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Comparative Fine Structure of the Stomatal Region of Males 
of Meloidogyne incognita and Heterodera glycines ~ 

J. G. B A L D W I N  and H E D W I G  H I R S C H M A N N  ~: 

/lbstracl: The  line strncture of the stylet, "gniding apparatus ,"  anti prolractor  ntuscles of males 
of Me/oidogyne itt~ogttita attd Hete~odera glycines is ehtcittated and compared. In both  nema- 
totles. 1he styler cone is of greater electron density than the shaft. The  cone is heterogeneous; 
shaft malerial extends into it for most of its length, whereas the shaft p roper  and knob regions 
are relatively ht)mogencous. The  stylet hnnen is rottnd throughotl t  its length in H. glycines, but  
in M. incognita changts  from rt)ttnd, posteriorly, to irregular, triradiate, and oblong near the 
styler tip. q 'he variotts layers of the lining of the stylet shaft are cont inuous with those of the 
cuticular lining of the esophageal hnuen.  Similarly, cuticular layers of the stomatal lining and 
vestibnle extension are ctmtinnous with the body wall cuticle. T h e  styler "guiding appara tus"  is 
formetl by linings of 1he stontatal t)pcniug, vestibule, and vestibule extension, together with 
transversely folded membranes,  which extend fur ther  posteriorly and attach near the junct ion of 
shaft and cone. Nttttcoutractile regions of the three styler protractor  muscles originate in the 
esophagus. Contractile portions extend attteriorly from the stylet knobs and branch into a total 
of 10 elements that attach near the basal ring of Ihe cephalic framework and the vestibule ex- 
tension. A secttnd, ot)ncontractile region is present at the anteriormost  par t  of the protractor  
mttscles in 1t. glycines. Key 1Vords: Cyst uctnatotle, root-knot nematode, stylet, stylet "guiding 
apparatus ,"  styler protractor  muscles. 

The  stomatal region of the digestive sys- 
tem is very diverse in structure and function 
among dilferent nematodes and, therefore, 
is impor tant  in taxononty and phylogeny as 
well as in ehtcidating the biology of some 
genera with respect to feeding habits. Ear- 
lier studies of stomatal fine structure in 
plant-parasitic nematodes were primarily 
linfited to the Dorylaimida in attempts to 
explain virus transmission by nematodes 
(4). Tylenchid  stomata have been exantined 
only recently (5, 6, 9, 15). Addit ional  fine- 
structural studies are needed to better un- 
derstand structure and eventtmlly ontogeny 
of the tylenchid stylet witll its guiding ap- 
paratus and musculature. 

Ahhough males of Heterodera and 
Meloidogyne species apparently do not feed 
(10, 1't), light microscopy indicates that they 
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rio not exhibit  tile degree ok stomatal and 
esophageal degeneracy present among non- 
t eeding adult  nematodes of other genera 
[viz. Radopholus, Tylenchulus, Cricone- 
moides (12)]. Fine-structural studies may 
elucidate whether or not the stomatal re- 
gion, as well as the remaining digestive sys- 
tem, of males of Heterodera and Meloido- 
gyne are functional feeding organs. Further- 
more, electron microscope observations of 
the stoma of all forms of Heteroderidae 
may be impor tant  in clarifying relation- 
ships among its genera. 

MA TERIA LS  AND M E T H O D S  

Meloidogyne incognita (Kofoid and 
White) Chitwood and Heterodera glycines 
Ichinobe were isolated from Nor th  Carolina 
populations and propagated in the green- 
house on tomato (Lycopersicon esculentum 
Mill.) and soybean (Glycine max L. Merr.), 
respectively. Males were selected and pre- 
pared for observation as described previ- 
ously (2, 3). Sections were examined with a 
Hitachi HS-8 electron microscope operated 
at 50 Kv. 

The  J O U R N A L  OF NEMATOI .OGY for Octt)her (7: 319-384) was issued 10 October 1975. 1 
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O B S E R V A T I O N S  

STYLET AND "GUIDING APPARATUS" 

M. incognita: T h e  stomatostylet  of 
males of the Nor th  Carol ina popula t ion  of 
M. incognita has an average length of 23 
/~m including knobs, shaft, and cone (Fig. 
1A, 2). I t  changes in d iam from about  5.5 
/~m at the knobs to 1.8 /tm at the anter ior  
end of the shaft (Fig. 3-8), and less than 0.7 
/~m at tlle tip of the cone (Fig. 13). T h e  
bases of the two subventral  knobs extend 
slightly posteriorly to the dorsal knob, and 
point  of a t tachment  of the cuticle l ining of 
the esophageal lumen (Fig. 5, 26). T h e  
major  port ion of knobs and shaft is coin- 
posed of an electron-lucent mater ial  in 
which strands of slightly more dense sub- 
stance are scattered (Fig. 3, 4). Although 
the stylet lumen is circular and central in 
the knob region and posterior half of the 
shaft (Fig. 5-7), it hecomes irregularly 
shaped anteriorly in the shaft (Fig. 8). Tile 
lumen remains about  0.3 ~m in diam 
throughout  knob and shaft region. 

T h e  conical part  of the stylet is some- 

what  more smoothly surfaced than the 
shaft and is generally of greater  electron 
density. Its base is first apparen t  as an outer  
sheath which surrounds the anter ior  end of 
the shaft and as an inner  sheath which sur- 
rounds the lumen (Fig. 9). Fur ther  anteri- 
orly, the enclosed shaft mater ia l  is confined 
to longi tudinal  channels between faint 
radii of cone material ,  which extend 
f rom the stylet lumen to tile periphery,  
and dense strands extend longitudinal ly 
through the channels (Fig. 10). As the cone 
narrows, shaft mater ial  is reduced to a sin- 
gle dorsal chamber,  and tile lumen changes 
from central and tr iradiate (0.3 ~tm diam) 
to ventral  and oblong (0.14 x 0.23 ~tm) 
(Fig. 11). Finally, tile lumen opens on the 
ventral  side, and shaft mater ia l  terminates 
so that  the oval-shaped anter iormost  par t  
of the stylet is solid (Fig. 13). 

T h e  conical part  of tile stylet is located 
within a channel, designated here as sto- 
matal cavity, which extends posteriorly 
from the external stomatal  opening  to tile 
base of the cone. In the shaft region, mem- 
branes, modified as junct ional  complexes, 
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FIG. 3-5. 7) Longitudinal section through stylet of Meloidogvrle i~tcognita, showing shaft (SS), knobs (SK), 
and part of cone (SC). Rectangle enlarged in Fig. 4. SP, styler protractor muscles. 4) Enlargement of rec- 
tangle in Fig. 3, showing portion of stylet shaft with membranous fold of "guiding apparatus" (arrows). 
DSt, dense strands; EMa, electron-lucent material. 5) Cross section through base of subventral stylet knobs 
(SK) in M. incognita, showing attachment of esophageal lumen (El,) with three layers: a, trilaminate inner 
layer; b, electron-lucent layer; c, dense layer (level 24.0, Fig. IA). 

e x t e n d  pos te r io r ly ,  fo ld  i nward ,  a n d  a t t a c h  
a n t e r i o r l y  nea r  the  j u n c t i o n  of s tylet  cone 
a n d  shaf t  (Fig. 2, 3, 4). In  cross sect ion,  
these m e m b r a n e s  a p p e a r  as two circles sur- 
r o u n d e d  by h y p o d e r m i s  (Fig.  2, 8), a n d  the  
b y p o d e r m a l  a rea  b e t w e e n  the  m e m b r a n e s  is 

f i l led w i t h  e l ec t ron - lucen t  m a t e r i a l  w h i c h  
is c o n t i n u o u s  w i th  an  o u t e r  layer  of  the  
ves t ibu le  ex t ens ion  (Fig. 2, 3, 4). T h e  junc-  
t i ona l  complexes ,  t oge the r  w i t h  s t o m a t a l  
l in ings ,  w h i c h  i n c l u d e  ves t ibu le  ex tens ion ,  
ves t ihule ,  a n d  s t o m a t a l  open ing ,  fo rm w h a t  
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has been generally designated by light mi- 
croscopy as "guiding apparatus." Cross sec- 
tions through the base of the shaft indicate 
that hypodermal  tissue extends between 
protractor muscles and stylet (Fig. 2), and 
is bound to these surfaces by tight junctions 
and hemidesmosomes, respectively (Fig. 7). 

The  vestibule extension is primarily a 
three-layered structure which extends from 
the posterior end of the cone to the vesti- 
bule of the cephalic framework (Fig. 2). 
T h e  innermost layer, 1, which is about  0.05 
/~m thick, is continuous with the outer layer 
of external cuticle. Layer 1 may be further  
resolved into a thin (0.02 t~m) electron- 
lucent zone, la, and a dense zone, lb  (0.03 
~m) (Fig. 9-11). A narrow stomatal space 
separates layer 1 from the styler. The  me- 
dial layer, 2, is relatively dense and homo- 
geneous. It varies from 0.14 ~m in thickness 
at the base (Fig. 9) to 0.50 ,~m at the broad- 
est part  of the vestibule extension (Fig. 10). 
Similarly, the outer, less dense layer, 3, is 
0.07 ~m thick at the base (Fig. 9) but  
broadens anteriorly to 0.40 ~m (Fig. 11). 
Narrow invaginations of layer I may extend 
into the medial layer, 2 (Fig. 10, 11). 

T h e  cephalic framework (including the 
basal ring, framework blades, and vestibtde) 
is anterior to the vestibule extension (Fig. 
12). T h e  basal r ing of the framework is 
continuous with the basal layer of body 
wall cuticle, and the vestibule is continuous 
with the vestibule extension, posteriorly. 
Vestibule and framework blades are of 
greater electron density than the basal ring. 
Posteriorly, the six radial blades are slightly 
arched and extend, one dorsally, two sub- 
dorsally, one ventrally, and two subven- 
trally, from vestibule to body wall (Fig. 12). 
Thus  the framework is bilaterally, rather  
than radially symmetrical, because of the 
large size of the lateral sectors. Internally 
tile vestibule is lined with layer I of the 
vestibule extension (Fig. 12, 13) which is 
anteriorly continuous with the body wall 
cuticle. T h e  stomatal opening is a slit 1.3 
~tm long when the stylet is retracted (Fig. 
14). 

H. glycines: T h e  stomatostylet of males 
of H. glycines is approximately 28 ~m long 
and changes in diam from about  5 t~m at 
tile knobs (Fig. 15) to 1.8 /~m at the ante- 
rior end of tile shaft (Fig. 16), and tapers 
to a bhmt  end at the terminus of the cone. 

Knobs and shaft, including the lumen-lin- 
ing, are similar to those described for M. 
incognita (Fig. 15, 16); however, the conical 
port ion and "guiding apparatus" in H. 
glycines are different from those of M. in- 
cognita. At tile base of the cone, shaft ma- 
terial is present between outer  and inner 
layers of the cone, but  radii dividing the 
shaft chamber have not been resolved in 
this region in H. glycines (Fig. 17). How- 
ever, anteriorly there is an indication of 
radii as well as dense strands (Fig. 18). 
Here the lumen moves ventrally, and inner 
and outer cone material eventually fuse to 
result in an incomplete ring of shaft ma- 
terial (Fig. 19) which is eventually reduced 
to a dorsal chamber (Fig. 20). T h e  lumen 
which is round (0.2 p,m diam or less) opens 
ventrally (Fig. 22), and the oval-shaped tip 
of tile stylet is solid. 

Tile "guiding apparatus" in H. glycines 
males consists of stomatal linings and mem- 
branes modified as junctional  complexes 
which surround the anterior port ion of the 
shaft. These junctional  complexes are sim- 
ilar to those described for M. incognita, al- 
though in contrast to the latter, membranes 
of tile fold are longitudinally folded (Fig. 
16). Tile hypodermal region between the 
membranes of tile fold is filled with gran- 
ular substance which surrounds most of the 
vestihule extension and is continuous with 
its outermost layer (Fig. 16, 17). 

Th e  posterior port ion of the vestibule 
extension has an electron-lucent outer  layer, 
3 (0.06 /~m thick), which is not  clearly 
demarcated from tile granular  substance 
(FIR. 17). Three  or four evenly spaced, 
shallow evaginations of tile stomatal cavity 
extend into tlle moderately dense layer, 2 
(0.1 /~m) of the vestibule extension (Fig. 17), 
and anteriorly become more pronounced 
(Fig. 18, 19). Here the innermost  layer, 1 
(0.48 /~m) includes an internal lining con- 
sisting of a thin electron-lucent zone, Ia, a 
dense layer lb, and a thin electron-lucent 
layer, lc. Layer lb is about  0.05 ttm in 
thickness except at the apexes of the in- 
vaginations where it is very thin. Ex- 
ternally, tile granular substance is greatly 
reduced, and the protractor  muscles are 
only separated at their anterior  point  of at- 
tachment by a thin hypodermal  layer and 
the basal lamina which encloses the pro- 
tractors (Fig. 18). T h e  vestibule extension 
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is bound to the hypodermis by numerous 
hemidesmosomes (Fig. 18). Anteriorly to 
the protractors, however, granular sub- 
stance extends between the hemides- 
mosomes (Fig. 19, 20). The  vestibule exten- 
sion is reduced in diam as it approaches the 
framework, and layer la, which is very thin 
and poorly resolved posteriorly (Fig. 19), 
broadens as it approaches the vestibule 
(Fig. 20). Layer la appears to have an 
electron-dense internal boundary (Fig. 20- 
22). Stomatal space between vestibule ex- 
tension and cone is much larger than in M. 
incognita (Fig. 9, 10, 18, 19). 

The  cephalic framework of H. glycines 
is radially symmetrical (Fig. 21). Six arched 
blades extend from the hexagonal vestibule 
to the basal ring, which is continuous with 
the body wall cuticle. The  radial blades are 
dense and demarcated from the cuticle of 
the basal ring. The inner wall of the vesti- 
bule is lined with layer _/ of the vestibule 
extension which, anteriorly, is continuous 
with the outermost layer of the body wall 
cuticle. The  stomatal opening is slit-like 
and about 1.3 ttn~ long, when the stylet is 
retracted (Fig. 23). 

STYLET PROTRACTOR MUSCLES 

M. incognita: Males of this species have 
three styler protractor muscle cells, each 
with a single nucleus which is located in a 
noncontractile portion. This portion ex- 
tends about 9 ~m posteriorly to the stylet 
knobs into the anterior esophagus (Fig. 24). 
The  contractile portion of each muscle 
posteriorly attaches to a stylet knob (Fig. 
24, 26, 28), and anteriorly, the muscles col- 
lectively branch into a total of 10 protractor 
elements (Fig. 27, 30-32). These protractors 

attach to the basal lamina surrounding the 
vestibule extension and body wall near the 
basal ring of the cephalic framework (Fig. 
34). The  basal lamina, which encloses the 
esophagus, also collectively envelops the 
posterior portion of the contractile region 
of the protractors (Fig. 27), and anteriorly, 
it invaginates and eventually surrounds 
each muscle element at its anterior point of 
attachment (Fig. 33, 34). 

The  noncontractile portion of each 
muscle cell contains a large nucleus, numer- 
ous mitochondria, golgi, and /3-glycogen 
(Fig. 24, 25). Anteriorly, near stylet knobs 
and base of the contractile region, fine 
filaments, occasional mitochondria, vesicles 
and sarcoplasmic reticulum become pre- 
dominant  (Fig. 26, 28). Here, junctional 
complexes occur among sarcolemmas (Fig. 
26), and hemidesmosomes attach the mus- 
cles to the tops and sides of the knobs (Fig. 
5, 6, 28). Further anterior to the knob re- 
gion, both thick (sometimes hollow) and 
thin myofilaments fill the contractile region 
in a typical A band pattern (Fig. 29), but  
near the point of anterior attachment on 
vestibule extension and body wall by hemi- 
desmosomes, the muscles again contain only 
thin myofilaments, sarcoplasmic reticulum, 
and occasional mitochondria (Fig. 33, 34). 

Branching of the contractile regions into 
muscle elements begins slightly anteriorly 
to the knobs. As designated by Byers and 
Anderson (5), we have considered the dorsal 
muscle as 1-4, according to the elements 
that branch from it, and the left and right 
subventral muscles as 5-7 and 8-10, respec- 
tively (Fig. 27). In the region of the stylet 
shaft, elements 5 and 10 branch from the 
subventral muscles and extend to the dorsal 
side of the styler (Fig. 30). Near the base of 

< ®  

FIG. 6-11. 6) Cross scction through stylet knohs (SK) of Meloidogyne i~cognita (level 23.0, Fig. 1A). b, c, 
as in Fig. 5; SI., stylet lumen. 7) Cross section through styler shaft and adjacent hypodermis (H) and styler 
protractor muscles (SP) in M. incognita (level 21.0, Fig. IA). b, c, as in Fig. 5; He, hemidesomosomes; TJ ,  
tight junction. 8) (;ross section through anterior region of stylet shaft and surrounding tight junctions 
(TJ) in M. incognita (level 15.5, Fig. 1A). b, c, as in Fig. 5. Scale as in Fig. 7. 9) Cross section through 
base of stylet cone and vestibule extension in M. incognita. Stylet cone composed of two rings of cone 
material  (CMa) separated hy shaft material (SMa), dense strands (DSt). and faint radii (Ra) (level 12.5, 
Fig. IA). Layers of vestibule extension at this level: la, thin inner layer; lb, th in  inner  dense layer; 2, re- 
latively thick moderately dense medial layer; 3, outer less dense layer. Scale as in Fig. 7. 10) Cross section 
through medial portion of vestibule extension in M. i~cognita. Stylet cone composed of two rings of cone 
material (CMa) with dense strands (DSt) and radii (Ra) present in shaft material (SMa) (level 9.0, Fig. 
1A). lb. 2, 3, as in Fig. 9. Scale as in Fig. 7. l l )  Cross section through anterior portion of vestibule exten- 
sion slightly beneath framework in M. incognita (level 7.0, Fig. 1A). lb, 2, 3, as in Fig. 9. Iv, invagination 
of vestibule extension; SL, stylet lumen; SMa, shaft material. Scale as in Fig. 7. 
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FIG. 12-14. 12) Slightly oblique cross section through cephalic framew~Jrk, including vestibule (V), 
framework hladcs (I"B) and basal ring (BR) ill Meloidogy~te iTtcogl~ita (level 5.5, Fig. IA). SC, stylet cone. 
I as in Fig. 9. 13) Cross section through anterior  port ion of framework in M. i,zcog',dta, showing vestibule 
(V) and anteriormost part  of styler cone (SC) (level 3.0, Fig. 1A). la as in Fig. 9. 14) Cross section through 
labial disc cuticle with stomatal opening (SO) in M. incognita (level 1.0, Fig. IA). la as in Fig. 9. 
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the vestibule extension, the dorsal muscle, 
1-4, divides into two equal elements (Fig. 
31). Slightly anteriorly, the subventral ele- 
ments split further into elements 6 and 7, 
as well as 8 and 9, which attach at the 
basal lamina exterior to the hypodermis of 
the body wall, and the basal lamina ex- 
terior to the hypodermis of the guiding ap- 
paratus, at the vestibule extension. Ele- 
ments 5 and I0 also attach to the basal 
lamina, and dorsal elements, 1 +2  and 3 +4 ,  
divide (Fig. 32). 

In addit ion to the 10 major muscle ele- 
ments, there are 4 secondary units, 2 sub- 
dorsal and 2 subventral, which posteriorly 
apparently attach to the esophageal lumen- 
lining and anteriorly terminate near the 
base of the vestibule extension (Fig. 2, 26, 
27, 30, 31). These muscles are characterized 
by a distinct A band pat tern of thick and 
thin myofilaments throughout  their length. 

H. glycines: Males of this species, as 
those of M. incognita, have three protractor  
muscles which anteriorly branch into 10 
elements (Fig. 35-37) and four small sep- 
arate secondary muscles that attach posteri- 
orly to the esophageal lumen-lining (Fig. 
35, 36). T h e  noncontracti le  region of the 
muscles is generally similar to that  of M. 
incognita, al though the port ion immedi- 
ately posterior to and surrounding the 
knobs is filled with fine filaments and vari- 
ous forms of sarcoplasmic ret iculum to a 
much greater extent than in M. incognita 
(Fig. 15, 35). 

Further  anteriorly, the muscles of t-/. 
glycines are surrounded by a basal lamina 
and attach adjacent to the vestibule exten- 
sion as well as body wall (Fig. 37, 38). A 
second noncontracti le region, which is filled 
with mitochondria  and/3-glycogen, exists at 
the anterior end of each muscle element 
(Fig. 38). 

DISCUSSION 

Stylets of several Tylenchida  have been 
examined (5, 6, 9, 15) in addit ion to those 
of H. glycines and M. incognita of the pres- 
ent study. From these investigations certain 
generalizations can be made about  the 
tylenchid stylet: in each case, the cone is of 
greater electron density than the shaft; cone 
material internally lines the lumen, and ex- 
ternally covers an anterior  extension of the 

shaft. Shaft and knob regions, on tile other  
hand, are relatively homogeneous, al though 
several layers of varying density may line 
the lumen. Tile stylet lumen appears to be 
round in the genera examined, except in 
M. incognita in which it varies from round,  
posteriorly, to irregular, triradiate, and ob- 
long near tile tip. 

Th e  "guiding apparatus" of M. incog- 
nita and particularly H. glycines, is similar 
to that described in Tylenchorhynchus du- 
bius (Biitschli) Filipjev (5), and illustrated 
in Pratylenchus penetrans (Cobb) Filipjev 
and Sclmurmans Stekhoven (6). These spe- 
cies have a vestibule extension similar to 
that described in Ditylenchus dipsaci 
(K/ihn) Filipjev, al though the stomatal 
l ining of T. dubius, as well as M. incognita 
and H. glycines, connects near the junct ion 
of stylet cone and shaft ra ther  than to a 
region near the knobs as suggested for D. 
dipsaci (15). Points of at tachment  and folds 
of tile membranes in the stylet shaft region 
and possible folds of tile posterior port ion 
of tlle vestibule extension seem to be ho- 
mologous with "guide rings" visible by 
light microscopy. However, tile established 
terms "guide ring" and "guiding apparatus" 
may be inappropria te  since they do not re- 
late to the function of these structures. 

T h e  cuticular vestibule extension, which 
attaches near the junct ion of styler cone 
and shaft, must fold or shorten during 
styler protraction. It  is possible that  the 
relatively thin posterior port ion of the ves- 
tibule extension folds as tile stylet is pro- 
tracted. Furthermore,  invaginations o~ the 
stomatal space into the thick anterior por- 
tion of the vestibule extension allow for 
expansion, and tlms shortening, to accomo- 
date the protracted stylet. Partial attach- 
ment of stylet protractor muscles to the 
anterior vestibule extension may fur ther  
tend to pull this port ion outward as pro- 
tractors contract. Hypodermal  tissue and 
membranes surrounding the posterior part  
of the vestibule extension and stylet shaft, 
including granular substance and the mem- 
branous fold filled with electron-lucent ma- 
terial, are apparent ly  sufficiently pliable to 
allow movement of the stylet. 

T h e  fine structure of the stylet protrac- 
tor muscles of H. gly, cines and M. incognita 
males is similar to that of D. dipsaci (15), 
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P. penetrans (6), and T. dubius (5), and is 
probably similar throughout  the Tylen- 
chida. Tl ie  smaller nttmber of muscle ele- 
ments observed with the light microscope 
in various Tylenchida  (7, 8, 13) is appar- 
ently due to inadequacy of the light mi- 
croscope in resolving plasmalemmas be- 
tween closely apposetl elements. 

H. glycines and M. incognita differ front 
D. dipsaci in that the protractor  muscles of 
D. dipsaci do not attach to the vestibule ex- 
tension (15). H. glycines has a much more 
elaborate at tachment system to the stylet 
knobs, with filaments extending further  
posteriorly tltan in M. incognita. Further- 
ntore, tlte stylet musculature is more nearly 
symmetrical in H. glycines and differs by 
the presence of an anterior noncontracti le 
region. T h e  extra reserve of glycogen in 
this region wouhl be a quick source of 
energy, which might be required for pro- 
trttding the larger, more heavily sclerotized 
stylet of H. glycines. No stylet retractor 
nutscles were detected. However, the elastic- 
ity of the esophagtts is probably sufficient 
as a stylet retracting mechanism. 

We have noted that the protractor mus- 
cles arise from noncontracti le regions which 
are an integral part of the esophagus, and 
that the basal lamina which lines the 
esophagtts also encompasses the protractor  
muscles. These observations, combined with 
the fact that the stoma terminates at the 
posterior end of the cone, and that the 
hnnen-lining of stylet knobs and shaft is 
continuons with that of the esophagus, sug- 
gests that the shaft is more closely related 
to the esophagus than to the stoma, anti 

~( II111 
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perhaps has developed both ontogenetically 
and phylogenetically from this structure, in 
contrast to other  theories (1, 11). If addi- 
tional investigations substantiate that the 
shaft is an integral part  of the tylenchid 
esophagus, the spears of Tylenchida  and 
Dorylaimida would be more sitnilar than 
previottsly considered. 
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FIG. 15-20. 15) Cross section through stylet knobs (SK) of Heterodera glycines (level 28.0, Fig. IB). SL, 
stylet lumen. 16) (;ross section through anterior region of stylet shaft and folded tight junctions (T J) which 
form guiding membranes in H. glycines (level 18.0, Fig. IB). GS, granular substance. 17) Cross section 
through base of styler cone and vestibule extension in H. glycines. Styler cone composed of two rings of 
cone material (CMa) separated by shaft material (SMa) (level 15.0, Fig. IB). Layers of vestibule exten- 
tion at this level: 2, nmderately dense layer; 3, electron-lucent layer; GS, granular substance; Iv, invaghm- 
tion of vestibnle extension. Scale as in Fig. 16. 18) Cross section through medial portion of vestibule ex- 
tension in H. glyci~tes, showing faint radii (Ra) and dense strands (DSt) in region of shaft material (SMa) 
(level 10.0, Fig. IB). Layers of vestibule extension as in Fig. 17; additional layers are: lb, thin dense inner 
layer; It, thin medial electron-lucent layer. Stylet protractor muscle (SI') is surrounded by hasal lamina 
(BI,) where it contacts hypodermis (H) which surrounds vestibule extension. He, hemidesmnsome; Iv, in- 
vagination. Scale as in Fig. 16. 19) Cross section through stylet cone and vestibule extension anterior to 
attachmeut of protractor muscles in H. glycines (level 8.0, Fig. IB). Shaft material (SMa) reduced to a 
partial ring. °l'hin innermost layer la of vestibule extension visible; other layers as in Fig. 17 and 18. GS, 
granular substance. Scale as in Fig. 16. 20) ('.ross section through stylet cone and vestibule extension just 
beneath framework in H. glycines, showing broadened layer la in vestibule extension, chamber with shaft 
material (SMa) and styler lumen (SL) (level 6.5, Fig. 1B). Layers of vestibule extension as in Fig. 17-19. 
Scale as in Fig. 16. 
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FIG. 21-23. 21) Cross section through cephalic framework, including t'ramework blades (FB) and hasal 
ring (BR) ill Hete~'odera gl),ci~es (level 5.5, Fig. 1B). Layers of vestibule as in vestibule extensifm, Fig. 17-20. 
22) Cross sectiml through anterior portion of framework in H..glycilzes, showing tip of stylet where lumen 
(SI,) turns ventrally toward its opening (level 3.5, Fig. IB). Layer la of vestibule as in vestihule extension, 
Fig. 17-20. 23) Cross section through lahial disc cuticle with slomalal opening (SO) in H. glyeines (level 1.0, 
Fig. IB). 
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FIG. 24-29. 24) Longitudinal section of Meloidogyne incognita with stylet protractor muscles (SP), in- 
cluding sarcoplasmic portions with nuclei (Nu). Rectangle enlarged in Fig. 25. DGO, dorsal gland orifice; 
Go, golgi apparatus; EL, esophageal lmnen; SK, stylet knob; SS, stylet shaft. 25) Enlargement of sarcoplas- 
mic portion of stylet protractor muscle with organelles. ER, endoplasmic reticulutn; G1, /~-glycogen; Go, 
golgi apparatus; M, mitochondrion. 26) Cross section through base of subventral stylet knobs (SK) in M. 
incognita, showing attachment of stylet protractor muscles (1-4, 5-7, 8-10) and secondary muscle elements 
(SME) (level 24.5, Fig. IA). JC, junctional complex; Vs, vesicles. 27) Cross section through base of stylet 
shaft and contractile portion of stylet protractor muscles (1-4, 5-7, 8-10) in M. incognita (level 21,0, Fig. 
1A). SME, secondary muscle elements. 28) Cross section through region of stylet knob (SK) in M. incog- 
nita, showing hemidesmosoine (He) connections to protractor muscle (level 23.0, Fig. 1A). 29) Cross section 
through thick and thin myofilaments of stylet protractor muscle with some thick myofilaments hollow (ar- 
rows). 

FIG. 30-34. 30) Cross section through anterior region o[ stylet shaft in Meloidogyne incognita, showing 
stylet protractor muscles (1-4, 5, 6+7, 8+9, 10) (level 15.5, Fig. IA). SME, secondary muscle elements. 31) 
Cross section through base of styler cone in M. incognita, showing stylet protractor muscles (1 +2, 3 +4, 5, 
6, 7, 8, 9, 10) (level 12.5, Fig. IA). 32) Cross section through anterior portion of vestibule extension in M. 
incognita, showing stylet protractor muscles (1, 2, 3, 4, 5, 6, 7, 8, 9, 10) (level 8.0, Fig. 1A). 33) Cross section 
through stylet protractor muscle (6) near its anterior terminus, with only fine filaments amt an occasional 
mitochondrion (M) in M. incognita (level 7.0, Fig. 1A). H, hypodermis; BL, basal lamina. 34) Cross section 
immediately posterior to basal ring of cephalic framework in M. i~cog~ita with attachment of protractor 
muscle (7) near vestibule extension (VE) and somatic muscles (SM) (level 6.0, Fig. 1A). BL, basal lamina. 

FIG. 35-38. 35) Cross section through stylet protractor muscles (1-./, 5-7, 8-10) of Heterodera glycines 
with fine filaments which occur posterior to stylet knobs (level 30.5, Fig. IB). EL, esophageal lumen; SME, 
secondary muscle element. 36) Cross section through stylet protractor muscles (I +2, 3+4, 5, 6+7, 8+9, 10) 
of styler shaft in H. glycines (level 24.0, Fig. IB). SME, secondary muscle elements. 37) Cross section through 
stylet protractor muscles (1, 2, 3, 4, 5, 6, 7, 8, 9, 10) ill region of stylet cone in H. glycines (level 10.0, Fig. 
1B). H, hypodermis. 38) Cross section through anterior portion of stylet protractor muscle (6) in H. gly- 
cines with cytoplasmic region. Arrow indicates thin myofilaments present near points of attachment (level 
10.0, Fig. IB). BL, basal lamina; M, mitochondrion; G1, /~-glycogen; SM, somatic muscle. 
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