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Third-stage larvae of Daniconema anguillae (Nematoda:
Dracunculoidea) in the subcutaneous tissue of eel Anguilla anguilla
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Abstract. Daniconema angaillae Moravee ef Koie, 1987 larvac measuring 1.64-1.76 mm were occasionally found in consider-
able mumbers in e fins and subculaneous connective e of spproximately 50% of eel Anguilla anguills (L) sampled from
Lake Balaton, Hungary. The larvae were nated for their slender body, very long tail with rounded tip, & densely transversely
striated cuticle, and the presence of boring tooth and large kidney-shaped amphids on the cephalic end. The larvae could casily
be recovered from the shove mentioned argans by placing them into isotonic saline solution. Na disease signs or puthedogical
changes attributable to the larval infection could be observed. The only histological indication of host reaction was the pppear-
ance of macrophages adhering to the body surfsce of larvae nnd of cefls with spherical nuchens in arens prownd the larvae. A pos-

wibile bife cycle pattern of £ drgiiilae is discussed.

The examination of a histological section made from
an eel collected from Lake Balaton in 19910 revealed the
cross-sections of nematode larvae (Fig. 2) in the fins.
Subsequently, in some cases larvae were demonstrated
also in fresh preparations made from the conmective s-
sie of the fins. Further dissections of fish showed that
the parasites occurred in the subcutancous connective
tizsue much more frequently than in the fins

Of the nematodes parnsiting eels, besides the ex-
remely common infection Anguiliicodn crating Kuwa-
harn, Niimd er ltagaki, 1974 (Molndr et al 1991,
Seékely et al, 1991), only Daniconema anguifiae Mora-
veo el Kaie, 1987 shows a considerable occurrence in
Lake Balaton eels (Molndr unpoblished). Therefore, it
wus natural that these larvae, morphologically different
from those of Anguillicols, were considered to belong
to D, anguillae, and further studies to verify their spe-
cles appurtenance were performed

In this work, morphological evidence is presented to
support that the larvae belong to the genus Duniconema
Moravee et Keie, 1987, and a probable dgvelopmental
cycle is proposed on the basis of the nature. locition
and frequency of larval ocowrrence.

MATERIALS AND METHODS

A tomal of 142 eels, Anguilla aagieilla (L5, with the body
length ranging between 22 and 76 cm, were examined. The
fish were collected by electrofishing from thre different re-
gions (western, middie and eastern paris) of Lake Halaton
from March 1o Movember, 1593,

Adtes the first histological abservstion of nematode |afvae,
we iried 10 detect further specimens by examining the esls’
fits wnder sierepmacroseope, [ was laber found that the Barvae
cauld be isclated by placing the skin of Nayed eels into phys:
inlogical saling, as the larvae actively migrated from the akin
o the salution, After leaving the skin, the larvae showed
viporous motion in the saline solution and were coflected
frian the et dish with the belp of & pipete. The collecled
farvae were nnsesl several tmes, selecied and transferred into
fresh saline, then fized in B% alcohol or 0% buffered
formnlin,

Far examination by scanning eleciron microscopy {SEM].
the specimens were posifined in 1% OsCy, dehydmbed
through an ethanol series and aceton and subjected to critical
paint drying. The specimens were coated with gold and ex-
amined wath a Feol JS-62000 sconning eleciron microscops af
an accelerating voliage of 15 kY,

For histological exantination, samples were excased from
the fims and skin of eels thet had proved infected and wens
fixed in Bouin's wolution, Paraffin-embedded sections 4 pm in
thickness were stnimed with hasmitoxylin and easin

RESULTS

Larvie were successtully isolated from the skin of 74
put of the 142 eels examined. In addition, larvae re-
garded as Daniconema were isolated from the fins of 47
eels and from the abdominal cavity of ane fish. About
pwiethirds of eels exceeding 60 cm in length proved to
be infected; ot the same time, the infection could not be
demonsirated in fish shorter than 24 cm, The infection
pcewrred in all three habitats examined. All the isolied
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farvae were of nearly {dentical size. In physiological
saline, the larvae maintained their viability for 48-96
hours it 24°C and after short periods of rest, showed
vigorpus vibrating motion. In tap-water the larvae sur-
vived for 12-24 hours, The larvas were quickly in-
gested by copepodes of undetermined species; however,
they did not penetrate the haemocoel of the latter and
gould be collected from them after 4-6 howrs in the di-
gested state only.

Adult specimens of 0. anguillor were frequently
found in the swimblsdder of eels but their prevalence
wias mob examined,

A B

lnteral amphids present (Fig. 3). cephalic papillae indis-
tinct; siee of amphids in lateral view 2 x 9 pm. Deirids
ncd observed. Under cuticke, along nearly entire body,
numerows round cells with refractile nuclei visible.
Mouth formed by very fine, short obe, artached to ante-
rior portion of cesophagus. Oesophagus simple, not yet
clearly divided into muscular and glandular parts, belng
330042 pm long and 9-10 and I8 pm wide at its ante-
Hoa and posterior ends, respectively, Qesophagus not
well visible due to presence of conspicuous hypodenmal
cells. Merve ring and eacretory pore 177-200 and
279-297 pm, respectively. from anterior extremity. In-

Fig. 1. Ling demwings of Oomconemi angwitlar hird-stage larvae. & - general view. B, C - cephalic end, latem| and vemtral views, Iy — ot
£

it pard of B4l B — anierior end of body, Isterad view,

Description of larvae (based on 10 specimens stu-
died by light microscopy ond a few specimens studsed
by SEM) (Fig. 1): Body whitish, thin, elongate,
1.64-1.76 mm long and 42-54 pm wide, with dense
ransverse siriafion of cuticle. Cephalic end somewhat
narrowed. Mouth aperture almost circular, sarrounded
by twao lip-like elevations. Dorsal elevation triangular in
dorsoventral view, forming an anteriorly protruding
boring tooth, Two conspicuously large, kidney shaped
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testine light-coloured, narrow, straight; rectum  shor
hyaline whe. Genital primordium  large, situsted
(.96—1.0% mm from the anterior end of body. Tail nar-
row, markedly long, with rounded tp; its length
345-387 pm, forming 20-24% of whole body length.

In histological sections the larvae were found in the
[pose connective Hasue of the skin and fing (Figs. 2 and
4) where they occurred in irregularly coiled forms, not
causing substantial tissue Tenction. In some cases



Moddnir, Momvec: Daniconrng meenilize Tervae

Fips. 2-5, Fig. 2. oaridoosend birvae seen in cross section of the epnnective tssue of an eel's fin, Hagmamylin and eosn, o
110, Fig. 3. SEM micropraph of cephalic end of Drairrssmo gngailiae third-stage larvae 1 = dandal tooth; o = amphid Fig. 4.
Dharicememd aneaiflee Inrvoe in the fin of @n esl, The transected larvae (arrow), woond up severnl times, are [ocuted in the loose
connective Haste under the multilavered spichelivm and compoct coriem Layer covering the fins. Haemotoxylin and eosin, 2 011
Fig. & Longiadinal escton of o Manicraeme angillee larva in the fin of an eel, Mote macrophages {arrow) sithening 1o the ou-
thche o the larva and the appeamnce of colls with spherical nucleus (asterisx) in the leose comnective tssue surrounding it Fae
mutosyim amd eosn, & 4
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macrophages were seen adhering 1o the body of larvae,
andl the appearance of cells with spherical nucleus was
observed in the connective tissue surrounding the larvae
{Fig. 5).

Changes in the skin and fins were ohserved in only
one case, when the markedly reddened skin and fins of
a 72 cm long eel showed the signs of haemorrhages and
inflammation. Stereomicroscople examination of the
fins allowed for several hundred larvoe 1o be counted
iFig. 4). That case however, could not be unambiguous-
Iy connected with the larval infection, as no bacterio-
lisghcal examination was performed and the fins were
covered with lorge masses of Myrobolus porfucalensis
Saratva et Molndr, 1990 cysts,

MSCUSSION

Morphologically the nematode larvae found in the
subcutineous tisswe of eels are strongly reminiscent of
the first-stage farvae found in the uterus of female Dani-
comema amgnillae, i specific tissue parasite. of eels
(Moravee and Kaeie 19871 However, their sige is about
three times lerger than that of the Intter and there are
some morphological differences between them.  Al-
though it cannot be ruled out with absolute certainty
that the larvae belong 1o o nematode which parasitizes
some piscivorous birds, their identification as Deawico-
e seems o be well supported.

Daniconema anguiilae, a species assigned to the Da-
niconematidae family of the Dracuncoloidea superfami-
ly is ¢losely related 1o members of the dracunculoid
families Skrjabillanidae, and Guyanemidae. While linle
is known abowl the life cycles of the species of Skrjabil-
lanidae, knowledge of Guyanemidae life cycles appear
completely unknown. These nematodes are character-
ized by their parasitic activity in the tissue and abdomi-
nal cavity of fish. Further choracterization can been
seen by the continuous shedding of first-stage larvae
froam the female uterus. This mode of larval shedding is
indicative of a Glarivid-type development of the larvae,
their circulation in the lymph and blood path. and the
involvement of haemaophagous arthropods os inter-
mediate hosts, This type of development was reported
by Tikhomirova (1970, 1975, 1980) who supplied ex-
perimental evidence that the larvae of Skejabillahus
searding Molnir, 1966 and Molnaria  fnfestinalis
{Dogiel et Bykhowsky, 1934), both parasitic in rudd,
Scardinius ervihrophthalmus, ns well a8 Skrjabitlmmis
nincae Schigin et Schigina, 1958 parasitic in tench, Tin-
ca tinca, are taken up from the host's tissue by carp lice,
Arpulus spp. {Branchiura), serving as the intermediate
hosts in the body cavity of which the nematode larvae
develop to the third stage. Carp lice {(Argulus) were also
found by Rudometova {1974, 1975) to serve as the
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intermediate hosts of another skrjabillanid, Sincichthvo-
nema amurd (Carkavi, 1972), a parasite of grass carp,
Crenopharyngodon idefla, During  repeated  “blood
scking” of ihe fish, the imfective third-stage lorvae
penetrate through the erustacean’s mouth organs inte
the skin of fish; from there they migrate into internal
organs of the fish host for Turther development and
MEaRLFAdion,

Daniconema anguillae may be assumed o have o
similar life ¢ycle. The location of the larvae in the sub-
cutaneous connective tissue, L ina place most casily
accessible 1o the blood-sucking intermediate hosts, sup-
ports this assumption. This s conststent with the ob-
servation made by Elkan and Reichenbach-Klinke
{1974} who detected in the blood of eels the “microfila-
ring of & Philomerra sp”, which is presumably identical
with the first-stage larvae of D, anguillae (see Moravec
and Kale 1987).

The general morphology and measurements of the
larvaie recovered from the subcwtansous tissue and fins
of ecls show clearly that they are third-stege larvae, In
conirast o conspecific first-stage lurvae from the fema-
les” wterus (Maravee and Ksie 1987), the larvae from
eels are approximately three times longer and disnnctly
broader, witl a rounded 1ail tip {the @il tip of firsesage
larvae is shorply pointed), and their intermal organs are
well developed. The general structure of the mouth of
these lurvae somewlhal resembles that Tound in the third
stape larvae of other dracunculoids {e.g. Anguiliicola),
The presence of & cephalic boring tooth ot this stage is
nat exceptional in nematodes, and is present, for exam-
ple. in third-stage larvae of some anisakids. In addition,
somie features of these lorvae (3 distinet transverse stri-
ation of cuticle, presence of highly developed amphids)
are typical of adult . anguilloe, as it has recently been
revealed by SEM stedies corred omt by Kede
{unpublished). The length of body of these larvoe
C164=1, 76 min) is similar o that of the infective larvae
of 5 fncae found in natrally infecied Arguius fo-
Hacens {see Moravee 1978, 1985} in which the length
of body ranged within 1.39=1.60 mm. Moreover, in our
opinion, the larvae of this size could not be extracted by
the presumable intermediate host (7 Argulur). All these
circumatances indicate that the larvae i guestion from
eels do not represent the first larval stage but are typical
infective third-stage larvae,

However, i1 is difficult to explmn why these ad-
vanced larvae accumulate under the skin of eels, be-
cause their location in the sites of final development, 1.2
on the serous membranes of the abdominal cavity, intes-
tine or swimbladder would seem more logical. The caly
explanation would be that these third-stage larvae, after
their penetration into the body of an eel from an inter-
mediate host, are temporarily concentrmed wnder the
skin of the host fish from where they later migrate 1o



other tissues. It is noteworthy however, that afl these
larvae from subcutaneous tissue nnd fins were nearly
morphologically and biometrically |dentical, showing
no signs of further development. Furthemore, juvenile
forms located in the abdominal cavity were not as large
as those in the third stage larvac. This contradiction in
size could maost likely be answered by experimental stu-
dies. These studies might examine the presence of Ar-
giehes specimens occuring in eels. Interestingly enough,
during this study no Argulus infestation was observed
o eels from Lake Balaton,

A dense aggregation of small, unidentified dracuncu-
leid (reported as philometrid) larvae has been reported
several times from superficial body tissues and internal
ofgans of sharks (e.g., Rosa-Molinar et al. 1983, Benz et
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