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Abstract 

Résumé 

Blanc G., S. Bonneau, S. Biagianti, A. J.  Petter. Ayuclt. L i i i t ~ g  R~rsour., 1997, 5, 307-318 

The larval stages of Anguilli<.olu <.ru.c..tus, a parasitc of the swimbladdcr of ccls, arc dcscribcd, using 
light and scanning clcctron microscopy. Second-stage larvae in copepods are characterized by a 
globular cephalic end and third- and fourth-stagc larvac by an apical sclerotized ornamentation 
consisting of two U-shaped median pieces. Third- and fourth-stage larvac arc difficult to distinguish 
from cach othcr using light microscopy because the third moult has never been observed and there 
are no obvious characters differentiating the two stagcs. Thrcc charactcrs, howcver, observed by using 
high inagnification of light and scanning electron microscopy are considered as distinctive between 
the two stages, namcly prcscncc or abscncc of dcirids and lateral alae and differences in the structure 
of thc cuticlc. These morphological characters will permit cpidcmiological studics at thc larval Icvel. 

Keywords: Anguillicolu crussus, Ncmatoda, Dracunculoidea, larval morphology. 

Étude de lu morphologie cles stades lurvuirrs de Anguillicola crassus (Némutoda, Dracunculoidea) en 
microscopie optique et électronique ù buluyuge. 

La morphologie des stades larvaires de Anguillicola crassus, nématodc parasitc de la vessie gazeuse 
des anguilles, est étudiéc en microscopie optique et électronique à balayage. Chez les hôtes intermé- 
diaires (Cyclopidae) les larves du  2' stade sont caractérisées par une extrémité antérieure globuleuse; 
chez les Cyclopidae, les hôtes paraténiques et l'hôte définitif des larves des 3' et 4' stades ont une 
structure buccale et céphalique caractérisée par une ornementation sclérifiée constituée de pièces 
médianes en forme de U renversé ainsi que par 4 papillcs sub-médiancs et 2 amphides. La 3' mue 
n'ayant jamais été observée, la distinction entre le 3' et la 4' stade est délicate en l'absencc de 
caractéristiques discriminantcs d'observation aisée. Toutefois, trois caractères observés en utilisant le 
plus fort grossissement du microscope optique ct Ic MEB sont considérés comme distinctifs: la 
préscncc ou l'absence de déirides, la présence ou l'absence d'ailes latéralcs ainsi quc les différences 
dans la structure de la cuticule. Ccs caractéristiques morphologiques permettront la poursuite d'études 
épidémiologiques au niveau des stades larvaires. 

Mots-clés : Anguillicolu crussus, Nematoda, Dracunculoidea, morphologie dcs stadcs larvaires. 
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INTRODUCTION genus was recently revised by Moravec and Tara- 
schewski (1988). Its biology has been studied by sev- 
eral authors (De Charleroy et al., 1990; Haenen et ul., 

Anguillicolu cru.rsus Kuwahara et ul., 1974, a para- 1989; Petter et al., 1989; Kennedy and Fitch, 1990, 
site of the swimbladder of the Japanese and European Petter et ul., 1990; Bonneau, Blanc and Petter, 1991): 
eels (Anguillu juponicu Temminck and Schlegel and the life-history includes a crustacean intermediate host 
Anguillu unguillu L.), has become increasingly wide- (mainly cyclopid copepods); small fish may act as 
spread within Europe in recent years. The parasite paratenic hosts, in which the infective third-stage lar- 
was first described by Kuwahara et (11.. 1974 and the vae remain alive and able to infeit the definitive 

Figure 1. - , ~ I I , ~ ~ I I / ~ I ~ ~ I / I I  <.ruc.tu.\. Secoiid-stage Iarbae. A :  iiirilure cgg. U: frce-li\ilig lni.~n. C '  to G': I~ii-\iie Iroiii ilie Iiacinocucl i~1'iiiicriiiccli,iic. 
hosts. C, D,: entire larvae. E, F: antcrior ends. G: antcrior end of a larva showing three small crescent-shaped pieces. II: posterior end oc a 
lama showing the second moult. Scale-bar: A ,  B, C, D, G, H, 100 Pm; E, 20 Pm, F, 15 Pm. This figure includes data from Petter et al. 
(1989) with additional information. 
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Larval morphology of Anguillicola crassus 

Figure 2. - ili/guillicoltr c.r.ti.\.\Lo. Iiilkctivc tliird-stage larvac. il: 1.11 Jcic 1, vicb. U :  aiilcrior ciid, laicral view. C': aiilcrior ciid. iiiedi;iii ticw. 
D: entire larva, lateral view. E: posterior part showing the genital primordium, lateral view. Scalc-bar: A,  10 lm ,  B. C, 15 Pm, D, E, 100 Pm. 
This figure includes data from Petter et al. (1989) with additional information. 

Table 1. - Grawth of second-stage larvae of Anguillicola crassus 
in copepods (al1 measurements are given in pm). 

No. 1 2 3 4  

MATERIALS AND METHODS 

Length 290 410 730 740 
Width 20 30 35 35 
Oesophagus 105 140 220 250 
Tai1 65 78 110 90 

host; third- and fourth-stage larvae develop in the 
swimbladder wall of eels, and the adults live in the 
swimbladder lumen. Petter et al. (1989) described the 
early larval stages in the intermediate and paratenic 
hosts. An extensive study of the larval stages of this 
nematode using scanning electron microscopy and 
light microscopy is presented in this study. 

During the course of a survey of this parasite in 
northern, southern and western France, eels were 
captured by means of both electrofishing and fykenet- 
ting. Infective third-stage larvae were obtained from 
various species of cyclopoid copepods and three spe- 
cies of fishes (Phoxinus phoxinus L., Gasterosteus 
aculeatus L. and Pygosteus pungitius L.) caught in 
Nantes or in the Paris area. Copepods were exper- 
imentally infested as outlined by Petter et al. (1989). 
Fishes were infested by consuming these copepods 
placed in their aquaria. The older third-stage aiid 
fourth-stage larvae came either from naturally- or 
experimentally-infested eels captured in the Loire- 
Atlantique district or collected from an eel brood 
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31 0 C. Blanc et al. 

Figure 3. - Anguil/icol<c (.r<n\[c.c. Irrkcii\c ihird-st~igc lu r~ac :  ~ciiririirig clcclrun microgropIl\. A :  Apiciil vicw: o. amphid: II. bucc;rl orniunenta- 
tion: c, submedian papilla. H: Samc. lowcr rnagnification: 1. lateral ala. C': Portion of hody üt level of  deirids: cl. deirid. 1, lateral ala: 
Ir. longitudinal crests: 1.v. troiislperse striae, B: Cairdirl ciid: 1. latcral :il:t: ri. nodule.;: Y. terminal spikc. SCRIC-bar: ,I. C'. 1 11111. B. B 2 [ in .  

Table 2. - Measurements of the infcctivc tliird-stayc larv:ic of' l,ight microscopy 
At~guillicoli crussus (al1 measurenients are givcn in prri). 

Numbcr 
Mean f standard 

Range of spcciincns 
deviation 

studicd 

Lengih 738 k 82.6 577-967 27 
Width 3 5 f  4.4 29-47 37 
Oesophagus 224 1.25.1 166-264 12 
Nerve ring 92& 16 67-1 12 13 
Lcngth of gcnital pri- 

mordium 261t 3.6 30-3 1 10 
Tail 72 f 6.9 59-84 
- --.-. 

14 
p .  

stock; ini'cstcd copcpods wcrc int roduccd inio ihe 
oesophagus of eels. 

Light rniscrocopy observations were carricd out on 
live or fixed nematodes. The live nematodes were kept 
in saline (1 9'0 NaCI) at a temperature of 4°C prior to 
examinations. Worms wcrc fixcd in either 70% 
cthanol or 10% formaldchydc and, if necessary, cle- 
arcd in lactophcnol. lin Jure vicws wcrc mainly prc- 
pared according to Anderson's (1958) method. [Ira- 
wings were made with the aid of the Leitz microscope 
drawing apparatus. Tissue sections of parasites were 
made with and LKB microtome after fixation, post- 
fixation, dehydration. infiltration and embedding in 
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Larval morphology of Anguillicola crussus 

Figure 4. - At~guilliculu crussus. Third-stage larvac from thc dcfinitive host. A: rn jucr view. B: antcrior end, lateral view. C: anterior ciid. 
median view. D: anterior part, median view. E: anterior part, lateral view. F: postcrior part, lateral view. G: transverse section at thc lcvel 
of oesophagus. Scalc-bar: A ,  B. C,  G, 30 Pm; D, E, F, 100 Pm. 

Table 3. - Growth of third-stage larvae of Anguillicola cra.c..c.us in eels (al1 measurements are given in pm) 

No. 1 2 3 4 5 6 7 8 9 10 

Lcngth 
Width 
Ocsophagus 
Nerve ring 
Excretory pore 
Dcirids 
Length of genital primordium 
Tail 

Spurr's low viscosity medium. The semithin sections Scanning electron microscopy 
(1 pm) were stained according to Richardson, Jarret 
and Finke (1960). Parasites were also fixed in Bouin's Parasites were fixed in 2% glutaraldehyde in 0.2 M 
fluid, embedded in paraffin wax and sectioned at Sorensen buffer (pH= 7.2) for 20 min at about 20°C. 
5 pm thickness. These were stained with May-Grün- The samples were rinsed twice in the buffer and then 
wald-Giemsa, and examined for eel erythrocytes. post-fixed in 1 % buffered OsO, solution, dehydrated 
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' lable 4. - (ii-o\htli ol' lourili-blaye lur\ac o l ' , l ~ r ~ ~ r i l l i c ~ r ~ l i i  r ~ . i r . \ \ ~ i \  I I I  ccl\ (;III ii~c;i\u~-ciii~iiLs are ~ I \ C I I  I I I  IIIICI'OI~ICLIK) 
~ - ~ ---- -- 

No. I 2 3 4 5 6 7 X 9 I O  I l  
A 

12 
- - - . -- 

Length 1 1 1 1  1204 1318 1333 1520 1676 1759 1815 2158 2175 2287 2656 
male malc fcmale 

Width 58.2 67 93 70 76 90 116 132 134 150 130 160 
Oesophagus 273 340 285 338 343 365 302 454 393 425 491 445 
Nerve ring 116 123 IO9 129 125 143 151 162 172 175 190 172 
Excretory porc 168 172 186 194 204 264 261 267 275 300 338 335 
Length of genital primordium 38 65 102 81 79 130 80 399 148 210 583 - 

Tail 93 116 92 109 95.5 79 128 112 88 135 107 148 
-- - ~ - -- 

Aqu,it  LI! I I I ~  Kcviui  



Larval morphology of Anguillicola Crassus 

1;igure 6 - ,I~~,q~rillr~~o/tr ci.u.\.\[rs. Youiig Iburtli-$tape larbae. 11: <,II j t r c c ,  \ ie\\.  U: aiilci-ior eiid, lateral \ ieu.  C': ii~itei-ivr ciid. iiicdiaii \ i w .  
D: anterior part, lateral view. E: posterior part, lateral view. E male genital primordium. <;: remale genital primordium. Scale-bar: A, B, 
C, 30 Pm; D. 50 Pm; E, F, G, 100 Pm. 

through gradcd ethanol and critical-point dried using small nodules (Sig. 10, 13). Their dimensions are 90- 
liquid CO,. The material was examined under a 100 by 75-90 and contain second-stage larvae sur- 
JEOL electron microscope. Al1 measurements are rounded by the first stage cuticle. 
given in micrometre unless otherwise stated. The 
measurements given in tables 1, 2 and 3 were made 
on live worms; In table 4, the measurements were 
made on live material for parasites no 1 to 8 and on Second-stage larvae 

fixed and cleared material for parasites ne 9 to 12; it 
should be noted that these fixatives may cause length 
changes which must be taken into account (see Fager- 
holm, 1979 and Fagerholm and Lovdahl, 1984). SEM 
measurements were not related. 

RESULTS 

The description of the early larval stages includes 
data from Petter et al. (1989) with additional informa- 
tion. 

Free larvae (fig. I, B) 

Free second-stage larvae (flg. 1, B) retain the first- 
stage cuticle which forms a loosely fitted sheath 
around the body except in the posterior part where 
it forms about fifteen folds. The conical anterior end 
bears a larval tooth and the inside wall of the oeso- 
phagus anterior end is sclerotized for about 5. In the 
same region small refringent granulations are present. 
The oesophagus is bulbously inflated at its posterior 
end and the outlines of the digestive tract can be 
discerned with difficulty. An area of abundant refrin- 
gent granulation can be seen at bout 100 from the 
anterior end. The tail is long and slender. 

The egg (fig. 1, A and 10, B) Major dimensions (10 specimens studied; meanf 
standard deviation; range in parentheses): length (pm) 

The mature egg (flg. 1, A )  has a thin shell and 272.2f 16.27 (243-290); width (pm) 17.6f 0.97 (16.4- 
under the SEM its surface appears to be covered with 19.4). 
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F i ~ ~ r e  7. - At~guillitolu cru.\.tu.v. Old l'ourth-stage larvac. A :  c.11 Jtrcc, view. B: anterior end, lateral view. (': antcrior part, lateral  vie^.. 
D: male, posterior part. E: remale, postcrior part. F: male, posterior end, lateral view. G: tranwcrsc scction of the lateral chord at  the level 
of the uesophagus. Scalc-bar: A ,  G', 30 Pm; B, 20 pm; C, F, 200 Pm; D, t', 500 I I I ~ .  

Development of' the scconh.stuge /urz.ue in the inter- 
mcdiute hast (fig. 1, C-H; table 1)  

In the haemocoel of the intcrmediate host, the 
second-stage larvae lose the first-stage cuticle and 
incrcase in size ( j ï g .  1,  C). The anterior end bccomes 
globular and becomes distinct from the body by a 
small constriction ( j ïg .  1, D). The larval tooth 
appears in the dorsal side at the base of the globular 
cephalic part ( f i g .  1 ,  E, E) .  The mouth opens into a 

short sclerotized tube which is surrounded by the 
oesophagus in its posterior third (.fig. 1 ,  E). The oeso- 
phagus is clearly rhabditoid and the intestine is 
heavily lined with granulations. When the larvac arc 
650 long, three crescent-shaped rcîringent small pieces 
appear in the anterior third of the oesophagus and 
correspond to the oesophageal glands opcnings 
( f ig .  1,  G). Once larvac rcach 690 long, the second 
moult begins firstly at the postcrior end and then 
later at the apical end ( j i g .  1 ,  H). 
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Figure 8. - An~uillicol~i crossus. Fourth-stage larvac; scanning clcctron micrographs. A: apical view: (see iig. 3). B: anlerior extremity. C: 
cuticle (slightly bchind the posterior end of the oesophagus): I.S, transverse striae. D: posterior end. Scalc-bar: A,  C', D, 1 vm; H, 10 Pm. 

Third-stage larvae 

Third-stage larvae from the intermediate host (fig. 2 
and 3; table 2)  

The infective third stage larvae, collected in the 
intermediate and paratenic hosts, have narrow lateral 
alae which begin at 10 from the anterior end and 
stop at 20 from the posterior end (figs. 2, C and 3 ,  B, 
C, D).  Tiny deirids which can hardly be seen with 
light microscopy are present at the level of the pos- 
terior third of the oesophagus ( f ig .  3, C). Examined 
with SEM, the cuticle appears transversely striated 
with longitudinal ridges present between transverse 
striations (,fig. 3 ,  C). The conical anterior end has a 
sclerotized ornamentation made up of two median U- 
shaped pieces joined laterally (jïgs. 2, A,  B, C and 
3 ,  A,  B). Four submedian papillae and two amphids 
can be observed in en,face view (S igs .  2, A and 3, A) .  

The oesophagus has three anterior lobes and is com- 
posed of a short hyalin anterior part and a longer 
granular posterior part. Numerous granulations are 
present in the wall of the intestine, except in a small 
region near the rectum (,flg. 2, D). 

A small oval genital primordium is located in the 
posterior part of the body ( f lg .  2, E). The conical tail 
has a small terminal spike and small nodules at its 
end (Jg. 3, D). 

Third-stage larvae jrom the definitive host (fig. 4 and 
5 A; table 3) 

In the eels, it is difficult to distinguish between 
third- and fourth-stages because the third moult has 
never been observed and there are no obvious charac- 
ters differentiating the two stages; the shape of the 
body and proportions change allometrically in con- 
junction with larval growth. However, observations 
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Figure 9. - A r ~ ~ u i l l i c o l i  crussus. Adults in tlie fourth-stage culicle. A :  anlcrior pirrl. H: po\tcriur part. 

using the SEM indicate that neither deirids nor lateral 
alae can be seen beyond a certain size. In addition, 
the longitudinal crests of the cuticle disappear. These 
differences arc thcrcfore considered here as stage- 
specific. The observations of dcirids in 1600 but not 
in 1200 long larvae lead us to bclicvc that the third 
moult takes place when the size is betwecn these two 
lengths. 

As the third-stage larva grows, its body thickens 
and its apical end bccomes rounded; i t  exhibits the 
same sclerotized ornamcntation and papillae arrange- 
ment as the infective third-stage larva (,fi. 4, A, B, 
C). The lateral alae becomes narrower, being hardly 
visible in cross-section by LM, but can be seen by 
their V-shaped sclerotized support (jïgs. 4,  G and 
5 ,  A). The deirids have the same appearance as the 
infecting third-stage larvae. Lastly the gcnital primor- 
dium lengthens (fig. 4, fi). Histological examinations 
were conducted on 1 I third-stage larvae, none of 
which had erythrocytes in their digestive tract. 

Fourth-stage larvae ()g. 5 ,  il;, 6, 7, 8, 9; tohlr 4 )  

The fourth-stage larvae appear thickcr than the 
third-stagc larvae. The anterior end flattens out and 
the posterior end curvcs ventrally. The same third- 
stage sclerotized ornamcntation is present at the api- 
cal end. Given the flatness of the anterior end, the 
branches of the two pieces look aligncd in lateral 
view (flg. 6, B). The cephalic papillae havc the samc 
pattern as the third-stage larvae (fïgs. 6, A and 8, A) .  
In the largest larvae, the adult circumoral teeth appear 
under the larval buccal opening (fig. 7, A). Deirids 
and lateral alae are not present and there is no trace 
left of the V-shaped sclerotized support (.fi,ys. 5 ,  R; 
7,  G and 8, B). The buccal cavity is devoid of a 
slerotized wall (.fig. 6, B. C). The cuticle is transver- 
sely striated but longitudinal crcsts are lacking, except 
on the tail of young larvae (jïg. 8, C). The oeso- 
phagus is shorter in relation to the body Icngth. 
Lastly, as the larvae grow, the excretory pore more 
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Figure 10. - Anguillicolu crussus. Adults and egg; scanning eleciron micrographs. A: antcrior cxtrcmity: a, amphid; c, ccphalic papilla. 
B: egg shell. C: male tail: c, cloaca; cp, caudal papillae. Scalc-bar: A, C', 10 Pm; B, 0.1 Fm. 

closely approaches the posterior end of the oeso- 
phagus ( f igs.  6, D and 7, C).  The tail, as in the third- 
stage larvae, has a terminal spike but the nodules 
covering the posterior end tend to disappear 
(.jïg. 8, D). The tail length is clearly shorter in relation 
to body length as the larval size increases. 

In the male larvae, the genital primordium is elon- 
gate and recurved at its anterior end (Jig. 6, F ) .  In 
the largest larvae, the genital tract reaches as far as 
the rectum (.fig. 7, D and F ) .  

In the female larvae, the anlage of the vulva can 
be seen under the cuticle and opens out into a short 
tube leading to the middle of the genital primordium 
(jïgs. 6, G and 7, E). The last moult was observed in 
1.9 to 3.9 mm length larvae (Jig 9, A and B). Lastly, 
the absence of erythrocytes in the intestine of five 
specimens was established by histological examina- 
tions. 

Adults (jïg. 10) 

Immature and mature adults have been described 
by several authors (Kuwahara et al., 1974; Moravec 
and Taraschewski, 1988). They differ from the fourth- 
stage larvae by their well-sclerotized buccal capsule 
provided anteriorly with one row of 17 to 22 relatively 
large circumoral teeth and by the absence of the U- 
shaped sclerotized ornamentation (,fig. 10, A ) .  In the 
female the vulva is open, and in the male 5 to 6 
pairs of caudal papillae are present and the cloaca is 
prominent (Jïg. 10, C). 

As far as we are aware, no detailed description of 
Anguillicolu crassus larvae in the eel has already been 
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publishcd. Hoon et ul. (1990) have defined the dif- 
ferent larval stages and have distinguished the third- 
stage from the fourth-stage larvae by the presence of 
erythrocytes in the intestine of the fourth-stage larvac. 
These observations has also bcen made by Haenen 
et al. (1989) and De Charleroy et al. (1990). However, 
in this study, erythrocytes in the fourth-stage larvae 
were not observed and the dark coloration of thcir 
intestinal tract waï duc to thc prcscncc of brown 
granulations in the cntcrocytes. 

As found in the present study, the morphological 
characters that can be used to distinguish the third 
and fourth stages are the presence or absence of 

deirids, the presence or absence of lateral alae and 
the structure of the cuticle. However, thcse characte- 
ristics can only bc obscrvcd clcarly by using SEM. 
Furthermore, deirids and lateral alae may gradually 
be reduced in size as a result of larval growth without 
the occurrence of moulting. In order to bc certain, 
the observation of the third moulting is rcquircd. 

The sccond, third and fourth larval stages of A n g ~ i l -  
Iicolu CYU.SSZI.S are distinguishable by morphological fea- 
tures from both one another and the larvac of other 
nematodes parasitizing copepods or ccls and othcr 
fishes acting as paratenic hosts, thus cnabling epidemi- 
ological studics to bc carricd out at these stages. 
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