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Summary - The anterior region of infective third stage juveniJes of Sreinernema jelriae consists of an elongated buccal caviry
supported by an invaginated body cuticle and regions of the buccal cuticle. The buccal caviry in the mid-region is slightly collapsed
but enlarged posteriad. The buccal caviry can be divided into seven regions with region 1 corresponding to the cheiJostom lined by
the body cuticle, region 2 surrounded by arcade cells, and regions 3-7 lined by cuticle and surrounded by muscle cells designated
Ml-MS. The corpus of the esophagus consists of a central triradiate lumen supported by myofilaments of marginal and radial cells.
The dorsal gland orifice is located at the base of the buccal caviry whereas the outlets of the subventral glands are slightly anterior to
the nerve ring. Cuticular duct and supporting cells of the secretory-excretory gland in the vicinity of the nerve ring extend posteriad
to occupy a major part of the body cavity near the esophago-intestinal valve and anterior region of the intestine. Within the basal bulb
of the esophagus, the lumen expands to form a pump cavity enclosed by a dentate-corrugated cuticle supported by myofilaments of
marginal and radial cells. Bacteria located between the esophago-intestinal valve and the ventricular region of the intestine are
surrounded by microvilli.

Résumé - Ultrastructure des régions antérieure et moyenne des juvéniles infestants de Steinernema feltiae - La région
antérieure des juvéniles infestants de troisième stade de Sreinernemajelliae consiste en une cavité buccale allongée soutenue par une
invagination de la cuticule du corps et par certaines zones de la cuticule buccale. La cavité buccale est rétrécie dans sa partie
moyenne et élargie postérieurement. La cavité buccale peut être divisée en sept régions, la région 1 correspondant au cheiJostome
bordé par la cuticule du corps, la région 2 étant bordée par les cellules en arcade, les régions 3 à 7 bordées par la cuticule et entourées
par les cellules musculaires désignées comme Ml à MS. Le corpus œsophagien consiste en une lumière tri radiée soutenue par les
myofùaments des cellules marginales et radiales. L'orifice de la glande dorsale est sirué à la base de la cavité buccale tandis que ceux
des glandes subventrales SOnt légèrement antérieurs à l'anneau nerveux. Le conduit cuticularisé et les cellules de soutien de la glande
sécrétrice/excrétrice siruée à proximité de l'anneau nerveux s'étendent postérieurement et occupent.la majeure partie de la cavité du
corps au niveau de la valve œsophago-intestinale et de la région antérieure de j'intestin. Au centre du bulbe basal de l'œsophage, la
lumière s'élargit pour former la cavité de la (, pompe ", entourée par une cuticule rugueuse et denticulée soutenue par les cellules
marginales et radiales. Les bactéries localisées entre la valve œsophago-intestinale et la région ventriculaire de l'intestin sont
entourées de microvillosités.

Key-words : Electron microscopy, insect parasite, Sreinemema jelriae, Nematoda.

Bacterial species, such as Xenorhabdus bovienii con­
tained in the vesicles of Sleinernema feltiae (Filipjev,
1934) (= S. bibionis Bovien, 1937), are released in the
insect body cavity where they multiply and kill the host
insect within 48 h (Poinar, 1993; Wouts, 1984). With
the current trends to reduce the use of chemical pesti­
cides, there is an active interest in utilizing steinernema
tid and heterorhabditid species as biological control
agents of soil inhabiting insects in pest management
systems (Poinar, 1979; Gaugler & Kaya, 1990). Interest
in the ulstrasu'ucture of Steinernerna was focused on the
intestinal vesicle, which is a modified portion of the
steinernematid intestine. Large populations of symbiotic
bacteria (Xenorhabdus spp.) are usually present within

these vesicles which show considerable variation in mor­
phology among different steinernematids (Bird & Ak­
hurst, 1983; Bird & Bird, 1991).

Our electron microscope observations of the buccal
cavity, esophagus, and intestine of S. feltiae provide ad­
ditional data for comparing entomopathogenic nema­
todes and related nematodes (Poinar, 1993; Van de
Velde et al., 1994). These ultrastructural srudies may
provide an insight on the functional anatomy of stei­
nernematid nematodes and their effectiveness as
biological control agents of insect pests. (Dutky, 1959;
Gaugler, 1987; Ghally 1987; Gaugler & K.aya) 1990;
Kondo & Ishibashi, 1990; Nickie & Cantelo, 1991).

(1) Mention of a trade name, warramy, proprietary product, or vendor does not constirute a guarantee of a product and does not
imply its approval tO the exclusion of other products or vendors that may also be suirable.
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Materials and methods

Infective third stage juveniles G3) of Sleinernema fel­
tiae from an alginate gel pad provided by Biosys, Inc.
were released in water. The infective juveniles were then
concentrated and suspended in water, mixed with warm
liquified 2 % agar, and poured into small grooves cut in
agar-filled Petri dishes. A sample of infective juveniles
was injected into the body caviry of the greater wax
moth, Gallenà mellonella. After 4 h, juveniles were dis­
sected from the insect and processed in the manner used
for the non-injected J3 infective juveniles. The solidified
agar containing the nematodes was diced into 2-3 mm
blocks that were transferred ta glass vials containing
buffered 3 % glutaraldehyde for chemical fixation
(1.5 h) of the juveniles. This was followed by washing in
six changes of buffer over a period of 1 h, postüxation in
2 % osmium tetroxide for 2 h, dehydration in an acetone
series (Endo & Wergin, 1973; Wergin & Endo, 1976)
and infiltration with a low viscosity embedding medium
(Spurr, 1969). Silver-gray sections of selected nema­
todes were cut with a diamond knife and mounted on
uncoated 75 x 300 mesh copper grids. The sections
were stained with uranyl acetate (10 min) and lead ci­
trate (5 min) and viewed with a Philips 400T electron
microscope operated at 60 kV with a 30 !-Lm objective
aperture.

Results

BUCCAL CAVITY

The cheilostom of the buccal caviry of 3rd stage juve­
niles of Steinernema feiliae is lined by the body cuticle
that extends posteriad and widens ta form a triradiate
caviry before anaching ta the cuticular terminus of the
esophagus and forming the buccal ring (Fig. 2). In using
the terrninology proposed by Van de Velde el al. (1994),
the cheilostom of the buccal caviry is region 1 (Fig. 2).
Correspondingly, the cuticle lining region 2 of the buc­
cal caviry is surrounded by arcade cells of hypodermal
origin. The anterior-most muscle cells of the esophagus
surround regions 3-7 of the cuticle-lined buccal caviry.
The cuticle lining regions 2-3 of the buccal caviry forms
a modified cylindroid, but the caviry is dirninished in
regions 3-4 and moderately expanded in region 5. The
buccal regions 3-7 show dense myofilaments within ra­
diai cells M1-M5 inserted on the cuticle surface (Fig. 2).
In region 7 and posteriad from the closure of the central
lumen of the esophagus, the lumen extends laterally into
the triradiate arms of the cuticle lined lumen to form
radial tubuli (Figs 2, 3B).

CORPUS

The corpus region comprising the procorpus and
metacorpus of the esophagus is muscular and has hemi­
desmosome contacts along the periphery of the cuticle
from which myofilaments extend to the basal lamina of
the esophagus (Figs 1, 5). The dorsal gland extension
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traverses the fulliength of the esophagus and terminates
as a cuticular port that occurs adjacent to M5 and region
7 of the stoma (Figs 2, 3C). The triradiate arms of the
cuticularized lumen of the corpus broaden terminally
and have paired internai cuticular ridges that, when in
contact, delimit the radial tubuli along the length of the
procorpus (Figs 3B, 5). The cuticle forming the radial
tubuli has an alternating panern of electron densit)'
(Figs 2) 3B).

ISTHMUS AND BULBUS REGIONS

The contents of the subventral glands have access to
the esophageal lumen via openings that are part of a
short cuticular duct that terminates as a valve in the
anterior terminus of a subventral gland extension
(Fig. 6). The valve, shown in longitudinal section, oc­
curs just anterior ta the isthmus and nerve ring
(Fig. 1B). Sirnilarly, a subventral valve in transverse sec­
tion is surrounded by nerve ring components (Fig. 6B).
The diameter of the esophagus in the region of the nerve
ring is about 1/6 the width of the nematade body. The
triradiate termini of the cuticularized lumen are narrow
and pointed and lack the rounded tubular shape observ­
ed in the procorpus (Fig. 8). The isthmus of the esopha­
gus is surrounded by neurons of the nerve ring (Fig. 6)
and by components of the secretory-excretory cell
(Figs 1B, 8). Bilateral branches of the secretory-excreta­
ry cell ex tend posteriad and adjacent to the base of the
esophagus and the intestinal epithelium (Fig. 13C). The
terminal cuticular secretary-excretory duct is prominent
from the secretory-excretory pore to the viciniry of the
secretary-excretory gland cell and adjacent secretary­
excretory canals (Figs l, 8 inset, 12). Non-cuticular
ducts occur in the secretory-excretory canals that are
located adjacent to the esophago-intestinal valve and the
anterior region of the intestine. The secretory-excretary
canals lie in lateral grooves formed by the bi-layered
dorso-ventral oriented intestinal epithelium (Fig. 16).

The dorsal or subventral glands in the basal bulb of
the esophagus were not c1early defined. However, the
presence of cells with Golgi apparati, secretory granules
and dense ribosome populations signified the presence
of glandular tissue (Figs 9, 10). The pump within the
basal bulb of an infective juvenile is characterized by a
pump chamber with a lumen extending from the central
esophagus to the esophago-intestinal valve (Figs 1B, 9,
10, Il). Longitudinal sections through the valve reveal
that the higWy convoluted, regularly shaped cuticular
wall of the pump chamber is bounded externally by
myofùaments of radial and marginal cells (Fig. 10).
Muscle elements are anached to the basal lamina of the
esophagus by hemidesmosomes. In addition to the lat­
eral orientation of muscle fùaments extending from the
cuticular surface of the pump) moderate to strong post­
eriad oriented myofùaments are anached to the pos­
teriad basal lamina of the esophagus (Figs 9, Il).
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Fig. 1. Diagrams ID compare infective third stage Juveniles 03) of Neoaplectana carpocapsae with Steinernema feltiae. Numbers
correspond LO micrographs in text. A : Diagram of Neoaplectana carpocapsae (genus synonymized as Sreinernema) shows location of
symbiotic bacteria) Xenorhabdus nematophilus (Bt) in vemricular region of imestine. (E: esophagus; SEP: secreIDry-excreID1Y pore; cu :
ensheathing second-stage cutiele; G: gonad primordium; im: intestine; A : anus). B. Modified and enlarged diagram of Figure lA
represeming S. feltiae and showing locations ofsecreIDry-excreIDry pore (SEP), cell (SEC) and canals (SEc) in relation LO bacterial vesicle (Ve).
(bt : bacteria; E: esophagus; im : intestine).
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Fig. 2. Longùudlnal section of buccal cavùy region of third stage Juvenile (J3) of Steinernema feltiae. Buccal cavùy divided inw seven
regions wùh region l co1Tesponding w lhe cheiloslom tined by the body cutide, regions 2-7 tined by the esophageal cutide. Region 2 sU1Tounded
by arcade ceUs (ar), and regions 3-7 sU1Tounded by muscle ceUs deslgnated M I-M5. Boundary between body cuticle and esophageal cuticle
forms a buccal ring (BR). DUel ofdorsal esophageal gland valve iUustrated as (Dd) in Fig. 3e is located near buccal region 7 and muscle ceU
M5. (EL: esophageal lumen; Ml: muscle inserted on buccal region 3; M2 : muscle inserted on buccal region 4; Sm : somatic muscle; rt:
radial wbulus; alTOWS lndicate ceU boundan·es of radial ceU muscle inserted on buccal cutide. Bar = 1.0 f.lm).
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Uliraslructure of Steinernema feltiae juvemles

Fig. 3. Submedian, longitudinal sections of amen'or region of Steinernema feltiae J3. A .' Amerior lerminal shows orifice (0) of amphidial
gland extension. (A C : amphidial canal; CF: cephalic framewol'k; cu : cUliele); B : Basal region of amphidial gland cilia (Ac). (1'1: radial
tubu lus) ,. C : Seclions lhrough M 3, M 4, and MS museles inserted on cmicie of posteriad region ofbuccal cavùy. (Portion ofdorsal gland dUCl
(Dd) lies adjacem ID a muscle œil (MS). Bars = 1.0 IJ.m).
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Fig. 4. Tmnsverse sections Ihrough buccal cavity and esophagus of Sreinernema feltiae J3. A : Antenor region of 11iradiale buccal cavity
(BC) shows stoma in open position and supporled by Ihin layer of cUlicle. (ACC: accessory cilia; AC : amphidial canal; CR: cephalic
receptor; ILR, inner labial receptor; OLR, outer labial receptor); B : Poslmad region of buccal cavùy (BC) shows cavity in a closed posuion.
(AC: amphidial canal); C: SeClion shows club-shaped arms of lriradiate esophageallumen. Radial (RC) and marginal (MC) muscles ceU
attached 10 esophageallumen culicle (EL) and basal lamina (BL) ofesophagus by hemidesmosornes (hd). CUlicular lidges (cuR) eXJ.end into
lumen ofesophagus apposile junclional complexes (jc) belween marginal and radial ceUs in anlen'or region ofesophagus. (Mc: mùochondn'a;
RCm: radial muscle ceU. Bars = 1.0 /-Lm).
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U!lraSlruclUre of Steinernema feltiae Juveniles

Fig. 5. Longùudinal secllon lhrough l1u'd-region of esophagus COipUS of Steinernema feltiae J3. Cenlral pari of esophageallumen shows
evenly spaced hemidesmosomes (hd) on auicle surface and lheir associallon wùh radial muscle cell (RC). lrregular cUlicular branches (lcu) of
lriradiau lumen caused by slighl folding of esophagus dunng ./ixallon procedures. (Sm: somalic muscle. Bar = 1.0 j..lm).
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Fig. 6. Longùudinal and lmnsverse seclions lhrough subventral gland valve of Sreinernema feltiae J3. A: SeClion lhrough elongaied
subvenlral gland valve (Sv JI) projeCling into ampulla ofgland eXlension. (EL: esophageallumen; SC : secreLOry granules); B: Transverse
seclion lhrough posteriad region ofesophagus showing porûon ofsubvemral gland valve (Sv Il) wùh enrry point inLO esophageallumen rEL) of
lhe esophagus. (Bars 1.0 j..Lm),. C : Di/ferenlLevel ofseclioning from Figure SA, shows well defined culiele (cu) boundan·es of esophageallumen
(EL) and base of subventral gland valve (Sv JI). (Mj: membrane junclion; SC: secreLOry granules. Bar = 0.5 j..Lm).
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UllraslntclUl'e of Steinernema feltiae Juveniles

Fig. 7. Longitudinal section of pos/corpus region of Sreinernema feltiae J3 shows iSlhrnus of esophagus (E) surrounded by axons and/or
dend71'leS which conslilUle lhe nerve 71'ng (NR). (EL: esophageallumen. Bar = 1.0 f.lm).
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Fig. 8. Transverse section lhrough lhe esophagus ofSreinernema feltiae J3, sllghlly posterior 10 lhe nerve nng. Triradiale esophageallurnen
Iacks radialrubuli as desaibed in Figure 3e. Anns ofesophageal cuàcle are f1auened and supporled by marginal œil (NI C) lerminally. Larger
radial cel/s (RC) f01712 lateral membrane )unctions (NI)) wùh [he margznal cel/s. (SEC: secretory excretory œil). insel shows secretory-excretory
duct (SED)}oining invaginaled body auicle 10 form secrelOry-excrelOry pore (SEP). (Bar = 1.0 fl.m).

ESOPHAGO-INTESTINAL VALVE

AND BACTERIA-LADEN VESICLE

Three tiers of nonrnuscular ceJJs apparendy control
the aperture of the esophago-intestinal valve. The base
of the third tier of ceUs merges with the microvilli-lined
venrricular region of the intestine (Figs lB, 12) 13 A-B,
14). A mid-longitudinal section through a bacteria-la­
den vesicle shows that this vesicle lies at the base of the
esophago-intestinal valve. The bacteria in the vesicle has
continuity with bacteria located within or at the junction
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of the esophago-intestinal valve and intestinal lumen
(Figs 1, 14, 15). Other specimens have bacteria-tilled
vesicles that extend posteriad and ventrally along the
base of the intestine. In rransverse sections, sorne bacte­
ria-laden vesicles have narrow anteriad extensions that
are flanked dorso-laterally by secretory-excretory canals
and intestinal epithelia (Fig. 15 & inset).

INTESTINE

The restricted lumen of the intestine is surrounded by
membranous boundaries of paired layers of epithelial
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UilraSlnlcture of Steinernema feltiae Juveniles

Fig. 9. LongiLudinal, submedian secLion Ihrough Ihe cUliculmized pump in basal bulb of Steinernema feltiae J3. Myofilarnems (my) in
wngenllal view are relaœd LO muscle elemems inserled on Ihe surface ofcorrugaled cullele ofbasal bulb pump as also shawn in Figure 10. (hl:
basal lamina of esophagus; bm : basal membrane. Bar = 1.0 f.Lm).
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Fig. 10. LongùudinaL) median seclions lhrough purnp chamber of Steinernema felriae J3. A : SLighlLy expanded Lumen of pump chal1lber
supporled by corrugated cuticLe (crcu) wùh inserled muscle eLements in LaleraL-posleriad orientalzon. (my: myojïLarnents); B: Subrnedian
section through pump chamber (pcm) shows mergmg of CU licu Lar waLls of esophageaL Lumen (EL) (Bars = 10 IJ-m).
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UltrasmlCLUre of Sreinernema feltiae Juveniles

Fig. 11. Longitudinal section of esophago-iruestinal junction of Stemernema feltiae J3. CUlicle-lined lurnen extends from pump charnber
and basal lamina (bl) inlo 2 !lers of cells of esophago-imeslinal junction and inlO a 3rd lier 'Which COnSlltUleS lhe anterior-rnosl region of lhe
intes!lrwl epitheliurn. (E: esophagus; EL: esophageal lumen; my: myofilamems; N: nucleus of esophago-imeslinal junclion. Bar =
1.0 fJ.m).
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Fig. 12. Transverse seclions lhrough regions of esophago-inleslinal junction of Steinernema felt.iae J3. A : Anleriad seWon lhrough
esophago-inteslinal junclion (Ei)) shows lriradiale, convoluled, lhinly cUlicularized lumen (EL). SecrelOry-excrelOry canals (SEc) and parl of
cenlral secrelory ceU (SEC) occupy a large cmss seclional area of body cavity; B : Seclion al Lenninus of esophago-inleSlinal junclion (Ei))
shows irregular pallem of lumen waU wùhin 3rd lier ceU. (SEc; secrelOry-excrelOry canal; SED: secrelOry-excrelOry dUel); C: Seclion
lhrough anlen'ad region of inlesline shows bacleria (b) eXLending from bacLeria-fllled vesicle. Alicmvilli (Mv) sWTound perimeler ofbacleria (b)

accumulaled al lerminus of lhe esophago-int.eslinal valve and enlrance lO inlesrine. (SEC: secrelOry-excrelOry ceU; SEc: secrelOry-excrelOry
canal; N: nucleus of secrelOry-excrelOry cell; SED: secrelOry-excrelOry ducl. Bars = 1.0 f-lm).
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UlirasmeelUre of Steinernema feltiae iuveniles

Fig. 13. Sequence of transverse sections and longitudinal section ofesophago-intestina!)unetion and intestine ofSœinernema feltiae J3. A :
Esophago-mtestinaliunetion cell with concentrations ofbaeten'a (b) in esophageallumen leading into Intestine. NOle secrelOry granules within
seerelOry-exerelOry canals (SEc) and part ofsecretory-excret07Y cel! (SEC); B : SectIon posten'adfrom Figure f3A shows baeten'a (b) in lumen
of intestinal (int) epithelium lined with mierovilh (Mv). Two-celled cross seetional view of intestine defined by iunetional complexes (ie)
between adjacent cells; C: Longitudinal Vlew of seerelOry-excrelOry canal (SEc) bordered by intestinal (int) epithehum fi/led with electron
dense lipid granules. (Bars = 1.0 IJ.m).
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Fig. 14. Longitudinal section through cells (C l, C 2, C3) ofesophago-inteslinal junetion (Ei]) ofS œinernema [el tiae J3 SUITOU nded posterzad
and ventrally by baCleria (b) filled vesicle. Intestinal lumen (L) localed mar dorsal region of nemalode. (E: esophagus. Bar = 1.0 f.lm)
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U!Lras/nIClUre of Steinernema feltiae juveniles

Fig. 15. Sec!Zon near apex of baclerza filled vesicle (Ve) in Steinernema feltiae J3. Thin vesicie wall shows invaginalions of membrane
sUlfaces around main body regions and some evaginaLions conlaimng baclerz·a (b) near en/rance inLO in/esLinallumen (in/). (Bar = 1.0 fLm).
fnsel shows lerminal regzon of veszCle wùh enclosed baClerium (b). (M: membrane of vesicle; Ml: membrane junc!Zon. Bar = 0.5 fLm).

Vol. 18, n° 3 - 1995 287



B. Y. Endo & W. R. Nickie

Fig. 16. Transverse section lhrough mid-region of Sreinernema feltiae J3 showing paired cel! epiLhelium enclosing lumen (L) of imesLine
(im). Imesline flanked by extensions of secrelO1y-excrelO1Y canaLI (SEc) and laleral cord (le) of hypodermis. (SM: somaLic muscle. Bar =
1.0 f-Lm).

ceUs mat extend through most of me lengili of me nema­
tode (Fig. 16). Transverse and longitudinal sections
mrough me intestinal region show me relative space
occupied by narrowing branches of me secretory-excre­
tory ceU and me developing tissues of me gonad (Figs 1,
17). The parallel arrays of cells comprising me intestinal
epimelium are nucleated and joined longitudinally end­
ta-end and dorso-ventraUy by membrane junctions
(Fig. 18). Membrane junctions at common boundaries
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of me pair of ceUs surround me intestinal lumen
(Fig. 16). The restricted opening wimin me lumen
shows a wide contrast to mat of a related genus Helero­
rhabdilis in which bacteria are distributed mroughout
me intestinal lumen of infective juveniles (Fig. 19).

DISCUSSION

The buccal cavity of Steinemernafeltiae differs ultras­
tructurally from me related entomopamogenic nema-

Fundam. appl. NemalOl.



Ullraslnlc/Ure of Steinernema feltiae Juveniles

Fig. 17. LongilUdinal secLion lhrough gonad of Steinernema feltiae J3. Gonad (G) bordered dorsally by imesline (in/). (Bar = 1.0 !J.m).
fnsel shows œil near gonad lerminus wiLh several melaphase chromosomes. (Bar = 0.5 !J.m).
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Fig. 18. Longitudinal section through intestine ofSteinernema feltiae J3 shows paraUel alTays of intestinal cells fïUed with lipid granules.
(int: intestine; L: lumen of intesllne; N: nucleus; Sm : somalic musculature. Bar = 1.0 fJ-m).
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UllraSlnlClUre of Sreinernema feltiae Juveniles

Fig. 19. LongiLudinal sec Lion lhrough inlesllnallumen of infecllve lhird slage Juvenile ofHererorhabditis bacteriophora. Large populalion
ofbaclena wùhin imesllne in H. bacteriophora comraSlS wilh lhe nonfuncllonal naLUre of lhe midgUl region ofS. feltiae shawn in Figure 18.
(Bar = 1.0 J..lm).
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tode, Helerorhabditis bacleriophora (Poinar, 1975; Endo
& Nickle, 1991). The cuticle of the cheilostom of S.
feltiae joins the cuticle of the expanded anterior-most
region of the buccal cavity to form the buccal ring. The
thin cuticle that forms the buccal cavity of S. feltlàe
differs from the relatively thick cuticle that supports the
triangular cylindroid buccal capsule in Caenorhabdltis
elegans (Wright & Thomson, 1981) and H. baclerzophora
(Endo & Nickle, 1994). HO\vever, S. feltiae and H. bacle­
riophora are similar in that the muscle-supported cuticles
forming the buccal cavities are more extensive than in C.
elegans. The relatively thin \-vaU of the buccal capsule of
S.feltiae and the wide bands of muscle filaments inserted
on the buccal wall cuticle, designated as regions 6 and 7,
may relate to the feeding behavior of the species. The
genera Helerorhabdltis and Sleinernema have related an­
cestral forms of stomatal structures that show their
adaptability to feed in a semi-liquid habitat as found in
an insect cadaver (Poinar, 1993). Each species repre­
sents two well recognized nematode families with capa­
bilities of harboring symbiotic bacteria and invading in­
sect hosts. The bacteria released from the nematode
multiply rapidJy in the insect to cause septicemia that
results in the destruction of the host insect (Wouts,
1984; Gaugler, 1987).

ln transverse section, the triradiate cuticular lining of
the procorpus lumen of S. felliae has radial tubuli as
observed in C. elegans (Albertson & Thomson, 1976)
and S. carpocapsae (Poinar & Leutenegger, 1968). This
is in contrast to the pointed cuticular arms in the procor­
pus of H. baclerz'ophora (Endo & Nick1e, 1994). The
marginal arms of the procorpus of Rhabditis were de­
scribed as having " tubes" and those of the metacorpus
having smaller " tubes" when observed by light micros­
copy (Chitwood & Chitwood, 1950). Regardless of the
shape of the arms of the triaradiate lumen, myofJ.1aments
and corresponding hemidesmosomes of marginal and
radial muscles cells apparently support and expand the
esophageal lumen during food uptake in a manner de­
scribed for other species that have muscular esophagi
(Chitwood & Chitwood, 1950; Mapes, 1965). The den­
tate cuticular wall of the bulbar valve or pump present in
longitudinal sections of S. feltiae appears similar to the
cuticular folds of C. elegans observed in transverse sec­
tions (Albenson & Thomson, 1976). Vertical and
oblique orientations of the muscle elements of S. feltiae
are readily discernable and similar to that described for
the bulbar valve of rhabditids (Chitwood & Chitwood,
1950). The posteriad direction of the denrate projec­
tions of the bulbar valve relates to the bands oflongitudi­
nally oriented muscles that extend posteriad and anach
to the basal lamina at the base of the esophagus. The
esophago-inrestinal valve of S. feltiae appears to have a
three-tier configuration between the basal lamina of the
esophagus and the anterior-most region of the microvilli
lined intestine, as in H. baCleriophora (Endo & Nickle,
1991). Symbiotic bacteria, Xenorhabdus luminescens
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(Poinar el al.) 1977; Thomas & Poinar, 1979), reclassi­
fied as PholOrhabdus luminescens (Boemare el al., 1993)
are distributed throughout the length of the intestinal
lumen of H. bacteriophora; whereas in infective juveniles
of steinernematids, bacteria are retained within vesicles
(Bird & Alkhurst, 1983). In infective juveniles of S.
feltiae, bacteria can occur in an enlarged vesicle with its
terminal portion extended towards the lumen of the ven­
tricular region of the intestine. Thus, the bacteria from
the vesicle would have ready access to the main channel
of the intestine where they can multiply and be dis­
charged into an insect host. The differences in electron
density of bacteria among the specimens of S. felilae may
be due to variations in fixation or resin infiltration. How­
ever, their presence within a vesicle and their apparent
entry point into the anterior-most region of the intestinal
lumen is consistent. Studies are needed to determine the
precise time required for the release of the symbiotic
bacteria into the host insect and their subsequent mul­
tiplication and release in the hemocoel.

Physiological and light microscopic studies of the se­
cretory-excretory system of juvenile stages of C. elegans
showed that excretory cell, duct cell and pore cell func­
tions are essential for normal survival. When either of
these cells were ablated with a laser microbeam, the
juveniles were filled with fluid within 12-24 h and died
within a few days. Observations of pulsations of the
excretory duct of dauer juveniles under differing levels
of osmolarity led to the conclusion that one of the func­
tions of the excretory system is osmoregulation (Nelson
& Riddle, 1984). Our ultrastructural observations of the
related rhabditid species show a very extensive secreto­
ry-excretory (SE) system in which the SE canal occupy
a large volume of the body cavity along-side the in­
testine. The lateral bodies within the hypodermal cords
reported in ;uveniles of S. carpocapsae (Poinar & Leute­
negger, 1968) should be interpreted as transverse sec­
tions through canals of the secretory-excretory system as
shown in S. feltiae. In a review of other secernentean
nematodes, it was reported that the function of the SE
system is quite variable and that in addition to osmoregu­
lation, this system secretes enzymes or glycoproteins of a
protective or lubricating nature (Bird & Bird, 1991).

The anterior sensilla of S. felliae are similar to those
described for H. baaeriophora and other secernentean
nematodes (Baldwin & Hirschmann, 1973; Ward el al.,
1975; De Grisse, 1977; Coomans, 1979; Wright,
1980); they have twelve labial sensilla, four cephalic
sensilla, and two amphids. Each of the inner labial sen­
silla consists of two receptors, whereas the outer labial
sensilla have single receptors. The cephalic sensilla each
possess one receptor. The lamellae-like structures in the
head region of S. felliae are similar to nerve structures in
Helerodera glyClnes (Endo, 1980), Meloidogyne incognita
(Endo & Wergin, 1977), and Helerorhabditls baclerzoph­
ora (Endo & Nick1e, 1994). The direct reJationship be­
tween these nerve structures to lateral accessory sensilla
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was demonstrated in the citrus nematode, Tylenchulus
semipenelrans (Natasasmita, 1979).
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