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Abstract: The anatomy of the preparasitic juvenile ofHydromermis conopophaga (Mermithidae: Nematoda) 
has been examined with the light and electron microscope. The alimentary tract consisted of an onchiostylet, 
pharyngeal tube, stichosome, and intestine. Paired penetration glands were associated with the anterior half of 
the stichosome. A total of 16 sensory papillae were found in this stage. Certain features, such as the character 
of the stylet and the attachment of the pharynx to the intestine, show that the preparasitic juvenile more 
than any other stage in its life cycle closely resembles a free-living dorylaimoid nematode. Key Words: 
structure, entomogenous nematode. 

Aside from the early classical work of 
Hagmeier (4) and Christie (3) and the later 
work of Richter (7), little attention has been 
given to the preparasitic (=infective) stages of 
the Mermithidae. It is this stage in the life cycle 
which initiates infection of an invertebrate 
host, usually by actively penetrating through 
the integument. After a period of parasitic 
development varying from 2 wk to several 
months, depending on the species, the 
mermithid leaves the host and becomes 
free-living in soil or water. Mating and 
oviposition occur in the host's environment and 
the preparasitic juveniles emerge from the eggs. 
The morphology of adult mermithids differs 
from that of most other nematodes. The 
pharynx is not connected with the modified 
intestine or trophosome and is represented by 
an anterior tube and a posterior stichosome 
which con ta ins  large glandular cells 
(stichocytes). The trophosome lies as a closed 
cy l inder  within the pseudocoelom and 
functions as a food storage organ. 

Preparasitic stages of mermithids do not 
possess the specialized conditions of the adults 
but instead resemble free-living nematodes. In 
addition, there are qualitative and quantitative 
differences between preparasitic juveniles of 
different species that could be used for 
t a x o n o m i c  purposes. The aim of this 
investigation was to examine the structure of a 
preparasitic mermithid with the aid of the 
electron microscope, to explore the possibility 
of using this stage for taxonomic purposes, and 
to demonstrate its resemblance to a free-living 
nematode. 
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MATERIALS AND METHODS 

Adul ts  of Hydromermis conopophaga 
Poinar (5) were collected from the bottom of 
artificial percolation ponds in Santa Clara 
County, California, where they parasitize 
m i d g e s  o f  t h e  g e n u s  Tanytarsus 
(Chironomidae). 

The adult mermithids mated and females 
oviposited in small dishes of water in the 
laboratory. Eclosion occurred about 2 days after 
the juveniles molted within the egg. The 
second-stage preparasitic juveniles (0.56 - 0.68 
mm long) were slender and extremely active. 

For electron microscopy, living preparasitic 
juveniles were washed in Millonig's phosphate 
buffer (pH 7.4), fixed in 6% glutaraldehyde in 
Millonig's phosphate buffer overnight, then 
transferred to a 1% solution of osmium 
tetroxide in Millonig's phosphate buffer for 20 
rain at 4 C. Following fixation, the nematodes 
were ~rinsed with phosphate buffer, embedded 
in 2% agar blocks, and stained in uranyl acetate 
in 70% alcohol for 1 h. After dehydration they 
were embedded in Araldite 6005 and sectioned 
with glass knives mounted in a Porter-Blum 
microtome (MT-2). The sections were stained 
with saturated aqueous uranyl acetate followed 
by lead citrate and examined with a RCA-3F 
and a Philips EM-300 electron microscope. 

Light microscope observations were made 
on living specimens in water or a drop of 0.01% 
aqueous new blue R stain. 

RESULTS 
The general structure of the preparasitic 

juvenile of H. conopophaga resembled that of a 
free-living nematode (Fig. 1). The digestive 
tract consisted of an onchiostylet, pharyngeal 
tube, stichosome, and intestine. 

Cephalic region: Surrounding the mouth 
opening of H. conopophaga were six large 
papillae (Fig. 2) which are homologous to the 
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six "head" or "cephalic" papillae of  the adult 
forms (5). However, in sections made at the 
level of the amphidial openings, two circlets 
containing a total of 16 axon groups were 
observed (Fig. 3). There were six inner labial 
axon groups and 10 axon groups in the outer 
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FIG. 1. Laterial view of the preparasitic juvenile of 
Hydromermi8 conopophaga, showing the styler or 
onchiophore (s), nerve ring (n), pharyngeal tube (pt), 
pharyngeal glands (pg), stichocytes (sc), stichosome 
(sm), genital primordium (g), intestine (i), and tail (t). 

circle corresponding to six outer labial papillae 
and four cephalic papillae. Each of the inner 
labial axon groups contained five axons while 
the outer labials and cephalic axon groups 
contained only one or sometimes two axons. 
These latter axon groups remained small and 
terminated further posteriorly on the neck. 

The large amphidial openings (Fig. 3) were 
located just posterior to the row of outer labial 
and cephalic papillae. Numerous sensillae fined 
the inner walls of  the amphidial pouches which 
were filled with a diffuse mucous-like 
substance. Ciliated elements occurred at various 
levels in all papillae and amphidial sensillae. 

Onchiostylet:  Prepa ras i t i c  juvenile 
mermithids are characterized by a protrusible 
styler. Since this styler apparently arises from 
the pharyngeal wall (3), it can be considered an 
onchiostylet rather than an odontostylet (1). 
The onchiostylet of H. conopophaga was 
approximately 9-12 pm long and was variable in 
shape throughout its length. The tip was 
pointed and solid with a fine dorsal longitudinal 
furrow (Fig. 2). Proceeding posteriorly, the 
onchiostylet contained a lumen at the level of 
the amphidial openings (Fig. 3) and then 
became U-shaped as the longitudinal furrow 
opened. It became solid again just before it 
fused with the short stylet extension. Following 
the precedent of Taylor et al. (9) who proposed 
the term odontophore for the styler extension 
of Longidorus elongatus, we propose the term 
onchiophore for the stylet extension described 
here. The onchiophore of H. conopophaga was 
cuticular in nature and anteriorly fused with 
the stylet base while posteriorly it joined the 
pharyngeal tube. It contained a pair of sinuses 
running parallel to its lumen (Fig. 4). The 
composition of  the onchiophore was similar to 
that of the pharyngeal tube wail which differed 
from the more densely staining onchiostylet. 

Pharynx: The pharynx of the preparasitic 
juvenile of H. conopophaga was divided into a 
slender anterior portion and a stouter posterior 
portion or stichosome. The anterior portion 
consisted of a long flexible pharyngeal tube, 
circular in cross section, and surrounded by a 
thin tissue sheath (Fig. 5). This portion of the 
tube extended from the onchiophore to the 
reservoir of the pharyngeal glands. The 
surrounding sheath contained a few nuclei, but 
lacked muscles. The posterior portion or 
stichosome consisted of a pair of glands, the 
stichosome accessory structure, and two rows 
of gland cells or stichocytes. The pharyngeal 
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FIG. 2. Section through the anterior tip of Hydromermis conopophaga showing the stylet (S), inner labial 
papillae (IP), and portions of the pseudocoelom (P). 

FIG. 3. Section through the amphidlal openings (AO) of Hydromermis conopophaga showing the hollow 
stylet (S), amphidial pouches (AP), inner labial papillae (IP), outer labial papillae (OP), and cephalic papillae 
(CP). The muscles present are the buccal dilators (arrows). 
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FIG. 4. Section through Hydromermis conopophaga at the level of the stylet extension (E). Notice the 
attachment of  the four stylet protractor muscles (arrows) to the body wall and adjacent somatic muscles (SM). 

FIG. 5. Section through the pharyngeal tube (T) of  Hydromermis eonopophaga showing the four styler 
protractor muscles (PM), and somatic muscles (SM) consisting of alternating bands of thick and thin 
myofilaments. 



FIG. 6. Section through the gland reservoir (GR) of Hydromermis conopophaga which leads into the 
pharyngeal tube (T). 

FIG. 7. Section through the anterior portion of the stichosome of Hydromermis conopophaga showing a 
stichocyte nucleus (N), paired penetration glands (G), and the stichosome accessory structure (SAS). 



FIG. 8. Section through the posterior portion of the stichosome of Hydromermis conopophaga showing a 
stichocyte nucleus (N), the associated rough endoplasmic reticulum, and the lumen (L) of the pharyngeal tube. 

FIG. 9. Section through the intestine ofHydromermis conopophaga showing the thin wall (IVO and enclosed 
granules. 
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glands and stichosome accessory structure only 
occurred in the anterior portion of the 
stichosome whereas the stichocytes occurred 
throughout the length of this organ. The 
pharyngeal tube ran throughout the length of 
the stichosome. 

The paired pharyngeal glands joined 
anteriorly and formed a common reservoir which 
led into the pharyngeal tube via a narrow duct 
(Fig. 6). The glands, which were filled with 
c lose ly  appressed  globules ,  extended 
approximately one-third to one-half the total 
length of the stichosome. They were closely 
associated with the adjacent stichocytes and 
stichosome accessory structure (Fig. 7). The 
latter cylindrical organ, composed of six lobes, 
extended to the posterior tip of the glands, 
then disappeared. Its function is unknown and 
it could not be distinguished in whole mounts 
of the specimens. The remainder of the 
stichosome contained large glandular cells 
(stichocytes) with prominent nuclei and 
nucleoli  (Fig. 8). The extensive rough 
endoplasmic reticulum cistemae were especially 
evident in the large stichocytes in the posterior 
half of  the stichosome (Fig. 8). This suggests 
that these cells were involved in active protein 
synthesis. 

Muscles: The preparasitic juvenile of H. 
c o n o p o p h a g a  h a d  a t y p i c a l  
m e r o m y a r i a n - p l a  t y m y a r i a n  somat ic  
musculature. The sarcoplasmic portion of the 
muscle cell was sometimes obscure, whereas the 
fibrillar zone was composed of both thick and 
thin myofilaments. These thick and thin 
filaments alternate so that each muscle cell 
showed two to three zones of thin filaments 
and two to three zones of thick filaments (Figs. 
4, 5). Eight muscle fields were present. 

The muscles  assoc ia ted  wi th  the 
onchiostylet consisted of four protractors and 
eight buccal dilators. The four protractors were 
submedial in position (Fig. 5) and had their 
point of  origin anteriorly on the body wall at the 
level of the onchiophore (Fig. 4). They inserted 
posteriorly on the wall of the pharyngeal tube 
which was thickened and irregular at the points 
of insertion. The buccal dilators had their origin 
posteriorly on the body wall just above the 
onchiophore and inserted anterior to the 
amphidial openings on the body wall (Fig. 3). 
Sometimes the two dorsal buccal dilators were 
so closely associated that they appeared as a 
single muscle strand. However, they originated 
as separate strands. Stylet retractor muscles 
were not observed. 

Intestine: A structural connection occurred 
between the stichosome and modified intestine 
in the preparasitic juvenile of H. conopophaga 
(Fig. 1). This connection disappeared soon after 
the nematode entered the host when the 
intestine grew anteriorly and overlapped the 
stichosome. The intestine was thin-walled and 
of normal multicellular construction (Fig. 9). 
The cells were filled with glycogen particles and 
some lipid droplets. No intestinal lumen, no 
rectum and no anus were detected. 

Genital primordium: The geni ta l  
primordium was represented by a clump of cells 
located on the ventral body wall posterior to 
the junction of  the stichosome and intestine 
(Fig. 1). 

Tail: The tail (Fig. 1) of the preparasitic 
juvenile of  H. conopophaga (from the posterior 
tip of the intestine to the posterior tip of the 
body) was slender and served as a propelling 
organ dur ing  host-seeking activities. It 
contained hypodermal chord nuclei as well as 
granules of different sizes. The terminus was 
acute and frequently coiled when the juvenile 
was resting. The tail may also serve as a 
stabil izing organ while the juvenile is 
penetrating through the host's integument. 

DISCUSSION 
It is clear that the preparasitic stage of 

Hydromermis conopophaga more closely 
resembles a free-living nematode than any other 
stage in the life cycle of this mermithid. The 
pharynx and intestine are connected in contrast 
to the later parasitic and postparasitic stages 
when the two organs overlap one another and 
become separate units with independent 
functions. 

The stylet of the preparasitic stage of H. 
conopophaga resembles that of the plant 
parasitic nematodes, Xiphinema index (10) and 
Longidorus elongatus (9). A lumen, dorsal 
longitudinal furrow, and stylet extension are 
common to the stylets of  all three nematodes. 
However, although the stylets of Xiphinema 
and Longidorus are used to pierce plant cell 
walls and withdraw the cell contents, the stylet 
of H. conopophaga and other mermithids is 
used for entering an invertebrate host. Besides 
directing the secretions of  the penetration glands 
to the host's cuticle, the mermithid styler is 
probably also used as a mechanical probe to 
push through the softened integument. 

Richter (7) recently examined the stylet of 
the preparasitic juvenile of Hydromermis 
contorta. The shape of the stylets in H. 
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contorta and H. conopophaga is similar; 
however no proximal teeth like those which 
occur in H. contorta were noted in H. 
conopophaga. Richter (7) showed the stylet of 
11. contorta fusing to the ventral wall of the 
pharyngeal tube, while our studies indicated 
fusion to the dorsal wall. Orientation in H. 
conopophaga was based on the position of the 
amphids which have shifted slightly dorsally in 
this species (5). Other means of orientation are 
unreliable since the nematodes had become 
twisted during immersion in the fixative. 
However, both Christie (3) and Hagmeier (4) 
found that the anterior stylet openings of 
Agamermis decaudata and Hexamermis 
albicans, respectively, were on the ventral side. 
This would suggest a dorsal attachment of the 
stylet to the pharyngeal tube in these 
nematodes also. 

The pharynx with its divisions is a complex 
organ that is little understood. A muscular bulb 
just anterior to the junction of  the penetration 
glands as described by Christie (3) in the 
preparasitic larva of Agamermis decaudata was 
not observed in the present study. Christie (3) 
also described three pharyngeal glands in A. 
decaudata. Only two pharyngeal glands were 
dearly observed in H. conopophaga. These 
glands never extended more than half the total 
length of the stichosome and emptied into the 
pharyngeal tube. The secretions were probably 
used for host penetration, since newly entered 
juveniles contained reduced and empty glands 
(6). Chitwood and Chitwood (2) also observed 
a duct leading from what they termed a 
primary esophagus gland (penetration gland) to 
the pharyngeal lumen in the preparasitic stage 
of A. deeaudata. In studying the preparasitic 
stage of H. albicans, Hagmeier (4) described 
two elongated sacs which probably represented 
penetration glands. 

The posterior portion of the pharynx 
consists of a unique structure which has been 
termed stichosome (8). Essentially, it is a highly 
complex body containing 16 large unicellular 
glands(stichocytes), each with a pronounced 
nucleus and nucleohis. In H. conopophaga, 
these glands are arranged in two rows along the 
length of the stichosome. The stichocytes are 
most noticeable during the early stages of 
parasitism and probably play an important role 
in protein synthesis although their exact 
function remains unknown. There were always 
16 stichocytes in preparasitic juveniles of H. 
eonopophaga. 

The presence of 16 head papillae in H. 
conopophaga follows the basic pattern for most 
nematodes. Whereas the circlet of six inner 
labial papillae are large and become prominent 
in the adult stage, the outer 10 papillae are 
smaller and evidently do not enlarge or induce 
cuticular modifications. 

The amphidial openings are considerably 
larger, proportionally, than in the adult stage 
(5). Their size and the numerous nerve endings 
suggest an active function. Since this stage 
searches for a host, it is quite probable that the 
amphids are used to locate suitable hosts in the 
environment. 

The results of this study confirm the 
classification of Chitwood in Chitwood and 
Chitwood (2) that mermithids probably belong 
in the Dorylaimida and arose from a free-living 
dorylaimoid ancestor. 
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