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Abstract. The genus Anguillicola is reviewed on the basis of the examination of soms type specimens
and other material. Two new species are described: 4. novaezelondine sp. n. from dnguilic ausiralis
(type host) from New Zealand and A. enguille from Italy (conspecific nematodes were originally
reported from Italy as A, australiensis) and A. papernai ap. n. from Anguilla mossambice from South
Africa. At present the genus Anguillicole comprises the following five valid species: 4. globicaps
Yamaguti, 1935, 4. australiensis Johnston et Mawson, 1940, 4. crassus Kuwahars, Niimi et Itagaki,
1974, A. novaezelandige 8p. n., and 4. papernai sp. n. Two Anguillicoln species, A. crassus and 4,
novaezelandine, were apparently introduced in Europe from other continents a few years ago. The
gemus Anguillicola is divided into two subgenera: Anguillicola (type species 4. (4.) globiceps) and
Anguillicolovdes subgen. n. (type species 4. (4.) erassus). All Anguillicola species are briefly deseribed
and illustrated. The paper is supplemented by a key to the identification of Anguillicola species.

The genus Anguillicole Yamaguti, 1935 of the monotypic family Anguillicolidae
{Dracunculoidea) was established by Yamaguti (1935) for 4. globiceps from the
swimbladder of Japanese eels {(dnguilla japonica) in Japan. Later two additional
congenerio species were described: A. australtensts Johnston ev Mawson, 1940 from
Anguilla retnhardtis from Australia and 4. crassus Kuwahara, Niimi et Itagaki, 1974
from Anguilla anguilla and 4. japonica raised in eel farms in Japan. The species were
distinguished principaily by vhe form of the oesophagus, number of large unicellular
rectal glands, and number of caudal papillae in the male (see Peters and Hartmann
1986) Until receatly, all the three above mentioned species were congidered to be limited
in their distribution to East Asia and Australia and New Zealand.

The general interest in these pathogeniec nematvodes has increased considerably since
Anguillicola appeared in Burope. In 1982, Paggi et al. reported Anguillicola qustraliensis
from Anguilla anguilla from Lake Bra.ccla.no near Rome in Ttaly. At about the same time
Anguillicola nematodes were recorded from eels from the open waters of the Weser-Ems
River region in Northern Germany (Neumann 1985); since vhen, they have spread
throughout many countries of Western, Northern and Central Furope with great
rapidity., Although the nematodes from Western Europe (Holland, Belgium) were
identified as A. crassus by Van Banning et al. (1985) and De Charleroy (1986),
Petors and Hartmann (1986) state that those from Northern Germany cannot be
unequivocally assigned to ahy of the known species. According to De Charleroy et al.
(1987), the Belgian nematodes seem to be conspecific with A. crassus, but the authors
mention that the redescription of 4. australiensis based on Italian nematodes (Paggi
et al. 1982) approximates very closely to that of the helminths found in Belgium.
Consequently, they consider it pogsible that 4. crassus and 4. australiensis are one and
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the same species. This uncertainty in species identification of European Anguillicola
members is responsible to the fact that these highly pathogenic nematodes are frequently
reported from Europe as only Anguillicola sp. (see e.g. Peters and Hartmann 1936,
Molnar 1986, Kgie 1987, Koops 1987).

In an attempt to resolve the problem of the species identity of European members of
Anguillicola, we examined a number of the type and non-type specimens of all three
previously recognized species in this genus. Some of the results obtained pertaining to
the European members of Anguillicola have been published by Taraschewski ey al.
(1987), who showed clearly that there are actually two species occurring in eels in
Europe. Since, however, some new and important data on the morphology of Anguillicola
members of other continents were obtained during this study, it proved possible to
undertake a revision of the whole genus. It is hoped that this will help in reliable species
identification and will form the basis for future work on, the biology of these interesting
and economically important helminths. Tn addition to the previously recognized species,
the materials at our disposal contained two new, hitherto undescribed Anguillicola
species which ave described in the present paper.

MATERIALS AND METHODS

The following Anguillicola specimens were studied:

A. globiceps — 333 + 299 from unknown hoat {Adnguilla japonica?) from Japan (leg. Dr. H
Hn.'ose)
~ 1@, 2 juv, 92+ 11 larvae from unknown host (dnguilla japonica?) from China
(leg. Prof. P. Q. Wang and Prof. H. 8. Wu);
A. austrgliensis — type spesimens (I -+ Q) from Anguilla reinhardiii from South Australia (South
Australian Museum, Adelaide, Coll. No. V 1392);

4. erassus ~—syntypes (3 -+ Q) from Anguilla anguille from Japan (Shizuks Pref., 1072,
leg. Dr, A. Kuwahara) (Meguro Parasitological Museum, Tokyo, Goll No.
MPM 190938);

— specimens (21 4¢ + 28 29) from cultured AdAnguilln mpomca (thzuka. Pref.,
March 1979, leg. Dr. H, Hirose);
— 833 + 7 8% from unknown hosgt (Angmlla yapomca?) from China (leg, Prof.
' P. Q. Wang and Prof. H. 8. W);
— numerous spasimens from Anguilla enguille from the Federal Republic of
Germany (Ruhr Lake, River Weser, R. Elbe estuary, JuneMSeptember 1986,
leg. Dr. H. Taraschewski); .
A, novaazalmzdme — gpecimens (4 33 4 3 9¢ — types) from dnguille australis from New Zoaland
(Matehina dam, 17 May 1978, leg. Dr. B. Jones);
—gpecimens (3 33 - 3 99) from Anguilla anguilla from Italy (Braccm.no Laks,
leg. Prof. L. Paggi);
A. papernai — gpecimens (2 33 -+ 4 29) from Anguille mossambica from South Africa (21
September 1984, leg. Dr. I, Paperna).

) The nematodes were mostly fixed in 709%, ethanol or 49, formaldehyds, All ’r,he speclmens were

cleared and examined in glyeerine. En fuce views were prepared acocording to Anderson’s {1958)
method. Drawings were made with the aid of & Zpizs microscope draowxng attachment. All Neasure-
ments are in mm.

RESULTS

Genus Anguillicola Ya.mé.guti, 1935

Diagnosis: Anguillicolidae. Cuticle very finely spinose or aspinose, sometimes with
marked, irregularly scattered excrescences of fibrous structure on anterior and posterior
ends of body. Head end bearing four oepha.lm papillae and two lateral amphids. Buocal
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capsule present, provided with row of small circuumnoral teeth. Oesophagus short and
wide, congisting of anterior muscular and posterior muscular-glandular sections. Valvular
apparatus well developed. Intestine dark, distended. Rectal glands 14rge. Male: Spicules
absent. Testis beginning near tail end; seminal vesicle well developed. Ductus
ejaculatorius opeuning outside on prominent candal process. Six pairs of sessile caudal
papillae present. Female: Vulva opening on tip of prominent cone in posterior part of
body. Uterus opposed. Ovoviviparous. Parasites of swimbladder of eels.

Type species: 4. globiceps Yamaguti, 1935

Remark: Since the type species A. globiceps differs from the remaining Anguillicola
gpecies in some taxonomically very important features (structure of cesophagus, spinose
cuticle), we consider it useful to separate the genus Anguillicola into two subgenera
which, in our opinion, will reflect more accurately relationships among Anguillicola
species. :

1. Subgenus Anguillicola Yamaguti, 1935

Diagnosis: Anguillicola. Body filiiorm, cuticle very finely spinose throughout.
Oesophagus conspicuously inflated at anterior end, its posterior part cylindrical.
Type species: A. (A.) globiceps Yamaguti, 1935

II. Subgenus Anguilliceloides subgen. n.

Diagnosis: Anguillicola. Body fusiform or filiform, cuticle aspinose. Anterior end of
oesophagus lacking inflation, narrow; posterior part of oesophagus distinctly expanded
'I‘ype species: 4. (4.) crassus Kuwahara, Niimi et Ttagaki, 1974

REVIEW OF ANGUILLICOLA SPECIES

L. Anguillicola (Anguillicola) globiceps Yamaguti, 1935 Fig. 1

Description: Body filiform. Epicuticle densely covered by minute spines. Head
end rounded, buccal capsule very large, well sclerotized; some 80 small circumoral
teeth present Anterior end of oesophagus bulbously mﬂa.ted posterior part of oesopha-
gus cylindrical. Valvular apparatus well developed. Three large and one small unicellular
rectal glands present. Tail very short, usually blunt.

Male (3 specimens): Length of body 24.28—32.9]1, meximum width 0.952—1.115.
Length of buccal capsule 0.068—0.108, its width 0.272—0.408, its maximum thickness
0.009—0.015. Length of oesophagus 1.25—1.50; length of its anterior bulb 0.408 to
0.544, width 0.476-—0.707, maximum width of its posterior cylindricalpart 0.258—0.299.
Length ratio of oesophagus and body 1: 21.5—25.4. Distance of nerve ring and excretory
pore from anterior extremity 0.571—0.7756 and 1.27—1.37, respectively. Common
cloacal duct opening on prominent process 0. 088—0.109 long. Size of larger rectal glands
0.109—0.312 X 0.082—0.109, that of smaller one 0.068—0.081x0.030—0.041. Six
pairs of caudal papillae present: 3 preanals and 3 postanals. Tail 0.095—0.244 long.
Female (2 specimens): Length of body of gravid females 37.31—37.81, maximum width
1.44—1.54. Length of buccal capsule 0.109—0.122, width 0.408, maximum thickness
of its wall 0.009. Length of oesophagus 1.50; leng'bh of its anterior bulb 0.049, width
0.571—0.639, maximum width of its postevior cylindrical part 0.299—0.313. Length
ratio of oesophagus and body 1: 24.9—25.3. Distance of nerve ring and excretory pore
0.748—0.762 and 1.56—1.59, respectively. Size of larger rectal glands 0.163—0.204 by
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0.109—0.136, that of smaller one 0.068x0.041. Vulva elevated, situated 6.99—8.4-3
from posterior extremity, this representing approximately 1/5 of body lengsh. Utexus
not reaching anteriorly oesophageal region; uterus containing numerous eggs (size
0.078—0.081 x 0.069), developing embrya and fully formed, sheathed larvae soime
0.180 long and 0.015 wide. Rectum thin hyaline tube, anus slightly elevated, Tauil
short, blunt, 0.122 long.

TFig. 1. Anguillicola globiceps Yameaguti; 1835, A — head end ;of ‘
] \ 3 . male; B — bueeal capsule of lo;
C -— caudal end of gravid female; D — posterior end of male; E — tail tip of ma,lclaj; F— VIE.?VZ'J.
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Host: Anguidlle japonios Temminelk o Schilegel.
Localization: swimbladder, :

Distribution: Japan (Central Hpnshu) an<l China (Fujian, Hubei and Henan Provinces).

Comments: — The morphology of the present spezimens corresponds, more or less, to
the original deseription of A. globiceps given by Yamaguti (1935); even though we
did not succeed in obtaining the type specimens for study, it is clear that our nematodes
belong o this species. Some slight differences concern only measurements that ave
apparently within the normal limits of intraspecific variability of this species.

Yamaguti (1935) provided a relatively very original description of 4. globiceps,
but he did not study the exact number of circumoral teeth in the buccal capsule which
is, in our opinion, an importent specific taxonomic feature in Anguillicola spp. Un-
fortunately, we were also unble to establish the exact number of these teeth from head
end sections because of the limited number of borrowed specimens available; in lateral
view it was possible to determine that the buceal capsule of the specimens of the present
material was armed with some 80 teeth. According to Wang and Zhao (1980), A.
(lobiceps possesses 76 teeth, but it is probable that there is some individual variability
in the number of these teeth, as suggested by data on other congeneric species.

It has been mentioned above that A. globiceps diffe s considerably in its morphology
from other congeneric species, principally in the structure of the oesophagus which is
usually considered one of the most important features in nematode taxopomy. Other
marked differences are the spinose epicuticle and the form of body. Therefore, we
proposge to place 4. globiceps and the remaining Anguillicola species into two separate
subgenera (see above). | |

A. globiceps was originally described by Yamaguti (1935) from Lake Hamana from
Japan (Central Honshu); he mentions that this species is very common in Anguilla
japonice in which heavy infections cause a considerable thickening of the host’s
swimbladder wall. Later this species was reported from Japan by Egusa et al. (1969),
but in fact another species, 4. crassus was misidentified as 4. globiceps in this case
(see Hirose et al. 1976), According to recent information from Dr. H. Hirose, in Japan
this species is much less common in 4. japonica than 4. crassus. In 1858, Wu reported
A. globiceps from pond-cultured 4. japonice from China, but the accompanying drawings
suggest that besides 4. globiceps, A. crassus might also have been included in the material
examined. 4. globiceps was also reported by Wu (1984) from the same host species from
the Liacho River (China, Prov. Henan), buv the drawing of the anterior end of the
nematode {Fig. 17, p. 198) is more similar to 4. crassus than 4. globiceps. The Anguiilicola
maierial from China provided by Prof. P. Q. Wang and Prof. H. S. Wu contained both
A. globiceps and 4. crassus. According to Wang and Zhao (1980), 4. globiceps is
a common parasite of Anguille japonice in the Chinese Provinces of Fujian and Hubei.
‘It appears from the present data that A. globiceps is restricted in its distribution to the
region of the Far East only, but its future accidental introdnction in other geographical
regions cannot be excluded.* | ‘

* Only recently, when this paper was accepted for publication, the recent publication of Ghi ttino
(1985), reporting the record of A. globiceps in Italy, has come to the authors’ abtention. In our opinion,
f re-examination of these specimens and the verification of their species appurtenance is quite -
necesssry, hecause their identification was based on Dr. Molér's presumption that A. globiceps
was the only valid species of Anguillicola.
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2. Anguillicola (Anguillicoloides) australiensis Johnston et Mawson, 1940 Fig. 2

Description (based on type specimens): Largo sized, brown coloured'nematodeS-
Body filiform, relatively narrow for Anguilhicola; epicuticle smooth, aspinose. Head
end bulbously inflated, spherical, neck constriction in front of nerve ring ma..rked; hody
tapering at posterior end to pointed tail. Buccal capsule small, thin-walled, its anterior
edge armed with numerous minute circumoral teeth; number of teeth not established.
Oesophagus expanded st its posterior half. Valvular apparatus of oesophagus well
developed. Nerve ring situated somewhat below neck constriction, exc_ratory pore near
junction of ocesophagus and intestine. Intestine thick-walled, dark, being first narrowr,
then becoming very broad, occupying almost whole width of body. Three conspicuously
large oval unicellular rectal glands present, one dorsal and two subventral; additiona.l
small ventral rectal gland also present. Tail conical, pointed. ‘

Male (1 specimen): Length of body 32.30, maximum width 0.911; length of inflatecl
head end 0.163, its width 0.218; width of body at neck constriction 0.136. Buccal capsule
0.009 long and 0.030 wide; maximum thickness of its wall 0.003. Length of cesophagus
0.938, its meximum width 0.204; length of oesophageal valves 0.054. Length ratio of
cesophagus and body 1: 34.4. Distance of nerve ring and excretory pore from anteriox
extremity 0.258 and 1.05, respectively. Testis reaching anteriorly slightly below end of
oesophagus. Seminal vesicle well developed, size 0.816x0.476. Common cloacal duct:
opening on prominent process 0.075 long. Size of large rectal glands 0.313—0.340 by~
0.190—0.299, - of small one 0.122x0.082. Six pairs of caudal papillae present :
3 preanals, 1 adanal, and 2 postanals; adanal and first preanal pairs less distinct thar
others. Tail conical, 0.204 long. | 3 o
Female (1 specimen): Length of body of nongravid female 27.25, maximum width 0.721 ;
length of inflated head end 0.150, its width 0.204; width of body at neck constrictiorn
0.095. Buceal eapsule 0.009 long and 0.033 wide; maximum thickness of its wall 0.003.
Length of cesophagus 0.898, its maximum width 0.177; length of oesophageal valves
0.054. Length ratio of oesophagus and body 1: 30.3. Distance of nerve ring and excretory”
pore from anterior extremity 0.272 and 0.789, respectively. Vulva elevated, prominent,
situated in posterior part of body, 6.96 from posterior extremity, this representing
approximately 1/4 of body length. Uterus still without eggs. Anterior ovary reaching
anteriorly almost mid-length of cesophagus. Size of large rectal glands 0.245--0.272 by
0.231—0.245, of small one 0.068x0.054. Posterior end of body at rectal regior
gradually tapering to end of tail. Tail conical, relatively long (0.422), pointed.

Host: dnguilla reinhardtii Strd,
Localization: swimbladder.
Disfribution: South Augtralia. -

Comments; — This species was described by Johnston and Mawson (1940) from the
long-finned eel, Anguilla retnhardtiz, from Prospect Reservoir near Sydney, Now South.
Wales, Australia. According to the original desoription, the gravid females of this
specieg are 60—70 mm long and 1.5 mm wide, whereas the body of young females is
25—30 mm long and 0.5 mm wide; the male is 40 mm long and 1 mm wide. This cor-
responds, more or less, to our findings. In contrast to most other species of Anguillicola
(except A. globiceps), A. australiensis seems to be characterized by a relatively long and.
narrow body. Although Johnston and Mawson (1940) reported only four pairs of
caudal papillae in the male of this species, we found six pairs; it is possible that the above
mentioned -authors overlooked the adanal and first preanal pairs of papillae that are
less distinet than others. N
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¥ig. 2. Anguillicola australiensis Johnston et Mawson, 1940 — type specimens. A — head end of
gravid fomale; B — buceal capsule of gravid female; U — head end of male; D ~— ocaudal end of fe-
male; E — posterior end of male; F — vulva. '
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A. australiensis has also been reported from Anguille dieffenbachii and A. austrglis
from New Zealand (Brunsdon 1956, Rid 1973, Hine 1878, Boustead 1982, Blai r
1984) and. from A. anguilla from Italy (Paggi et al. 1982, Sarti et al. 1985, Sarogli au
et al. 1985). Although the nematodes from New Zealand have not been described and
illustrated and we could not obtain the specimens relating to these records, we considex-
them conspecific with the newly collected specimens from 4. australis from New Zen,—~
lend and those from 4. anguilla from Italy that are now desoribed as a new species,
A. novaezelandiae sp. n. The nematodes reported as A. australiensis by Hartmann
(1987) from the FRG belonged probably to 4. crassus.

8. Anguillicola (Anguillicoloides) crassus Kuwahara, Niimi et Ttagaki, 1974 Figs. 3, 4

Description (based on non-type specimens from 4. japonica from Japan): Body
darkly coloured, fusiform, rather plump, tapering to both ends. Epieuticle almost

Fig. 3. dnguillicola craseus Ruwahara, Niimi et Ttagaki, 1974 — type specimens. A, B — head end
of male and fepaa.le; C ~ buooal ecapsuls of fermale; D — caudal end of female; B —- posterior end of
male; F — tail of male; G — larva from uterus.
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smooth. Head end rounded. Mouth aperture circular, surrounded by four big dorsolateral
and ventrolateral cephalic papillae and two small lateral amphids. Buccal capsule well
sclerotized, its anterior rim bearing one row of 22 rather big circumoral teeth. Oesophagns
strongly muscular, expanded at its posterior half. Valvular apparatus of oesophagus
well developed. Nerve ring situated approximately at border of first and second thirds
of OBSOPhﬁfguS length, excretory pore near junction of oesophagus and intestine. Intestine
dark, straight, broad, only its anterior end being usually narrowed. Three conspicuously
large, oval unicellalar rectal glands present; additional small ventral rectal gland also

A C

¢.5mm

0.5mm

Fig, 4. Anguillicola crassus Kuwahara, Niimi et Ttagaki, 1974 — non-type specimens from J"apan.
A — head end of male; B — buccal capsule of female; C — vulva; D — head end of gravid female;
E — posterior end of male; F — caudal end of female; G — tail of male (specimen with only 5 pairs

of caudal papillae).
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present being frequently overlapped by large ones and, accordingly, indistinet, Tail
conical, short. ‘ o

Male (21 specimens): Length. of hody 6.54—21.76, maximwm width 0.658—1.22. Buccal
capsule 0.021—0.027 long and 0.048—0.63 wide; maximum thickness of its wall 0.003 to
0.006. Length of oesophagus 0.721—0.843, its maximum width 0.180—0.218; length
of oesophageal valves 0.054—0.095. Length ratio of oesppha.gus a‘l}d. body 1: 9.1—25.8.
Distance of nerve ring and excretory pore from anterior extremlty 0.21(_)—0.286 and
0.694—0.924, respectively. Seminal vesicle well developed, variable in size. G‘ommqn
cloncal duct opening on prominent process 0.048—0.080 long. Size of large rectal glands
0,122—0.394 % 0.082—0.204, of small one 0.042—0.100x0.027—0.068. Mostly six
pairs of caudal papillae present: 2—3 preanals, 1 adanal, and 2—3 postanals. In one
male only 5 papillas found (Fig, 4G). Tail conical, 0.109—0.240 long.

Female (29 specimens): Length of body of gravid females 13.08—44.74, maximum width
1.22—3.50. Buceal capsule 0.027 long and 0.057—0.083 wide; maximum thickness
of its wall 0.008. Length of oesophagus 0.857—1.088, its maximum width 0.204—0.272.
Length ratio of oesophagus and body 1: 15.3—40.3. Distance of nerve ring and excretory
pore from anterior extremity 0.258—0.209 and 0.857—1.142, respectively, Vulva
prominent, cone-shaped, situated in posterior part of body, 3.40—4.90 from posterior
extremity, this representing approximately 1/4—1/10 of body length. Ovarian tubes
weaching anteriorly to some distance below oesophagus end level and posteriorly to
teégion in front of rectal glands. Uterus occupying most space of body, containing
numerous eggs, developing embrya, and fully formed, sheathed larvae 0.244—0.268
long and 0.015 wide. Rectum hyaline tube, opening vsually on well developed papilla-
like projection; latter indistinet in some specimens. Tail conieal, 0.272—0.299 long.

Hostse: Anguille anguilla (L.} (type host) and A. japanica Temminck ot Schlegel,
Loealization: swimbladder, .
Distribution: Japan, China and Kurope.

Commenis: — This species was first described by Kuwahara et al. (1974) from pond-
cultured Angwile anguille and 4. japonica from Japan (Hamamatsu, Shizuoka Pref.,
Honshu). The criginel description of 4. crassus (erroneously named as crassa) was in-
adequate and inaccurate in some respects and this was the main reason for doubts about
the species identification of conspecific Anguillicola nematodes recorded later from eels
in Europe. Only recently, Taraschewski et al. (1987) carried out a detailed comparison
of the morphology of the type (syntypes) and non-type specimens of 4. crassus from
Japan with Angwillicola specimens from three localities im West Germany; they
concluded that all these nematodes belonged to one and the same species, 4. crassus.
Since the paper by Taraschewski et al. (1987) was submitted for publication, we have
obtained additional numerous Japanese non-type specimens of A. crassus for study .
An. examination of these specimens showed much greater biometrical varighility of
4. crassus from Japan, which is similar to that found by Taraschewski et al. (1987)
for European specimens (see Table 1).

It has already been mentioned by Taraschewski et al. (1987) that in spite of the
considerable biometrical variability of 4. crassus the size of the buccal capsule remains
much the same (Table 1). According to these authors the character of the buccal capsule
(size, shape, degres of sclerotization) seems to be one of the most important specific
features of Anguillicola; the present study shows thatin addition the position of the buccal
capsule in relation to the nematoede’s anterior extremity and the number of circumoral
teeth may be taxonomically important. The nimber of circumoral teeth in 4. crassws
was not established by Kuwahara et al. (1974) in the original descriptior, but seems
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CET

Table I. Gomparisdn of dnguillicola crassus from Japan and Burope

Paratypes Non-type specimens from Japan European specimens
(own data) (new data)} ‘ {after Taraschewski et al. 1987)
i.

5 2 éd xR ad 2
Length of body " 34.94 42.94 6.54 —21.76 13.08 —44.74 b5.77 — 23.12 16.23 —36.72
Width of body 3.7 4.7 0.658— 1.22 1.22 — 3.50 0.340— 1,77 1.36 — 5.00
Tength of buceal eapsule 0.024 | 0.027 | 0.021— 0.027 - 0.027 0.021— 0.027 0.024— 0.027
Width of buceal capsule 0.048 0.054 0.048-— 0.063 0.057— 0.063 0.048— 0.057 0.054— 0.063
Tenght of oesophagus 0.760 0.980 0.721— 0.843 0.857— 1.09 0.571— 0.816 0.775— 1.06
Width of oesophagus 0.260 0.330 0.180— 0.218 0.204— 0.272 0.135— 0,258 0.258— 0.381
Length ratio of oesophagus and
body : ‘ 1:43.3 1:43.7 1:0.1—25.8 1:16.3—40.3 1:10.1—29.2 1:20.0—-34.6
No. of caudal papillae in male G — 6 — 6 -
Distance of vulva from
posterior end — 1 — 3.40 — 4.00 - 4.01 — 7.01
Length of tail 0.207 0.231 0.109— 0.240 0.272— 0.299 0.120— 0.286 0.136— 0.448
Hosts Anguilla angwilia . Anguilla japonica Angrilla anguilla
Oceurrence “Japan Japan- - F.1. Germany
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%0 he rather variable in this species. Wang and Zhao (1980) reported 25—26 hig teeth.
in Far-esstern 4. crassus, while only 21—256 teeth were found in the conspecific
nematodes from Belgium (De Charleroy et al. 1987); according to Taraschewski
et al. (1987) the specimens of 4. crassus from West Glermany possess 22—28 teeth ;
in one non-type specimen from Japan we found 22 teeth. ”

Tt has been mentioned that 4. crassus was originally described from Japan by
Kuwahara et al. (1974), but this species was found in Japan as early as in 1969 by
Egusa et al., who had mistaken it for 4. globiceps (see Hirose et al. 1976). Later, this
gpec,‘ieg was also recorded from Ja.pan_ by Hirose et al. (1976) and Egusa. (1979); the
latter author mentions that she insroduced European eel, Anguilla anguilla, is, in Japan ,
much more susceptible to 4. crassus infection than A. japonice (prevalence in cultured
eels being several tens of per cent and occasionally nearly 1009 in A. angwilla and
10—40 9, in A. japonica). This species was also present in the Anguillicols material
from China provided by Prof. P. Q. Wang and Prof. H. 8. Wu. Recently 4. crassus
has been reported from Japan by Salati (1987). .

In Europe, A. crassus was first recorded as Anguillicole sp. from eels (dnguilla
anguilla) of the Weser-Ems River region in North Germany in 1982 (Neumann 1985,
Mann 1986). According to Peters and Hartmann (1986) and Taraschewskiet al.
{1987), it now occurs frequently in other localities in the F. R. of Germany (rivexr
basins of the Elbe, Weser and Rhine) and in the water bodies of Berlin. It occurs also
in Holland (Van Banning et al. 1985), Belgium (Belpaire et al. 1987, De Charle -
roy et al. 1987) and the record of Aguillicola sp. in eels in Denmark (Koie 1987)
apparently relates to this species; recently it has been recorded also from eels in Ttaly
(fish farm in the Po delta) (Canestri-Trotti 1987) and Great Britain (personal
communication of Prof. C, R. Kennedy). It seems that 4. crassus was introduced here
only a few years ago and is now quickly spreading mainly throughout North-western
and Central Europe. ~

4. Anguillicola (Anguillicoloides) novaezelandiae sp. n. Figs. 5, 6

Description (based on specimens from 4. qustralis from New Zealand); Medium sized.,
darkly coloured nematodes. Epicuticle aspinose. Head end with slight neck constriction
just in front of nerve ring. Buccal capsule small, feebly sclerotized, with minute
ciroumoral teeth; exact number of teeth not established (32 in Italian specimens accord -
ing to Paggi et al. 1982). Oesophegus expanded at its posterior half. Valvular apparatus
of cesophagus well developed. Nerve ring situated immediately below neck constriction.,
exoretory pore near junotion of oesophagus and intestine, Intestine dark, almost straight,
broad. Three conspicucusly large oval unicellular rectal glands present; additional small
rectal gland, often overlapped by large ones, also present. Tail conical, pointed.

Male (4 specimens; measurements of holotype in brackets): Length of body 5.54—8.57
(8.57), maximum width 0.476—0.680 (0.558), length of slightly enlarged head end
0.111—0.132 (0.120), its width 0.087—0,111 (0.093); width of body at neck constriction,
0.078—0.099 (0.078). Buccal capsule 0.006 (0.006) long and 0.021 (0.021) wide, maximum
thickness of its wall 0.002 (0.002). Length of oesophagus 0.476—0.530 (0.530), its
maximum width 0.085—~0.120 (0.105). Length ratio of oesophagus and body 1: 10.4 to
16.2 (1: 16.2). Distance of nerve ring and excretory pore from anterior extremity
0.159—0.165 (0.159) and 0.462—0.585 (0.585), respectively. Common cloacal duct
opening on prominent process 0.087—0.096 (0.087) long. Size of large rectal glands
0.272—0.354 x 0.136—0.231 (0.272—0.340 x 0.136), that of small one 0.038—0.039 by
0.030—0.033 (0.0390.030). Six pairs of candal papillae present: 3 preanals, 1 adanal,
and 2 pogtanals. Tail conical, 0.166—0.195 (0.156) long.

L
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Female (3 specimens; measurements of allotype in brackets): L
! : s): Length of body 7.17 to
(]33?;2?&-63), meximu wwidth 0.863—1.18 (1.18); length of sligthly enlarged :{;ead end
. -185 (0.132), its width 0.090—0.102 (0.102); width of body &t neck constriction
0.063—0.078 (0.078). Buccal capsule 0.006—0.008 (0.009) long and 0.018—0.021 (0.021)
wide; maximum thickness of its wall 0.002—0.003 (0.003), Length of oesophagus

A B c

=

== T - =
£l I
~
= : D
[~
— - =
E=
E =
G

02mm

Big. 5. Anguillicola novaezelandiae sp. n. from A, australis from New Zealand. A, B — head end of
male and gravid female; O, D — buceal capsule of male and young female; B — vulva; F — posterior
tud of male; G — coudal end of female; H — larva from uterus. ’
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0.544-—0.625 (0.625), its maximum width 0.136—0.177 (0.150). Length ratio of oesopha-
gus and body 1: 13.2——21.8 (1: 21.8). Distance cof nerve ring and excretory pore from
anterior extremity 0.165—0.195 (0.195) and 0.558-—0.680 (0.680), respectively. Vulva
elevated, prominent, situated in posterior part of body, 1.84—2.08 (2.08) from posterior
extremity, this representing approximately 1/4—1/8 (1/6) of body length. Ovarial
tubes not reaching anteriorly level of oesophagus. Uterus containing mostly eggs,
several sheathed larvae, 0.248—0.2566 (0.255) long and 0.015 (0.015) wide, present only
near vulva of two larger females (body length 9.6 and 13.8). Size of large rectal glands
0.204—0.275 % 0.136—0.245 (0.272 % 0.217—0.245), small rectal gland indistinet. Tail
canical, 0.186-—0.225 (0.186) long, pointed.

A

0.05mm
m

0.05mm

Fig. 6. Anguillicola noveczelandiae sp. n, ~— specimens from 4. anguilla from Ita.ly. A — head end
of male; B — head end, apical view (re-drawn from Paggi et al. 1982); C — head end of famale;

D, E — buceal capsule of male and female; F — caudal end of female; G — vulva; H — posterior
end of male, ‘ " v ‘ C
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Table. 2. Coraparison of Anguillicoln novaszelandine sj).n. from New Zealand and Ttaly

Ttaly

Speeimens from New Zealand. European speeimens
{own data) {own data)

éd ot 3d 9
Length of body. 5.54 —8.57 7.17 —13.63 11.63—14.92 24.8% —28.70
Max. width of body' 0.476-—0.680 0.853— 1,183 1.47— 1.56 2.00— 3.00
Length of buceal capsule 0.006 0.006— 0.009 0.007 0.007— 6.009
Width of bueeal capsule 0.021 0.018— 0.021 0.024 0.024— 0.027
Tength of oeso-phagus 0.476—0.530 " 0.544— 0.625 0.639—0.666 .6563— 0.843
Max. width of oesophagus - 0.095—0.120 0.136— 0.177 0.136—0.163 0.204—0.245
Length ratio of oesophagus and body I:10.4—16.2 1:13.2—21.8 1:18.2—-22.8 1:37.0—33.0
No. of eandal papillae in male 8 - 6 —
Distance of vulvd from posterior end — 1.84 — 2.08 — 442 — 4.76
Longth of tail ‘ 0,156—0.195 0.186— 0.225 0.190 1.204— 0.272
Hosts A. australis A. anguilla
Qoceurrenecs New Zealand




Hosts: Short-finned oel, Anguille australis Richardson (type host) and European eel, 4. anguilia
(L.); probably also 1iJndl?ng-ﬁnncad eel, 4. dieffenbachii Gray-
i ion: swimbladder. ‘ o
%;;aélizz;??;‘r?;ﬁ?:hin; dam, New Zealand (17 May 1975, eoll. Dr. B. qones); other losalities:
“{ake Braceiano near Rome, Italy; probably also in other localities in New Zealand. reported
by Brunsdon (1956), Rid (1973), Hine (1978) and Boustead (1082), h
Deposition of types:holotype (3), allotype (?) and paratypes (& + ?) in Institute of Parasitology,
Crechoslovak Academy of Sciences, Ceské Budjovice (Cat. No. N-263).

Etymology: The specific name of this nematode species relates to the country of the
igi type specimens.

%ﬁrgxiil:itsyp:ﬁ ‘novaezelandiae sp. n. is most similar to 4. qustraliensis Johnston
et Mawson, 1940. However, it differs from the labter species mainly in the shape of the
head end which is bulbously inflated, almost spherical, and followed by a marked neck
constriction in A. australiensis, whereas it is only slightly expanded in A. novaezelandiae
8p. n. . the anterior ovary in A. australiensis females extends anteriorly to about the
mid-length of the cesophagus, while it does not reach the end of cesophagus in 4. novde-
zelandiae sp. n. Both the species differ also in the size and form of mhg body.' While the
body of A. australiensis is long (80—40 mm in males and 60—70 mm in gravid females)
and relatively slender (at most 1.5 mm in gravid females), vhat of A. novaezelandiae
ap. 1. is much shorter (6—15 mm in males and 10—31 mm in gravid fqma.les) and wider
(up to 3 mm in gravid females); the type 4. australiensis fqma.le examined (27 mm long
and 0.72 mm wide) was still non-gravid, without eggs in its uterus. The shape of the
posterior end of the female body seems also to be different in these two species.

The specimens reported as'd. eustraliensts by Paggi et al. (1982) from 4. anguella
from Ttaly are somewhat larger than those from A. ausiralis from New Zealand (see
Table 2), but they are morphologically indistinguishable and, therefore, we consider
them comspecific with 4. novaezelandiae sp. n. It is probable that this new species was
introduced in Italy along with the transfers of live eels Anguilla qustralis from New
Zealand ; a stock of A. ausiralis was introduced into Lake Bracciano in 1975 (Wel-
comme 1981, Paggi et al. 1982).

According to the present data, 4. movaezelandice sp. n. is probably indigenons to
New Zealand; from where it has recently been introduced to Italy (Paggi et al. 1982,
Saroglia et al. 1985, Di Cave 1986, Sarti 1986). From New Zealand, another
Amngurllicola species, 4. australiensis, has so far been recorded from Anguilla dieffen-

-backit and 4. australis (Brunsdon 1956, Rid 1973, Hewitt and Hine 1972, Hine
1978, Boustead ¥982); however, since no description or drawings of these parasites
were provided, it may well be that they belonged in the fact to the species 4. novae-
zelandiae sp. n. and that A. australiensis is restricted in distribution to the territory
of Auvstralia only.

5. Anguillicola (Anguillicoloides) papernai sp. n. Figs. 7, 8

Description: Body spirally coiled, darkly coloured {due to eel blood inside nematode’s
intestine), fusiform, rather plump, tapering to both ends; anterior end of body hottle-
shaped, posterior one narrowed, conical. Epicuticle finely wrinkled, with network struc-
ture, aspinose, forming irregular fine transparent coating. Cuticle of anterior and
posterior narrowed parts of body bearing several marked, up to 0.030 high, irregularly
scattered dull papilla-like excrescences of fibrous structure; sometimes these formations
indistinct on female posterior end. Head end rounded, being separated by slight; constrio-
tion in front of nerve ring level; body of some specimens somewhat inflated in region of
posterior half of ocesophagus. Entire anterior narowed part of body approximately
twice as long as oesophagus. Four dorso- and ventro-lateral papillae and two small
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Fig. 7, Anguillicola papernas sp. n. from A. mossambica from South Afries. 4, B — head end of
gravid female and mals; O — anterior end of fomale; D — buceal capsule of male; B -— head end of
fernale, apical view; F — bueeal capsule of femals, apical view; G - female, general view; H, I —
larva and egg from uterus; J — vulva.

141



Fig. 8. Anguillicola papernaisp. n, frora 4. mossambica from South Africa. A — posterior end of male;
B, C — caudsal end of female; D — posterior end of male; E — posterior end of female,
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lateral amphids present. Mouth conspicaously depressed, anterior margin of buccal
capsule being 0.027—0.030 from anterior extremity; mouth opening circular. Buccal
capsule well selerotized, trapezium-shaped in lateral view, its anterior rim hearing one
row of 26 circumoral teeth. Oesophegus strongly muscular, expanded at its posterior
half; its humen distinetly triangular. Valvular apparatus of oesophagus well developed.
Nerve ring sitnated immediately below neck constriction, excretory pore near junction
of oesophagus and intestine. Intestine dark, almost straight, broad, being narrowed av
anterior and posterior ends only. Three conspicuously large oval unicellular vectal
glands present, one dorsal and two subventral; additional small ventral rectal gland,
often overlapped by large ones, also present. Tail conical, short.

Male (1 spesimen and 1 fragment of another one; measurements of holotype in brackets):
Length of body (12.99), maximum width (1.50); length of head end (0.109), of entire
narrowed anterior part of body (1.22); width of body at head constriction (0.060), at
end of narrowed anterior body part (0.272). Buccal capsule 0.011—0.012 (0.011) long
and 0.030 (0.030) wide; maximum thickness of its wall 0.003—0.004 (0.004). Length
of cesophagus 0.530—0.598 (0.530), its maximum width 0.150—0.163 (0.163). Length
ratio of oesophagus and body (1: 24.5). Distance of nerve ring and excretory pore from
anterior extremity (0.180) and (0.667), respestively. Testis reaching anteriorly to some
distance helow end of narrowed anterior part of body. Seminal vesicle well developed,
rather long. Common cloacal duct opening on prominent process (0.048) long. Size of
large rectal glands (0.105—0.120 x 0.054—0.057), that of small one (0.039 x 0.030). Six
pairs of caudal papillae present: 3 preanals, 1 adanal, and 2 postanals. Tail conical,
{0.141) long.

Female {4 specimens; measurements of allotype in brackets): Leogth of body of gravid
females 15.78-—28.29 (28.29), maximum width 1.64—2.18 (1.64); length of head end
0.081—0.099 (0.099), of entire narrowed anterior part of body 1.43—2.07 (1.64); width
of body at head constriction 0.060—0.068 (0.063), atv end of narrowed anterior body part
~ 0.408—0.571 (0.408). Buceal capsule 0.009—0.012 (0.012) long and 0.030 (0.030) wide;
maximum thickness of its wall 0.003—0.005 (0.005). Length of oesophagus 0.598—0.625
(0.625), its maximum width 0.135—0.177 (0.135). Length ratio of oesophagus and body 1:
24.2—45.3 (1: 45.3). Distance of nerve ring and excretory pore from anterior extremity
0.147—0.171 (0.147) and 0.692—0.695 (0.695), respectively., Vulva elevated, prominent,
situated in posterior part of body, 3.20—3.74 from posterior extremity, this representing
approximately 1/6—1/8 of body length. Postvulvar part of body markedly tapered.
Ovarial tubes forming numerous coils in anterior half of body, anteriorly not reaching
to narrowed part of body. Uterus occupying most space of body, containing numerous
eggs (size 0.081—0.105 x 0.075—0.084), developing embrya, and fully formed, sheathed
larvae 0.189—0.255 long and 0.018-—0.021 wide. Uterus extending anteriorly to end
of narrowed anterior body part and posteriorly reaching almost level of rectal glands.
Rectum thin hyaline tube, anus not elevated. Size of large rectal glands 0.120—0.180 by
0.063—0.090 (0.160—0.180¢0.090), that of small one 0.039—0.045x0.030—0.033
(0.045 3 0.033). Tail conical, its tip sharply pointed or somewhat rounded; length of
tail 0.180—0.204 (0.180). ' g |

Type host; Anguilla mossambica Peters.

Localization: swimbladder. o : . )

Type loeality: Amalynda fish farm near East London, Cape Province, Rep. of South Africa
(21 September 1984; coll. Dr. I. Paperna). : ) .

Deposition of types: holotype (@), allotype (§) and 2 paratypes (29) in Institute of Parasitology,
Czechoslovak Academy of Sciences, Ceské Budgjovice .(Cat. No, N-279); 8 paratypes (1 male
frag. -+ 2 99) in National Animal Parasite Laboratory, Maryland, USA. (Cat. No. 80007).
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Etymology: This species is named in honour of Dr. Ilan Paperna, the Hebrew
University of Jerusalem, who contributed greatly to the knowledge of fish parasites.

Comments: — The unique morphological features of 4. papernai sp. n. by which this
species differs distinotly from its congeners are the presence of matked outicvlar ex-
crescences on the anterior and posterior ends of the body and the location of the buccal
capsule deeply inside the head end. Thig species is the first Anguillicola member known
from Africa.

KEY TO THE SPECIES OF ANGUILLICOLA:

1 Epicuticle finely spinose. Oesophagus conspicuously inflated at anterior end, its
posterior part eylindrical. Buccal capsule large, 0.068—0.106x0.272—0.408 mam
in male and 0.109—0.122 x 0.408 mm in female, with about 80 very small circumoral
teeth. Tail relatively short. In eels of East Asia (Japan, China)...(subgen.
Anguillicola) . e e e e e e e e e e e e e e A. globiceps

— Epicuticle aspinose. Anterior end of oesophagus lacking inflation, narrow; posterior
part of oesophagus distinctly expanded. Buccal capsule small or medium sized, less
than 0,030 mm long and 0.070 mm wide; maximum number of circumoral teeth 32.
Tail relatively long. In eels of East Asia, Australia, New Zealand, Africa or Europe ...
(subgen. Anguillicoloides) . . . . . . . . v v 0 e v e e e e 2

2 Buccal capsule medium sized, 0.021-0.027 mm long and 0.048—0.063 mm wide,
with 21—28 rather big circumoral teeth. Head end nov expanded, wishout distinct
neck constriction. Body fusiform. Fast Asia and Evrope ............ A. crassus

— Buccal capsule small, at most 0.012 mm long and 0.033 mm wide; circumoral teeth
very small. Head end bulbously inflated or at least slightly expanded with distinct
neck congtriction. Body fusiform or filiform. Australia, New Zealand, Africa or
Burope. . . . . v o v e s e e e e i e e e e e e e e e e e . B

3 Body fusiform, anterior and sometimes also posterior ends of body with marked
papila-like cuticular excrescences. Head end slightly expanded. Buceal capsule
located deeply inside head end, with 26 minuve teeth. Africa .... A. papernaisp. n.

— Body filiform of fusiform, cuticular excrescences on anterior and posterior ends of
body lacking., Head end bulbously inflated or slightly expanded. Buccal capsule
located near nematods anterior extremity. In eels of other geographical regions . . 4

4 Head end bulbously inflated. Anterior ovary in females extending to about mid-
length of oesophagus. Body filiform, 30—40 mm long in males and 60—70 mm in
gravid females. South Australia . . . . ., . . .. .. . .. A australiensis

— Head end slightly expanded. Anterior ovary in females not extending to end of
cesophagus. Body fusiform, only 6—15mm in males and 10—31 mm in gravid.
females. New Zealand and Europe (Ttaly) . . . . . . . 4. novaezelandiaesp. n
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PEBHU3ITS POOA ANGUILLICOLA YAMAGUTI, 1935 (NEMATODA:
ANGUILLICOLIDAE) — TAPABHTOB IIJ[ABATEJII:(HOI‘Q‘ IY3BIPH
YIPEWN G ONMCAHHEM OIBYX HOBHIX BUJIOB —

A - NOVALRZELANDIAE SP. N. U A, PAPERNAI SP. N.

®. Mopaseru I'. TapameBcru

Pestoye. ITa ocHOBEe THAOBELX SKSEMIVIAPOB I NPYIUX MATEPUALOB CIEMAIH PEBIBKI PO
Anguillicola. Onucasil Apa HOBHIX BAfA: A. novaezelandiae sp. n. ot yrpeit Anguille ausiralis
(runosoli xosauk) us Hosoi Jemanmun u A. anguille na Mtamin (HeMaTollsr 3TOr0 BUAA PAHBIIE
npusonuiites w8 Mramunm mop massauueM A. australiensis) 1w A. papernai sp. n. or Anguilla
mossambica u3 10Ol Adpurn. B macroamee Bpems v poAy Anguillicola MupHAJIICHAT TATE
cnepyiomiux suuoB: A. globiceps Yamaguti, 1935, A. australiensis Johnston et Mawson, 1940,
A. crassus Kuwahara, Niimi et Itagaki, 1974, A. novaezelandiae sp. n. u A. papernai sp. n.
3a MocIeTHNe TATH et OBIIN 33BescHN B EBPOILY U3 APYruX KONTHHEHTOR iBa BHIA poma An-
guillicola. — A. crassus 1 A. novaezelandiae sp. n. Poy Anguillicola pasgesieH Ha j(Ba MOMpO-
na — Angueillicola (Tunosoit Bux A. (A.) globiceps) u Anguillicoloides subgen. n. (THIOBOI BII
A.(A4.) erassus). [IpuBeNeBES KOPOTKHE ONUCARNA Il PHCYRKN BeeX BUXOB P. Anguillicola, a Tawxe

onpeaeauTensRAS TAGINIA IR HIeHTAGAKATMI BIH0B aTOr0 POjIA.
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