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Ultrastructure of the Anterior Body Region of 
Marine Nematode Deontostoma californicum 

I. A. SIDDIQUI and D. R. VIGLIERCHIO ~ 

Abstract: The ultrastructure of the anterior body region of the free-living marine nematode 
Deontostoma calilornicum was studied by electron microscopy. The body wall consists of a 
nine-layered cuticle, a cellular hypodermis containing eight nerve bundles, and a well-developed 
coelomyarian somatic musculature. Nerves in the dorsal, lateral, ventral, and submedian 
hypodermal chords anterior to the nerve ring were observed with regularity. Structure of 
subventral somatic setae suggests a mechanoreceptive function. The esophagus is cellular and 
consists of three marginal cells alternating with an equal number of radial muscle cells, three 
esophageal glands, and three enteric nerves. The membranes of adjacent esophageal cells are 
sinuous. Apices of the triradiate lumen are connected with the outer wall of each marginal cell 
by bands of electron-dense nonmyofibrils, whereas two types of myofilaments run radially 
between the apophyses of the lumen and the outer walls of radial cells. Each myofibril, which 
forms hemidesmosomes at both ends, is interpreted to be the morphological equivalent of one 
sarcomere. Synaptic junctions between the processes of muscles, gland cells, and axons of the 
enteric nerves are described in detail. Key Words: Electron microscopy, morphology, cuticle, 
esophagus, free-living nematode. 

M e m b e r s  o f  t h e  o r d e r  E n o p l i d a  ( to  
w h i c h  Deontostoma californicum S t e i n e r  
a n d  A l b i n ,  1933 be longs )  a r e  a m o n g  the  
m o s t  p r i m i t i v e  a n d  l a rges t  f r e e - l i v i n g  
n e m a t o d e s  k n o w n  (21). B e c a u s e  of  t h e i r  
e v o l u t i o n a r y  s ign i f i cance  a n d  l a rge  size, 
m e m b e r s  o f  th is  o r d e r  h a v e  b e e n  inves t i -  
g a t e d  e x t e n s i v e l y  b o t h  a t  t h e  m i c r o s c o p i c  
a n d  u l t r a m i c r o s c o p i c  levels  (7, 11, 12, 13, 
22, 31, 33). Deontostoma californicum 
occnrs  i n  t h e  i n t e r t i d a l  zones  a n d  is 
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a t t a c h e d  to  ho ld fa s t s  o f  t t le a l g a e  Laminaria 
digitata a n d  Egregia sp. off t h e  n o r t h e r n  
C a l i f o r n i a  coast .  H o p e  (12) i n v e s t i g a t e d  the  
m o r p h o l o g y  a n d  h i s t o l o g y  of  Thoracostoma 
( =  Deontostoma) californicum i n  d e t a i l  
a n d  i n c l u d e d  a few e l e c t r o n  m i c r o g r a p h s  o f  
t i le  b o d y  w a l l  in  a n  e x c e l l e n t  m i c r o s c o p i c  
s tudy .  L a t e r ,  H o p e  (13) d e s c r i b e d  t i le  f ine 
s t r u c t u r e  of  t i le  s o m a t i c  m u s c u l a t u r e  o f  th is  
species.  

S ince  C r o l l  a n d  M a g g e n t i  (8) r e p o r t e d  
t h e  p r e s e n c e  o f  a p e r i p h e r a l  n e r v o u s  sys tem 
in  D. californicum, t h e  first to be  d e s c r i b e d  
for  any  n e m a t o d e ,  t h e r e  has  b e e n  c o n s i d e r a -  
b l e  i n t e r e s t  a n d  c o n t r o v e r s y  r e g a r d i n g  t h e  
e x i s t e n c e  of  such  a system. T h i s  f i n d i n g  was  
s u b s e q u e n t l y  d i s p u t e d  by  S m i t h  a n d  
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Stephenson (32), who used the same silver- 
nitrate-staining technique but  different 
genera of nematodes. T h e y  argued that  the 
system described by Croll and Maggenti  (8) 
was due to tile accumulat ion of silver 
particles forming "micro-hillocks" in the 
hypodermis.  

Al though tile ul t rastructure of the 
nematode body wall has been investigated 
extensively in plant-parasitic,  animal- 
parasitic, and free-living nematodes (5), 
relatively little is known about  the fine 
structure of the nematode hypodermis,  
esophagus, and nervous system. T h e  objec- 
tive of the present investigation was to 
elucidate the fine structure of the anter ior  
body region in D. californicum. 

M A T E R I A L S  A N D  M E T H O D S  

Nematodes  used in this study were 
collected from holdfasts of the brown alga 
L. digitata off Dillon Beach, California. 
T h e  nematodes were removed from the 
holdfasts and rinsed in filtered seawater. 
Most of the nematodes selected for fixation 
and embedding were adults. T h e  nematodes 
were excised mid-length through the esoph- 
agus in a drop  of 5% glutaraldehyde 
buffered with 0.1-M phosphate  at p H  7.1 
and then transferred to a fresh supply of 
tile same fixative for 2 h. T h e  excised 
nematode heads were rinsed in several 
changes of cold 0.1-M phosphate buffer and 
then postfixed in an ice chamber  in 1% 
aqueous osmium tetroxide solution for 30 
min. T h e  tissue was again rinsed in tile cold 
phosphate  buffer and gradual ly brought  
back to room temperature.  T h e  nematode  
heads were then placed in small blocks of 
1% water  agar to facilitate orientat ion.  
T h e  tissue blocks were dehydrated in a 
series of alcohol, embedded in an Epon 
812-Araldite 6005 mixture,  and sectioned 
by d iamond  knives on a Porter-Blum MT-2 
Ul t ramicro tome in transverse and sagittal 
planes. Sections were stained by the uranyl 
acetate and lead citrate method  (27) and 
examined on RCA EMU-3E or G electron 
microscopes operated at 50 kv. 
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area on which the following observations 
are based is shown in Figure 1. T h e  details 
of the cellular organization of body wall, 
nervous system, and esophagus are il- 
lustrated by a schematic drawing (Fig. 2). 

CUTICLE: T h e  cuticle in adul t  nematodes 
is finely annula ted  and is 10-13 #m thick in 
tile region of ocelli (Fig. 2, 3). Ti le  annula- 
tions are barely visible with light micro- 
scopy because the depth  of transverse striae 
is extremely small. T h e  annulat ions are 0.4 
/zm apar t  and  are formed by the fine canals 
(Fig. 6). T h e  cuticle consists of nine layers, 
which can be grouped into cortical layers, 
a median layer, and basal layers (Fig. 3). 
T h e  outermost  layer (L,) consists of an 
osmiophilic triple-layered membrane  of 
about  10 nm thickness. At  higher mag- 
nification, it appears  to consist of two 
electron-dense sublayers separated by an 
electron-transparent  zone (Fig. 6). T h e  
cortical region consists of two layers: 
external (L2) and internal  (L3). T h e  L2 is 
composed of a finely granular ,  electron- 

O B S E R V A T I O N S  

T h e  following description is based on 
transverse and sagittal sections of the ocellar 
region of several nematodes.  T h e  general 

FIG. 1. Photomicrograph of the anterior region 
of Deontostoma californicum showing the cylindrical 
esophagus (E) with paired ocelli (Oc). Cu, cuticle; 
Mu, somatic musculature; EL, esophageal lumen. 
Arrows indicate the region examined. 
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FIG. 2. Schematic drawing of the body wall and esophagus of Deontostoma californicum at the level 
of ocelli. X 650. 

dense  subs tance  a n d  measures  0.20-0.23 ~m 
in thickness.  T h e s e  g ranu le s  a re  dense ly  
packed,  excep t  a r o u n d  the  body-wa l l  canals  
(Fig. 3, 4). T h e  L3 layer  is 1.2-1.4 tLm th ick  
a n d  consists of  fine, r a d i a l l y  o r i e n t e d  str iae.  
T h e  s t r iae  measu re  a p p r o x i m a t e l y  20 n m  
in thickness  a n d  are  spaced at  a b o u t  the  
same d i s t ance  (Fig. 4). T h e y  a p p e a r  to 
consist  of  two e lec t ron-dense  p la tes  (7 n m  
each) s epa ra t ed  by  an  e l e c t r o n - t r a n s p a r e n t  
core of a b o u t  6 nm.  

T h e  body-wa l l  canals,  w h i c h  r u n  ob- 
l i que ly  at  an  ang le  of  35-50 degrees  t h r o u g h  
an  ex t e rna l  cor t ica l  layer ,  a re  0.56/ztn wide  
a n d  occur  w i t h  a p e r i o d i c i t y  of  2-3 ~tm (Fig. 
3, 4). I n  t ransverse  p lane ,  the  canals  do  n o t  
a p p e a r  to possess we l l - de l i nea t ed  walls .  
Howeve r ,  the  fine s t r iae  of  the  i n t e r n a l  

cor t ica l  layer  b o r d e r i n g  the  canals  a re  
r e l a t ive ly  more  e lec t ron-dense  t h a n  those  
away f rom t h e m  (Fig. 4). T h e  l u m e n  of  the  
body-wal l  cana l  is f i l led w i th  o b l o n g  to 
sphe r i ca l  e lec t ron-dense  bod ies  m e a s u r i n g  
20-42 n m  in d i am.  In  l o n g i t u d i n a l  p lane ,  
the  cut ic le  surface d i sp lays  fine t ransverse  
s t r i a t ions  o c c u r r i n g  w i th  a p e r i o d i c i t y  of 
0.4 ~m. A t  the  base  of  each  t ransverse  
s t r i a t i on  a fine canal ,  a p p r o x i m a t e l y  60 n m  
wide,  opens  to the  outs ide .  T h e s e  fine canals  
r u n  p a r a l l e l  to each o t h e r  a n d  occur  w i t h  
m o r e  r e g u l a r i t y  t han  the  body-wa l l  canals  
p rev ious ly  descr ibed .  T h e y  e x t e n d  t h r o u g h  
the  e x t e r n a l  a n d  i n t e r n a l  cor t ica l  layers a n d  
t e r m i n a t e  at  the  m e d i a n  layer  (Fig. 5, 6). 
U n l i k e  the  body-wa l l  canals ,  the  fine canals  
d i sp l ay  e lec t ron-dense  wal ls  in  the  i n t e r n a l  

\ \ \ \ \  
////1 

FIG. 3-6. 3) Transverse section of the cuticle with nine layers (L1-Lq). The body-wall canals (BC) run 
obliquely through the cortical layers. X indicates an additional finely granular layer which was not com- 
monly observed. 4) Transverse section of the cuticle showing the body-wall canal (BC) and fine striae (fs) 
in the internal cortical layer (L.~). The radially arranged rods (R) in the median layer (L4) display an 
electron-dense core surrounded by a membrane. 5) High magnification of the L3-L~ layers of cuticle in 
longitudinal section. Double arrowheads indicate the fine canals which merge into the median layer (L4). 
Fibers of the first basal layer (L~) show the circular profiles (arrowhead) when they are sectioned in their 
transverse or oblique planes. 6) Longitudinal section of the cuticle of Deontostoma californicum showing 
the fine transverse striations and the fine canals (double arrowheads) which open to the outside at the 
base of the striae (arrowhead) and terminate internally with the median layer (L4). 
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cortical layer and possess walls of medium 
electron density in the external  cortical 
layer (Fig. 6). 

T h e  median layer (L~) is about  0.54 ~tm 
thick and consists of radially arranged rods. 
They  are approximately 50 nm wide and 
are spaced at 20-30 nm (Fig. 3). Each rod 
possesses an osmiophilic core about  40 
nm in diam and is ensheathed with a 7 nm 
thick membrane (Fig. 4). Two  or more fine 
striae of the internal  cortical layer were 
occasionally observed to merge with the 
proximal end of each rod o~ the median 
layer. T h e  rods are generally rounded at 
the end, al though they were occasionally 
observed to branch out distally (Fig. 3). 

Immediately below the median layer is 
the basal region of the cuticle, which is 
composed of four fibrous layers (Ls, L~, L;, 
and L~) of varying fiber orientations and 
thicknesses. T h e  L5 layer is about 1.4 ~m 
thick and consists of fibers arranged ob- 
liquely at approximately 45 degrees to the 
body axis (Fig. 3). This  basket-weave pat- 
tern of fibers in transverse sections exhibits 
oblong to spherical profiles when the 
nematode is sectioned longitudinally (Fig. 
5). T h e  L6 layer is 2.3-2.5 ~m thick and 
displays a different basket-weave pattern of 
fibers than the outer layer. T h e  fiber ori- 
entation, which is also about  45 degrees, is 
opposite to that in the preceding layer. The  
third fibrous layer (Lz) consists of radially 
arranged fibers and measures 1.3-1.5 ~m in 
thickness. Although the proximal ends of 
these fibers form a distinct junct ion with 
those of the outer fibrous layer, their distal 
ends appear to merge gradually into the 
next layer (Fig. 3, 7). T h e  Ls layer, measur- 
ing 3.0-3.5 t~m, is thickest among the four 
fibrous layers. It  consists of nine or more 
poorly defined, concentric sublayers. Each 
sublayer is 0.25-0.33 /~m thick and lacks 
distinct fiber structure (Fig. 7). T h e  L9 
layer or the basal lamella is the innermost 
layer of the cuticle. It  is 8-10 nm thick, 
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appears to have the structure of a uni t  
membrane,  and separates the cuticle from 
the hypodermis (Fig. 3, 7, 8). In addition, 
a fine granular  layer of medium electron 
density and about  0.75 ~m thickness was 
observed between tile basal lamella and the 
hypodermis (Fig. 3). Since this layer was 
observed in a few specimens only and was 
present inside tile basal lamella, tile cuticle 
examined might have been that of a pre- 
adult  nematode which was molt ing when 
fixed (14). 

HVPODERMlS: T h e  hypodermis is only 
0.60-1.12 ~m thick in the interchordal  
areas; however, it enlarges to form a dorsal, 
two lateral, and a ventral chord, all of 
which project into the pseudocoelom (Fig. 
2, 9, 10, 11). In addition, the hypodermis in 
D. californicum is moderately swollen to 
form two subdorsal and two subventral 
hypodermal zones (Fig. 2, 8). At the junc- 
tion between the cuticle and hypodermis, 
the basal lamella is sinuous and is internally 
lined with numerous vacuoles, electron- 
dense vesicles, and a few mitochondria  (Fig. 
9). With the exception of the median 
hypodermal zones, the interchordal  hy- 
podermis is highly vacuolated and consists 
of a complex of membrane infoldings. T h e  
hypodermal cytoplasm in the chordal 
cell consists of a nucleus and num- 
erous mitochondria,  multivesicular bodies, 
electron-dense granules, Golgi bodies, endo- 
plasmic reticulum, and a complex system of 
membranes (Fig. 9, 10, 11). Thus,  our 
observations on the chordal areas establish 
that the chordal hypodermis is cellular. T h e  
lateral hypodermal chords are highly 
branched and project into the pseudo- 
coelom where they form laterodorsal, 
median, and lateroventral lobes (Fig. 9). 
By contrast, the dorsal and ventral chords 
are less branched, form a single row of lobes 
first, and then branch into 3-5 lobes as they 
project into the body cavity (Fig. 10, 11). 

In addit ion to the six cephalic papillary 

J / / / / /  
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FIG. 7-8. 7) Transverse section of the cuticle (L6-Lg) and hypodermis (Hy). Arrows indicate the sub- 
layers in the innermost basal layer (Ls). The basal lamella (Lg) separates the cuticle from the hypodermis, 
which is highly vacuolated. 8) Transverse section of the body wall of Deontostoma californicum showing 
the innermost basal layer of the cuticle (Ls), subvemral hypodermal zone (Hy), and somatic muscles (Mu). 
Axons (Ax) of the subventral peripheral nerve are ensheathed in a basal lamina (BL). Axo-axonic (double 
arrows) and neuromuscular junctions (arrows) are present. Note the presence of electron-dense areas and 
mitochondria in the axoplasm at these junctions, df, dense fibrils; m, mitochondrion; nf, neurofilaments; 
V, vacuoles; Z, Z-bands in the somatic muscle cell. 
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and two amphidial  nerves which run along 
the esophagus through the pseudocoelom, 
eight nerves are embedded in the bypo- 
dermal tissue of chordal and submedian 
zones (Fig. 2). A nerve is embedded in each 
dorsal, lateral, and ventral hypodermal 
chord, and two nerves extend anteriad in 
the subdorsal and two in the subventral 
zones of hypodermis (Fig. 2, 8). The  latter 
nerves occur in the same plane as the sttb- 
dorsal and subventral somatic setae and 
appear to constitute a part of the peripheral 
nervous system described in D. californicum 
by Croll and Maggenti (8). 

Axons in both the chordal and sub- 
medial nerves are unmyelinated and are 
either ensheathed by glial cells or by the 
neural lamella. (The terms neuroglia and 
Schwann cells are used interchangeably to 
denote the cells supporting the peripheral 
nervous system in invertebrates. Although 
the term Schwann cell is more appropriate, 
the words neurogIia or glial cells are used 
here because of their wider usage). The  
fine structure and organization of glial 
cells and axons appear to be the same as in 
cephalic papillary nerves and will be dis- 
cussed later. The  neural lamella consists of 
a fibrous layer 60-100 nm thick (Fig. 8, 9). 
I t  appears that the complex network of 
neural lamella which runs between axons 
and glial cells is the same as the basal 
lamina which separates various structures 
from the pseudocoelom. (The term basal 
lamina is applied here to denote the finely 
granular and often fibrous layer that eta- 
sheaths or separates the somatic muscles, 
hypodermis, nerves, and esophagus from 
each other. The  term basement membrane 
is commonly used in this context and is the 
source of much confusion as it has no re- 
semblance to a unit  membrane). In the 
submedian hypodermal zones, axons lie 
directly apposed to the processes of somatic 
muscle cells (Fig. 8). The  axolemma at these 
neuromuscular junctions is highly dense 

I # / /  \\\\\ 

FIG. 9-11. 9) Transverse section of the lateral 
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and the axoplasm contains mitochondria  
that are larger than those away from the 
synapses. The  axo-axonic junctions are also 
commonly observed in this region. Many 
axons and somatic muscle ceils occur next 
to each other and are interspersed by the 
basal lamina. 

SOMATIC MUSCLES-" The  somatic mus- 
culature consists of a single layer of 
spindle-shaped, coelomyarian-muscle cells 
which are separated by the hypodermal 
chords into quadrants (Fig. 2). The  mus- 
culature is polymyarian since each quadrant  
consists of 6-8 longitudinally oriented 
muscle cells. A detailed description of the 
ultrastructure of somatic muscle cells in 
D. californicum, is given by Hope (13). 

P S E U D O C O E L O / ~ I  AND B A S A L  L A M I N A ;  The  
pseudocoelom is lined with an extensive net- 
work of basal lamina of varying thickness 
which separates the somatic musculature 
from the hypodermis and pseudocoelom. 
This continuous lamination occupies all the 
interstices between the highly branched 
hypodermal cells and somatic muscle cells. 
Also, the nerve lmndles and esophagus are 
enveloped by the same fibrous layer, measur- 
ing 100-300 nm in thickness (Fig. 8, 15, 19, 
33). It is composed of extremely fine, 
moderately electron-dense fibrous material 
which lacks a definite orientation or pat- 
tern. However, the basal lamina covering is 
always outside the plasmalemma of the cell 
or organs it ensheaths. 

The  pseudocoelom is filled with an 
extracellular material of various configura- 
tions (Fig. 10, 14, 15, 16). This scattered 
precipitate-like material in the body cavity 
may represent diffusible food contents or 
other constituents of excretory or osmo- 
regulatory significance. No evidence of 
pseudocoelomocytes was found in the body 
cavity. However, numerous strands of 
fibrous material were observed to connect 
the basal lamina ensheathing the esophagus 
with the lamina covering the cephalic 

hypodermal chord, which is highly branched and 
ensheaths the lateral peripheral nerve. Axons (Ax) are enveloped either by a basal lamina (BL) or processes 
of the glial cell (GC). df. dense fibrils of glial cell; dg, electron-dense granules; G, Golgi bodies; Ls, the 
innermost fiber layer of the cuticle; m, mitochondria; Mu, contractile portion of muscle cell; S. sarcoplasm 
with numerous mitochondria; V, vacuoles. 10) Transverse section of the dorsal hypodermal chord (DC). 
The contractile region (Mu) is located in the outer portion of the muscle cell, while the sarcoplasm (S) 
is located in the inner portion. P, pseudocoelom, 1l) Transverse section of the ventral hypodermal chord 
(VC). Ax, axon; Mu, muscle cell; P, pseudocoelom; S. sarcoplasm; X, precipitate-like material scattered 
through the pseudocoelom. 
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papillary nerves and the non-contractile 
regions of somatic cells (Fig. 15). T h e  
concentration of the extracellular material 
is maximum along the periphery of the 
body cavity. It occurs primarily as irregular- 
shaped aggregates of fibrous material, which 
in appearance is similar to the basal lamina. 
Occasionally, multivacuolate bodies with 
adhering fibrous material were also ob- 
served in the pseudocoelom (Fig. 15). 

N~,RVOUS SYSTEM: In addit ion to the eight 
peripheral nerves wlaich are oriented 
longitudinally in the median and sub- 
median hypodermal chords, eight nerves 
run anteriad through the pseudocoelom. 
They  consist of six cephalic papillary nerves 
and two amphidial  nerves. T h e  paired 
papillary nerves are arranged in the body 
cavity around the esophagus in subdorsal, 
lateroventral, and subventral planes, 
whereas the amphidial  nerves are in the 
laterodorsal plane (Fig. 2, 15, 16). In the 
ocellar region, the lateral cephalic nerves 
are located somewhat lateroventrally be- 
cause of the ocelli protruding laterally from 
the esophagus into the pseudocoelom. T h e  
ocelli are innervated by the lateral cephalic 
papillary nerves as Siddiqui and Viglierchio 
(31) reported earlier. 

T h e  subcellular organization of papil- 
lary, amphidial,  and peripheral  nerves is 
basically the same. A 60-100 nm thick neural 
lamella envelopes the nerve bundles (Fig. 
8, 9, 15, 16). Each nerve contains 18-24 
unmyelinated axons, which are usually 
located on the periphery, whereas the 
interior is largely occupied by the glial cell 
(Fig. 15, 16). T h e  processes of the glial cell 
interdigitate with the axolemma and en- 
sheath the axons. T h e  axoplasm consists of 
neurofilaments, microtubules, bundles of 
electron-dense fibrils, mitochondria,  and 
vesicles. Although nerve cell nuclei are 
located posteriorly in their respective 
ganglia in the vicinity of the nerve ring, 
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tile glial cell nuclei were commonly en- 
countered in the ocellar region (Fig. 16). In 
addition, glial cells contain numerous 
mitochondria,  endoplasmic reticulum, free 
ribosomes, Golgi bodies, bundles of dense 
fibrils, and electron-dense bodies. These 
bodies measure about  270 nm in diam and 
appear to be lipid droplets. 

SOMATIC SETAE: Many setae are present 
in subdorsal, lateral, and subventral planes 
of the body surface between the cephalic 
and ocellar regions. However, the occur- 
rence o[ these setae posterior to the ocelli 
becomes irregular. Th e  setae protrude ob- 
liquely through the cuticle and finally to 
the exterior (Fig. 2, 12). Each seta projects 
3-4/~m above the body surface and measures 
about  2 tzm in diam at its base. Microscopic 
observations on somatic setae of D. cali- 
/ornicum by Maggenti (22) have revealed 
the presence of a nerve and an associated 
gland cell or scolopoid body. Our observa- 
tions further reveal that a support  cell 
ensheaths both  the gland cell and the 
sensillum pouch, which are situated in 
submedian hypodermal  zones (Fig. 12, 14). 

T h e  description presented here is based 
mainly on the subventral somatic setae. 
Each seta contains the distal ends of 4-5 
nerve processes which terminate as den- 
drites. Distal ends of these dendrites show 
profiles of 4-5 cilium-like processes which 
are enclosed in a tubular  body. T h e  ar- 
rangement  of microtubules in each cilium 
is variable and consists of 6-9 + 0-2 con- 
figuration (Fig. 13, 14). Microtubules 
appear to occur as singlets. T h e  dendrites 
are enveloped individually b~, a membrane 
and they, in turn, are ensheathed by a 100 
nm thick layer of basal lamina as they 
protrude through the cuticle (Fig. 12). 
Proximally, each dendri te  enlarges in diam- 
eter as it reaches the sensillum base. T h e  
basal lamina still separates the sensillum 
from the support  cell. T h e  support  cell 

FIG. 12-14. 12) Transve r se  section of the  subven t ra l  hypode rma l  zone showing  the  mid -por t ion  of the  
dendr i t e  (D) of a somatic  seta as it p ro t rudes  obl ique ly  t h r o u g h  the  cuticle layers (Ls). GC, g land  cell; 
Mu,  muscle  cell; SC, suppor t  cell. 13) T h e  ciliary region of dendr i t e  (C) is enclosed in a basal  l amina  
(BL) as it p ro t rudes  into the  cuticle (Ls). A suppo r t  cell (SC) su r rounds  the  dendr i t e  wi th  a complex  
array of m e m b r a n e s  (arrows). 14) Transverse  section of the  subven t ra l  hypode rma l  zone at the  level of  the  
sens i l lmn base of the  subvent ra l  somatic  seta. One  or more  axons  (Ax) are associated wi th  the  p rox ima l  
zone of each ciliary end  (C) of  a dendr i te ,  which  enlarges at  its base. N u m e r o u s  microvil l i  (my) are 
present  in the  g land  cell ad jacent  to the  sens i l lum base. BL, basal lamina;  f. fibrous s trands;  Ls, inner-  
mos t  layer of  the  cuticle; Mu,  contract i le  po r t i on  of muscle  cell; P, pseudocoelom;  S, sarcoplasm; SC, 
suppor t  cell. 
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FIG. 15-16. 15) Transverse section of the subdorsal cephalic papillary nerve showing a glial cell (GC), 
which occupies the inner portion of the nerve bundle, while the axons (Ax) are arranged peripherally. 
Processes of the glial cell (arrows) ensheath the a x o n s ,  dr, dense fibrils; Dg, dense granules; E, esophagus; 
Gb, Golgi body; Gf, glial fibrils; Nf, neurofilaments; NL, neural lamella; P, pseudocoelom with a multi- 
vacuolate body (X). 16) Transverse section of the subventral cephalic papillary nerve showing the nucleus 
(N) of the glial cell (GC). Numerous dense granulcs (Dg) are present in the glial cell. The pseudocoelom 
(P) is filled with a precipitate-like material and occasionally shows fibrous strands (arrows) connecting 
the basal lamina (BL) ensheathing the esophagus (E) "~vith either nerve bundles or the sarcoplasmic 
portions (S) of somatic muscle cells. 
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contains a complex network of paired 
membranes, many vesicles, and dense 
granules. The  gland cell, which lies ad- 
jacent to the support  cell and the sensillum, 
measures 2.7 x 1.5 /,m and is filled with 
numerous microvilli (Fig. 14). T h e  exact 
relationship of the gland cell to the sensil- 
lure, except for its close proximity, could 
not be ascertained in this investigation. 

ESOPHAGUS: In D. californicum, the 
esophagus is cylindrical and slightly en- 
larged toward the posterior half, which 
contains the esophageal glands (Fig. 1, 2). 
T he  paired ocelli are located laterally on 
each side of the esophagus. T h e  fine struc- 
ture of the ocelli has been described by 
Siddiqui and Viglierchio (31). In addit ion 
to the pigment cell that surrounds the 
modified ocellar neuron, clusters of reddish 
pigments (commonly known as pigment 
spots wi thout  a lens) are distr ibuted spo- 
radically throughout  tile length of the 
esophagus. T h e  pigment spots consist of 
numerous electron-dense granules measur- 
ing 0.2-1.3 /~m in diam, and they occur on 
the outer edge of both the radial and 
marginal cells. T h e  outer  wall of the esoph- 
agus is lined with a basal lamina 100-300 
nm thick (Fig. 16). 

T h e  esophagus is a cellular structure 
and can be differentiated into three radial 
cells, three marginal cells, one dorsal 
esophageal gland, two subventral glands, 
three enteric nerves, and a lumen. A tri- 
radiate lumen divides the esophagus into a 
dorsal and two subventral zones. Each 
radial region lies between two rays or radii 
of the esophageal lumen, whereas the 
marginal region is located at the apex of 
each luminal ray (Fig. 2, 17). 

Radial Region.--Each radial region con- 
sists of a radial muscle cell, an esophageal 
gland, and an enteric nerve. T h e  radial cells 
contain numerous bundles of radial myofila- 
ments, which run obliquely between the 
apophyses of the lumen wall and the outer  
periphery of radial cells (Fig. 17, 21). T h e  
myofibrils contain two types of myofila- 
ments; the thick myofilaments measure 
16-20 nm in diam, whereas the thin myofila- 
ments are 6.0-7.5 nm diam. T h e  myofibrils 
are oriented obliquely at an angle of 75-90 
degrees to tile long axis of the esophagus. 
Since the interior  point  of myofibril in- 
sertion is anterior  to its outer point  of 
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attachment,  no single myofibril can be 
traced entirely in a single transverse section. 
T h i n  myofilaments run  between the 
hemidesmosomes at the inner and outer 
sarcolemma in dense bundles which widen 
in the middle part  of the radial cell. Hence, 
each myofibril has a wide A-zone in the 
middle which is flanked by shorter I-zones 
on both ends (Fig. 19, 21). No Z-bands or 
cross striations are observed in the radial 
muscles. Aggregates of electron-dense fibrils, 
which appear to be bundles of thin myofila- 
ments, are occasionally observed, especially 
in proximity of the sarcolemma (Fig. 26, 
28). 

T h e  myofibrils form hemidesmosomes at 
each end. T h e  outer hemidesmosom~s, 
which occur on the external  wall of the 
esophagus, are circular to oval and measure 
250-850 nm in diam (Fig. 19, 21). Where  
the I-zone of a myofibril inserts into the 
sarcolemma of the radial cell, a highly 
electron-dense hemidesmosome plaque is 
formed. It  appears that the myofilaments 
are attached here with a cementing material 
which contributes to the increased electron 
density of the plaque (Fig. 19, 21). Myo- 
fibrils form hemidesmosomes distinctly 
inside the sarcolemma, and the basal lamina 
immediately opposite to the plaque appears 
to be thickened to reinforce the hemi- 
desmosome (Fig. 19). T h e  noncontract i le  
portion of the radial cell consists of numer- 
ous spindle-shaped mitochondria,  glycogen 
particles, sarcoplasmic reticulum, and free 
ribosomes. T h e  processes of the radial ceils, 
which are formed by deep and extensive 
infoldings of the sarcolemma, penetrate 
between the myofirils and thus give rise to 
membrane bounded cavities (Fig. 19, 20) 
similar to those described as "cavernous 
spaces" in Ascaris lumbricoides (26). Ti le  
radial cell nuclei are usually smaller than 
those of the marginal cells and are located 
toward the outer wall of the esophagus. 

Th ree  esophageal glands, one dorsal 
(DEG), and two subventral (SEG), run  
anteriorly from the basal port ion of the 
esophagus through the radial region (Fig. 
17). T h e  cell membranes between the gland 
cells and radial cell are sinuous (Fig. 26, 
32). Although the glandular  portions of the 
glands (including the nuclei) are located in 
the posterior one-third of the esophagus, 
the gland ducts contain the secretory gran- 
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ules throughout  their length. The  DEG 
opens into the lumen through a short 
cuticle-lined duct, which terminates into a 
longitudinal slit approximately 20-40 ttm 
anterior to the ocelli. Prior to the orifice, 
the duct forms a sinus which consists of 
collecting tubules (Fig. 29). Figures 27-090 
show a series of transverse sections taken 
prior to and at the orifice level. In the 
ocellar region, the DEG is oval in shape 
(5.0 x 7.0 tma) and is filled with irregular to 
spherical-shaped secretory granules (Fig. 
25). These granules are separated from each 
other by a 16 nm thick membrane. The  core 
of each granule is electron-dense and 
measures approximately 0.45 /zm in diam. 
The  remainder of the granule is filled with 
a fine granular matrix. In contrast, the 
two subventral esophageal glands (SEG) 
are slightly larger (5.0 x 8.7 tzm) and con- 
tain secretory granules wltich are partially 
to completely vacuolated (Fig. 17, 31). Each 
granule measures 0.37-1.22 ttm in diam and 
appears to be membrane-bound (Fig. 32). 
A network of interdigitating membranes 
separates the DEG and SEG from the 
enteric nerves. The  SEG-duct orifices were 
not observed as they open into the stoma. 

Three  enteric nerves run anteriad from 
the circumesophageal commissure and lie 
in the radial region between the esophageal 
gland cells and the outer wall of the esoph- 
agus (Fig. 2, 32, 33). Each nerve consists of 
3-5 nonmyelinated axons which are en- 
sheathed by the glial tissue. The  processes 
of the radial cells and glands interdigitate 
with the glial cell processes to form numer- 
ous synaptic junctions (Fig. 32, 33, 34). The  
axoplasm is more electron-dense and con- 
tains vesicles and mitochondria  which are 
larger in the area of tight junctions than in 
other areas of the axoplasm. The  fine- 
structural details of the axons and the glial 
ceils are the same as outlined earlier for 
the cephalic papillary and peripheral 
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nerves. In  addition, several nerve fibers are 
also observed between myofibrillar and 
nonmyofibrillar tissue in the radial and 
marginal regions (Fig. 33, 34). However, 
no commissures connecting these fibers with 
the esophageal nerves were observed. After 
the DEG duct empties into the lumen, the 
dorsal enteric nerve enlarges to occupy the 
area (Fig. 33). Figure 33 also shows a 
myelin-like figure in the glial cell of the 
dorsal esophageal nerve at the level of DEG 
duct orifice. 

Marginal Region.--Each marginal region 
consists of a marginal cell and a ray of the 
esophageal lumen. The  marginal cell en- 
closes the ray on both  sides and extends 
from tile apophyses of the lumen wall to 
tile outer wall of the esophagus (Fig. 2, 17). 
Unlike the myofibrils in the radial cells, 
nonmyofibrillar bands run between the 
apex of each luminal ray and the outer wall 
of the esophagus (Fig. 17, 24, 34). Although 
four or more bands are attached to the 
apex, they diverge with two or more bands 
on each side and thus form a "V"-like 
arrangement before attaching to the outer 
wall of tile marginal cell. The  bands, which 
are obliquely oriented, consist of filaments 
of only one type and form hemidesmosomes 
at both ends (Fig. 24, 34). The  fine struc- 
ture of hemidesmosomes is the same as those 
present in the radial cells. Each band con- 
sists of numerous interdigitating filaments 
which are 6.0-7.5 nm thick. Individual  illa- 
ments which usually run parallel to the 
dense bands appear to be the same as the 
thin myofilaments in radial cells. An ex- 
tensive network of paired membranes, 
about 16 nm thick, runs from the middle 
of marginal cells to the interior wall of the 
esophageal lumen (Fig. 17, 22). In sagittal 
sections, these membranes are observed to 
run parallel to the esophageal lumen (Fig. 
18). The  cytoplasm consists of many mito- 
chondria, nmnerous free ribosomes, and 
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FIG. 17-18. 17) Transverse section of the esophagus anterior to the ocellar region showing the plasma 
membranes dividing the esophagus into three radial cells (RC). three marginal cells (MC), a dorsal 
esophageal gland (DEG), two subventral esophageal glands (SEG), and three enteric nerves situated 
exterior to each esophageal gland. The esophageal lumen (El.) is triradiate and the esophageal lumen 
wall (W) displays two apophyses (A) on each ray. My, myofibrillar bands; Ny, nonmyofibrillar bands; 
SEN, subventral esophageal nerve. 18) A marginal cell nucleus (N) adjacent to the esophageal lumen (EL) 
in sagittal section. The nucleus contains a nucleolns (Nu) and many vesicles (V), and its wall shows the 
presence of many nuclear pores (Np). The lumen wall (W) displays numerous lamellae and its junction 
with the marginal cell is formed by a complex network of membranes (Mere). 
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a b u n d a n t  vesicles associated wi th  the 
m e m b r a n e  complex .  T h e  m a r g i n a l  cell 
nucle i  are la rger  than  the rad ia l  cell nucle i  
and  lie close to the l u m e n  rays. T h e y  con- 
ta in  h e t e r o c h r o m a t i n ,  nucleol i ,  and  m a n y  
vesicles. T h e  walls of  m a r g i n a l  cell nuc le i  
display a heavy c o n c e n t r a t i o n  of  hetero-  

c h r o m a t i n  and  the presence of  m a n y  pores 
(Fig. 18). 

Esophageal Lumen.--The t r i r ad ia te  
esophagea l  l u m e n  is l i ned  w i t h  a less- 
com p lex  cut ic le  than  tha t  of  the body  wall .  
T h e  l u m e n  wall  consists of  two layers: the 
ex te r io r  layer, wh ich  faces the l umen ,  and  
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FIG. 19-20. 19) Longitudinal section through the esophageal region of Deontostoma californicum, show- 
ing the hemidesmosomes (Hd) where the I-zones (I) of myofibrils form plaques with the outer limiting 
membrane (Mem) of the radial cell. A basal lamina (BL) envelopes the esophagus and displays electron- 
dense areas opposite to the hemidesmosomes, which are formed definitely inside the radial cell. Numerous 
mitochondria (Mi) and processes (Pr) of the noncontractile portion of the radial cells are interspersed 
between the myofibrils. A, A-zone of a myofibril. 20) Sagittal section through the esophagus showing the 
lumen x~'all (W) with numerous lamellae, marginal cell (MC) with a complex network of membranes, 
and radial cell (RC). Processes (Pr) of the noncontractile portion (NC) of the radial cell are interspersed 
between the myofibrils and form cavernous spaces (CS). Tf, tonofilaments. 

FIG. 21. Schematic drawing of the esophagus of Deontostoma cali[ornicum showing hemidesmosomes 
formed by myofibrillar and nonmyofibrillar bands within the radial and marginal cells. The myofibrils 
are oriented obliquely and display a wide A-zone and two narrow I-zones at both ends where they form 
hemidesmosome plaques with the inner and outer limiting membrane of the radial cell. X 5,000. 
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the interior layer, which faces the marginal 
cell (Fig. 22). The  exterior wall consists of 
a triple-layered, electron-dense membrane, 
which measures 40-50 nm in thickness. The  
interior layer varies in thickness and forms 
a pair of apophyses at the base of each ray, 
where it is maximum in thickness (Fig. 17). 
The  interior layer appears to be cuticular 
and displays an extensive network of 
lamellae, which are arranged in parallel 
arrays. The  lamellae are either less frequent 
or absent in the lumen wall where the 
myofibrils or nonmyofibrils form hemi- 
desmosomes with the interior layer of 
lumen cuticle. Each lamella is approxi- 
mately 24 nm thick and consists of an 
electron-dense, 16 nm thick core which is 
enclosed within a membrane. Although the 
lengths of these lamellae vary, they all 
appear to terminate at the junct ion of 
lumen wall and the marginal cells (Fig. 17, 
22). Figure 23 represents an oblique sagittal 
section of the lumen wall, which shows a 
complex network o[ lamellae with a honey- 
comb pattern at the base. The  junction of 
the interior layer of the lumen wall and the 
marginal cells is sinuous and is formed by 
the paired membrane complex described 
earlier. Our interpretations of the transverse 
and sagittal sections indicate that what 
appears to be a paired-membrane complex 
of the marginal cell is actually its plasma- 
lemma, which is extensively invaginated as 
it borders the lumen cuticle (Fig. 18, 22). 

DISCUSSION 

The  basic organization of D. 
californicttm cuticle is similar to the 
cuticles of Ascaris lumbricoides (36) 
and Nippostrongylus brasiliensis (18). The  
characteristic body-wall canals and fine 
canals that extend deep into the internal 
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cortical layer in D. californicum cuticle, 
however, are strikingly different from those 
of a typical nematode cuticle (5). In  
Acanthoncus duplicatus, Wright  and Hope 
(37) reported the presence of a pore com- 
plex which consisted of shallow depressions 
in the outer cuticle and slit-like pores that 
extended inward into the cuticle. They  
suggested that this array of pores played a 
role in osmoregulation. Recently, Lippens 
et al. (20) described the presence of pore 
canals and transverse grooves in the 
cuticles of Aporcelaimellus obtusicaudatus 
and A. obscurus. The  occurrence of pore 
canals has also been commonly observed in 
body walls of trematodes, cestodes, and 
acanthocephalans (17). 

Deontostoma californicum has been 
shown to regulate its osmotic pressure in 
hypertonic salt solutions but not in hypo- 
tonic media (10). This  study showed, 
through ligaturing experiments, that the 
uptake of ions and entry of water occurred 
over the entire body surface. The  presence 
of body-wall and fine canals, hitherto unde- 
scribed in this nematode species, establishes 
the avemtes of this osmoregulation in D. 
cali[ornicum. The  presence of these canals 
in only the external and internal cortical 
layers, which have the most highly organ- 
ized structure, and not in the loosely 
organized internal fiber layers suggests that 
the canals facilitate osmoregulation through 
these extremely compact layers. 

In  a microscopic study of D. califor- 
nicurn, Hope (12) noted the presence of 
extremely fine transverse striations. Our 
observations not only support the presence 
of these transverse micro-annules but also 
reveal that a fine canal opens at the base of 
each transverse striation. These canals may 
be of evolutionary significance since D, 
californicum belongs to the order Enoplida 

FIG. 22-24. 22) Transverse section of the esophagus showing the sinuous limiting membranes of the 
radial (RC) and marginal cells (MC) apposed to each other (arrowheads). At the junction of the marginal 
cell with the esophageal lumen (EL), the marginal cell plasmalemma (Mem) is highly invaginated 
(arrows), a characteristic which results in a membrane complex along the lumen wall (W). The lumen 
wall shows two la~/ers: the exterior layer (W1) which faces the lumen, the interior layer (W2) which 
faces the marginal cell and possesses numerous lamellae (L). 23) Sagittal section (oblique) of the 
esophageal lumen wall showing two layers: the exterior layer (W1) and the interior layer (We) which 
internally borders the marginal cell (MC). Numerous lamellae (L), which appear as straight lines in trans- 
verse plane, display a honeycomb pattern in the interior layer of the lumen wall. 24) High magnification 
of the apical region of tile lumen wall (W) in transverse section. Nonmyofibrillar bands, which connect 
the apices of the lumen wall with the outer wails of marginal cells, form hemidesmosomes (Hd) at both 
ends. Individual fibrils (F) are also visible some distance away from the hemidesmosomes. EL, esophageal 
lumen. 
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which is considered to include some of the 
most primitive nematodes (21). 

The  abundance of nerve tissue in the 
hypodermis, especially in the chordal and 
submedian zones, is a recurring feature in 
the esophageal region of D. californicurn. 
In addition to the four chordal nerves, there 
are four nerves in the submedian zones of 
the hypodermis which innervate the sub- 
dorsal and subventral somatic setae and 
body musculature. Since the entire body 
length of D. californicum was not examined, 
we cannot confirm or deny the presence of 
a peripheral nerve network as described for 
this nematode by Croll and Maggenti (8). 
However, our electron micrographs confirm 
their observation that this nematode pos- 
sesses a total of eight nerves embedded in 
the hypodermis. Recently, the presence of 
nerves embedded in the hypodermis an- 
terior to the circumesophageal commissure 
has also been observed in Meloidogyne 
incognita (3), Heterodera glycines (3), and 
Xiphinema index (29). Wi th  the exception 
of irregularly occurring vacuoles, no "micro- 
hillocks" like those in Enoplus brevis (32) 
were found at the junct ion of body cuticle 
and hypodermis in D. californicum. 

The  ultrastructure of somatic setae in 
D. californicum is rather similar to that of 
a mechanoreceptor. Although a gland cell 
filled with numerous microvilli was ob- 
served near the sensillum base of subventral 
setae in D. californicum, the distal end of 
dendrites consisted o[ only 4-5 cilia and no 
gland cell process. Any chemoreceptive role 
of the gland cell in association with the seta 
will be purely speculative at this point. 
However, an earlier microscopic study on 
the lateral somatic setae of D. californicum 
did reveal the association of a scolopoid 
body (22). The  basic organization of 
amphids, somatic setae, and papillary setae 
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in the nematode species studied by electron 
microscopy is rather similar and suggests 
a mechano- and /o r  chemoreceptive func- 
tion (2, 5, 9). However, Burr and Burr (6) 
recently noted that, out  of the four sensory 
dendrites in the amphids of Oneholaimus 
vesicarius, three possessed amphidial  den- 
drites and were chemoreceptive in nature, 
and the fourth dendrite was aberrant and 
was involved in photoreception. 

Although it has generally been accepted 
that the functioning of the esophageal 
glands is directed by nerve excitations (5), 
our paper presents the first ultrastructural 
evidence of neurosecretory control of these 
glands in a nematode. In addit ion to the 
previously noted types of synapses, several 
connections were observed between the 
axons in the hypodermis and the somatic 
muscle cells. However, a 60-100 nm thick 
basal lamina separated the axolemma from 
the processes of the muscle ceils. The  
presence of a similar basal lamina mediat- 
ing between the axolemma and the processes 
of muscle cells has been reported in Ascaris 
lumbricoides (25, 30). 

A complex network of basal lamina, 
which separates all structures from the 
pseudocoelom and from each other, was 
consistently observed. Similarly, extensive 
systems of basal laminae have been observed 
in Brugia malayi (34) and N. brasiliensis 
(19). Fine precipitate-like material observed 
in the pseudocoelom of D. caIifornicum 
lacked a definite ultrastructural organiza- 
tion. Therefore, it is suggested that the 
precipitate-like material resulted from the 
fixation of the pseudocoelomic fluid. 
Vincent et al. (34) recently concluded 
that the precipitate scattered in the 
pseudocoelom of B. rnalayi might represent 
food materials or other compounds of 
excretory or osmoregulatory significance. 

\X\\\ ~ -  
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FIG. 25-26.25) Transverse section of the dorsal esophageal gland in the ocellar region of the esophagus. 
The gland contains numerous secretory granules (SG) which display an electron-dense core (C) and a 
finely granular matrix. A basal lamina (BL) separates axons of the dorsal esophageal nerve (DEN) from 
the gland, except in those areas where the gland cell processes (Pr) interdigitate with the glial cell 
processes and axons to form synapses. The gland cell and radial cell membranes (arrows) interdigitate with 
each other and form a highly sinuous boundary. My, myofilaments; Nf, neurofilaments. Inset: High 
magnification of the secretory granules showing their limiting membranes (arrows), finely granular matrix, 
and electron-dense cores (C). 26) Transverse section of the radial region of the esophagus at the level of 
the dorsal gland orifice showing thick (Tk) and thin (Tn) myofilaments. Processes (Pr) of the 
noncontractile portion of the radial cell interdigitate with the myofibrils. Arrows at the upper end indicate 
the limiting membranes separating the radial cell from the dorsal esophageal gland cell, which opens 
into the lumen through a cutic le-walled (W) duct. 
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Fine strands of extracellular material that 
were observed to traverse the pseudocoelom 
between the somatic muscles, nerve bundles, 
and the esophagus of D. cali[ornicum did 
not show evidence of being tonofilaments 
as they did, according to observations, in 
several animal-parasitic nematodes (38). 
The  ultrastructural organization of these 
strands does not suggest that they play a 
suspensory role in the pseudocoelom as 
Wright  et al. (38) suggested. 

In D. californicurn, eight nerve bundles, 
including six cephalic papillary nerves and 
two amphidial  nerves, run anteriad through 
the pseudocoelom in the ocellar region. The  
lateral nerve is actually somewhat ventro- 
lateral in position and innervates the ocelli, 
as Siddiqui and Viglierchio (31) show, 
whereas the amphidial  nerves are located 
dorsolaterally. A similar arrangement of 
lateral cephalic and amphidial  nerves was 
reported in Aporcelaimus amphidysis (1). 
We observed a total of 16 nerves and a 
rather identical organization pattern in the 
ocellar region of D. cali[ornicum, and 
Roggen et al. (29) similarly reported the 
presence of six cephalic, two lateral, two 
amphidial, two subdorsal, two subventral, 
one dorsal, and one ventral nerve in the 
anterior region of X. index. 

Our observations on the ultrastructure 
of the esophagus in D. californicum confirm 
the basic organization reported by Hope 
(12). However, several additional aspects of 
the esophagus are described herein. The  
esophagus of D. californicum is a cellular 
structure as the cell membranes delineating 
various regions could be traced easily. 
Although the nematode esophagus was pre- 
viously thought to be a syncytial strncture 
(7, 23, 26), recent electron microscopic 
studies have revealed that the esophagus in 

Cosmocerca ornata (16) and N. brasiliensis 
(19) is a cellular structure. 

As in A. lumbricoides (26), C. ornata 
(16), and N. brasiliensis (19), the marginal 
fibers are different from the myofilaments 
in the radial cells. On the basis of the 
ultrastructure and the location of the 
marginal fibers, it appears that these non- 
myofibrillar bands perform a suspensory 
role in the opening and closing of the 
esophageal lumen. In contrast, the radial 
muscle fibers have thick and thin types of 
myofilaments which are contractile in 
nature. The  thick and thin myofilaments 
in radial muscles of D. californicum are 
interpreted to correspond to the myosin and 
actiu filaments, respectively, on tlle basis of 
their structural similarity with the myofila- 
ments of somatic muscles in several 
nematodes (5, 26). Each myofibril is 
interpreted to be the morphological and 
functional equivalent of one sarcomere. 
This interpretation is further supported by 
the fact that the myofibrils in radial cells of 
D. californicum do not display Z-bands and 
consist of only one unit, which reveals an 
A-zone in the middle and two I-zones on 
both ends. Similar observations were 
recently made by Walz (35) on the 
esophagus of a tardigrade. 

The  at tachment points or hemidesmo- 
somes, which are formed by the insertion of 
myofibrillar and nonmyofibrillar bands in 
the radial and marginal cells of the esoph- 
agus, appear to be more complex than 
previous studies have indicated (16, 19, 23, 
24, 28, 34). Although all of these micro- 
scopic and electron microscopic studies 
reported the presence of hemidesmosomes 
in the esophagus, they did not indicate the 
details of these fibril attachments. Mapes 
(23, 24) and Roggen (28) presented several 

FIG. 27-30.27) Transverse section of the esophagus showing the dorsal esophageal gland (DEG) below 
the orifice level Numerous collecting tubules (Ct) are present in the interior portion of the dorsal gland 
before it opens into the esophageal lumen (EL). Hd, hemidesmosomes; Tn, thin myofilament; W, lumen 
wall. 28) Transverse section of the esophagus showing the sinus of the dorsal esophageal gland duct (D) 
which is lined with a cuticular duct wall (DW). Ct, collecting tubules; Tk, thick myofilaments; Tn, thin 
myofilaments; W, lumen wall. 29) Transverse section of the esophagus (posterior to the dorsal gland orifice 
level but anterior to the level of Fig. 28) showing the enlarged gland duct (D) and collecting tubules (Ct). 
Note the presence of several hemidesmosomes (arrows) on the duct wall (DW) which are similar to those 
formed by the myofibrils on the lumen wall (W). EL, esophageal lumen. 30) Transverse section of the 
esophagus showing the dorsal gland duct (D) as it opens into the esophageal lumen (EL). Arrows indi- 
cate the presence of many hemidesmosomes, formed by myofibrils of the radial cell (RC), on the duct wall. 
Ct, collecting tubules; MC, marginal cell; O, dorsal gland duct orifice. 
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theories on the mechanism o[ the lumen 
opening and closing, but  they did not  take 
into account the ul t rastructural  aspects o[ 
myofibril lar  and nonmyofibr i l lar  bands and 
how they are at tached to the esophagus. 
T h e  radial myofibrils in D. californicum 
are oriented obliquely at an angle of 75-90 
degrees to the long axis o[ the esophagus so 
that  the a t tachment  of a myofibril  to the 
apophyses is slightly anter ior  to its attach- 
ment  point  on the outer  wall of the radial  
cell. Although similar observations have 
been made in A. lumbricoides, Oxyuris 
equi, Aplectana brevicaudata, Panagrellus 
silusiae (23), and in N. brasiliensis (19), the 
significance of this muscle a r rangement  in 
the opening and closing of esophageal 
lumen has not  yet been explored. 

Our  in terpre ta t ion of transverse and 
sagittal serial sections reveals that  the 
I-zones of myofibrils in the radial cells form 
hemidesmosomes at both  ends. I t  appears  
that  a cement layer is present between the 
sarcolemma and the thin myofilaments.  
Also, the basal lamina that  envelops the 
outer  wall of the esophagus is thickened 
with an electron-dense material .  Conse- 
quently, the outer  wall of the esophagus 
presents a pi t ted appearance in the area of 
hemidesmosomes. I t  may also be that  these 
areas are under  more tension than other 
areas of sarcolemma where no hemidemo- 
somes are present (Fig. 19, 21). T h e  fine 
structure of hemidesmosomes in marginal  
cells is essentially similar to that  described 
for the hemidesmosomes in radial  cells. T h e  
basic structure and organizat ion o[ hemi- 
desmosomes in the esophagus of D. 
californicum is similar to the hemidesmo- 
somes formed by tonofilaments in newt 
epidermal  cells (15). However,  because of 
the presence of a cementing mater ial  and 
compressed state of numerous  myofilaments,  
it is not  clear whether  all these myofila- 
ments terminate  at the hemidesmosomes or 
loop back. 

Al though de Man  (11) repor ted three 
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esophageal glands in Thoracostoma setosum 
and T. acuticaudatum, T i m m  (33) noted 
that T. magni[icum had five esophageal 
glands. Similarly, Hope  (12) repor ted that  
the n u m b e r  of esophageal glands in 2). 
cali[ornicum was five. T h e y  noted that  the 
dorsal esophageal gland opened into the 
lumen anter ior  to the ocelli and  that  both  
the subventral  esophageal glands opened 
into the stoma, but  they did not indicate 
the orifice locations o£ the other two glands. 
Our  observations establish that, in the 
ocellar region, D. cali[ornicum has only 
three esophageal gland ducts. Al though the 
two subventral  gland ducts are similar in 
their internal  structure and bo th  open into 
the stoma, the dorsal gland duct is distinctly 
different in its appearance  and empties into 
the lumen anter ior  to the ocelli. Similarly, 
in infective larvae of Meloidog'yne javanica, 
the granules of the DEG differ f rom those 
in the SEG in that  they are slightly smaller 
and are not bound  by a membrane  (4). I t  
appears that the differences in the internal  
organization between the DEG and SEG 
are due to the difference in the physiological 
properties of secretions produced by these 
glands. 

Hope  (12) observed that  the esophageal 
nerves in D. calfornicum enter into the 
esophagus at the level of the circumesoph- 
ageal commissure. He also noted that  
occasionally the axons from the subventral  
esophageal nerves branched out  on each 
side and entered the subventral  region on 
the opposite side. Electron micrographs in 
our  study confirm the presence of several 
axons adjacent to myofibril lar  bands in the 
radial ceils and nonmyofibri l lar  bands in 
the marginal  cells. 

Although the structural organization o[ 
the cuticle l ining of the esophageal lumen 
is simpler than that  of the body wall, a 
recent electron microscopic study on the 
esophagus of Cosmocerca ornata (16) re- 
vealed that  it is more complex than 
reported in other  nematodes (5, 19, 29). In  

FIG. 31-32. 3l) Transverse section of the esophagus showing the two subventral esophageal glands 
(SEG) located on either side of the ventral ray of the esophageal lumen (EL). Ap, apophyses of the 
lumen wall; L, lamellae; Mere, membrane complex near the lumen wall. 32) Transverse section of the 
subventral esophageal gland showing partially to completely vacuolated secretory granules (SG). Arrows 
indicate the areas where the processes of the gland cell form synapses with the subventral esophageal 
nerve. The glial cell (GC) processes ensheath the axons (Ax) either partially or completely. Hd, 
hemidesmosome; Mere, membranes delineating the boundaries of the radial and gland cells; Mi, mito- 
chondria; Nf, neurnfilaments; W, walls of secretory granules. 
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C. ornata (16), m o s t  of  t h e  h t m e n  w a l l  
c o n s i s t s  o f  a single fibrous layer, b u t  i n  t h e  
m a r g i n a l  t u b e  a r e a s  i t  is f o u r - l a y e r e d  w i t h  
a l t e r n a t i n g  b a n d s  o f  g r a n u l a r  a n d  s t r i a t e d  
m a t e r i a l .  T h e  p r e s e n c e  of  l a m e l l a e  i n  t h e  
l u m e n  w a l l  a n d  a h i g h l y  i n v a g i n a t e d  
p l a s m a l e m m a  of  t h e  m a r g i n a l  cel ls  as i t  
b o r d e r s  t h e  c u t i c l e  w a l l  of  t h e  l u m e n  i n  D.  
californicum a p p a r e n t l y  is t h e  f i rs t  s u c h  
i n d i c a t i o n  o f  c e l l u l a r  a c t i v i t y  a l o n g  t h e  
l u m e n  cu t i c l e .  H e n c e ,  i t  is s u g g e s t e d  t h a t  
t h e r e  ex i s t s  a s i m i l a r  r e l a t i o n s h i p  b e t w e e n  
t h e  l u m e n  c u t i c l e  a n d  t h e  m a r g i n a l  cel ls  as 
is w e l l - e s t a b l i s h e d  b e t w e e n  t h e  b o d y  c u t i c l e  
a n d  t h e  h y p o d e r m i s .  O u r  o b s e r v a t i o n s ,  
i f  s u p p o r t e d  b y  s u b s e q u e n t  a u t o r a d i o -  
g r a p h i c a l  s t u d i e s ,  c o u l d  s u g g e s t  t h a t  t h e  
m a r g i n a l  cel ls  a r e  i n v o l v e d  i n  t h e  m o l t i n g  
a n d  s u b s e q u e n t  s e c r e t i o n  o f  a n e w  e s o p h -  
a g e a l  h t m e n  w a l l  d u r i n g  t h e  m o l t i n g .  
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