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Abstract: In July 2014, a nematode species, Schistorophus cirripedesmi Rhizhikov and Khokhlova, 1964, was recovered
from a bar-tailed godwit, Limosa lapponica baueri that was stored in a -20°C freezer in the Chungnam Wild Animal Res-
cue Center. The bird was collected in 2012 from the coastal region of Pyeongtaek-si (City), Gyeonggi-do (Province) in the
Republic of Korea, although the exact date is not clear. At necropsy, 9 nematodes were found in the gizzard of the bird.
The parasites had 4 horn-like cephalic cuticular ornamentations. After morphometric comparison and morphological ob-
servations, including scanning electron microscopy, the nematodes were identified as S. cirripedesmi. This is the first de-
scription of a nematode species in a shorebird in Korea. This is also the first time this genus and species have been found

in Korea.
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The coastal regions of Korea, especially the Yellow Sea, are
important staging or breeding sites for a variety of shorebirds.
To date, 63 species belonging to 7 families (Haematopodidae,
Recurvirostridae, Charadriidae, Rostratulidae, Jacanidae, Scol-
opacidae, and Glareolidae) have been recorded in Korea [1].
Considering the diversity and numbers of these birds, it is like-
ly that they bear many different species of parasites. However,
relatively little is known about the parasite fauna in the shore-
birds in Korea: to date, only 8 species of parasites in 9 species
of shorebirds have been recorded in Korea |2-7]. To the best of
our knowledge, other helminths such as nematodes or ces-
todes have never been reported in shorebirds in Korea.

The bar-tailed godwit, Limosa lapponica (Linnaeus, 1758), is
a shorebird that visits the Yellow Sea region frequently. It is a
relatively large wader species that is renowned for its extreme
migration. It spends time in Northern Eurasia and Western
Alaska to breed and then migrates to its wintering locations,
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namely, Europe, Africa, Middle and South Eastern Asia, and
Australia. It has several subspecies. Of these, L. lapponica baueri
and L. lapponica menzbieri can be observed in Korea during the
migrating seasons, which are early April to mid-May and early
August to early October [1]. According to the reports on its mi-
gration, the subspecies L. I baueri often chooses a circuitous
route during its northward migration that includes the Yellow
Sea region, Japan, Kamchatka Peninsula, and the Bering Is-
lands as its staging regions. After completing its breeding in
Alaska, it returns to New Zealand directly or via a circuitous
route that follows coastal regions [8-10].

In the present study, we report for the first time a nematode
species, Schistorophus cirripedesmi Rhizhikov and Khokhlova,
1964, in a shorebird in Korea. The shorebird was a L. lapponica
baueri that had been rescued in Korea but then died and was
stored in a -20°C freezer in the Chungnam Wild Animal Res-
cue Center (CWARC). The parasitic faunas of migratory birds
in Korea are discussed.

A bar-tailed godwit was rescued from the coastal region of
Pyeongtaek-si (City), Gyeonggi-do (Province) in the Republic
of Korea (=Korea) in 2012, although the exact date is not
clear. The bird was an adult and died during treatment. Its vis-
ceral organs were stored in a -20°C freezer in the CWARC and
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Fig. 1. Schistorophus cirrjpedesmi attached on the gizzard wall of
a bird.

then donated in July 2014 to the Parasite Resource Bank in
Korea (PRB) for parasitological examinations. At necropsy, 9
nematodes (4 females and 5 males) were found in the wall of
the gizzard (Fig. 1). Their anterior extremity was located at the
muscular layer of the organ. Three female and 3 male worms
were chosen for morphological identification, and slide speci-
mens were generated using glycerin-jelly. The specimens were
placed under a light microscope, and all organs were measured
with a micrometer. Two of the specimens studied are deposit-
ed in the National Institute of Biological Resources in Korea
(NIBR). NIBR specimen numbers are KOSPIV0000221892
and KOSPIV0000221893. A male and a female worm were
subjected to scanning electron microscopy (SEM). Thus, they
were fixed in 2.5% glutaraldehyde after washing in PBS 3
times, each for 15 min. Thereafter, they were dehydrated using
a graded alcohol series (70%, 80%, 90%, 95%, 100%, and
again 100% ethyl alcohol; 30 min per step). The specimens
were then dipped in hexamethyldisilazan for 1 hr, after which
they were dehydrated again in a sealed box with silica gel for 1
day. After coating with gold, they were observed by SEM (LEO-
15301; Oberkochen, Germany).

The light microscopy and SEM analyses indicated that the
body was thin and long. The head was compressed laterally.
The oral opening was narrow dorsoventrally and surrounded
by 2 pairs of teeth on each side. The pseudolabia were well de-
veloped, square shaped, and covered the lateral part of the
head. Two pairs of cephalic papillae were located on each side
of the pseudolabia. An amphid was observed at the extremity
of each pseudolabia. Four sublabia were situated at the sublat-

eral part of the pseudolabia and elongated to the posterior ex-
tremity of the pseudolabia. Four ptilina originated from the
lower position of each sublabium. The ptilina were well devel-
oped and resembled a hawk’s wing (Fig. 2A-D). The buccal
cavity was well developed, deep, and narrow (Fig. 3A). The
esophagus was divided into a muscular and a glandular
esophagus. The muscular esophagus was relatively shorter
than the glandular esophagus. The deirid was very small and
shaped like a dragon fruit (Fig. 2C, E). Under light microscopy,
its location was obscure. Table 1 presents the morphometric
measurements of male and female worms (Table 1).

The posterior part of the male worm was coiled. The caudal
alae were well developed. The tail was short and had a blunted
end. The papillae were located on the ventral side of the cau-
dal alae. There were 20-21 pairs of preanal papillae and 4 pairs
of postanal papillae (Figs. 3D, 4A). There were 2 spicules that
were unequal in size and dissimilar. The left spicule was long
and slender. Its distal end was complicated with several pro-
cesses (Fig. 4B). The right spicule was stout, short, and curved
with a triangular process slightly ventrally near distal end (Fig.
4Q).

The female worm was much larger than the males in terms
of both length and width. The vulva was prominent, was lo-
cated almost in the middle of the body (Figs. 2F 3B). The uter-
us was didelphic and had an amphidelphic position. It was
packed with numerous eggs. The vagina vera and vagina uter-
ine could not be observed well. The eggs near the vulva were
larger than the other eggs and were embryonated. The eggs
(n=30) were thick-shelled. The tail was short and had a blunt-
ed end (Fig. 3C).

The family Acuariidae is characterized by cuticular ornamen-
tation of the anterior extremity. In terms of the species in this
family, the species in the genus Schistorophus Railliet, 1916 are
easily distinguishable from those in other genera because of
the presence of 4 characteristic horn-shaped cephalic cuticular
ornamentations [11]. In the past, 16 species of the genus Schis-
torophus were described. However, Wong and Lankester [12] re-
vised the genus after observing the specimens recovered from
North American waders and burrowing specimens. They rec-
ognized only 5 valid species, Schistorophus longicornis (Hemp-
rich and Ehrenberg, 1866) Railliet, 1916; S. skrjabini (Vassilko-
va, 1926) Guschanskaya, 1950; S. cornutus Sobolev, 1943; S.
guschanskoi Ablasov and Chibichenko, 1962, and S. cirripedes-
mi Rhizhikov and Khokhlova, 1964 [12]. Zhang [13] added 1
more species, S. fukienensis, which was found in China, and
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Fig. 2. Scanning electron microscopic views of Schistorophus cirripedesmi. (A) Apical view of the head. (B) Lateral view. (C, D) Dorsal
views. Arrow. deirid. (E) Enlarged view of the deirid that looks like dragon fruit. (F) Vulva opening.

Pinto et al. [14] described the 7th species, S. molini.

Wong and Lankester [12] proposed the term ‘ptilinum’ for
the cephalic hom-like structures of the genus Schistorophus and
used the size of the ptilinum as one of the keys for distinguish-
ing between the species of the genus. They also used the length
and shape of the spicules and the number of cloacal papillae
[12]. Pinto et al. [14] modified this species key and added S.
molini as a species. The specimens in the present study un-
doubtedly belong to the genus Schistorophus because of their

ptilina. Moreover, the other characteristics in the species key
proposed by Wong and Lankester [12] and Pinto et al. [14] in-
dicate that our specimens belong to S. cirripedesmi, namely, the
length of ptilina (105-125 pum in the male and 120-142.5 pm
in the female), length of the left spicule (460-470 pm), and
number of pre-cloacal papillae (20-21 pairs). The morphomet-
ric measurements of our specimens also matched well with
those of the previous S. cirripedesmi specimens. Table 1 does
not include the size of the undeveloped eggs, but, in our speci-
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Fig. 3. Light microscopic views of Schistorophus cirripedemi attached. (A) Lateral view of a female worm. (B) Larvated eggs in the uterus
and prominent lips of vulva. (C) Posterior extremity of a female worm. (D) Posterior extremity of a male worm.

Table 1. Morphometirc comparison of previously described Schistorophus cirripedesmi and the present study

References Present study Li (1934) Wong and Lankester (1984)  Rhizhikov and Khokhlova (1964)
Host Limosa lapponica baueri Numenius arquata® Numenius arquata arquata® Charadrius leschenaulti®
Location Korea China Egypt Vietnam

Gender of worm Male Female Male Female Male Female Male Female
No. of exam. worm 3 3 4 6 1 4 3 2
Body length (mm) 9.3-9.5 17.2-19 6.5-8.0 15.5-16.5 10 18.0-18.7 5.3-6.7 8.0-9.28
Body width 145-175 265-288 130-140 200-260 130 170-255 150-178 192-256
Ptilina length 150-125 120-143 60-80 110-150 50-125 160-165 231
Buccal capsule depth 42.5-75 70-75 42 55-75 76-83 80-92
Nerve ring? 175-190 200-244 150-170  220-230 195-220 132-150 165
Excretory pore? 250-275 308-318 220-260 320 175 149
Muscular esophagus length  625-705 908-1,000 590-810 1,060-1,100 640 860-1,000 360-400 480-630
Glandular esophagus length  825-925  1,148-1,464 640-780 890-1,020 780 660-1,200 630-730 640-660
Total esophagus length 1,626-1,630 2,075-2,464 1,420 1,520-2,000

Tail length 90-110 88-111 60-80 70-80 100 60-70 640-720 80
Left spicule length 460-470 330-370 540 360-512

Right spicule length 95-120 110-120 140 129-155

No. of preanal papillae 20-21 20 Over 20 18

No. of postanal papillae pair 4 4 4 4

Vulva® (mm) 9.21-11.8 71-75 8.8-8.9 3.88-4.48
Egg length 47-52 42-50 43-50
Egg width 22 -27 24-27 23-25

2 ength from anterior extremity. "Length from posterior extremity. °We modified the scientific names to currently used names.
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Fig. 4. (A) Posterior part of the male Schistorophus cirripedemi with papillae and spicules. (B) Left spicule. (C) Right spicule.

mens, the eggs inside the early uterus were smaller than those
near the vulva. Such size variation in the eggs was also evident
in Fig. 1 of Rhizhikov and Khokhlova, 1964, who described
the first specimens of S. cirripedesmi [15].

When S. cirripedesmi was first described in Vietnam by Rhi-
zhikov and Khokhlova, the host was Charadrius leschenaultia
(Lesson, 1826) [15], although, in their original description,
Rhizhikov and Khokhlova stated that the host was ‘Cirripedes-
mus leschenaulty’. It is likely that the genus name ‘Cirripedesmus’
was a miscitation of ‘Cirrepidesmus Bonaparte, 1856 [16],
which is regarded as a synonym of the genus Charadrius. Thus,
the scientific name of the nematode species S. cirripedesmi ap-
pears to have originated from the wrong host genus name.
This requires further discussion.

In terms of distribution, S. cirripedesmi has been recorded in
both the Old World (China, Europe, Egypt, Malaysia, Russia,
and Vietnam) and the New World (Antigua) [12,15,17-21].
However, there is some doubt about its New World distribu-
tion, which was recorded by Clapham [18]. He reported find-
ing of nematode larvae belonging to the genus Schistorophus in
the gizzard of a willet, Tringa semipalmata (= Catoptrophorus
semipalmatus), and a killdeer, Charadrius vociferus (originally re-
corded as a rufous necked plover, Oxychus vociferus), in Anti-
gua. Moreover, he recorded adults belonging to the genus
Schistorophus in the gizzard of a black-necked stilt, Himantopus

mexicanus [18]. Although Clapham [18] concluded on the ba-
sis of the morphology of these specimens that they were S. la-
ciniatus, he mentioned that this identity was in some doubt
because an adult male was not found [18]. Wong and Lank-
ester [12] commented that the specimens described by
Clapham [18] were identical to the description of S. cirripedes-
mi presented in their study and thus considered the specimens
of Clapham to be S. cirripedesmi. However, the description of
Clapham [18] was based on adult female worms only, and
this description is also very similar to that of the female S. mo-
lini, which was recorded in Brazil | 14]. Thus, because of the in-
complete description, we cannot make a definite conclusion
regarding the identity of Clapham’s specimens: the deposited
specimens should be observed in detail to resolve this issue. At
this point, it seems advisable to treat Clapham’s specimens as
belonging to a species inquirendae, namely, S. laciniatus, as re-
corded by Clapham [18]. Thus, at this time, we tentatively
conclude that the distribution of S. cirripedesmi may not in-
clude Antigua.

Nevertheless, there is some evidence that S. cirripedesmi is
also distributed in Australia. Mawson [19] described the nem-
atodes of waders in Australia. These included 2 different Schis-
torophus species, 1 in Calidris canutus and 1 in L. lapponica (pos-
sibly L. lapponica baueri). Wong and Lankester [12] discussed
the worms found in L. lapponica by Mawson [19] and stated



354  Korean J Parasitol \Vol. 54, No. 3: 349-355, June 2016

that they belonged to S. longicornis. However, they did not dis-
cuss the worms found in C. canutus [12]. Mawson [19] men-
tioned that the latter worms closely resembled the description
of S. longicornis by Li [20] but differed from the record of S.
longicornis by Akhtar. Interestingly, the specimens of Li [20]
were originally considered to belong to S. longicornis but were
later considered by Daiya, Bondarenko, and Gubanov to be-
long to S. lii [20,21]. Notably, Wong and Lankester [12] con-
sidered S. lii to be a conspecific species with S. cirripedesmi. In
addition, the drawings provided by Mawson [19] completely
matched the description of S. cirripedesmi that was proposed
by Wong and Lankester [12]. On this basis, we conclude that
the distribution of S. cirripedesmi includes Australia.

Satellite tracking technology revealed the extreme migra-
tions of L. lapponica baueri, the shorebird host of the specimens
described in the present study. These birds employ a wide
range of Eastern Pacific regions for their airway. They fly direct-
ly from the non-breeding site of New Zealand to the Yellow
Sea region; on average, they fly 10,060 km in 7.2 days [10].
Moreover, the flight from the Yellow Sea region to the breed-
ing region in Alaska is 6,770 km, which is achieved on average
in 4.6 days [10]. There is also a case of a female L. lapponica
baueri that flew for the 29,280 km (including 11,680 km over
8.1 days) between Alaska and New Zealand during its entire
migration [9,10]. She only landed at 3 spots: New Zealand, the
Yellow Sea, and Alaska [10]. This extremely fast migration of
the host indicates that unless the parasites are eliminated by
their host before leaving, there is a high possibility that the
host can carry the parasite from the point of departure to the
destination: it is likely that if the lifespan of S. cirripedesmi is
longer than few days it can take the birds to travel the long dis-
tances. Indeed, several reports state that L. lapponica taymyrensis
that were caught in Castricum, the Netherlands, before reach-
ing their stop-over site in the Wadden Sea had nematodes in
their feces [22,23]. Thus, apprehending the route and duration
of migration by the hosts of S. cirripedesmi will help us to bet-
ter understand the distribution of the parasite. This was also
suggested by Wong and Anderson [17]. Thus, as explained
above, S. cirripedesmi has been reported in Korea (Yellow Sea),
Kamchatka Peninsula, and Australia [19,21]; all of these places
overlap with the migration route of L. lapponica baueri [8-10].
The existence of the species in stop-over sites indicates that
they could be carried to breeding sites; thus, it seems likely
that S. cirripedesmi will be present in L. lapponica baueri in New
Zealand and Alaska as well. This insight may also be useful for

understanding the distributions of other parasites. In particu-
lar, the cestodes Ophrycotyle proteus Friis, 1870 and Capsulata
edenensis Sandeman, 1959 [24], and the acanthocephalans
Profilicollis antarcticus and P. novaezealandensis [25] have been
recorded in L. lapponica baueri in New Zealand, while the nem-
atode, S. longicornis has been recorded in L. lapponica baueri in
Australia [19]. This indicates that these parasites may also be
distributed in Korea.

In conclusion, we believe that our specimens are S. cirripe-
desmi on the basis of morphological observations. This is the
first time both the genus and species have been found to be-
long to the Korean parasite fauna. This is also the first time a
nematode parasite has been recorded in shorebirds in Korea.
While we sought to estimate the distribution of S. cirripedesmi
by examining the migration of the host, many questions re-
main, including the location of infection, sources of infection,
and host-parasite interactions. Further studies that examine
these facets are needed to improve our understanding of the
ecology of S. cirripedesmi.
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