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Summary 
 
The fine structure of the buccal capsule of the adult female 
nematode Anguillicoloides crassus (Spirurina) was studied 
for the first time. Results are based on serial section (lon-
gitudinal and transverse) light and transmission electron 
microscopy. The buccal capsule of A. crassus is a cuticu-
lar-lined structure. It can be divided into three main parts: 
cheilostom, gymnostom and stegostom. The cheilostom is 
the anterior region of the buccal capsule with the cuticular 
lining continuous with the body wall cuticle and underlain 
by epidermal syncytia. The gymnostom is a cuticular re-
gion with portions of it very electron dense and underlain 
by arcade syncytia. A dense circumoral cylinder together 
with the circumpharyngeal ring represent the prominent 
characters of the gymnostom. The stegostom is formed by 
anterior pharyngeal cuticle underlain by muscular radial 
cells and epithelial marginal cells. The cephalic cuticle of 
A. crassus makes a direct contact with the pharyngeal cuti-
cle at the base of the circumoral cylinder, within a circum-
pharyngeal ring containing projections of pharyngeal mus-
cular and marginal cells. The circumoral cylinder, circum-
pharyngeal ring and pharynx are connected to the body 
epidermis by junctional complexes. The buccal capsule 
includes occasionally 3 projections of the pharynx evi-
dently observed in serial cross sections. These ultrastruc-
tural characters may provide useful data for comparative, 
functional as well as evolutionary studies within the Chro-
madorea. 
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Introduction 
 
The swimmbladder nematode Anguillicoloides crassus 
(Kuwahara, Niimi et Itagaki, 1974) is a parasite specific to 
freshwater eels (Anguilla spp.) (Moravec, 2006). This East 
Asian parasite has greatly attracted interest after colonizing 

…..  
 
Europe, Africa and North America (Moravec, 1992; Ken-
nedy et al., 1997; Kirk, 2003; Maítlo et al., 2005; Knopf, 
2006; Taraschewski, 2006; Sasal, 2008). A. crassus has 
spread mainly due to its large egg production  and wide 
range of intermediate and paratenic hosts (Bauer, 1998; 
Moravec & Škoríková, 1998). Eels are damaged both by 
larvae, which live in the tissue of the swimbladder, and 
adults or juveniles, sucking host blood (Didžiulis, 2006). 
The question, whether pathological changes in colonized 
host are caused only by the blood-sucking activity of the 
adult parasite remains controversial (Taraschewski, 2006). 
It is noteworthy that lesions induced by A. crassus to the 
host swimbladder epithelium correspond to the size of the 
mouth of the adult nematode (Taraschewski et al., 1987).  
Little is known about the fine structure of Anguillicoloides. 
Available observations deal with the body wall (Lamah et 
al., 1990; Würtz & Taraschewski, 2000; Taraschewski et 
al., 2005) and pharynx (Bruňanská et al., 2007). Thus there 
is a gap in our knowledge on the ultrastructure of the buc-
cal capsule (= the region between the pharynx and the 
mouth) of Anguillicoloides, a structure which may play an 
important role in the infestation process.  
The current study aims, therefore, to give a detailed de-
scription of the microanatomy of the buccal capsule of A. 
crassus based on the adult female worm, and also provides 
a base for a better understanding of the function of diges-
tive system of a blood-feeding nematode. The study will 
further expand the knowledge on the range of variation of 
the cephalic region in spirurine nematodes, as well as pos-
sible use of ultrastructural characters of the buccal capsule 
in a phylogenetic context.  
 
Material and methods 
  
Adult female Anguillicoloides crassus were recovered 
from the swimbladder of European eels Anguilla anguilla 
(L.) in the Mácha Lake fish pond in the Czech Republic, 
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and/or from the northern Baltic Sea in Lemland Åland, 
Finland. Live worms were rinsed in saline solution; their 
anterior regions containing buccal capsule were then cut 
off and fixed in 2.5 % glutaraldehyde in 0.1M caco-
dylatephosphate buffer (pH 7.4) for 20 hr at 4 oC. The 
samples were post-fixed in 1 % OsO4 in 0.1M cacodylate 
buffer for 1 hr at 4 oC, dehydrated in a graded series of 
alcohol or acetone, and embedded in Epon.  
Anterior regions of 2 worms were oriented for longitudinal 
sectioning and 3 worms for cross sectioning. Semithin 
sections for light microscopy of the buccal capsule were 

cut on a Reichert ultramicrotome and stained with methy-
lene or toluidine blue; 25 series of longitudinal sections of 
1 worm were prepared, each consisting of 2 longitudinal 
semithin sections and 8 ultrathin sections. Each group of 
sections was followed by cutting off tissue 10 µm thick. 
The stained semithin sections were observed and photo-
graphed using light microscopy. The transverse serial 
semithin and ultrathin sections were made starting from the 
anteriormost part of the buccal capsule. Ultrathin sections 
(60 nm thick) were cut using a Leica Ultracut UCT ultra-
microtome, stained with uranyl acetate and lead citrate, 
and examined in a JEOL JEM 100XS and JEOL 1010 
transmission electron microscopes (TEM) operating at 60 
and 80 kV, respectively.  

For scanning electron microscopy (SEM), the material was 
fixed using the above procedure. The difference was that 
the material dehydrated in 100 % acetone was transferred 
to a critical point apparatus where it was dried at increas-
ing pressure and temperature after an initial replacement of 
acetone with liquid CO2. Mounted specimens were exa-
mined in a Zeiss SEM. 
The nomenclature used for the buccal capsule structures 
largely follows the terminology introduced in De Ley et al. 
(1995).   
 

Results 
 
The buccal capsule of the adult female Anguillicoloides 
crassus is small (24 – 27 m length, 55 – 62 m width), 
and lined most anteriorly by a rim with one row of some 
26 circumoral teeth (Figs. 1, 2, 3). It can be divided into 
three main parts: cheilostom, gymnostom and stegostom 
(Fig. 1).  
The cheilostom is the anterior region of the buccal capsule 
with the cuticular lining continuous with the body wall 
cuticle and underlain by hypodermal syncytia. It includes 
circumoral teeth (4 – 5 m in length) which are partly 
overlapped by the cephalic cuticle (Fig. 2), or protrude into 
the lumen of the buccal capsule (Figs. 3, 4). The mouth 
…..  

 
Fig. 1. Diagrammatic longitudinal representation of the adult A. crassus buccal capsule through subventral sectors as reconstructed from 

transmission electron microscopy (TEM) serial sections (both longitudinal and transverse). Pharynx (P) is relaxed. Numbers to the left show the 
relative positions of the adequate electron micrographs.  Ch – cheilostom, Gy – gymnostom, St – stegostom, CA – circumoral cylinder, CB – body 

cuticle, CP– pharyngeal cuticle, CR – circumpharyngeal ring, Mu – muscle cells. Bar = 25 µm 
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aperture is small (20 – 25 m in diameter) and circular. 
Four big cephalic papillae (two dorsolateral and two ven-
trolateral) together with the two small lateral amphids are 
present in the close vicinity of the buccal capsule.  
The cuticle of the cheilostom has a prominent middle zone 
of lower electron density (Figs. 5, 6). The middle zone is 
delimited by external and internal zones. The external zone 
consists of a triple-layered lamella which is composed of 
two opaque peripheral layers and a middle light layer. The 
anteriormost part of the circumoral cylinder is overlapped 
by cuticular flaps (1.5 – 2 µm long) projecting into the 
buccal cavity, and well visible in the longitudinal sections 

through the middle part of the buccal cavity (Figs. 6, 7). 
The gymnostom is a cuticular region with portions of it 
very electron dense and underlain by arcade syncytia. The 
serial semi- and ultrathin longitudinal and cross sections of 
the head region of A. crassus revealed the presence of the 
prominent circumoral cylinder within the buccal capsule 
(Figs. 4, 5). The anteriormost extremity of this cylinder 
forms individual circumoral teeth (Figs. 5 – 7). Junctional 
complexes demark the boundary of the arcade syncytia of 
the gymnostom (Figs. 8, 9). 
The stegostom is represented by anterior pharyngeal cuti-
cle underlain by muscular radial cells and epithelial mar- 

 
 

Fig. 2. Scanning electron micrograph (SEM) of the head of adult female Anguillicoloides crassus. Mouth opening with circumoral teeth (T) (some 
not visible), 4 dorsolateral cephalic papillae (arrows), and 2 lateral amphids (arrowheads). Note relatively smouth cephalic cuticle and 
the wrinkled body cuticle. Bar = 10 µm; Fig. 3. SEM of the mouth opening with the marked circumoral teeth (T). Bar = 4 µm; Fig. 4. 
Longitudinal semithin section (ventrodorsal view) through the skirt of the buccal capsule. CB – body cuticle, CP– pharyngeal cuticle, 

CA – circumoral cylinder, CR – circumpharyngeal ring, P – pharynx. Bar = 50 µm; Fig. 5. Longitudinal ultrathin section following the 
region shown in Fig. 4. CB – body cuticle, CP– pharyngeal cuticle,  CA – circumoral cylinder, CR– circumpharyngeal ring,  

MC – marginal cells, T– circumoral teeth. Bar = 5 µm; Fig. 6. Detail of the cuticle in the cheilostom of A. crassus (TEM). B– inner zone,  
E – external zone, M – middle zone, T– circumoral teeth. Bar = 1 µm. 
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Fig. 7. Serial longitudinal section (ventrodorsally continuation of the level seen in Fig. 4), showing cuticular flaps (F) extending into the 
cheilostom. Note components of muscle cells (Mu) in the anterior pharynx as well as in circumpharyngeal ring (CR).  Bar = 5 µm; Fig. 8. A detail 
of the circumpharyngeal ring (CR). Note pharyngeal cuticle (CP) and anteriormost part of muscle cells (Mu) protruding underneath the circumoral 
cylinder (CA). Tf – junctional complexes. Bar = 10 µm; Fig. 9. Junctional complexes (Tf) demark the arcade syncytia of the gymnostom (underlain 

CA). BL – pharyngeal basal lamina, CR– circumpharyngeal ring, P - pharynx. Bar = 5 µm; Fig. 10. Serial longitudinal section (continuation 
ventrodorsally from the level seen in Fig. 9), showing well developed anterior region of muscle cells (Mu) and their extension into 

circumpharyngeal ring (CR). BL – pharyngeal basal lamina, CP– pharyngeal cuticle. Bar = 5 µm; Fig. 11. Longitudinal semithin section 
(ventrodorsal view) through the peripheral part of the buccal capsule. CB – body cuticle, CA – circumoral cylinder, CR– circumpharyngeal ring. 

Bar = 24 µm; Fig. 12. Longitudinal ultrathin section following the level seen in Fig. 11. Note infoldings of the basal plasma membrane (BM) of the 
circumpharyngeal ring (CR) into the anterior pharynx. Bar = 2.5 µm. 
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ginal cells. The cephalic cuticle of A. crassus makes a 
direct contact with the pharyngeal cuticle at the base of the 
circumoral cylinder (Figs. 5, 7, 9, 10). The circumoral 
cylinder is situated on the circumpharyngeal ring com-
posed of anterior projections of pharyngeal muscular and 
marginal cells. This circumpharyngeal ring is rich in mito-
chondria and tonofibrils. It is partly delimited by the pha-
ryngeal basal lamina (Figs. 9, 10). At the periphery of the 
pharynx (Fig. 11), numerous interdigitations of the basal 
lamina of the circumpharyngeal ring connect the region 
with the anterior pharynx (Fig. 12).   
The cheilostom has a circular shape in cross sections and is 
surrounded by numerous neurons and specialized nerve 
endings or interneurons of the lip region (Figs. 13, 14). The 
tubular amphidial canal contains 14 closely packed den-
dritic processes (Fig. 14).  

Three projections of the pharynx were observed occasion-
ally in the serial cross sections of A. crassus gymnostom. 
Initially, a single projection of pharyngeal lobe appears in 
the dorsal sector of the worm (some 14 m posteriorly 
from the anterior cheilostom) (Fig. 15). This projection is 
covered by a denser pharyngeal cuticle, and has a close 
contact with the underlain neural elements (Fig. 16). At the 
same level, the circumoral cylinder is gradually trans-
formed into less complete ring of components of pharyn-
geal marginal cells, externally covered by pharyngeal cuti-
cle.  
A triangular impression of the buccal capsule is conveyed 
already 19 m from the anterior cheilostom due to the two 
pharyngeal projections situated within the gymnostom 
(Fig. 17). Each projection contains numerous dense gra-
nules (Fig. 18).  

 
 

Fig. 13. Cross ultrathin section of the transition zone between cheilostom and gymnostom showing cephalic cuticle  with prominent median layer 
(M). CA– circumoral cylinder. Bar = 10 µm; Fig. 14. Cross section through lateral amphid (A) in the vicinity of the gymnostom. Note a complex 

system of membrane infoldings (I). B– basal layer of the cephalic cuticle, CA– circumoral cylinder, E – epicuticle, M– median layer of the 
cephalic cuticle. Bar =  2 µm; Fig. 15. Cross section (14 µm posteriorly from the anerior cheilostom) shows the first projections of the pharynx 

(PP) protruding into gymnostom. CP– pharyngeal cuticle, CA– circumoral cylinder. Bar = 2 µm; Fig. 16. Cross section of the gymnostom (16 µm 
posteriorly from the anerior cheilostom) shows the two pharyngeal projections (PP). CP– pharyngeal cuticle. Bar = 5 µm. 
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The shape of the buccal capsule is changed to triradiate in 
transverse sections of stegostom some 23 m posteriorly 
from anterior cheilostom (Fig. 19). At this level, small 
bottoms of pharyngeal cuticle are situated in the centre of 
each subventral region. The triradiate shape typical of the 
pharynx was observed at the base of stegostom, approxi-
mately 25 m posteriorly from the anterior cheilostom 
(Fig. 20).   
            

Discussion 
 
The buccal capsule of nematodes is a functional unit of the 
anterior digestive tract covering the region between the 
mouth opening and the proximal end of the pharynx (Dick 
& Wright, 1973). It is characterized by great variability in 
its shape and structure, reflecting the range and variety of 
feeding of the individual nematode group (Wright, 1976; 
….  

 
 
Fig. 17. The two pharyngeal projections (PP) in cross sections some 19 µm posteriorly from the anerior cheilostom. CP– pharyngeal cuticle. Bar =  

5µm; Fig. 18. Detail of the pharyngeal projection seen in Fig. 17. CP– pharyngeal cuticle, DG – dense granules. Bar = 2 µm; Fig. 19. Triradiate 
shape of stegostom as shown in cross sections 23 µm posteriorly from the anerior cheilostom. CP– pharyngeal cuticle, D – dorsal side of the 

pharynx, SV – subventral side of the pharynx. Bar = 5 µm; Fig. 20. Typical triradiate shape of the stegostom is present in cross sections 25 µm 
posteriorly from the anerior cheilostom. CP– pharyngeal cuticle, D – dorsal side of the pharynx, SV – subventral side of the pharynx. Bar = 5 µm 
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Gibbons, 2002). Therefore, the buccal capsule has been 
extensively used as a character in taxonomic and phylo-
genetic studies of nematodes (Bird & Bird, 1991; Moravec, 
2007; Baldwin et al., 2004; Bumbarger et al., 2006; Rags-
dale et al., 2008).  
Results of the present study are congruent with the findings 
that A. crassus has the small circular mouth aperture sur-
rounded by 4 dorso- and ventrolateral cephalic papillae as 
well as 2 small lateral amphids, and the anterior rim of the 
buccal capsule bears one row of 22, 24, 26 or 28 circu-
moral teeth (Taraschewski et al., 1987). The buccal cap-
sule of spirurine nematodes parasitizing fishes is frequently 
provided with well-developed stoma and various scleroti-
zed formations as plates, teeth or spines (Moravec, 2007; 
Chitwood, 1950; Fagerholm, 1982). Our ultrastructural 
investigations reveal the presence of a dense circumoral 
cylinder situated mainly in gymnostom and representing 
the most prominent part of the buccal capsule of A. cras-
sus. Similar structure has been reported only in the ce-
phalic cuticle of the adult blood-feeding nematode Nip-
postrongylus brasiliensis (Trichostrongyloidea) (Wright, 
1976; Wright, 1975). The circumoral cylinder with finger-
like extentions at the anterior edges is supposed to prevent 
distortions of the cephalic cuticle during feeding, as an-
terior sense organs and their dendritic processes are present 
in its close vicinity. This cylinder may be structurally 
and/or functionally related to the dense component of the 
supporting struts in the middle zone of body cuticle of 
some nematodes (Lee, 1965; Wright & Hope, 1968).  
Sclerotized buccal capsule has been reported also in mem-
bers of Skrjabillanidae, but not in other dracunculoids 
(Moravec, 1998). The lack of ultrastructural data, however, 
does not allow for more detailed comparison of ultrastruc-
tural features of the buccal capsule within spirurid nema-
todes. The presence of a sclerotized buccal capsule in An-
guillicoloidae and  Skrjabillanidae, but not in other dracun-
culoids, is in good correlation with molecular studies, 
which suggest exclusion of A. crassus from the the 
Dracunculoidea (Wijová et al., 2006), and support the 
existence of an independent family Skrjabillanidae within 
the Dracunculoidea as suggested earlier (Moravec, 1998; 
Ivashkin et al., 1971).  
Other remarkable feature of the buccal capsule is the pres-
ence of 6 slightly elevated rounded lobes protruding into 
the buccal cavity of A. crassus (Taraschewski et al., 1987). 
Our observations have revealed only 3 rounded pharyngeal 
lobes within the buccal capsule of A. crassus females. In 
our opinion, the presence/absence of the pharyngeal lobes 
inside the buccal capsule of A. crassus may be related 
either to the developmental stages of the worms or to the 
functional status of the pharynx during fixation (contracted 
or relaxed). Our suggestion relates to the fact, that the 
buccal capsule of the third-stage larva of Nippostrongylus 
contains three long pharyngeal processes, which are absent 
in the adults (Lee, 1968). The possibility cannot be 
exluded, that younger specimens of A. crassus may have 
pharyngeal processes inside the buccal cavity similarly as 
do larval stages of Nippostrongylus. Further detailed stu-

dies of cephalic end of various developmental stages of A. 
crassus might help to elucidate this point.  
Results of the present study indicate that the cephalic cuti-
cle of A. crassus differs markedly from the pharyngeal 
cuticle (Bruňanská et al., 2007). This finding corroborates 
the earlier studies on ultrastrucure of nematode cephalic 
cuticle (Dick & Wright, 1973; Wright, 1976; Wright, 
1981).  
The ultrastructural composition of the circumpharyngeal 
ring at the base of the circumoral cylinder in A. crassus is 
similar to that of the hypodermis (=epidermis) of the body 
wall (Taraschewski et al., 1988). This structural similarity 
may be associated with the position of the marginal cells 
(under the pharyngeal cuticle) and position of syncytial 
epidermis (under the body cuticle) in the worm. Thus, the 
marginal cells of pharynx may have similar function as the 
body epidermis in A. crassus. It is noteworthy that circum-
pharyngeal ring is positioned to form a framework that 
guides the circumoral cylinder in A. crassus, similarly as 
the hypodermal (=epidermal) cells form a lining that 
guides the protrusible stylet in Tylenchomorpha (Baldwin 
& Ragsdale, 2008). Tonofilaments of the circumoral epi-
dermis of A. crassus may serve in reinforcement during 
muscle action as suggested for N. brasiliensis (Wright, 
1976).  
Results of the present investigation provide also evidence 
that the cuticle in the head region in A. crassus differs from 
the cuticle of other spirurid nematodes studied to date. This 
fact may support exclusion of A. crassus from the the 
Dracunculoidea as suggested by molecular studies (Wijová 
et al., 2006). Only further detailed electronmicroscopical 
studies of other spirurids may contribute to better under-
standing of structural patterns and their possible implica-
tions for nematode phylogeny.  
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