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M orphology and B iology of the Genus Plectus  
(N em atoda : P lectidae) *

A. R. M a g g e n t i

T he genus  Plectus  B as t ian ,  I8 6 0  is one of the  nem atode  g r o u p s  of f u n d a 
m en ta l  im p o r tan ce  in the p re se n t  class ification of the A d e n o p h o re a  (v. 
L ins t. ,  1905),  Chitwood, 1958. Because  of the  key  posi t ion  of th is  genus  a 
s tu d y  with emphasis ' on histologic m orp h o lo g y  a n d  biology Avas u n d e r ta k e n .

The species o f  Plectus  a re  bac ter ia l  feeders  and  a re  am o n g  the  so-called 
“ f ree - l iv in g ” nematodes.  Nielsen  (1948) r e p o r t s  th a t  Plectus  com prises  a p 
p ro x im a te ly  68%  of the nem atodes  fo u n d  in moss and  on ly  1 0 %  of  those 
fo u n d  in soil. Species of  th is  genus  have been collected f ro m  the  A rc t ic  to 
the A n ta rc t ic ,  and  are  r e p o r te d  f ro m  all m a jo r  a rea s  of  the Avorld, f ro m  
sea level to over 14,000 fee t  above sea level.

T am p a r t i c u la r ly  indeb ted  to D r.  M. W .  A llen  f o r  his enco u rag em en t,  
advice  and  in te res t  th ro u g h o u t  the  p ro g re s s  o f  this p a p e r .  A p p r e c i a t i o n  is 
ex tended  to D r.  B. C. Chitwood f o r  h is  advice, and  to D r .  W .  N icholas  f o r  
the advice on the c u l tu r in g  o f  nematodes.

M a t e u i  a l s  a n d  M e t h o d s

Histo log ic  s tud ies  were  made, f o r  the most p a r t ,  with fem ales  of  Plectus  
parie t inus.  Spec im ens of P. parie t inus  used f o r  serial  sec tion ing  w ere  killed 
by  gen tle  heat  a n d  then fixed in 2 % %  fo rm al in  fo r  a t  least  24 hours .  The 
processes of  d e h y d ra t io n  and  dealcoholization Avere carr ied  out  in a d e p r e s 
sion slide. X ylene  Avas employed to accomplish  dealcoholization.

Chitwood an d  C h i tw ood’s 1930 p roced u re  f o r  em bedd ing  Avas followed. 
Sec tions  Avere m icro tom ed a t  5 microns. P a n t i n ’s (1948) p ro c ed u re  f o r  
regress ive  iron hem atoxy lin  s t a in in g  was used. Sections Avere s ta in e d  Avith 
B a k e r  and  J o r d a n ’s (1953) modification o f  H e id e n h a in ’s (1896) i ron  h e m a 
toxylin .  A 2 - % %  fe rr ic  a lum  solution Ava s employed  as a m o r d a n t  and 
sa tu ra te d  solu t ion  o f  P ic r ic  acid in 9 5 %  ethyl alcohol as a desta in .

M o r p h o l o g y

All spec im ens of the  gen u s  Plectus  exam ined  have six l ips. T h ere  a re  
in terspecific  differences in lip  s t ru c tu re  inc lud ing  size, shape ,  a m a lg am a t io n  
a n d  d is t inc t ion  f rom  the genera l  cephalic  region.

Chitwood and  Chitwood (1950) r e p o r te d  12 p a p i l la e  on the  l ips  of  Plectus  
in two circles, one ex te rna l  and  one in te rn a l .  T Avas able to see on ly  six 
p ap il lae ,  one m ed ian ly  located on each l ip  (F ig .  1, A ) .

F o u r  cephalic  se tae  Avere p re sen t  on all spec im ens o f  the  species exam ined ,  
two dorso- la te ra l  and  tAvo v en tro - la te ra l  (F ig .  1, B ) .  The f lexibili ty  o f  the 
cephalic  sifiae is easily  seen in l iv ing  spec im ens a n d  th e i r  in n e rv a t io n s  a re  
visible  in both to tom oun ts  and  s ta ined  sections. Rotae most com m only  are  
located  two o r  th ree  annu les  beh ind  the lips.

The am p h id s  of Plectus  have been described in the  l i t e r a tu re  as u n i sp i r a l  
or as shep h e rd  crooks,  a p p a r e n t l y  because the r e f r a c t io n  o f  l ight  th ro u g h  
the am p h id ia l  pouch and  tube  c rea tes  th is  impress ion .  The e x te rn a l  fo rm  of 
the am p h id  is e i th e r  a complete  oval o r  a circle, d ep en d in g  on the  species  
observed. The a m p h id ia l  pouch  is l a rg e r  th an  its' ex te rna l  o p e n in g  (F ig .  
1, C) ; i t  narroAvs r a p id ly  a t  the  p o s te r io r  m arg in  o f  the e x te rn a l  o p en in g  
in to  the  am p h id ia l  tube. Th is  tube  is not  sym m etr ica l ly  located b u t  is sh i f ted

* F r o m  t h e  D e p a r t m e n t  of P l a n t  N em ato los ry ,  U n i v e r s i t y  of C a l i f o r n i a ,  D a v i s .
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E i  g. L  P l e c h t*  p a r i e h n i i s  f e m a le  ( a l l  o f  e q u a l  m a g n i f i c a t i o n ) .  A. L ip  re g io n ,  
]>. P r e s t o n i ,  C. M e s o - m e ta s t o m  a n d  a m p h i d i a l  p o u c h es ,  D. J u n c t i o n  o f  s to m a  w i th  
e s o p h a g u s ,  K. F o r e p a r t  o f  e s o p h a g u s  ( c o r p u s ) ,  simple; t r i r a d i a t e  l u m e n ,  F .  C o r p u s  
o f  e s o p h a g u s ,  l u m e n  w i th  r a d i a l  t u h n l i ,  G. C ro ss  s e c t io n  a t  level o f  n e r v e  r i n g  a n d  
‘ ‘ h e m i z o n i d , ”  IT. A n t e r i o r  p o r t i o n  o f  p o s t e r i o r  bul l) , T. H y p o d e r m a !  g l a n d .
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dorsa l ly .  The  a m p h id ia l  tuhe  con tinues a t  the same d iam e te r  p o s te r io r ly  to 
the sensilla  pouch.  The sensilla  pouches  a re  located  in the  reg io n  j u s t  
p o s te r io r  to the s tom a  (F ig .  1, D ) .  N erves  lead in g  f ro m  the  sensilla  pouches  
could n o t  be followed. I t  is m y op in ion  th a t  the two subdorsa l  g la n d  cells 
n e a r  the e x cre to ry  or ren e t te  cell a re  the  a m p h id ia l  g lan d s  (F ig .  4, A  and  
B, 1 and  2 ) .

C ervical p a p i l la e  (de ir id s)  have  been r e p o r te d  on P.  sambesi i  b y  Andrá .ssy  
(1958) .  T h ey  a re  p re se n t  on all Plectus  and  located  in o r  n e a r  the l a te ra l  
lo n g itu d in a l  a lae a t  the level o f  or  j u s t  p o s te r io r  to the ne rve  r ing .  T h ey  a re  
also f o u n d  to he p re se n t  on the  closely re la ted  g e n e ra  A n ap l ec tu s  and  
Wilsonema.  Plectus  annulatus  has  a  single lo n g i tu d in a l  a la  w i th  the  cervical 
p a p i l l a  dorsal  to the ala . The cervical p a p i l la e  a re  se t  in to  definite sockets 
and  a re  inn erv a ted .  The nerves could no t  be followed in e i th e r  to to m o u n ts  
o r  s ta ined  sections. Chitw ood and  Chitwood (1950) s ta te  t h a t  in Ascar i s  
each deir id  is in n erv a ted  by  a  b ra n ch  o f  the  nerve  t r u n k  which connects  the 
medial ex te rn o - la te ra l  ganglia, w ith  the  ne rve  r ing .

The  ex te rna l  cuticle  o f  Plectus  species is m ark e d  h v  t ran sv e rse  s t r i a e  which 
begin  a t  the base  o f  the  l ips  and  u su a l ly  end a p p ro x im a te ly  five annu le s  
a n te r io r  to the sp in n e re t .

L a te ra l  lo n g itud ina l  alae  occur as well defined r idges in the  m ale  and  
female .  T here  a re  two alae on each side o f  the  b o d y  in all k n o w n  species 
e xcep t  P. annulatus  as noted  above.

On lo n g itu d in a l  sections sta ined  w ith  H e id e n h a in ’s hem atoxy lin ,  t r an sv erse  
s t r ia e  a re  evident  in the  t ro u g h  between the n o n -s t r ia ted  lo n g i tu d in a l  alae.

Males of  Plectus  do no t  have caudal  alae. P r e a n a l  su p p le m e n ta r y  s t r u c 
tu res  m ay  o r  m a y  no t  he p re sen t  on Plectus  males. P r e a n a l  s u p p le m e n ta r y  
s t ru c tu re s  Avhen p re se n t  consist  of  e i the r  p re a n a l  tuhu li  o r  a s ingle  p r e a n a l  
seta.  The p re a n a l  tuhuli  a re  not a lw ays  cuticularized  o r  assoc ia ted  with  
g lands .  I n  some species a la rg e  senso ry  seta,  short ,  h u t  b ro ad  a t  i ts  base, 
lies j u s t  a n te r io r  to the cloacal open ing .

T he  body  se tae  a re  n o t  r ig id ly  fixed h u t  flexible. All have  nerve  connec
t ions  a n d  a re  se t  in to  sockets. P la ce m en t  o f  se tae  on the  body  is va r iab le .  
U su a l ly  there  a re  th ree  p a i r s  of  caudal  se tae  on the  fem ale  tail.  The  a n te r io r  
p a i r  a re  subdorsa l ,  the  n e x t  p a i r  su b v e n t ra l  and  the  m ost  p o s t e r io r  p a i r  
subdorsa l .  The  caudal  se tae  o f  the male  differ  in a p p e a r a n c e  an d  n u m b e r  
f r o m  those f o u n d  on  the  fem a le  tail.  On. those m ales observed th e re  were  
seven, e igh t  o r  n ine  p a i r s  o f  setae, the n u m b e r  d e p en d in g  u p o n  the  species. 
The  cauda l  se tae  o f  males resem ble  the  p r e a n a l  setae. T he  males o f  some 
species also possess cauda l  p ap il lae .

The  h y p o d e rm is  fo rm s  f o u r  chords, one dorsa l ,  two l a te ra l ,  a n d  one 
v e n tra l .  The chords con ta in  d iscrete  cells, whose n u m b e r  var ies  f ro m  species 
to species.

A n te r io r ly  the dorsa l  h y p o d e rm a l  chord o f  P.  parie t inus  has  a s ingle  row  
o f  nucle i.  P o s te r io r  to the  e sophagus  i t  is non-nuc lea ted .  T h e  v e n t r a l  
chord co n ta in s  a  s ingle  row  o f  cells and  nucle i which p e rs i s t  th ro u g h o u t  i ts  
leng th .  T he  v e n tra l  chord conta ins  the v e n tra l  nerve  cord. L a te ra l  h v p o -  
de rm a l  chords a re  composed o f  th ree  rows o f  cells1, two su b la te ra l  and  one 
la te ra l  (F ig .  1 ,G ) .  T he  nuclei of  the  th ree  rows a re  o f  equal  size, a n d  each 
cell is un i-nuclea te .  N e a r  the tail  reg ion  the  l a te ra l  chords d im in ish  in size 
b u t  re m a in  c lear ly  defined to the middle  o f  the  tail.  T he  t h in  n on-nuc lea ted  
p o r t io n  o f  the h y p o d e rm is  su r ro u n d s  the  bo d y  between the  cuticle  a n d  the 
muscle  sectors.
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H y p o d e rm a l  g lan d s  were  no t  observed in all  species of  Plectus.  I n  P.  
parie t inus  they a rc  u n ice l lu la r  an d  occur sub la te ra l lv .  T h e i r  n u m b e r  va r ies  
f r o m  specimen to specim en. The  g lan d  cells lie in the  la te ra l  chords, n e a r  
the su b la te ra l  rows of cells, an d  open  th ro u g h  su b la te ra l  p o re s  in the  cuticle 
(F ig .  1, I ) .  H y p o d e rm a l  g lan d s  begin  in the  esophagea l  reg ion  a n d  continue  
p o s te r io r ly  into the tail.

F i g .  2. P l e c t u s  p a r i e t i n u s  f e m a l e  ( a l l  o f  e q u a l  m a g n i f i c a t i o n ) .  A .  T r i r a d i a t a  
d e n t i c u l a t e d  v a lv e  o f  p o s t e r i o r  b u lb ,  B .  P o s t e r i o r  b u lb  a t  level o f  t h r e e  p o s t e r i o r  
e s o p h a g e a l  g l a n d  n u c le i ,  C. E s o p h a g o - i n t e s t i n a l  v a lv e  a n d  in t e s t i n e ,  I) . P o s t e r i o r  
b u lb ,  first, l a r v a  f r o m  e g g ,  E .  P o s t e r i o r  b u lb ,  a d u l t ,  F .  S e c t io n  t h r o u g h  r e c t u m  
a n d  p r e - a n a l  g a n g l io n .
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I n  malos a n d  fem ales  of  Plectus  there  a re  th ree  caudal  g lan d s  a r ra n g e d  
in tan d em  which d ischarge  th e i r  con ten ts  th ro u g h  a cu ticu lar ized  sp in n e re t .  
T h ey  are  j u s t  p o s te r io r  to the  rec tu m  or the  cloaca.

The somatic  m u scu la tu re  o f  Plectus  is m ero m y ar ian .  E ac h  m usc le  cell is 
sem i-coelom yarian  (F ig .  3 ) .  N e a r  the  vulva there  a re  32 muscle cells. The 
exac t  n u m b er  of cells in e i the r  the ex trem e  e x te r io r  or  p o s te r io r  reg io n  of 
the body could no t  be de te rm ined .  The  nucle i of  the muscle cells a re  la rge  
and  a re  seen th ro u g h o u t  the  len g th  o f  the  anim al.

The generic  nam e Plectus  w as  derived by B a s t ia n  from  the odd loop ings  
o f  the cu ticu lar ized  ex cre to ry  d ue t  (F ig .  4, A) which opens  v e n t r a l ly  ju s t  
p o s te r io r  to the reg ion  o f  the  ne rve  r ing .  The l in ing  of the duc t  is c o n t in u 
ous with the e x te rn a l  cuticle. E p i th e l ia l  tissue su r ro u n d s  the  duc t  th ro u g h o u t  
its  course, b u t  nuclei were  n o t  assoc ia ted  with duc t  tissue. T he  e x cre to ry  
d u c t  ex tends  p o s te r io r ly  to the e x c re to ry  g land .  I t  m akes two loops a f te r  
e n te r in g  the g lan d ,  one on each side o f  the esophagus .  The  m a jo r i ty  of  the 
loop ings  are  w ith in  the  g land  t issue (F ig .  4, A  and  B ) .  The  ex cre to ry  g land  
is ven tra l ,  do rso -v en tra l ly  f la t tened,  a n d  ex tends la te ra l ly  a lm ost  to the 
h y p o d e rm a l  chords. I t s  nucleus is la rge  and  cen tra l ly  located. The  long 
cu ticu lar ized  te rm in a l  ex c re to ry  duc t  is rem in iscen t  o f  the Secern en tea ,  as 
typified by  the  R h ab d it id s .

T h ere  a re  a t  least  f o u r  coelomoeytes in the body  of P. parie t inus  ; two are  
a t  the  level of  and  su b v e n t ra l  to the  excre to ry  g land  (F ig .  4, A and  B, 3 ) .  
One and  sometimes two occur h a l fw a y  between the base of the  e sophagus  
a n d  the  a n te r io r  ex tre m i ty  o f  the  rep ro d u c t iv e  sy s tem ;  i f  two, they  a re  sub- 
v e n tra l ,  and if  one, e i the r  v e n tra l  or  subven tra l .  The  m ost p o s te r io r  coelo- 
mocyte  is located dorsal  to the  caudal  g lands .

The  stom odeum  of Plectus  is divisible in to  th ree  regions : s tom a,  e sophagus ,  
and e sophago-in tes t ina l  valve.

T he  oral opening ,  which  is im m edia te ly  followed by the s tom a, is fo rm ed  
h y  the jo in in g  of the  l ips  and  in te r lab ia l  a reas  (F ig .  1, A ) .  The  stoma 
p r o p e r  is divis ible in to  th ree  sec t ions:  eheilostom, p ro s to m  and  m eso-metastom . 
T h e  eheilostom is h exagona l  in cross section and  heavily  cu ticu lar ized .  The 
six ehe ilorhabdions com p ris in g  the  eheilostom are  connected to the  p ro r l ia b -  
d ions b y  a thin  cu ticu la r  m em b ran e  (F ig .  1, A ) .  The p ro s to m  is su b -c i rcu la r  
in  cross section. S h o r t  rad ia l  a rm s  p r o j e c t  in to  the body c av i ty  f r o m  the 
two subdorsal  a reas ,  and  the  v e n tra l  region (F ig .  1, B ) .

The  m eso-metastom  is d is t inc t ly  n a r ro w e r  in d iam e te r  th an  the p ro s to m ,  
the  rad ia l  a rm s  a re  e longa ted ,  a n d  the  in te r - rad ia l  a reas  a re  s t ro n g ly  con
voluted  (F ig .  1, C ) .  P o s te r io r ly  the lumen of the  m eso-metastom  decreases 
in size un til  i t  f inally m erges w ith  the lumen of the e sophagus  (F ig .  1, D ) .

The e sophagus  is divided : corpus ,  is thm us,  and  p o s te r io r  bulb .  P o s te r io r  
to the  stoma the esophagus  is m u scu la r  and has a sim ple  t r i r a d i a t e  lumen 
(F ig .  1, E ) .  The  f irst o f  the  m arg in a l  nuclei a p p e a r  in th is  reg ion  (F ig .  
1, 1).). T here  a re  six p a i r s  o f  m a rg in a l  (ep ithe l ia l )  nuclei in the  corpus.  
S ix  p a i r s  of  rad ia l  (m usc le)  nucle i  also occur in the corpus.  The dorsa l  
esophageal  g lan d  open s  in the a n te r io r  region of the corpus.  P o s te r io r  to the 
orifice o f  the  dorsa l  esophageal  g land ,  the rad ia l  a rm s  of the lum en are  
modified d is ta l ly  by  tubuli  (F ig .  1, F ) .  The m a jo r  p o r t io n  o f  the co rp u s  is 
charac te rized  by  these rad ia l  tubuli .

The is thm us beg ins j u s t  a n te r io r  to the  ne rve  r ing . Tt is charac te rized  by  
the comple te  absence of nuclei a n d  a t r i r a d ia te  lumen w ithou t  rad ia l  tubuli .
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I n  the isthmus each rad ia l  a rm  is s t ren g th e n ed  by lo n g itu d in a l  r idges  p e r s i s t 
ing  to the region of the p o s te r io r  bulb. Musei«' fiber a t ta eh m en ts  a re  con
cen tra ted  at, and below, these r idges (F ig .  1, 0 ) .

The is thmus swells g ra d u a l ly  to the heavily  muscled p o s te r io r  bulb. The 
t r i r a d ia te  lumen p<‘rsis ts  in the a n te r io r  p o r t io n  of the  p o s te r io r  bulb  b u t  
tlmr«' a re  no long itud ina l  r idges on the rad ia l  a rm s  (F ig .  1, 11). The  lumen 
e x p an d s  ju s t  a n te r io r  to the t r i r a d ia te  den ticu la ted  valve. This  valve is 
v e ry  conspicuous,  and on its in n e r  su r fa ce  it  bears  sev«'ral rows of d«mticle- 
1 ike th ickenings (F ig .  2, A and  E ) .

T here  a re  12 m arg ina l ,  12 rad ia l ,  and  five «'sophageal g land  nuclei in the 
p o s te r io r  bulb. A ccord ing  to Chitwood and  Chitwood (19ñ0) the o rd e r  
C hrom ador ida  is charac te rized  by the  presence  of th ree  esophagea l  g land  
nuclei.  H ow ever  five ««sophageal g land  nuclei have been seen in the genus 
Plectus  in hem atoxylin  s ta ined  ser ia l  sections, a va r ie ty  of to ton ioun ts  liv ing 
spec im ens (with and  w ithout  vital s t a in s ) ,  fo rm a l in  fixed specimens , and 
g lycer ine  m ounts .  The esophagea l  g land  nuclei a re  a t  two levels in the 
e so p h a g u s :  two a n te r io r  to the d en ticu la ted  valve (F ig .  1, Id) and  th ree

2 0 u

F i g .  H. S e c t io n  t h r o u g h  v u lv a  a n d  v a g i n a .  P l e c t u s  p a r i e t i n u s .
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p o s te r io r  to the valve (F ig .  2, B ) .  The two a n te r io r ly  located  nucle i  a re  
su b v en t ra l .  One o f  the  th ree  p o s te r io r  nuclei  is dorsal,  and  two a re  s u b 
v en tra l .  The  orifices o f  the su b v e n t ra l  g lan d s  a re  a t  the  level o f  the  ne rve  
r ing ,  and  the  orifice o f  the  dorsa l  esophagea l  g lan d  is n e a r  the  base  o f  the 
s tom a. The  lum en  o f  the  e sophagus  in the  reg ion  o f  the  th ree  p o s te r io r  
g la n d s  is aug m en ted  between the  r a d ia l  a rm s  by  a  th icken ing  o f  the  c u t ic u la r  
l in in g  (F ig .  2, E ) .

Im m e d ia te ly  b eh in d  the  p o s te r io r  e sophagea l  g lan d  nucle i the  bu lb  t a p e r s  
r a p id l y  to the  e sophago-in tes t ina l  valve (F ig .  2, C a n d  E ) .  The  cu tic u la r lv  
l ined  lumen in th is  reg ion  o f  the  e sophagus  is t r i r a d ia te  w i th o u t  spec ia l  
modifications.  The  va lve  is do rso -ven tra l ly  f la t tened  a n d  com posed  o f  a p 
p ro x im a te ly  12 cells, and  i t  in v ag in a te s  the  in test ine .

T he  s tom adeal  nervous  sys tem  consists o f  th ree  lo n g i tu d in a l  nerves,  one 
d o rsa l  a n d  two subven tra l .  The  m ain  nerves- a re  con ta ined  in the  eso p h ag ea l  
sinuses,  which r u n  lo n g i tu d in a l ly  in the  th ree  ra d ia l  sectors o f  the  eso p h ag u s  
( F ig .  1, F  and  G ) .  A cco rd in g  to C hitw ood  a n d  Chitw ood (1950) the  s tom odea l  
nervous  sys tem  in Ascari s  is connected  to the  cen t ra l  n e rv o u s  sys tem  by  the  
su b v e n t ra l  stom odeal  ne rv es ;  these e n te r  in to  the  e sophagus  a t  i ts  b eg inn ing .  
T h is  could n o t  be confirmed f o r  P le ct us ;  i t  is assum ed t h a t  the  c ons truc t ion  
is the same o r  similar.

M o rpho log ica l ly  the  m esen teron  o f  Plectus  is p o lycy tous  a n d  h e te rocy tous .  
I t  is bounded  b y  a  th in  m em brane ,  the  basa l  lamella.  The  cells o f  the  m esen 
te ro n  a re  un i-nuclea te ,  co lum nar,  an d  possess a  bac i l la ry  l ay e r  ( F ig .  3 ) .  A  
section p a ra l le l  to the  basa l  lam ella  shows the  cells to be g e n e ra l ly  h exagona l .

The m esen te ro n  is n o t  d iv ided  in to  d is t inc t  regions .  H ow eve r ,  some h is 
tologic v a r ia t io n s  occur in the  b ac i l la ry  layer ,  s to red  food, an d  the  sh a p e  of 
th e  lumen.  A n te r io r ly  an d  p o s te r io r ly  the  bac i l la ry  l a y e r  is low (F ig .  2, C) : 
b e in g  h ig h er  in the  re m a in d e r  o f  the  in tes t ine  (F ig .  3 ) .  The lum en is a t  first 
r a th e r  tu b u la r ;  then, in the  m ain  reg ion  o f  the  in te s t in e  h igh ly  i r r e g u la r ,  and  
becom ing  t r i r a d ia te  j u s t  p r i o r  to the  rec tum . S to red  food  p ro d u c ts  and  
inclusion  g ra n u le s  also diminish, in  the  p o s te r io r  region.

T he  m esen teron  is he te rocy tous  and  tw o k in d s  o f  cells a re  p re sen t .  T he  
m a jo r i ty  o f  cells p ro b a b ly  fu n c t io n  in a b so rp t io n .  The  second k in d  are  
fe w er  in n u m b e r  a n d  a re  fo u n d  ra n d o m ly  th r o u g h o u t  the  m esen te ron .  These 
cells p r o b a b ly  fu n c t io n  as sec re to ry  cells. These  cells an d  the  nucleolus were  
m o re  recep tive  to  H e id e n h a in ’s hem a to x y lin  th an  the  cells p re su m e d  to be 
absorbers .  M orpho log ica l ly  secre to ry  cells a re  m ore  vacuola ted ,  a n d  have  
fe w e r  cell inclusions (F ig .  3 ) .  A b so rb in g  cells a n d  th e i r  nuclei  s ta in ed  l igh t ly  
with  hem a to x y lin  (F ig .  3 ) .

B e tw een  the  m esen teron  an d  the  p ro c to d e u m  th e re  is a n  u n in u c le a te  
sp h in c te r  muscle  w ith  a  l a t e ra l ly  p laced  nucleus.

The  p ro c to d eu m  in Plectus  is the  rec tum . I t  is d o rso v en tra l ly  f la t tened  a t  
the  re c ta l - in te s t in a l  ju n c t io n .  The cuticle  o f  the  v e n t r a l  wall  is th ic k e r  th an  
th a t  o f  the  dorsal  su r face  which  is curved and  there  is a visible fo ld  in the 
cuticle  a long  the  la te ra l  m arg in s  (F ig .  2, F ) .  The  v e n tra l  wall  is som ew hat  
f la t tened  and  has  a m ed ian  groove down its  en t i re  len g th  (F ig .  2, F ) .  
I t  sweeps u p  a t  the  l a te ra l  m arg ins .  T he  re c tu m  is su p p l ied  w ith  d iscrete  
ep ith e l ia l  cells which su r ro u n d  it to its  p o s te r io r  end.

T here  a re  th ree  cells in add it ion  to ep ithe lia l  cells located  a t  the  a n te r io r  
end  o f  the  rec tum , one dorsa l  a n d  two subven tra l .  I t  is the a u th o r ’s op in ion
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th a t  these cells a re  rec ta l  g lands .  R ecta l  g lan d s  a re  a  r a r i t y  am o n g  the  
A d e n o p h o rea  b u t  have been suspec ted  be fore  (C h i tw ood  a n d  Chitwood, 
1950) .  These g lan d s  a re  a t  leas t  th ree  t imes the  size of  o th e r  rec ta l  ep i the lia l  
cells. T heir  nuclei  a re  la rg e r ,  a n d  the  endo p la sm  a p p e a r s  m ore  vacuolated  
a n d  s ta ins  a d eep e r  blue w ith  h em atoxy lin  t h a n  th a t  o f  assoc ia ted  cells (F ig .  
2, F ) .  The dorsa l  g lan d  orifice a p p e a r s  to be in the  do rsa l  w all  o f  the  rectum . 
The  orifices f o r  the  su b v e n t ra l  g lan d s  a p p e a r  to be a t  the j u n c t io n  o f  the 
v en tra l  an d  do rsa l  walls  o f  the  rectum.

The d ep resso r  an i  muscle is o f  the usua l  “ H ” shape .  Th is  cell has p o s 
te r io r  and  a n te r io r  p r o je c t io n s ;  the  l a t t e r  a re  a t ta ch e d  on the  rectum .

The fem ale  of Plectus  has  s im ple  telogonic  g o n ad s  with  d ide lph ic  am p h i-  
de lph ic  a r ra n g e m e n t  (F ig .  5, A ) .  The  reflexure  occurs a t  the  j u n c t io n  of

Pig. 4. Plectus 'parietinus (illustrations of equal magnification). A. Totomount 
illustration of excretory system and associated glands and coelomocytes, B. Cross- 
sections through excretory system: 1 and 2 subdorsal amphidial glands and 
excretory cell; 3 subventral coelomocytes and excretory cell.
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the  ov a ry  and  the  ov iduct ;  and  the  ovaries  a re  reflexed in such a m a n n e r  
th a t  the a n te r io r  ovary  is on the r ig h t  and  the p o s te r io r  ovary  on the  lel't 
side o f  the body. B oth  ovaries  a re  p y r i fo rm ,  the g e rm in a l  zone be ing  a t  the 
n a r ro w  distal  e x trem ity  an d  the- g ro w th  zone a t  the b road  p ro x im a l  end. 
The oviduct  is a p p ro x im a te ly  o n e -four th  the  length  of the  en t i re  r e p ro d u c 
tive sys tem  and  is followed by the u te ru s  and  vag ina .

The ov a ry  is covered by a th in  sy n y t ia l  ep ithe lium . There  a re  no d is
c rete  cap cells a t  the d is ta l  end of the ovaries. The oogonia a re  a t  first 
r e g u la r ly  a r ra n g e d  with  one cell term inal .  As the  oogonia develop the  r e g u 
la r i ty  is upse t ,  and  no p a r t i c u l a r  p lan  can be d iscerned. N e a r  the  p ro x im a l  
end o f  the ovary  a re g u la r  a r ra n g e m e n t  aga in  p rev a i ls  and  the oocytes a re  
p laced  a l t e rn a te ly ;  this condit ion  pe rs is ts  un til  an  egg is developed. I t  then
occupies the en ti re  p rox im a l  end of the  ovarv. A t  the  d istal  end of the
oviduct  there  appea l 's  to be a n e tw o rk  of muscle.

The syncy t ia l  ep ithe lium  te rm in a tes  a t  the  ju n c t io n  of the ovary  w ith  the 
oviduct.  The oviduct  consists of  discrete, uni-nuclea te ,  c o lu m n ar  ep ithe lia l  
cells. The cells a re  closely ap p re ssed  and  a lumen is n o t  easily  d iscerned  
unless an  egg is p a ss in g  th rough .

The  u te ru s  is d is t ingu ished  by its increased d iam e te r  and  by the  tali 
c o lu m n ar  ep ithe lia l  cells fo rm in g  its wall. The p ro x im a l  end o f  the  u te ru s  
is d is t ingu ished  by the lower he ight  of  the ep ithe lia l  cells.

The vag ina  is su p p l ied  with  squam ous ep ithe lium  continuous  w i th  the  
ep ithe l ium  of the body wall.  The cuticle  o f  the vag ina  is m ark e d  by  striae; 
a n d  pu n c ta tu m « .  These m ark in g s  do not  cover the en tire  su r fa ce  o f  the 
v ag ina  b u t  a re  concen tra ted  n e a r  the vulva (F ig .  3 ) .

There  a re  f o u r  d i la to r  vulval muscles,  two a n te r io r  an d  two p o s te r io r .  
E a c h  muscle  con ta ins f o u r  cells which are  a t tached  to the base  o f  the  vag ina .  
F r o m  the v ag ina  the muscles run  obliquely, a n te r io r ly  and  p o s te r io r ly  r e sp ec 
tively, to the la te ra l  chords (F ig .  3 ) .

The sca rc i ty  o f  males in the  genus  Plectus  has m ade  it im p rac t ica l  to s tu d y  
the  rep ro d u c t iv e  system histologically.  F o r  this reason  only  the g ross  m o r 
pho logy  can be discussed.

Males of  Plectus  have a rep ro d u c t iv e  sys tem  o f  the  genera lized  ty p e  fo u n d  
in f ree - l iv ing  nem atodes  (F ig .  5, B ) .  Two testes (d iorchic)  a re  p re se n t  and  
opposed .

The testes a re  covered w ith  a syncyt ia l  ep ithe lium  like th a t  covering  the 
ovaries.  The rem a in d e r  o f  the re p ro d u c t iv e  system is covered w ith  d iscrete  
ep ithe lia l  cells which va ry  in size and  a r ra n g e m e n t  accord ing  to the  v a r ious  
reg ions  they const itu te  (F ig .  5, B . ) .

I n  v a r ious  species i t  was observed th a t  the sp icules  a re  not  sym m etr ica l  
e i th e r  in size or  shape . The g u b e rn ac u lu m  rem a in ed  c o n s tan t  in a p p e a r a n c e  
in a n y  one species.  The in tes t ine  ru n s  be tw een the  head ( m a n u b r iu m )  end 
of the  sp icules  and  jo ins  into  the cloaca n e ar  the dis tal  end of the  spicules.

The  orig in  f o r  the r e t r a c to r  muscles is in the reg ion  of the la te ra l  chords.  
The inser tion  of the r e t r a c to r  silicula muscle  is in the  m a n u b r ia l  sinus on the 
l a te ro -p ro x im al  surface .  There  a re  dorsal an d  v en tra l  p r o t r a c to r  muscles 
which a re  a t tached  to the p rox im a l  end o f  the spicule.  The v e n tra l  p r o t r a c to r  
muscle ru n s  to the su b v en tra l  body  wall. The dorsal p r o t r a c to r  muscle, 
however,  a p p e a r s  to be inser ted  to the p o s te r io r ly  d irec ted  dorsa l  p rocess  of 
the  gube rn acu lu m .  The g u b e rn acu lu m  itse lf  is su p p l ied  with muscles which 
ru n  f ro m  the dorsal process to the ven tra l  body wall. I n  add it ion  to the
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F i g .  5. V i c e  i n .s p a r i e t i n u s .  A .  F o  m ¡tie r e p r o d u c t i v e  s y s t e m ,  B .  M a l e  r e p r o d u c 
t iv e  s y s t e m ,  (' .  S in g l e - c e l l e d  e g g ,  I) . T w o -ce l led  e g g  s t a g e ,  10. F o u r - c e l l e d  e g g  
s t a g e ,  F .  ( I n s t r u í a ,  (->. E m b r y o ,  b e g i n n i n g  l a r v a l  f o r m a t i o n ,  I I .  E m b r y o  in  ‘ ‘ t a d 
p o l e ”  s t a g e ,  I. E m b r y o  p r e - l a r v a l  s t a g e ,  J .  F u l l y - f o r m e d  l a r v a  j u s t  p r i o r  to  
lia te l l ing .
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muscles of  the spicules a n d  gubernaculum, the  m ale  ta i l  con ta ins  m a n y  
accessory  oblique muscles.  These a re  a t tach ed  to the  la te ra l  chord region 
a n d  v e n tra l  body wall and  a re  p o s te r io r ly  directed.

V a r io u s  com ponents  of  the ne rvous  sys tem  have  a l re ad y  been discussed : 
se tae  innerva tions ,  cervical p a p i l la e  a n d  the  stom odeal  n e rvous  system.

T he  main  s t ru c tu re  o f  the cen tra l  nervous  system is the  c ireum -esophageal  
comm issure ,  nerve r ing , which is located a ro u n d  the is thm us j u s t  p o s te r io r  to 
the  corpus.

A  s t ru c tu re  is seen in to to m o u n t  spec im ens which a p p e a r s  to be the  sam e 
as the “ H e m iz o n id ” re p o r te d  by J .  B. Goodey, (1951) and  described  a n d  
identified by  him in 1959. S ta in ed  sections show th is  “ H e m iz o n id ” to be th a t  
reg ion  where  the  e ircum -esophageal  comm issure  ex tends  to the  v e n t r a l  nerve  
cord  in the v en tra l  h y p o d e rm a l  chord, (F ig .  1, G ) .  The to to m o u n t  im p ress io n  
is crea ted  by the  combination  o f  the v en tra l  extension f ro m  the ne rve  r ing  
(v e n tro - la te ra l  commissures)  and  the  b e g in n in g  o f  the  v en tra l  nerve  cord.

The  v e n tra l  nerve cord can be easily followed. F iv e  m a jo r  g a n g l ia  a re  
recognized  a long  the course o f  th is  cord. The first, the  re tro v es icu la r  gang lion ,  
occurs  j u s t  p o s te r io r  to the  e x c re to ry  cell, and  a n te r io r  to the  p o s te r io r  bulb. 
A  second is located j u s t  a n te r io r  to the  vulva. The v en tra l  cord  p roceeds  
p o s te r io r ly  f ro m  this l a t t e r  g a n g l ia  p a ss in g  to the  r ig h t  o f  the  vag ina .  P o s 
te r io r  to i t  there  is a  th i rd  ganglion .  Two m ore  g a n g l ia  a re  located  in the  
p o s te r io r  region o f  the body, one a n te r io r  (F ig .  2, F )  an d  one p o s te r io r  to 
the  rectum . I n  add it ion  to the  m a jo r  gan g lia ,  m in o r  g an g lia  occur  a long  the  
v e n t r a l  nerve cord and  p ro b a b ly  serve to in n e rv a te  the  som atic  muscles.

B io l o g y

M a t e r i a l s  a n d  m e t h o d s  : C u l tu res  o f  Plectus parie t inus  w ere  re a re d  on 
A s p a ra g in e -m an n i to l  a g a r  (T h o rn to n ,  1922) .  The cu ltu re  techn ique  was 
modified a n d  suggested  by  W .  Nicholas (p e rso n a l  c o m m u n ica t io n ) .  A  soil 
su sp en s io n  was p r e p a r e d  by  p lac in g  a teaspoon  of soil in one l i te r  o f  w a te r ,  
m ix in g  well b y  sh a k in g  and  th en  a llowing  i t  to s tan d  a few  m inu tes .  F r o m  
the  suspens ion  0.2 ml. w as  p ip e t t e d  off and  p laced on the  a g a r  p l a t e  (20 
cc. o f  2 %  a g a r  in a fo u r- in ch  p e t r i  d i sh ) .  P la te s  were  le f t  a t  room  t e m p e r a 
tu re  f o r  th ree  d ays  in o rd e r  to give  the b a c te r i a  t im e to become established.

E x p e r im e n t s  were  conducted  a t  4 0 ° F ,  5 0 -5 5 °F ,  7 0 ° F  and  a t  a  v a r ia b le  
7 0 ° F  (room  t e m p e ra tu r e ) ,  to d e te rm ine  the t e m p e ra tu re  m ost  f a v o ra b le  to 
p o p u la t io n  increase. The  t e m p e ra tu re  o f  50 -55° F  p ro v ed  to be the  bes t  of  
those  tested,  a n d  subsequen t ly  cu ltu res  were  k e p t  a t  th is  t e m p e ra tu re .  Sub-  
c u l tu r in g  insured  a  con tinua l  su p p ly  o f  adults ' and  eggs.

A cco rd in g  to Nielson (1949) a  m a jo r  f a c to r  co n tr ib u t in g  to the  d ea th  
o f  eggs a n d  la rvae  a p p e a r s  to be oxygen deficiency caused by  r a p id  b ac te r ia l  
g ro w th .  This p rob lem  w as minim ized b y  co n s t ru c t in g  p las t ic  f r a m e  well 
slides. The in te rn a l  well m easu rem en ts  were  20 mm. X  20 mm. X  1 mm. 
deep .  A g a r  was p o u re d  in to  the well s l igh tly  h ig h e r  th an  the  well dep th .  
This  allowed a f ree  exchange  o f  oxygen when a coverslip  w as p laced  over 
the  well. Only  the  am o u n t  o f  bac ter ia  t r a n s f e r r e d  w ith  eggs o r  ad u lts  
f ro m  the stock cu ltu re  was used to inocula te  the  slide. T he  sl ides were  k e p t  
in p e t r i  d ishes with  m ois t  filter p a p e r .  W i th  th is  m ethod  eggs could be 
observed with  the  high d r y  object ive  of a  com pound  m icroscope  a n d  in some 
ins tances  even the  oil im m ersion  lens could be used.

I n f o r m a t io n  concern ing  the  l ife  cycle o f  Plectus  parie t inus  is derived f ro m  
the  e x p er im en ts  carr ied  ou t  a t  5 0 -5 5 ° F  us ing  these p la s t ic  f r a m e  well slides.
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D i s c u s s i o n  : A s w i th  m ost  f ree - l iv in g  g enera  o f  nem atodes ,  there  i s  no 
specia l  com plex ity  o f  the  fem ale  re p ro d u c t iv e  system. This  is corre la ted  w ith  
the  slow p ro d u c tio n  of eggs and  also with the re la t ive ly  few eggs p roduced  
a t  one time. Seldom are  m ore  th an  two fu l ly  developed eggs fo u n d  in the 
u te ru s  of Pirei  its, and  when two are  p re sen t ,  n o rm al ly  one egg is the p ro d u c t  
of  the a n te r io r  ovary  and  the o ther  the  p ro d u c t  of  the p o s te r io r  ovary .  H o w 
ever, there  a re  excep tional  cases where several eggs a re  re ta ined  in the u terus .

The usual time between the a p p e a ra n c e  o f  the eggs in the u te ru s  and  egg- 
lay ing  is th ree  days.  N o rm a l ly  eggs a re  laid in the s ingle  cell s tage  (F ig .  
5, C ) .  The cleavages o f  the egg are  holoblastic  and  sp i ra l .  The first cleavage 
of the single cell is t r an s v e r se ;  two d is t inc t  cells a re  fo rm ed  (F ig .  ó, 1)). 
The  second cleavage is long itud ina l ,  both  the a n te r io r  and  p o s te r io r  cell 
dividing’ (F ig .  ■). E ) .  T w e n ty - fo u r  h o u rs  a f t e r  the single cell egg is laid 
i t  has  developed to an  eight-celled f o r m ;  48 h ours  fo l low ing  th is  la t t e r  s tage  
the egg has developed to a m a tu re  g a s t ru la  (F ig .  5, F ) .  D u r in g  the next  
24 hours  the em bryo  beg ins la rva l  f o rm a t io n  (F ig .  o, G ) .

F o r ty -e ig h t  hours  a f t e r  the f irst  signs o f  la rva l  fo rm a t io n ,  the em bryo  
has leng thened  considerab ly  and  is in the “ tad p o le ” s tage  (F ig .  5, I I ) .  F r o m  
this stage  onw ard  the  em bryo  can be observed to move a b o u t  w i th in  the egg 
shell. L en g th en in g  of the  “ ta d p o le ” con tinues until ,  a t  the  end of ten days, 
the embryo  is d is t inc t ly  in the p re - la rv a  fo rm  (F ig .  5, I ) .  F o u r te e n  days 
a f t e r  egg fo rm a t io n  the larva  is fu l ly  developed (F ig .  o, J ) .  H a tch in g  occurs 
two to f o u r  days la te r .

I t  was not d e te rm ined  with ce r ta in ty  w h e th e r  or n o t  the  la rv a  molts once 
be fore  ha tch ing .  W h en  the  larva  f irst leaves the egg it  differs m orpho log ica l ly  
f rom  tlie adu lt  in the fo rm  of the p o s te r io r  bulb  o f  the esophagus .  I n  the 
first larva the  p o s te r io r  bulb  is only s l igh tly  swollen, and  the va lv u la r  
a p p a r a tu s  consists o f  th ree  den ticu la ted  lo n g itud ina l  p la te s  (F ig .  2, D ) .  
The e xpanded  valve charac te r is t ic  o f  all o ther  larva l  s tages  and  the a d u l t s  
o f  Plectus />ariet inus  is ab se n t  (F ig .  2, E ) .  F o r  th is  reason  it is believed th a t  
the first molt  does not take  p lace  w ith in  tin1 egg. The first a p p a r e n t  m olt  
takes p lace  a p p r o x im a te ly  seven days a f t e r  h a tc h in g  and  the  p o s te r io r  bulb  
and valve of this s tage  is like the adult .

D evelopm ent f ro m  egg to ad u lt  fem ale  requ ires  a p p r o x im a te ly  4ñ-ññ days 
a t  f)0-ooc F ,  and 60 days  un til  eggs a re  ag a in  laid. N ielsen (1949) ,  w o rk in g  
with two species of  Plec t us , r e p o r te d  f o r  one 20-20 d ays  a t  20-22°C  an d  
ap p ro x im a te ly  20 days  f o r  the o ther  species a t  ló - l(>0C.
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of P hiloph th a lm u s  Looss, 1899*

H i l d a  L e i  C h i n i ; ' *

Looss (1899) c rea ted  the  genus Phi lophthalmus  f o r  P. p a l p e b r a r u m , a non-  
sp in o u s  t rem ato d e  with  a very  la rg e  p h a ry n x ,  fo u n d  in the  eyes o f  b i rds  in 
E g y p t .  B r a u n  (1902) emended the  generic  diagnosis  to include Di s t omum  
lucipetus  R u d o lp h i ,  1819 which has  a sp in y  cuticle  a n d  a p h a r y n x  sm alle r  
th an  the oral sucker.  B ra u n  also described P. l acr imosus  f rom  Larus macul i 
pennis  f ro m  Brazil .  Looss (1907) described P.  nocturnus  f ro m  b irds  in 
E g y p t .  M a th is  and L ege r  (1910) described b u t  did no t  include a figure f o r  
P.  gral l i  f ro m  p o u l t ry  in T onkin .  Sugim oto  (1928) redescribed P. gral l i  
f ro m  chickens a n d  nam ed P.  anat inus  f ro m  ducks in F o rm o sa .  To da te ,  21 
species have been described f ro m  domestic  and  wild birds.  One species, P .  
lacrgmosus,  has also been rep o r te d  f ro m  m an (M arkovic ,  1939) a n d  Diss- 
a n a ik e  and  Bilim oria  (1958) described Phi lophthalmus  sp. f ro m  a m an  in 
Ceylon. F i s h e r  and  W es t  (1958) found  Phi lophthalmus  sp. in the  belted 
k ing fisher  and  g reen  he ron  in In d ia n a .  A t  least  f o u r  specific d e sc r ip t io n s  
a re  based on single spec im ens :  P.  indicus , P.  ngroeae,  P. oceulare,  and  P. 
problemat icus .  P. skr jabi ni  was described f ro m  im m atu re  specimens.

M em bers  of  the  genus  a re  fo u n d  in the  eyes o f  ve r te b ra te s  excep t  f o r  P.  
cotnrnicola  and  P .  skr jabi ni  located in the small  in tes t ine  and  P .  ofjle.rorius 
in the  ora l  cavity  of  birds.  S k r j a b in  (1947) named su b -g e n era  of P hi lop h
thalmus  on the  basis o f  ty p es  of vi te l la r ia  b u t  these a re  not  recognized by 
Y a m a g u t i  (1958) .

F i s h e r  and  W es t  (1958) ,  W e s t  and  F i s h e r  (1959) ,  an d  A lica ta  a n d  X o d a  
(1959, I9 6 0 )  described the life cycles of' two unspecified m em bers  o f  the  genus  
Phi lophthalmus.  B o th  a re  s im ila r  to the  life  his tories  of  species in a closely 
re la ted  genus,  Parorchis  avi tus  L in ton ,  1914 and  P. acanthus  var .  austral is  
A ngel ,  1954 de te rm ined  by  S tu n k a rd  and  Cable (1932) a n d  Angel  (1954) ,  
respec tive ly .  The sexua lly -m atu re  w orm s of these two g enera  have, in th e i r  
u te r i ,  eggs con ta in in g  oculate  m iracid ia  in which m othe r  red iae  a re  a lre ad y  
developed. The  cercar iae  which a re  derived f ro m  d a u g h te r  red iae  a re  of  the 
m eg a lu ro u s  ty p e  with sp in y  cuticles,  well-developed digestive  t rac t ,  and  tail  
w ith  in v ag in a ted  t ip .  T hey  encyst  read i ly  on objects  to fo rm  m etace rca r iae  
which a re  infective  upo n  inges tion  by  the  v e r te b ra te  hosts. H ow ever ,  A lica ta
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