kuril Islands, the Bering Sea, and the Gulf
of Alaska (Figure 3). At the northernmost extent of its range, the
species has been documented in the arctic waters of the Barents Sea
(Figure 3). One published record was excluded from this review.

Longiductotrema tethepae [KX712085]

100

M. gen. sp. SCC-2015 [KT355821]

M. subdolum [HM584135]

M. prosthometra [AY220631]

100

BHAK-15067
100

M. gratiosum [M. arenaria AY220629]
100

BHAK-15066

68

83

0.03

M. neomi [AF151927]

—— M. oocysta [AY220630]

M. novaezealandense [KJ144178]

M. brevisacciferum [KT355819]

M. poulini [KJ144176]

M. deblocki [KJ144173]

Figure 2. Neighbour-joining tree combining Maritrema sp. sequences from this study (BHAK-15066 and BHAK-15067) with previously published sequences of Maritrema spp. and
Microphallus spp. (family Microphallidae) obtained from NCBI. Branch labels are consensus support (%), and tip labels for public records include the corresponding GenBank

accession numbers.
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Figure 3. Global distribution of the microphallid trematode Maritrema gratiosum based on occurrence records reported in the literature, spanning subtropical (South China Sea,
Gulf of Mexico), temperate (western Europe, Mediterranean Sea, British Columbia, eastern United States, New Zealand), subarctic (Kuril Islands, Bering Sea, Gulf of Alaska), and
arctic waters (Barents Sea). A subset of these records was supported by molecular data, including records from temperate waters in British Columbia (this study), Northern Ireland
(Tkach et al 2003), and Scotland (Chuang 2021). Sources of distributional data are provided in Table 1.

Hassan et al. (2018) reported a trematode from marine gastropods
in the Red Sea, attributing it to Cercaria littorinae saxatilis V
(a synonym of M. gratiosum; Irwin et al. 1990). Although the tail
length was comparable to prior descriptions, the daughter sporo-
cysts, cercariae, and stylets were substantially smaller than those
reported for M. gratiosum, and the ventral sucker was described as
absent rather than present (Irwin et al. 1990; Popiel 1976b). These
discrepancies suggest a likely misidentification.

A review of the literature indicates that only in western Europe
and the Barents Sea is the complete life cycle of M. gratiosum
resolved, and the identity of associated hosts (or at least one
complete set of hosts required to complete the life cycle) is known.
From these regions, the hosts consisted of the periwinkle Littorina
saxatilis (Olivi 1792) as its first intermediate host, S. balanoides and
other barnacle species as its second intermediate host, and various
species of birds as its definitive host (Table 1). In contrast, the life
cycle of M. gratiosum remains incompletely known in other parts of
its range. In British Columbia and the eastern United States, only
two of three hosts (namely, the second intermediate and definitive
hosts) have been identified (Table 1). To date, only the second
intermediate host has been identified from the Bering Sea, and only
the definitive host from the South China Sea, the Gulf of Mexico,
New Zealand, and the Gulf of Alaska (Table 1). Host identity was
not specified for the records of M. gratiosum from the Kuril Islands
(Table 1). The molecular approach used in this study could be
employed to identify new hosts (including paratenic hosts), which
can contribute to a more complete understanding of the tremat-
ode’s life cycle for regions outside of western Europe and the
Barents Sea.

The survey of the literature revealed that L. saxatilis is the only
first intermediate host species in which M. gratiosum has been
identified to date (Galaktionov and Bustnes 1999; Irwin 1983;
McCarthy et al. 2002; Popiel 1976b), a host association further

supported by experimental transmission studies (Irwin et al.
1990). Beyond B. glandula and S. balanoides, known second inter-
mediate host species include the barnacles Austrominius modestus
(Darwin, 1854), Chthamalus montagui Southward, 1976, Perforatus
perforatus (Bruguiere, 1789), and Semibalanus cariosus (Pallas, 1788)
(Ching 1978; Chuang 2021; Sari and Malek 2000; Williams et al.
1981). The most commonly reported definitive hosts are shorebirds,
including sandpipers (genus Calidris), plovers (Charadrius), gulls
(Chroicocephalus and Larus), oystercatchers (Haematopus), turn-
stones (Arenaria), terns (Sterna), curlews (Numenius), godwits
(Limosa), and greenshanks (Tringa) (Table 2). Infections have also
been described in several waterfowl — a goldeneye (Bucephala), a
scoter (Melanitta), and an eider (Somateria) —as well as in a passerine
(Corvus) and a grebe (Podiceps) (Table 2). In addition to these
obligate hosts, the marine gastropod Nucella lapillus (Linnaeus
1758) has been identified as a paratenic host of M. gratiosum
(McCarthy et al. 1999). This gastropod is a predator of the barnacle
S. balanoides, a known second intermediate host (Irwin et al. 1990),
and is itself consumed by birds, the definitive hosts (McCarthy et al.
1999). The detection of metacercarial cysts in N. lapillus suggests that
infection occurs through the consumption of infected barnacles.
Paratenic hosts are thought to augment and maintain transmission
between the second intermediate and avian hosts (Marcogliese 2007).

Building on earlier records from British Columbia (Ching 1978,
1991; MacLeod et al. 2021), this study provides the first molecular
evidence confirming the presence of M. gratiosum in this region
and extends its molecularly confirmed range from the North
Atlantic to the Northeast Pacific. Confirming the presence of this
trematode species in the barnacle B. glandula will pave the way to a
better understanding of host—parasite dynamics, given suggestions
that M. gratiosum may reduce the survival of its second intermedi-
ate host and influence the barnacle’s distribution on intertidal rocky
shores (Carrol et al. 1990; Mouritsen and Poulin 2002). Yet, a
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Table 1. Hosts in the life cycle of the microphallid trematode Maritrema gratiosum that have been identified in the literature. Names of host species were updated
to their current valid nomenclature. Names of regions correspond to those shown in Figure 3

Identified hosts

Climate and in the life cycle of

region the trematode Host species Sources

Subtropical

South China Definitive host Arenaria interpres interpres, Charadrius alexandrinus Fischthal and Kuntz (1976), Ke (1976)
Sea dealbatus, Tringa nebularia

Gulf of Mexico

Definitive host

Limnodromus griseus, Numenius americanus

Loftin (1960), Dronen and Badley (1979)

Temperate
Western First Littorina saxatilis Popiel (1976b, 1978), Irwin (1983), Irwin et al. (1990),
Europe intermediate McCarthy et al. (2002)

host

Second
intermediate
host

Austrominius modestus, Chthamalus montagui, Perforatus
perforatus, Semibalanus balanoides

Lebour (1908, 1911), Deblock and Stam (1960), Deblock
and Tran Van Ky (1966), Popiel (1976a), Irwin and Irwin
(1980), Williams et al. (1981), Mitchell and Dessi (1984),
Carrol et al. (1990), Irwin et al. (1990), Sari and Malek
(2000), Chuang (2021) and references therein, Chuang
et al. (2025)

Paratenic host

Nucella lapillus

McCarthy et al. (1999)

Definitive host

Calidris alpina, Charadrius hiaticula, Chroicocephalus
ridibundus, Haematopus ostralegus, Larus argentatus,
L. michahellis, Limosa lapponica lapponica, Melanitta
nigra, Somateria mollissima

Nicoll (1907), Baylis (1939), Rankin (1939), Deblock and
Tran Van Ky (1966), Dawes (1968), Irwin and Prentice
(1976), Borgsteede et al. (2005), Sanmartin et al. (2005),
Alvarez et al. (2006); also see Kuklin (2022), Kuklin and
Kuklina (2021)

Mediterranean

Definitive host

Calidris minuta

Balozet and Callot (1939); also see Dawes (1968) and

Sea Deblock and Canaris (1992)
British Second Balanus glandula Ching (1978, 1991), this study; also see MacLeod et al.
Columbia intermediate (2021)

host

Definitive host

Bucephala islandica

Ching (1978); also see Irwin and Irwin (1980), Kuklin (2022)

Eastern United Second Semibalanus balanoides Hadley and Castle (1940), Arvy and Nigrelli (1969)°
States intermediate
host
Definitive host Arenaria interpres morinella Hadley and Castle (1940); also see Irwin and Irwin (1980),

Kuklin (2022)

New Zealand Definitive host Haematopus finschi, Limosa lapponica baueri Allison (2000, 2001), Presswell et al. (2014); also see Kuklin
(2022)

Subarctic

Kuril Islands Not specified No data Deblock and Tran Van Ky (1966) and references therein

Bering Sea Second Semibalanus cariosus Ching (1978) and references therein

intermediate
host

Gulf of Alaska

Definitive host

Corvus brachyrhynchos, Haematopus bachmani

Deblock and Rausch (1972)

Eastern Not specified No data Deblock and Tran Van Ky (1966), Deblock and Rausch
Siberia® (1972) and references therein

Arctic

Barents Sea First Littorina saxatilis Galaktionov and Bustnes (1999)

intermediate
host

Second
intermediate
host

Semibalanus balanoides

Ouspenskaia (1960), Deblock and Tran Van Ky (1966),
Ching (1978) and references therein

Definitive host

Larus argentatus, L. hyperboreus, L. marinus

Kuklin (2015, 2022), Kuklin and Kuklina (2021)

“Most likely to be M. gratiosum.
PMost likely referring to localities on the Kuril Islands or in the Bering Sea.
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Table 2. Documented definitive hosts of the microphallid trematode Maritrema gratiosum. Names of host species were updated to their current valid nomenclature.
Names of regions correspond to those shown in Figure 3

Host species

Common name

Regions

Sources

Charadriiformes

Arenaria interpres interpres Ruddy turnstone South China Sea Fischthal and Kuntz (1976)
(Linnaeus, 1758)
Arenaria interpres morinella Ruddy turnstone Eastern United Hadley and Castle (1940), Irwin and Irwin (1980), Kuklin (2022)
(Linnaeus, 1766) States
Calidris alpina (Linnaeus, 1758) Dunlin Western Europe Nicoll (1907), Baylis (1939), Rankin (1939), Deblock and Tran Van Ky (1966),
Dawes (1968)
Calidris minuta (Leisler, 1812) Little stint Mediterranean Sea Balozet and Callot (1939); also see Dawes (1968) and Deblock and Canaris
(1992)
Charadrius alexandrinus dealbatus White-faced South China Sea Ke (1976)

(Swinhoe, 1870)

Kentish plover

Charadrius hiaticula (Linnaeus, 1758)

Common ringed
plover

Western Europe

Nicoll (1907), Rankin (1939), Deblock and Tran Van Ky (1966), Dawes (1968)

Chroicocephalus ridibundus
(Linnaeus, 1766)

Black-headed gull

Western Europe

Nicoll (1907), Rankin (1939), Dawes (1968), Irwin and Prentice (1976), Irwin
and Irwin (1980), Sonin (1985)

Haematopus finschi G.H. Martens, South Island New Zealand Allison (2000, 2001), Presswell et al. (2014), Kuklin (2022)
1897 oystercatcher
Haematopus bachmani Audubon, Black Gulf of Alaska Deblock and Rausch (1972)
1838 oystercatcher
Haematopus ostralegus Linnaeus, Eurasian Western Europe Nicoll (1907), Rankin (1939), Dawes (1968), Irwin and Irwin (1980)
1758 oystercatcher
Larus argentatus Pontoppidan, 1763 Herring gull Western Europe, Irwin and Prentice (1976), Irwin and Irwin (1980), Sonin (1985), Kuklin
Barents Sea (2022), Kuklin and Kuklina (2021)
Larus canus Linnaeus, 1758 Common gull Not specified Sonin (1985)
Larus hyperboreus Gunnerus, 1767 Glaucous gull Barents Sea Kuklin (2015, 2022)
Larus marinus Linnaeus, 1758 Great black- Barents Sea Kuklin (2022)
backed gull

Larus michahellis Naumann, 1840

Yellow-legged gull

Western Europe

Sanmartin et al. (2005), Alvarez et al. (2006), Kuklin (2022)

Limnodromus griseus (J.F. Gmelin,
1789)

Short-billed
dowitcher

Gulf of Mexico

Loftin (1960)

Limosa lapponica baueri Naumann,
1836

Bar-tailed godwit

New Zealand

Allison (2001), Presswell et al. (2014), Kuklin (2022)

Limosa lapponica lapponica
(Linnaeus, 1758)

Bar-tailed godwit

Western Europe

Baylis (1939), Deblock and Tran Van Ky (1966), Dawes (1968)

Numenius americanus Bechstein,
1812

Long-billed curlew

Gulf of Mexico

Dronen and Badley (1979)

Sterna paradisaea Pontoppidan, Arctic tern Not specified Sonin (1985)
1763
Tringa nebularia (Gunnerus, 1767) Common South China Sea Ke (1976)
greenshank
Anseriformes
Bucephala islandica (J.F. Gmelin, Barrow’s British Columbia Ching (1978), Irwin and Irwin (1980), Kuklin (2022)
1789) goldeneye

Melanitta nigra (Linnaeus, 1758)

Common scoter

Western Europe

Baylis (1939), Deblock and Tran Van Ky (1966), Dawes (1968)

Somateria mollissima (Linnaeus,
1758)

Common eider

Western Europe

Borgsteede et al. (2005), Kuklin (2022)

Passeriformes

Corvus brachyrhynchos Brehm, 1822 American crow Gulf of Alaska Deblock and Rausch (1972)
Podicipediformes
Podiceps grisegena (Boddaert, 1783) Red-necked grebe Not specified Sonin (1985)
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substantial gap remains in our understanding of the regional life
cycle in British Columbia, most notably, the identity of the first
intermediate host (MacLeod et al. 2021). A similar gap was high-
lighted for the eastern United States, where the first intermediate
host of M. gratiosum likewise remains unidentified (Hadley and
Castle 1940). Future work to fully characterise these regional life
cycles and assess the effects of M. gratiosum on host species can help
clarify the broader ecological consequences of trematode infection
for marine ecosystems (Bennett et al. 2023).

Acknowledgements. We wish to extend our thanks to the staff at the Inter-
Library Loan Service for their assistance in locating and obtaining literature that
was not available through the University of British Columbia Library. This work
was supported by the Sentinels of Change Alliance, an Alliance Grant co-sponsored
by the Tula Foundation and the Natural Sciences and Engineering Research
Council of Canada.

Competing interests. The authors declare that they have no competing interests.

References

Allison FR (2000) Cestodes and trematodes from the New Zealand pied oyster-
catcher Haematopus ostralegus finchsii Martens, and the New Zealand variable
oystercatcher Haematopus unicolor Forster. Records of Canterbury Museum 14,
51-54.

Allison FR (2001) Records of trematodes and cestodes of the bar-tailed godwit,
Limosa lapponica baueri Naumann from New Zealand. Records of Canter-
bury Museum 15, 9-10.

Alvarez MF, Cordeiro JA, Leiro JM and Sanmartin ML (2006) Influence of
host age and sex on the helminth fauna of the yellow-legged gull (Larus
michahellis) in Galicia (Northwestern Spain). Journal of Parasitology 92, 454-458.
https://doi.org/10.1645/GE-3546.1.

Arvy L and Nigrelli RF (1969) Studies on the biology of barnacles: Parasites of
Balanus eburneus and B. balanoides from New York Harbour and a review of
the parasites and diseases of other Cirripedia. Zoologica: Scientific Contribu-
tions of the New York Zoological Society 54, 95-102.

Balozet L and Callot J (1939) Trématodes de Tunisie (3). Superfamille Hetero-
phyoidea. Archives de I'Institute Pasteur de Tunis 29, 34—63.

Baylis HA (1939) XXXVIIL. — Further records of parasitic worms from British
vertebrates. Annals and Magazine of Natural History 4, 473-498. https://doi.
org/10.1080/00222933908527013.

Bennett ], Presswell B and Poulin R (2023) Tracking life cycles of parasites
across a broad taxonomic scale in a marine ecosystem. International Journal
of Parasitology 53, 285-303. https://doi.org/10.1016/j.ijpara.2023.02.004.

Borgsteede FHM, Okulewicz A, Zoun PEF and Okulewicz J (2005) The
gastrointestinal helminth fauna of the eider duck (Somateria mollissima L.)
in the Netherlands. Helminthologia 42, 83—87.

Bowles J and McManus DP (1993) Rapid discrimination of Echinococcus
species and strains using a polymerase chain reaction-based RFLP method.
Molecular and Biochemical Parasitology 57, 231-239. https://doi.org/10.1016/
0166-6851(93)90199-8.

Carrol H, Montgomery WI and Hanna REB (1990) Dispersion and abundance
of Maritrema arenaria in Semibalanus balanoides in north-east Ireland. Journal
of Helminthology 64, 151-160. https://doi.org/10.1017/50022149X00012062.

Ching HL (1978) New marine hosts for Parorchis acanthus, Cryptocotyle lingua,
Maritrema megametrios, and Maritrema gratiosum, trematodes of birds from
British Columbia, Canada. Canadian Journal of Zoology 56, 1877-1879.
https://doi.org/10.1139/278-254.

Ching HL (1991) Lists of larval worms from marine invertebrates of the Pacific
coast of North America. Journal of the Helminthological Society of Washing-
ton 58, 57-68.

Chuang YC (2021) A faunistic study of parasites of the barnacle Semibalanus
balanoides (Linnaeus, 1767) with a focus on the biology of Maritrema gratio-
sum (Nicoll, 1907) (Digenea, Microphallidae). PhD thesis, University of
Stirling, Scotland, United Kingdom, pp. 460.

Chuang Y, Shinn AP and Bron JE (2025) In vitro culture and confocal
microscopy study of Maritrema gratiosum Nicoll, 1907 (Digenea): From

metacercaria to ovigerous adult. Parasitology Research 124, 3. https://doi.org/
10.1007/500436-024-08446-0.

Dawes B (1968) The Trematoda. With Special Reference to British and Other
European Forms. Cambridge: Cambridge University Press, xvi + 644.

Deblock S and Canaris A (1992) Contribution a I'étude des Microphallidae
Travassos, 1920 (Trematoda). XLIII. — De six espéces d’Afrique du Sud dont
une d’un genre nouveau. Annales de Parasitologie Humaine et Comparée 67,
204-218. https://doi.org/10.1051/parasite/1991665204.

Deblock S and Rausch RL (1972) Contribution a I’étude des Microphallidae
Travassos, 1920 (Trematoda). XXVI. De quelques especes d’Alaska. Annales
de Parasitologie 47, 701-715.

Deblock S and Stam AB (1960) Notes et informations. Annales de Parasitologie
Humaine et Comparée 35, 672—675. https://doi.org/10.1051/parasite/
1960354672.

Deblock S and Tran Van Ky P (1966) Contribution a Iétude des Microphallidae
Travassos, 1920 (Trematoda). XII. Espéces d’Europe occidentale. Création de
Sphairiotrema nov. gen.; Considérations diverses de systématique. Annales de
Parasitologie 41, 23—60.

Dronen NO and Badley JE (1979) Helminths of shorebirds from the Texas Gulf
Coast. I. Digenetic trematodes from the long-billed curlew, Numenius amer-
icanus. Journal of Parasitology 65, 645—-649. https://doi.org/10.2307/3280335.

Fischthal JH and Kuntz RE (1976) Some digenetic trematodes of birds from
Taiwan. Proceedings of the Helminthological Society of Washington 43, 65-79.

Galaktionov KV, Blasco-Costa I and Olson PD (2012) Life cycles, molecular
phylogeny and historical biogeography of the ‘pygmaeus’ microphallids
(Digenea: Microphallidae): Widespread parasites of marine and coastal birds
in the Holarctic. Parasitology 139, 1346-1360. https://doi.org/10.1017/
$0031182012000583.

Galaktionov KV and Bustnes JO (1999) Distribution patterns of marine bird
digenean larvae in periwinkles along the southern coast of the Barents Sea.
Diseases of Aquatic Organisms 37, 221-230. https://doi.org/10.3354/
dao037221.

Hadley CE and Castle RM (1940) Description of a new species of Maritrema
Nicoll 1907, Maritrema arenaria, with studies on the life history. Biological
Bulletin 78, 338—348. https://doi.org/10.2307/1537782.

Harper JT and Saunders GW (2001) The application of sequences of the
ribosomal cistron to the systematics of the florideophyte red algae (Florideo-
phyceae, Rhodophyta). Cahiers de Biologie Marine 42,25-38. https://doi.org/
10.21411/CBM.A.ADC850A3.

Hassan A, Al-Solami M and Hassan SM (2018) Identification of some trema-
tode cercariae collected from six marine snail species of the genus Nerita.
Journal of the Egyptian Society of Parasitology 48, 251-258. https://doi.org/
10.12816/0050432.

Irwin SWB (1983) Incidence of trematode parasites in two populations of
Littorina saxatilis (Olivi) from the north shore of Belfast Lough. Irish
Naturalists’ Journal 21, 26-29.

Irwin SWB and Irwin BC (1980) The distribution of metacercariae of Mari-
trema arenaria (Digenea: Microphallidae) in the barnacle Balanus balanoides
at three sites on the east coast of Northern Ireland. Journal of the Marine
Biological Association of the United Kingdom 60, 959-962. https://doi.org/
10.1017/50025315400042016.

Irwin SWB, Maguire JG and Saville DH (1990) Identification of the cercarial
stage of Maritrema arenaria (syn. M. gratiosum) (Trematoda: Microphalli-
dae). Journal of Natural History 24, 949-954. https://doi.org/10.1080/
00222939000770591.

Irwin SWB and Prentice HJ (1976) The parasitic fauna in the digestive tracts of
three herring-gulls, Larus argentatus, taken from Strangford Lough. Irish
Naturalists’ Journal 18, 281-282.

Ke XL (1976) Studies on microphallid trematodes from China. I. New species
and new records of Maritrema. Acta Zoologica Sinica 22, 361-370.

Kréal’ova I, Hanzelova V, Scholz T, Gerdeaux D and Spakulova M (2001) A
comparison of the internal transcribed spacer of the ribosomal DNA for
Eubothrium crassum and Eubothrium salvelini (Cestoda: Pseudophyllidea),
parasites of salmonid fish. International Journal for Parasitology 31, 93-96.
https://doi.org/10.1016/S0020-7519(00)00147-8.

Kuklin VV (2015) Seabird helminth fauna and parasite life cycles on the
Murman Coast of the Barents Sea in winter. Doklady Biological Sciences
461, 100-103. https://doi.org/10.1134/S001249661502012X.


https://doi.org/10.1645/GE-3546.1
https://doi.org/10.1080/00222933908527013
https://doi.org/10.1080/00222933908527013
https://doi.org/10.1016/j.ijpara.2023.02.004
https://doi.org/10.1016/0166-6851(93)90199-8
https://doi.org/10.1016/0166-6851(93)90199-8
https://doi.org/10.1017/S0022149X00012062
https://doi.org/10.1139/z78-254
https://doi.org/10.1007/s00436-024-08446-0
https://doi.org/10.1007/s00436-024-08446-0
https://doi.org/10.1051/parasite/1991665204
https://doi.org/10.1051/parasite/1960354672
https://doi.org/10.1051/parasite/1960354672
https://doi.org/10.2307/3280335
https://doi.org/10.1017/S0031182012000583
https://doi.org/10.1017/S0031182012000583
https://doi.org/10.3354/dao037221
https://doi.org/10.3354/dao037221
https://doi.org/10.2307/1537782
https://doi.org/10.21411/CBM.A.ADC850A3
https://doi.org/10.21411/CBM.A.ADC850A3
https://doi.org/10.12816/0050432
https://doi.org/10.12816/0050432
https://doi.org/10.1017/S0025315400042016
https://doi.org/10.1017/S0025315400042016
https://doi.org/10.1080/00222939000770591
https://doi.org/10.1080/00222939000770591
https://doi.org/10.1016/S0020-7519(00)00147-8
https://doi.org/10.1134/S001249661502012X

Kuklin VV (2022) Biogeographical aspects of helminths parasitizing Barents
Sea birds: Spatial distribution and host preferences. Biology Bulletin of the
Russian Academy of Sciences 49, 1570-1592. https://doi.org/10.1134/
$1062359022090175.

Kuklin VV and Kuklina MM (2021) Age dynamics of helminth fauna of the
herring gull (Larus argentatus) in Kola Bay, Barents Sea. Biology Bulletin of
the Russian Academy of Sciences 48, 1160-1169. https://doi.org/10.1134/
$1062359021080173.

Lebour MV (1908) Trematodes of the Northumberland coast, no. II. Transac-
tions of the Natural History Society of Northumberland, Durham, and New-
castle-upon-Tyne. New Series 3, 28—45.

Lebour MV (1911) A review of the British marine Cercariae. Parasitology 4,
416-456. https://doi.org/10.1017/5003118200000278X.

Loftin H (1960) An annotated check-list of trematodes and cestodes and their
vertebrate hosts from northwest Florida. Quarterly Journal of the Florida
Academy of Sciences 23, 302-314.

MacLeod CD, Armstrong C and Wang T (2021) A riddle, wrapped in a
mystery, inside a barnacle. Frontiers in Ecology and the Environment 19,
107. https://doi.org/10.1002/fee.2317.

Marcogliese DJ (2007) Evolution of parasitic life in the ocean: Paratenic hosts
enhance lateral incorporation. Trends in Parasitology 23, 519-521. https://
doi.org/10.1016/.pt.2007.09.001.

McCarthy HO, Fitzpatrick S and Irwin SWB. (2002) Life history and life cycles:
Production and behavior of trematode cercariae in relation to host exploit-
ation and next-host characteristics. Journal of Parasitology 88, 910-918.
https://doi.org/10.1645/0022-3395(2002)088[0910:LHALCP]2.0.CO;2.

McCarthy HO, Irwin SWB and Fitzpatrick SM (1999) Nucella lapillus as a
paratenic host for Maritrema arenaria. Journal of Helminthology 73, 281—
282. https://doi.org/10.1017/50022149X00700587.

Mitchell JB and Dessi J (1984) A note on the distribution of metacercariae of
Maritrema arenaria in Balanus balanoides at a site on the north-east coast of
England. Journal of the Marine Biological Association of the United Kingdom
64, 734-735. https://doi.org/10.1017/50025315400030472.

Mouritsen KN and Poulin R (2002) Parasitism, community structure and
biodiversity in intertidal ecosystems. Parasitology 124, 101-107. https://doi.
org/10.1017/50031182002001476.

Nicoll W (1907) XXXVIII. — Observations on the trematode parasites of British
birds. Annals and Magazine of Natural History 20, 245-271. https://doi.org/
10.1080/00222930709487332.

Kevin C. K. Ma et al.

Ouspenskaia AV (1960) Parasitofaune des crustacés benthiques de la mer de
Barents. Annales de parasitologie humaine et comparée 5, 221-242.

Popiel I (1976a) A description of the metacercaria of Maritrema arenaria
Hadley and Castle, 1940 (Digenea: Microphallidae) from Balanus balanoides
(L.), in Britain. Cahiers de Biologie Marine 17, 411-412.

Popiel I (1976b) A description of Cercaria littorinae saxatilis V sp. nov.
(Digenea: Microphallidae) from Littorina saxatilis subsp. rudis (Maton) in
Cardigan Bay, Wales. Norwegian Journal of Zoology 24, 303-306.

Popiel I (1978) The ultrastructure of the daughter sporocyst of Cercaria
littorinae saxatilis V Popiel, 1976 (Digenea: Microphallidae). Zeitschrift fiir
Parasitenkunde 56, 167-173. https://doi.org/10.1007/BF00930747.

Presswell B, Blasco-Costa I and Kostadinova A (2014) Two new species of
Maritrema Nicoll, 1907 (Digenea: Microphallidae) from New Zealand: Mor-
phological and molecular characterisation. Parasitology Research 113, 1641—
1656. https://doi.org/10.1007/s00436-014-3809-9.

Rankin JS (1939) Studies on the trematode family Microphallidae, Travassos,
1921, II1. The genus Maritrema Nicoll, 1907, with description of a new species
and a new genus, Maritreminoides. American Midland Naturalist 22, 438—
451. https://doi.org/10.2307/2420321.

Sanmartin ML, Cordeiro JA, Alvarez MF and Leiro J (2005) Helminth fauna of
the yellow-legged gull Larus cachinnans in Galicia, north-west Spain. Journal
of Helminthology 79, 361-371. https://doi.org/10.1079/JOH2005309.

Sari A and Malek M (2000) Occurrence of Maritrema arenaria (Digenea:
Microphallidae) in the acorn barnacle, Balanus perforatus (Cirripedia: Balani-
dae) from south-west Wales. Journal of the Marine Biological Association of the
United Kingdom 80, 371-372. https://doi.org/10.1017/50025315499002015.

Sonin MDs (1985) Key to Identification of Trematodes of Piscivorous Birds of the
Palaearctic (Brachylaimida, Clinostomida, Cyclocoelida, Fasciolida, Notoco-
tylida, Plagiorchida, Schistosomatida). Moscow: Nauka, 256.

Tkach VV, Littlewood DT]J, Olson PD, Kinsella M and Swiderski Z (2003)
Molecular phylogenetic analysis of the Microphalloidea Ward, 1901 (Trema-
toda: Digenea). Systematic Parasitology 56, 1-15. https://doi.org/10.1023/A:
1025546001611.

Williams IC, Ellis C and Cross AS (1981) The occurrence of the cysticercoids of
Acanthocirrus retrirostris (Krabbe 1869) Baer 1956 (Cyclophyllidea, Dilepi-
didae) and the metacercariae of Maritrema gratiosum Nicoll 1907 (Digenea,
Microphallidae) in the barnacle, Balanus balanoides (L.), on the coast of
Yorkshire, England. Zeitschrift fiir Parasitenkunde 66, 155-162. https://doi.
org/10.1007/BF00925722.


https://doi.org/10.1134/S1062359022090175
https://doi.org/10.1134/S1062359022090175
https://doi.org/10.1134/S1062359021080173
https://doi.org/10.1134/S1062359021080173
https://doi.org/10.1017/S003118200000278X
https://doi.org/10.1002/fee.2317
https://doi.org/10.1016/j.pt.2007.09.001
https://doi.org/10.1016/j.pt.2007.09.001
https://doi.org/10.1645/0022-3395(2002)088[0910:LHALCP]2.0.CO;2
https://doi.org/10.1017/S0022149X00700587
https://doi.org/10.1017/S0025315400030472
https://doi.org/10.1017/S0031182002001476
https://doi.org/10.1017/S0031182002001476
https://doi.org/10.1080/00222930709487332
https://doi.org/10.1080/00222930709487332
https://doi.org/10.1007/BF00930747
https://doi.org/10.1007/s00436-014-3809-9
https://doi.org/10.2307/2420321
https://doi.org/10.1079/JOH2005309
https://doi.org/10.1017/S0025315499002015
https://doi.org/10.1023/A:1025546001611
https://doi.org/10.1023/A:1025546001611
https://doi.org/10.1007/BF00925722
https://doi.org/10.1007/BF00925722

	Genetic evidence for the microphallid trematode Maritrema gratiosum in the Northeast Pacific and an overview of its global distribution
	Introduction
	Material and methods
	Collection of animals
	Genetic analysis

	Results and discussion
	Acknowledgements
	Competing interests
	References


