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Abstract: The  ontogeny of Criconema octaTzgulare (Cobb, 1914) Taylor,  1936, is examined and 
shows ovary development and body length to he of primary importance in differentiating i t s  
life-cycle stages. Second-stage juveniles can be identified by body length and ovary length. The  
third stage can be distinguished from the second hy longer body amt ovary length, and from t h e  
fourth  by a shorter  ovary. The  fourth  stage can be identified by stylet length and ovary length. 
Included is a key to the life stages of C. octangulare, a description of the life-cycle stages, and 
light and scanning-electron microscopy illustrations. Key Words: scanning electron micrographs.  

I N T R O D U C T I O N  

Litt le is known about  the life cycle of 
most species of the Criconematinae (2), 
including Criconema octangulare (Cobb, 
1914) Taylor ,  1936. T h a t  species was found 
frequently throughout  wooded areas of the 
Michigan State University Water  Quali ty 
Project site (MSUWQP), and its ecology is 
discussed in relation to other  taxa in the 
Criconematinae (5). Soil from MSUWQP 
contained C. octangulare undergoing a 
series of molts, and all life-cycle stages were 
available for study. This  report  describes 
the life-cycle stages of C. octangulare in 
relation to its ontogeny. 

MATER IALS  AND M E T H O D S  

Soil samples from MSUWQP were col- 
lected on August 14, 1976, and processed for 
nematodes by a modified centrifllgation- 
flotation technique (4). T h e  nematodes 
were heat-relaxed, fixed in 4c~ formalin, 
and transferred to glycerin (7). They  were 
mounted  in anhydrous glycerin on slides, 
and measurements were made with a Wild 
ocular micrometer and a Wild drawing tube 
from camera lucida tracings. Nematodes for 
scanning-electron microscopy (SEM) were 
critical-point-dried or glycerin-infiltrated, 
and placed on SEM stubs, and the excess 
glycerin removed with a Nucleopore filter. 
The  specimens were then coated with gold 
in a sputter coater (Fihn-Vac, Englewood, 
N.J.) and examined in an SEM at an ac- 
celerating voltage of 15 KV. 
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Specimens were collected from a 
plot which contained only the stylet- 
bearing nematodes Xiphinema arnericanum, 
Lobocriconema thornei, and Criconema 
octangulare. T h e  juveniles of C. octangulare 
were collected, preserved in glycerin, and 
measured on slides. These included second- 
stage (n = 13), third-stage (n = 12), 
fourth-stage (n = 14), and adult  females 
(n = 12). Th e i r  measurements fell into 
separate categories, from which were de- 
veloped the conclusions as to stages. 

RESULTS AND DISCUSSION 

ONTOGENY 

Morphometrics: T h e  body length of C. 
octangulare increased from 167-214 tLtn for 
second-stage juveniles to 331-442 ~m for 
adult  females. T h e  growth in body length 
(48t7~) was greatest between the fourth and 
adult  stages, and least (14%) between the 
third and fourth stages. T h e  number  of 
body annules was constant from stage to 
stage (73, o- = 2.6) and the growth in body 
length resulted from increased annule 
width (Table  1). Body width increased 
from 22 #m for second-stage juveniles to 
43 ~m for adult  females. Growth in body 
width (43%) was greatest between the 
fourth and adult  stages, and least (4%) 
between the second and third stages. 

T h e  stylet increased from 31-38 ~m for 
second-stage juveniles to 54-60 ttm for adult  
females. Growth in stylet length (30%) was 
greatest between the fourth and adult  
stages, and least (6%) between the second 
and third stages. Th e  developmental  pat- 
tern of the anterior  or cone port ion of the 
stylet was the same as for the entire stylet. 
T h e  esophagus showed a different pattern 
of growth, with the increase in length 
(19%) being greatest between the second 
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TABLE I. Morphometric and allometric characteristics of the life-cycle stages of Criconema octangulare. 

Life-cycle stage 
Second (O-) ~ Third (Or) Fourth (Or') Female (O') 

Character n ~' = 13 n = 12 n = 14 n = 12 

Morphometric (gin) 
Body length 188(16) 234(10) 266(20) 393(39) 
Body width 22(3) 23(3) 30(4) 43(6) 
Annule width 2.5(0.2) 3.2(0.2) 3.6(0.3) 5.6(0.5) 
Stylet length 34(2) 36(2) 44(2) 57(2) 
Length of styler cone 25(1) 27(2) 35(2) 43(2) 
Esophagus length 69(6) 82(5) 87(4) ! 01 (9) 
Female gonad length 16(6) 37(5) 85(13) 262(51) 

d llometric 
a ratio ~ 8.5(0.7) 10.0(0.8) 9.0(1.0) 9.0(0.2) 
b ratio a 2.7(0.2) 2.9(0.2) 3.0(0.3) 4.0(0.3) 

"Or = slandard deviation. 
bn = number measured. 
~body length/body width. 
abody length/esophagus length. 

a n d  t h i r d  stages, a n d  leas t  ( 6 % )  be tween  
the t h i r d  and  f o u r t h  stages. 

T h e  female  r e p r o d u c t i v e  system in- 
creased f rom 9-27 t~m for second-stage 
juven i l e s  to 180-342 /xm for a d u l t  females.  
G r o w t h  of  the  female  g o n a d  was s imi la r  
be tween  the second  a n d  t h i r d  stages, and  
t h i r d  a n d  fou r th  stages ( respect ively  134 a n d  
130 %) ,  b u t  increased  by  208 % be tween  the 
fou r th  stage a n d  the  a d u l t  female .  

Allornetrics: the  a r a t i o  ind ica tes  t ha t  
the  t h i r d  stage is th innes t ,  a n d  the  second 
stage the  s toutes t ,  wh i l e  the  fou r th  stages 
a n d  females are  s imi l a r  in  s t a tu re  ( T a b l e  
I). T h e  b r a t i o  inc reased  w i th  n e m a t o d e  
m a t u r i t y ,  b e i n g  grea tes t  (33%)  be tween  
the fou r th  and  a d u l t  stages, the  t ime  of 
g rea tes t  increase  in  body  length .  T h e  c 
r a t i o  cou ld  n o t  be  ca lcu la ted ,  since ana l  
open ings  were  obse rved  on ly  in m a t u r e  
females.  

Metamorphosis: Juven i l e s  of  the  second,  
t h i rd ,  a n d  fou r th  stages h a d  12-13 scale-l ike 
cu t i cu l a r  lobes  on  each  a n n u l e  in the  mid-  
body  reg ion  (Fig. 2-I,J). T h e  SEM p ic tu re  
of  a j u v e n i l e  ( un iden t i f i ed  stage) ind ica tes  
tha t  there  m a y  be  as m a n y  as 16 scale-l ike 
cu t i cu l a r  lobes  (Fig. l -F).  C u t i c u l a r  meta -  
morphos i s  occur red  ( lu r ing  fou r th  mol t ,  
r e d u c i n g  the  n u m b e r  of  scale- l ike cu t i cu l a r  
lobes to 8 pe r  m i d b o d y  a n n u l e  (Fig. 
1-B,C,E, 2-K). T w o  of the  scale- l ike 
cu t i cu l a r  lobes  are  loca ted  on  each of  the  
subdorsa l  a n d  subven t r a l  q u a d r a n t s .  

Identification: T h e  stages in  the  l ife 
cycle of  the  female  can be i den t i f i ed  
th ro t tgh  the n u m b e r  of scale-l ike cu t i cu l a r  
lobes pe r  body  annu le ,  body  length ,  s tylet  
length ,  a n d  ovary  l eng th  ( T a b l e  1). 

KEY T O  L I F E  S T A G E S  O F  
C. O C T A N G U L A R E :  

1) >8 scales per body annule (midbody), 9-113 #m 
ovary length, 167-300 #m body length, and 31-48 
btm stlylet .................................................. 2 
8 scales per body annule (midbody), 180-342 
,am ovary length, 331-442 ,am hody length, and 
54-60 #m stylet length ................................. Female 

2) 9-46 ,am ovary length, 167-257 ,am body length, 
and 31-38 ,am styler length ................................. 3 
72-113 ,am ovary length, 235-300 ,am body 
length, and 40-48 ,am stylet length ............... 
....................................... Fourth-stage juvenile 

3) 30-46 #m ovary leugth, 224-257 #m body 
length, and 34-38 ,am stylet length .................... 
........................................ Third-stage juvenile 
%27 ,am ovary length, 167-214 ,ant body length, 
and 31-38 ,am stylet length ................................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Second-stage juvenile 

D E S C R I P T I O N  O F  S T A G E S  

Egg: A d e v e l o p i n g  second-s tage j u v e n i l e  
was obse rved  w i t h i n  an  egg in  an  a d u l t  
female.  T i l e  i n t r a - u t e r i n e  egg was 70 x 24 
ttm a n d  a p p e a r e d  to have  smal l  r o u n d e d  
p ro j ec t i ons  Oll the  shell  (Fig. 2-A). T h e s e  
were  a r r a n g e d  in rows on  the  surface of  the  
egg. T h e  p ro j ec t i ons  or  scales were  smal l ,  
a b o u t  1 /~m in l e n g t h  a n d  wid th .  T h e  p rob-  
ab le  first-stage j u v e n i l e  (since no  ex t ra  
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FIG. I-(A-F). Scanning-electron micrographs of C. octanguhtre. A-E Female. A) l'~n face view showing 
labial disc, partially extruded styler, submedian lobes, and he~ld annules, 244[JX. B) Anterior portion of body 
showing scales on aunules, 1268X. CJ I'osterior section of hody showing vulva and tail terminus, 1268X. D) 
En [ace section showing amphids, elevated labial disc and subnledian lobes, 4225X. E) Section of midbody 
showing arrangement of annules and scales, 1268X. F) Midbody section of second-stage juvenile showing 
numher and arrangement of scales on annules, 1268X. 

cuticle was observed within the egg) 
possessed a well developed stylet, 28 ~m 
long, an anterior  portion measuring 20 ,~m, 
and styler knobs 7 pm wide. T h e  genital 
pr imordium was oval, with 2 cell nuclei, 
and was about  5/~m long. 

Second-stage juvenile: T h e  body is 
fusifornt, with 75 annules and 12 or more 
longitudinal rows of scales on each annule 
(Fig. l-F, 2-B,J). Th e  head consists of two 
nonretrorse annules, with the second annule 
much wider than the first (Fig. 2-B, C). T h e  
stylet is strong, with forward-projecting 
knobs. T h e  genital pr imordium in the early 
second stage is oval, about  9 t~m long; in 
late second stage, this lengthens in the de- 
veloping gonad to about 27 /~m. T h e  anus 
is not  seen. T h e  tail is rounded conoid, 
tapering evenly to a terminal knob as seen 
in adult  female. 

In molting, the second-stage juvenile 
cuticle length had a range of 171-21l /~m; 

the gonad in developing third-stage juve- 
niles ill second-stage cuticle ranged from 
16-27 ~m (Fig. 2-C). Stylet length 33-37 ~m; 
anterior portions of stylet 27/~m. 

Third-stage iuvenile: Body fusiform, 
with 74 annules and 12 or more longi- 
tutlinal rows of scales on each annule as in 
first stage. Head annules same as in second- 
stage juvenile. Stylet strong, with anchor- 
shaped knobs. Gonad about  ~7 /~m long, 
and no change in tail region from that of 
second stage (Fig. 2-D). 

Juveniles undergoing third molt  have 
third-stage cuticle lengths of 217-235 t~m. 
Stylets in developing fourth-stage juveniles 
were q2st6 ~m, with cone length 35-36 t~m. 
Gonads lengthened from 57 to 63 /zm. 

Fourth-stage juvenile: A cross-section 
through the body shows 12 longitudinal  
rows of scales on the annules (Fig. 2-F,I). 
Head shape remains unchanged. In this 
stage, the gonad is 86 ~m long and more 
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F I G .  2-A-K. Life stages of C. octangulare. A) lst-stage larva in egg in poster ior  section of adul t  female. 
B) 2nd-stage larva. C) 2nd mol t  with developing 3rd-stage larva. D) Posterior of 3rd-stage larva. E) T h i r d  
molt  with developing 4th-stage larva. F) 4th-stage larva. G) 4th mol t  with developing adul t  male. H) Adul t  
female. 1) Cross-section through midbody  of 2nd-stage larva showing 13 rows of scales. J) Cross-section 
through midbody of 4th-stage larva showing 12 rows of scales. K) Cross-section through midbody  of  adul t  
female showing 8 rows of scales. 



developed than  in th i rd  stage. T a i l  remains  
the same as in the third  stage. 

Some four th  molts con ta ined  males (Fig. 
2-G). T h e  four th  cuticle averaged 275 /~m 
long, wi th  73-75 annules.  A n n u l e  w id th  of  
male  at m i d b o d y  measured  1.6 btm. Spicules 
measured 29-31 /zm; g u b e r n a c u l u m  abou t  6 
~m. T h e  testis was clearly defined. 

Female: Body stout, fus i form (Fig. 2-H). 
Head  truncate,  wi th  two annules,  the first 
discoid, and  set off by a constr ic t ion f rom 
the second annule ,  which  is wider  and  
rounded .  De Grisse (1) classified the genus 
(Criconema) wi thou t  submedian  lobes. 
Mehta  and  Raski  (6) described C. octan- 
gulare as Criconema (Variasquarnata) 
oetangulare and  thus placed it in a g r o u p  
which  possesses submedian  lobes. SEM (Fig. 
I-A, D) shows four  small, r u d i m e n t a r y  sub- 
median  lobes present,  a r ranged in a dorsal  
and  ventra l  pa i r  in a rectangle a r o u n d  the 
oral  aper ture .  Annules  n u m b e r  67-75; each 
annu le  divided in to  eight  scale-like plates 
more  or  less in the shape of  a r o u n d e d  
tr iangle and  in e ight  long i tud ina l  rows 
(Fig. 2-K, I-B,C,E). Stylet 57 ttm long, 
an ter ior  po r t ion  measur ing  43 /am. Stylet 
knobs directed forward  and  measure  abou t  
10 /~m across. Excre tory  pore  at 22nd or 
23rd annu le  and  difficult to observe in 
many  specimens. Ovary  outs t re tched,  some- 
times reaching  just  be low stylet knobs  and 
usual ly wi th  two flexures. Spermatheca  oval 
con ta in ing  r o u n d  spermatozoa.  Vulva  con- 
spicuous, the two lips p ro t rud ing ,  and  on 
l l t h  or  12th annu le  f rom terminus  (Fig. 
2-H, l-C). Anus  on 7th annu le  from 
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terminus;  this can be observed on  a vent ra l  
view of  tile tail. Ta i l  conoid,  t aper ing  uni- 
formly amt end ing  in a small knob.  

Males: N u m e r o u s  collections con ta in ing  
C. octangulare con ta ined  males of  o ther  
species of  Criconema; however,  no  males 
resembl ing the descr ip t ion by H o p p e r  were 
collected outs ide of  the four th  cuticle. 
Males of C. octangulare thus appea r  to be 
ext remely  rare. 
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