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The  anterior sense  organs of nematodes  are 
commonly  referred t o  as setae  and/or  papillae, 
according to  the  length of the  projection  above 
the  surrounding cuticle. A common  definition  for 
“papilla” can e.g.  be  ,found in  Webster’s  third 
new  international  dictionary : “a small  project- 
ing  body par t  similar t o  a nipple  in  form”. 
Henderson’s  dictionary of biological terms gives 
a short  and  very general  definition  for “seta” : 
“any bristle-like structure”. 

Setae  are  often  present in ayuatic species, 
rarely  in  terrestrial ones and  not  in  zooparasitic 
stages.  Recent electron-microscopic  investiga- 
tions  have  demonstrated  that  in  yuite a number 
of Secernentea, especially  Tylenchida (De Grisse, 
Lippens & Coomans,  1974 ; Stone,  1974 ; Sher 
& Bell, 1975 ; De Crisse,  1977),  but also some 
Spirurida  and  Strongylida  (McLaren,  1970,1972 
& 1976),  some  Ascaridida  (Wright,  1977),  and 
in some of the zooparasitic  Enoplia (Wright, 
1974) and freeliving  Chromadoria  (Coomans & 
De Waele,  1979) so far  studied,  none  or  only  a 
part of the so-called papillae do project  from  the 
head  surface.  Hence  the  terms  “papilla”  or 
“seta”  are  not generally  applicable to  the  ante- 
rior  sense  organs of nematodes.  Ward et al. (1975) 
use. the  term “sensilla”  for the sense organs  in  the 
tip of the  nematode’s  head  and,refer t o  a defini- 
tion  given by Bullock and Horridge (1965.) for 
sensilla : “ ... simple types of sense organs  involv- 
ing  only a few neurons”. In Webster’s  dictionary 
a sensi l lum (plural sensilla) is defined as “a 

simple  epithelial  sense  organ  composed of one 
or a few cells with a nerve  connection  and  usually 
taking  the form of a spine,  plate,  rod, cone or 
peg”. The  term “sensillum” is in general  use  for 
sense  organs in  Arthropods,  in  nematodes how- 
ever it  has  only  been  used  in  connection  with  the 
amphid (Chitwood & Chitwood,  1950,  p.  163). 
In  the  latter case the  term sensillum  designated 
a receptor  rather  than  the whole  sense organ  and 
hence  was  incorrectly  used. In agreement  with 
Ward et al. (1975) the  term “sensillum”  is  adopted 
here to designate the  nematode’s  anterior  sense 
organs. In  fact, it could  also  be  used  for other 
nematode sense organs, as long as their  structure 
meets  the definitions  given above.  The  advant- 
age of this  general  term  is  that it fits  in al1 
cases and it can  be  more specified by  adding 
adjectives as papilliform-,  setiform-;  labial-, 
cephalic-,  somatic-,  caudal-,  etc. 

The  basic  arrangement of the  anterior sensilla 
is represented  in  the  now  generally  accepted  and 
well documented  scheme of De  Coninck (1942 
& 1965)  (Fig.  1).  According to  this  author,  the 
primitive  pattern  consists .of twelve  labial  sen- 
silla,  four  cephalic  ones and  two  amphids.  The 
labial sensilla are  situated  in  the medioradial 
plane of each  lip and  constitute  an  inner circlet 
of six inner (or  internal) labial  sensilla and  an.  
outer circlet of six outer (or  external) labial 
sensilla. The  position of these  labial sensilla 
reflects the  hexaradiate  symmetry of the lips, 
hence they  are  subdorsally,  laterally  and  sub- 
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Fig. 1. Basic  arrangement of the  anterior sensilla in 
nematodes  (modified  after De Coninck, 1942). 

ventrally  situated.  The  four cephalic  sensilla 
and  the  two  amphids  are  postlabial  and bila- 
terally  symmetrical,  with  the cephalic  sensilla 
occurring  in  the  middle of each  body  quadrant, 
i.e. submedian  and  the  amphids  in  lateral posi- 
tion close to  the lip  region. From  this plesio- 
morphous  condition  several  apomorphous ones 
have  developed,  such as a forward  migration of 
the  four cephalic,  sensilla so that.  they  become 
labial  in  position ; a backward  migration of the 
six outer  labial sensilla, so that  they become 
postlabial  in  position ; a forward  migration of 
the  amphids so that  they open  on the  lateral 
lips ; a backward  migration of the  amphids  till 
far  behind  the lip  region ; an  inward  migration 
of the  inner  labial sensilla ; a reduction of some 
of the sensilla ; a pronounced  differential  devel- 
opment of the  hexaradial  and  bilateral  compo- 
nents ; a shift  in  position of the  outer  labial 
sensilla ; etc.  The  picture  may be further com- 
plicated by  the forward  migration of some so- 
matic sensilla or  by  duplications. 

Apart  from  the  above  mentioned  sensilla, 
there  may be occasionnally a pair of lateral 
ocelli and  recently discovered  accessory  sensilla. 

Basic  structure of nematode  sensilla 
(Fig. 2) 

prises a neuronal  and a non-neuronal  part,  with 
the  latter  surrounding  the  former. Originally the 
non-neuronal* part may  have  consisted of un- 
specialized  epidernlal (hypodermal)  tissue as has 
been  reported for Capillaria hepaf ica (Wright, 
1974)  and Trichinella spiralis (McLaren, 1976) 
or somewhat  more specialized  “glial” tissue as 
in  at  least some  sensilla in  other  Enoplia, e.g. 
Tobrilus (Storch & Riemann,  1973), Aporcelai- 
mellus (Lippens et al., 1974) and Deoniostoma 
(Siddiqui &, Viglierchio,  1977). Later on  these 
non-neuronal  elements  differentiated  into  two 
distinct  components,  both specialized  in a differ- 
ent  way.  These were first described by Gold- 
Schmidt  in  1903  and  named “Geleitzelle” and 
“Stützzelle”.  Very  unfortunately  these cells have 
been  given many different  names  (Table 1) and 
sometimes  the  same  name has been  used for 
both cells by different authors.  This confusion 
is partly  due t o  the  incorrect  interpretation of 
Goldschmidt’s  terminology  by  some  authors  and 
to  the  fact  that  what he c,alled “Geleitzelle” later 
on  prooved t o  be a supporting cell, and  what  he 
called  “Stützzelle”  is  apparently  more a secret- 
ory cell. 
. Indeed,  the  anteriormost accessory cellinsome 
nematodes  has  been  shown  to possess bundles of 
fibres (McLaren, 1972,  1974,  1976a & b )  that  
apparently serve a supporting  function.  Its 
socket-Iike distal  end that  surrounds  the sensillar 
Channel below the  head  cuticle also  indicates a 
supporting  function.  This  part of the ce11 may 
surround  the  distal  portion of the sec.ond non- 
neuronal ce11 (McLaren, 1972,  1974,  1976a & b)  
or  may itself  be partly  surrounded  by  the  latter 
(De Grisse,  1977).  The  so-called supporting ce11 
may, however,  serve  other  functions as well, such 
as the secretion of the  cuticular  lining of the 
sensillar Channel (McLaren,  1971,  cited  in  “La- 
ren  1976a & b ; Ward ef al., 1975 ; De ‘Grisse, 
1977). In some  instances  this ce11 may be lack- 
h g  as e.g. in  the  lateral  outer  labial sensilla of 
criconematids,  where  the  reduced  receptor  ends 
free in  the  body  cavity  (De Grisse,  1977). 

In conclusion, the  anteriormost  non-neuronal 
ce11 of the  nematode  sensillum  seems t o  be a 
specialized epidermal ce11 that  has a continuous 
supporting  function  and  an  intermittent secre- 
tory  function  (as  other  epidermal cells !) when 
it forms  the  cuticular  lining of the sensillar  chan- 
nel.  Since the  formation of cuticle is a aeneral 
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Fig. 2. Basic structure of nematode sensilla. A : Distal part  with  the  three  components. 
B : Supporting or socket cell. G : Gland or poclret cell. D : Sensory cell. E : Ciliary  receptor. 
b.r.  : basal  region, CU. : cuticle, d.p. : dendritic process, di.p.d. : distal  part of dendrite, 
ep .  : epidermis, m.r. : median  region, n.r. : nerve  ring, p0.c. : pocket cell, s.ch. : sensillar 
Channel, s0.c. : socket cell, t . j .  : tight  junction, t.r. : terminal  region. 
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feature of epidermal cells in  nematodes  (as well 
as in  many  other  invertebrates),  the more  special 
function  here is the  supporting  one, hence the 
term “supporting cell” seems  appropriate.  When 
a purely  descriptive term  is  preferred, it could 
be called a “socket  cell”, as proposed by  Ward 
et al.,  1975. 

Few  studies so far  have located  exactly the 
position of the perikaryons of the sensillar cells. 
According to  Ward et al. (1975)  and  Ware ef al. 
(1975) the  nudei of the  supporting cells are 
situated  anterior to  the  nerve  ring  and  mostly 
in  the  vicinity of the  median  bulb  in Caenorhab- 
ditis eleguns, with  those of al1 the cephalic sen- 
silla and some of the  outer  labial sensilla  posterior 
to  the  median  bulb  and  the othe,rs anterior to it. 
The nuclei of the glial cells in  Enoplia  are more 
anterior (cf. Lippens et al.,  1974 ; Siddiqui & 
Viglierchio , 1977). 

Burr  and  Burr  (1975)  compare  the  supporting 
ce11 with  the  tormogen ce11 of insect  sensilla, but 
it is  dificult  to  compare  these  structures t o  this 
extent.  Insect  and  nematode sensilla are  similar 
but  not homologous ; in  insect sensilla there  are 
normally three escort cells of which the tormogen 
ce11 is the  outermost  one,  forming  the  cxticular 
basis of the  hair (tormos = socket ; gerlès = pro- 
ducing)  and  producing sec.retions that  “guide” 
the sensory  stimuli  (Altner,  1977). So, it seerns 
better t o  avoid  this  term  for  nematode sensilla. 

The second  escort  or  accessory ce11 is situated 
behind the  supporting ce11 with  its  anterior  end 
surrounded by  the lat,ter (Mc.Laren,  1972,  1974, 
1976a & b )  or  itself slightly  surrounding  the 
supporting ce11 (De Grisse,  1977).  The  distal 
extension of this ceIl may be  provided  with 
mic.rovilli or  lamellae  where it surrounds  the 
terminal  portions of the nerves.  The  interna1 
structure of the cell, with  usually well developed 
endoplasmic  reticulum and  secretory  granules, 
indicates a secretory  activity.  However,  the ce11 
may Vary considerably  in  structure  and size 
according t o  species and  even  among  different 
stages of the  same  species ; it also varies  from 
one type of sensillum to  another, being  usually 
much  better developed in  the  amphids. It, was 
first discovered there  and  named  “amphidial 
gland”  (Chitwood & Chitwood,  1950, p. 153) ; 
later  on  (McLaren,  1976a)  the  term  “papillary 
gland” was proposed  for  this ce11 in  the  other 

.- anterior sen_si_l!a;LPapillary_and amQb@ial gllnd 

tells have  not been reported  in  some  older 
studies,  but it is not always  clear  whether  they 
are  really laclcing or  poorly developed and  there- 
fore  overlooked. On the  other  hand,  no  glandular 
activity could  be detected  in  tissues  associated 
with  the  anterior sensilla  in the  recently  studied 
Neterakis  gallinarunz (Wright,  1977). 

The secretions of these  glandular tells are 
supposed to  be involved in  receptor specificity . 

and  receptor  sensitivity  by  regulating  the  ionic 
environment  around  the  receptors,  but  more 
special  functions  have been  proposed  for the 
amphidial  glands (see  below). 

Like  the  supporting cell, the second  non- 
neuronal ce11  of a  nematode  sensillum  seems to 
be a specialized  epidermal ce11 with  probably 
continuous  though  variable  secretory  activity, 
henc,e i t  could be called the ‘Lsensillar  gland cell” 
or  simply “sensillar gland” in  general  and  amphi- 
dia1 gland when the gland ce11 of the  amphid  is 
specifically  referred to.  When a descriptive  term 
is preferred,  this ce11 could be called a “pocket 
cell.”, as  proposed  by  Ware el al. (1975),  or a 
“goblet cell” as proposed by’ De  Grisse (1977). 
These terms refer t o  the ampulla-like  distal  part 
of the ce11 and  have  not been  used ambiguously. 

The ce11 bodies of the gland  cells, except  those 
of the  amphidial  glands,  are  anterior  to  the  nerve 
ring. 

Burr  and  Burr (1975)  compare the sensillar 
gland ce11 with  the trichogen ce11 of insect sen- 
silla, but  the  latter ce11 ‘forms the  shaft of the 
hair ( th r i z  = hair ; genès = producing)  in  insects 
and  degenerates  in  the  adult  making a compari- 
son  even less Sound than between  tormogen ce11 
and  supporting cell. 

It should be mentioned that  the  two  non- 
neuronal  components of nematode  sensilla,  the 
supporting  and  the gland cells are  similar t o  
nerve cells in  having long, thin processes that  
run  backward  to  their ce11 bodies. For this 
reason  and  also  because in his micrographs  some 
receptors seem to arise  from  gland  cells, De 
Grisse  (1977) belieGes both ce11 types  are of 
neuronal  origin.  However,  Ward et al. (1975) 
have  pointed  out  that none of these cells  gives 
synapses to  any  other ce11 and,  therefore,  can 
not  be  neuronal. 

Finally, a number of nervous  endings,  travel- 
ling in the sensillar  nerves, are  not  surrounded 
- by - escort -_ - .. or  accessory . -- .- cells and - -- do not - _ ~ _  terminate _ _  - .  _ _  - 
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Anterior sensilla of nematodes 

Table 1 

Terminology  used for the  non-neuronal  components of the  nematode sensilla 

duthor Anteriorlnost ce11 Posteriormost ce11 

Goldschmidt, 1903 & 1908 Geleitzelle Stützzelle 

Bullock & Horridge,  1965 supporting c,ell escort ce11 

De’Coninck,  1965 cellule d’accompagnement cellule de  soutien 

McLaren,  1972,  1974,  1976 a & b supporting ce11 multivesicular cell, gland cell, se- 
cretory ce11 (amphidial  and  papillary 
gland) 

Baldwin & Hirschmann, 1973 & 1975 - (amphidial)  gland 
Ward et al., 1975 , socket ce11 sheath ce11 

Ware et al., 1975 cap ce11 pocket ce11 

Burr & Burr, 1976 sheath ce11 secretory ce11 

Wergin & Endo, 1976 supporting ce11 (amphidial)  gland 
De Grisse, 1977 supporting ce11 * goblet cell, goblet  shaped ce11 * 
Endo & Wergin, 1977 supporting  hypodermal cells 

(hypodermis) 

Translated  from  the  dutch  terms.“steuncel”  and  “bekercel” or “bekervormige  cel”  respectively. 

at   the cuticle ; this is so for the so called acces- 
sory sensilla. 

The neuronal contponenf consists of the sen- 
sory  neurons that  have been  shown to be of the 
bipolar type  (Ward et al., 1975 ; Ware et al., 
1975).  The ce11 bodies are  located  near  the  nerve 
ring,  with  those of the  amphidial  neurons  behind 
it and  the  others  mostly  anterior  to it. The  ante- 
rior extensions of the  neurons  have  terminal 
processes  specialized as  receptive regions and 
should  therefore  be called dendrites ending  in 
dendritic  processes. The axons,  except  those of 
the  amphidial  neurons,  bypass  the  nerve  ring, 
then  make  a  U-turn  and  enter  the  nerve  ring 
from the  rear.  The  axons of the  amphidial  neu- 
rons  enter  the  ventral ganglia through  commis- 
sures  passing  ventrally  between  the  body 
muscles and  the  epidermis. Al1 these  neurons’ 
form  synapses  in  the  nerve  ring  (Ward et al., 
1975 ; Ware et al., 1975). 

The dendritic  process usually is a modified 
cilium and  therefore  often called as such or  also 
“ciliary  receptor” or even  “cilium”,  though  its 
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structure is very  variable  and  different  from that  
of a typical ltinocilium. In  those cases where 
patterned  microtubules  are  present  in  the  basal 
and  middle  portions of the process,  their  arrange- 
ment  becomes  irregular  in  the  terminal  portion. 
Although  basal bodies have  been  reported  in 
several  studies,  the  typical  pattern  composed 
of nine  triplets  has  never  been  found ; in some 
instances  however a basal  plate  has  been 
observed,  hence a basal  portion  can be distin- 
guished.  The basal plate  may  even  be  composite 
and  consist of three  subsequent  plates as in 
Mononchus  (Grootaert & Wyss,  1979).  Atypical 
basal bodies with  peripheral  doublets  instead of 
triplets  have  been occasionally observed  in  other 
invertebrates, e.g. in Littorilta (Mollusca-Gastro- 
poda)  (Buckland-Nilts,  1973).  The  middle  part 
usually  shows  more  or less patterned  microtu- 
bules with  doublets  and  singlets  in  very  variable 
arrangements  according t o  species and  some- 
times  to sensilla. 

The  tip of the  dendrite  may  contain a rootlet 
and  some vesicles ; it  eventually  bears a number 
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Table 2, 

Non-neuronal  components 

F O N  NEURONAL COMPONENTS 1 
distal part : around sensillar Channel ; 

ev. with  longitudinal fibres 
POSITION 

ce11  bod-v : anterior to nerve  ring 

~ continuous : support 

intermittent : secretion cuticle of 
sensillar Channel 

distal part : around  terminal pcrtions of 
nerves ; ev. 'with microvilli or 
lamellae 

POSITION 

/ 
anterior  to  nerve ring 

cell body : 
\ posterior ;O nerve ring 

(amphideal  gland) 

NEURONAL COMPONENT 

DISTAL  PART : long dendrite ending in dendritic process 
(with  terminal,  median  and basal  region) 

NEURONS CELL BODY : near nerve  ring 

AXON : to nerve  ring 
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Anterior sensillu of nematodes 

of extensions that have  been cdled  “peripheral 
processes”  (McLaren,  1972),  “nerve  processes” 
(McLaren, 1974,  1976a & b ) ,  “microvilli of the 
nerve  process”  (Wergin & Endo, 1976)  or “finger- 
like  projections”  (Ward et al., 1975). 

The  inner  labial  sensilla 

MORPHOLOGY 

The  six  radially  arranged  inner  labial sensilla 
usually  protrude from the  surrounding  cuticle as 
papillae  provided  with  terminal  pores.  In a 
number of plant-  and  animal  parasiticnematodes, 
the  inner  labial sensilla do not  protrude  and  may 
be simple  pores as in  e.g. Meloidogyne (Baldwin 
eC Hirschmann, 1973 ; Wergin & Endo,  1974 ; 
Sher & Bell,  1975 ; Endo & Wergin,  1977)  and 
many  other Tylenchida  (Sher & Bell,  1975 ; 
De Grisse,  1977)  and as in Capillaria (Wright, 
1974). In several  Tylenchida the pores  are 
covered by  the head  cuticle  and  open  into  an 
invaginated  area, called the  prestoma  by De 
Grisse  (1977).  This  inward  migration  is  most 
pronounced  for  the  lateral  receptors.  In Herrzicy- 
cliophora (De Grisse,  1977) and  several  (many ?) 
animal  parasitic  Secernentea  pores  are  lacking 
and  the receptors  are  embedded in  the  head 
cuticle.  This may also be the case  for Aphano- 
lainzus where  external  pores  are  lacking (Coo- 
Mans & De Waele,  1979).  Finally,  the  innerlabial 
sensilla may be absent as in e.g. Syphacia  (Diclc 
& Wright,  1973 ; Tenora,  Wiger & Barus,  1978 ; 
Mészaros et al., 1978) and Dipetalonerna (Mc 
Laren,  1970 & 1972). 

From  the  scanty evidence so far  available it 
nevertheless  appears that  tliere  seems to be  a 
tendency  towards a reduction  in  the  number of 
receptors  in  the more  specialized  forms. In the 
few Adenophoreans  studied  the  number of re- 
ceptors  per sensillum varies  from five in Morzon- 
chus (Grootaert & Wyss, 1979) and  merlnithids 
(Poinar & Hess,  1974),  four in Aporcelaimellus 
(Lippens et al., 1974)  and Labronerna (Grootaert, 
1978) to  three  (lateral  sensilla)  or  two  in Capil-  
Zaria (Wright, 1974). In  Secernenteans  the com- 
mon  number is two,  but Heterakis (Wright, 1977) 
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and Criconematoidea (De Grisse,  1977) have  only 
one  receptor. 

In  the  lateral  inner  labial sensilla of Capillaria 
(Fig. 3 E) one of the  three receptors  has  a dorso- 
ventrally  expanded ellipsoidal bulb filled with 
electron  dense  material  (Wright,  1974). One of 
the receptors  in  the  inner  labial sensilla of mo- 
nonchs and clorylaims becomes much wider than 
the  others  and  contains  more  microtubules  (at 
least 15 peripheral  doublets  and  45  singlets  in 
Labrorzema). In Secernentea  with  two  receptors, 
these  are  different  in  shape  and  length.  The 
shortest  receptor  in Caenorhabditis (Fig. 3 D) 
and Aphelenchoides has a plate-lilce terminal 
portion  with  electron  dense  matrix.  According 
to De Grisse  (1977) i t  is the longest  receptor that  
contains  an  electron  dense  terminal  plate  in 
Tylenehina,  instead of the  shortest one as he 
believed in 1975 and as in  the  above  mentioned 
forms. 

The  number of microtubules  encountered in 
the basal  region of these  receptors  varies  usually 
from 5-9 doublets  and 0-3 singlets.  Rootlets may 
be present,  rudinlentary or  lacking. 

The ce11 bodies of the  inner  labial  receptors 
lie in  front of the  nerve  ring, as has been estab- 
lished unambiguously by  Ward et al. (1975) and ’ 

Ware et al. (1975). 

FUNCTION 

The  function of the  inner  labial sensilla may 
be a  combïned  chemoreceptive and mechano- 
receptive  one as in  the  lateral sensilla of Capil- 
laria (with one mechanoreceptor  and  two chemo- 
receptors)  or  in al1 inner sensilla of Rhabditids 
and  most  Tylenchids. In  other fornls the  function 
is  unimodal,  either  chemoreceptive, as e.g. the 
subdorsal  and  subventral sensilla in Capillaria 
and al1 inner sensilla in Criconematoidea  (except 
Hemicycliophora ?), or mechanoreceptive,  as  in 
Heterakis and  probably also Hemicycliophora. 

Chemoreception  is  deduced  from the  fact  that 
the  receptor(s)  is(are)  in  contact  with  the  exte- 
rior ; mechanoreception is deduced  from  the 
more  protected  position  (covered  or  embedded 
by cuticle) and/or  the  terminal differenciation 
with  dense  material.  The  chernoreceptors  are 
considered t o  be  contact  chemoreceptors. 

The  short  mechanoreceptors  in Caenorlzabditis 
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" p e n d u l a t i n g  " 
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Fig. 3. Different  types of receptors. A & B : Mechanoreceptors. A : Cephalic  receptor of Tylenchulus  
(adapted  from  Natasasmita, 1979) ; B : Cephalic  receptor of Dipe tahnema  (adapted  from  McLaren, 
1976). C : Pendulating  receptors of Hoplolaimidae (adapted  from De Grisse, 1977). D-F : Mixed 

E : Receptors of lateral  inner  labial  sensillum of Capillaria (adapted  from  Wright, 1974). F : Recep- 
tors  of.latera1  outer  sensillum of Heterakis (adapted  from  Wright, 1977). sd = subdorsal, sm = submedian. 

. - -.-_ -receptors. D : Receptors of-inner-labial sensillum-of Caenorhabdi t is  (adapted  from.Ward eLal.,1975)..- - 



Anterior sensilla of nematodes 

Table 3 

INNER LABIAL SENSILLA (6j 

,pro@uding > papillae (+ pores) 

(= embedded  in cuticle) 

: several (= 2 or more) 

RECEPTORS 1 
-.- similar 1 

processes - --- 
l d i s s i m i l a r  (within sensilla) 

ce11 bodies : in  front of nerve  ring 

r binzoda2 
= chemoreceptive + mechanoreceptive 

F U N C T I O N  chemoreceptive 

unimodal 
mechanoreceptive 

I 

--- plesiomorph 
condition 

apomorph. 
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are  direct  sensory-motor  neurons.  Indeed,  the 
32 anteriormost  body muscles send processes tao 
the  nerve  ring  where  neuromuscular  synapses 
are  formed,  an  unique  feature  among  inverte- 
brates  (Ward et al., 1975 ; Ware et al., 1975). 

The  outer  labial  sensilla 

MORPHOLOGY 

The  six  outer  labial sensilla are  situated  on 
the  same  radii  as  the  inner ones. Their  distal 
portions may  protrude  as papillae or setae, while 
in a  number of apomorphous  forms  as many 
plant-  and  animal  parasites  they  do  not  protrude 
and  end  as  simple pores or are  embedded  in  the 
cephalic  cuticle.  The latter  situation  is also  pre- 
sent  in Caenorhabdifis, but  there  the cuticle 
forms  a  bump  above  a  small  branch of the recep- 
tor  (Ward et al., 1975). 

Some  specialized  forms as Meloidogyne (Bald- 
win & Hirschmann,  1973 ; Wergin & Endo, 
1974), Tylenchulus  (Natasasmita,  1979), Syplza- 
cia (Dick & Wright,,  1973)  and Neterakis (l) 

(Wright, 1977)  are devoid of outer  labial sensilla ; 
while in some  Filaroidea  only the  lateral ones 
are  lacking. Also here, and  as  far  as  studied, 
Adenophorea  have  more  receptors  than Sec*er- 
nentea, e.g. four  in Mononchus (Grootaert,  1978), 
Aporcelairnellus and Labronema; three  in mer- 
mit,hids  (Poinar & Hess,  1974) ; three  or  two  in 
Capillaria.; but  only one in al1 Secernentea that  
possess outer  labial sensilla. It should  be  men- 
tioned that  Baldwin  and  Hirschmann  (1975) 
have  reported  the  existence in Heferodera of 
paired  dendrites  leading  to  the  outer  labial  and 
cephalic  sensilla, but, only one of them  ending.in 
a  ciliary  process.  This  is the  only  report of an 
eventual second nerve  ending  in  these sensilla 
within  the  Secernentea. Since  Baldwin and 

(l) In Heterakis an  outer  papilla occurs in  lateral 
position on each  ventro-sublateral  lip,  but  external  to 
the  amphid.  It  is  doubtful  whether  this  papilla  is 

Hirsc.hmann  (1975). have  mixed  up  the  outer 
labial  sensilla with  the cephalic  ones  in  their 
drawings 21-23, this  result  has  to be verified. 

Al1 outer  labial sensilla may possess  equally 
well developed receptors, but  in a  number of 
cases the  lateral ones differ from the  subdorsal 
and  subventral ones. This  is  the case with Capil- 
laria where the  subdorsal  and  subventral sen- 
silla possess three,  the  lateral ones  only two 
receptors  (Wright,  1974).  In Tylenc.hida the 
lateral sensilla are  often  reduced,  this is espe- 
cially so in  Criconematoidea wheye the  terminal 
part of the  receptor  is  not  surrounded  by  a  sup- 
porting ce11 nor  by a  cuticular Channel (De 
Grisse,  Lippens & Coomans,  1974 ; De Grisse, 
1977)., The  subdorsal  and  subventral sensilla 
each  have  a  dendrite that  ‘‘pendulates”  around 
the cephalic. one (De Grisse,  Lippens & Coomans, 
1974)  (Fig. 3 C).  This  makes  the  course of these 
dendrites  rather  tricky  unless  serial sections 
are  made.  Apart  from  some  exceptions,  these 
receptors  end in  the cephalic  cuticle. 

The  microtubules  in  the  basal  region of the 
receptors  may  consist of 5-9 peripheral  doublets 
and 0-3 central  singlets.  Rootlets  may be pre- 
sent or  absent. 

also in front, of the  nerve ring. 
The ce11 bodies of the  outer labia 

FUNCTION 

The  outer  labial sensilla may be 

receptors lie 

bimodal-i.e. 
mechanoreceptive and  chemoreceptive,  as  in 
(mang ?) Adenophorea,  or  unimodal. In  the  latter 
case they  are  either  mechanoreceptive  (some 
Rhabditida,  Spirurida  and  Tylenchida) or che- 
moreceptive  as in Capillaria. 

The  cephalic sensilla 

MORPHOLOGY 

really  a-labial one in  origin or the first one of  a post- 
labial  group that  migrated on the  lips. Not only is its 
position  unusual, but  its fine structure agrees  comple- u 

- - . - -_ -.Lely  with-tbat of-the .pos_tlahial.pap~lla_eLla~~ - . - _ _  - .  -. _ _  - - 
~ - - , - _ _  - - mina1 pore. In a number of parasitic  nematodes 

A . &  

- - - -. - . . 

The  four  cephalic sensilla are  submedian  in 
position ; they  usually  protrude  from  the  sur- 
roundina  cuticle  as  setae  or  papillae  with  a  ter- 
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OUTER LABIAL SENSILLA (6) 

/- 
Adenophorea : several 

Secernentea : one 

, similar 

r piocesses / 
1 dissimilar  (,anlong  sensilla‘) 

/ 
well developed 

subdorsal < 
subventral 

reduced 

/ slightly reduced : Rhabditida, 

/ 
,--’ primitive Tylenchida 

Tylenchida (absent i n  
sonle Filaroidea) 

L c e l l  bodies : in front of nerve  ring 

b i ~ ~ o d d  = mechanoreceptive + chemoreceptive : many ? Adenoplzorea 

F U N C T I O N  mechanoreceptive : (somej  Rhabditida,  Tylenchida, (some) 

chemoreceptive : e. g. Capillaria 
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they do not  protrude  and  in  many of these  the 
receptors  are  embedded  within the  head  cuticle 
where they  may  end  in  flattened or bulbous 
differentiations frlled with  microtubules  and 
electron  dense  material. In Caenorhabditis the 
receptors  have a small  electron  dense  branch 
which  extends t o  a bump  in  the cuticle  without 
penetrating  through  the  cuticle  (Ward et al., 
1975).  Sometimes the cephalic  sensilla are more 
developed in  certain  stages as e.g. in  the infective 
third juvenile of. Neoplectana (Poinar & Leute- 
negger,  1968)  or in  the male as e.g. in Caenor- 
habditis (Ward el‘ al., 1975),  and a number of 
mainly  aquatic  nematodes. 

Also here  Adenophorea  usually  have  more 
receptors in  their cephalic  sensilla than Secer- 
nentea. Mononchus,   Aporcelaimellus,   Labronema 
and Capillaria al1 have  three  receptors,  but  mer- 
mithids  may  have  only  two.  Secernentea  have 
two  or  only one receptor.  When  there  are  two 
receptors they  may  be different in  structure  (and 
function).  Both  may  be well developed as in 
Aplzelenchoides (De Grisse,  1977) and  in males 
of Caenorhabditis (Ward et al., 1975),  consisting 
of a  thick one embedded  in  the  cuticle  and a 
narrow one leading t o  a pore. In  most Tylen- 
china,  however, the  narrow  receptor is  reduced, 
while it  has  disappeared  in  the  hermaphrodite 
of Caenorhabditis, in  several  animal  parasites, . 

in Meloidogyne and  in Criconematoidea. 
The  number of peripheral  doublet  microtubules 

in  the basal  region of the receptors  varies  from 
6-9 ; in  addition  several  central  singlets may 

The ce11 bodies of the  subventral cephalic 

the  subdorsal ones just  behind  the  nerve  ring. 

, occur. Rootlets  are  usually  absent. 

l receptors lie in  front of the  nerve  ring,  those of 

connected  with  the  exterior.  Little  is  known  in 
this  respect  about  Adenophorea,  escept  that 
there  the cephalic  receptors  communicate 
with  the  exterior  through pores. At least  in 
Capillaria the cephalic  sensilla are considered 
to be  purely  chemoreceptive  (Wright,  1974). 

Special  functions  can be attributed  to  the 
cephalic  sensilla when e.g. males have  more  deve- 
loped  sensilla than females, these may  serve for 
the  detection of sexatt>ractants ; in  some  infective 
stages  they  may he important for detection of 
the  host. 

The amphids (Fig. 4) 

MORPHOLOGY 

Before  discussing the details it is  necessary  to 
explain  the  terminology that  will be  used below. 
In  several  papers  Riemann  and colleagues  pro- 
posed a useful  terminology (Riemann,  Rachor 
& Freudenhammer, 1970 ; Riemann,  1972 ; 
Storch & Riemann,  1973)  that will be  followed 
here. The  distal  part of the  amphid is called 
the fovea and corresponds  with  what  is  usually 
called “amphid” or sometimes  “amphideal 
pocket”  in  taxonomic  descriptions.  The  fovea 
is either  an  external  excavation of the  head 
caticle as in  many Chromadoria or an  invagin- 
ation of the cuticle, thus forming a poc.ket con- 
nected  with  the  exterior  through  an  aperture, 
the apertura  amphidialis.  The fovea  is com- 
pletely  or  partially filled up  with a gelatinous 
substance,  the corpus  gela..fum, apparently secre- 
ted  by  the  amphidial  gland.  The  fovea  is con- 
nected  with  the  amphidial  duct  or canalis  amphi- 
dialis through th; duct pore  or porus  canalis 

FUNCTION amphidial is .  The  amphidial  duct  leads  poste- 
riorly  into  the fusus  amphidial is ,  commonly cal- 

The cepha1ic may ‘lave a bimodal  led the sensilla  pouch. It is  here that  the  amphi- 

ive.  This  is apparently so when  differently  struc- dial duct and anterior part of the fusus are 

with a thick  probably  mechanoreceptive  receptor 
and a thin chemoreceptive  one. In  many nema- 
todes  the  cephalic sensilla are supposed to he 
mechanoreceptive  (Fig. 3 A, B). No doubt  they (l) In  this respect i t  is  rather  misleading that  in the 
have  such a function in those secernentea that abstract of Storch  and  Riemann’s  paper it is  said  that 

“In the region of the  fusus  the  cuticle  is  lacking”, 
POssess Only One receptor  per sensillum Or where while they  illustrate  the presence of it in  their figures 3 
the second receptor is  reduced and no  longer and 4 and Tefer t o  this  cuticle on p. 166. 

f u n c t i o n 7  i.e*  mechanorecePtive and chemorecept- dial  dendrites enter the sensillum. Fovea,  amphi- 

tured recePtors are Present as in linecl with  cuticle (St,orch & Riemann,  1973 (1) ; 

’ -- .- - - -- --  -- . - -  - -  - - _ _ _  .. - . - - - _ _  - -, _ _  -. . - - - . 
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Table 5 

/' . ,setae , protruding .- 
papillae 

RECEPTORS, ,, similar 

subventral : in  front of nerve ring 

subdorsal : just  behind nerve  ring 
cell bodies 

bimodad = mechanoreceptive + chemoreceptive 

FUNCTION mechanoreceptive 
unimodal 

chemoreceptive 

De Grisse, 1977). The Wall  of the  main  and pos- 
terior  part of the  fusus is  formed by  the  amphi- 
dia1 gland.  When  the  fovea  is  small  as  in  many 
Secernentea it  may be dificult t o  delimit i t  
from the canalis. It is even not excluded that  
the fovea  itself has  disappeared  and  that t.he 
duct  pore  has  become'the  external opening. 

Typically  the  amphidial  aperture or the  fovea 
are  situated  laterally,  but  in some  Adenophorea 

and  in  nlany Secernentea they  have  slightly 
shifted  dorsad.  In  Adenophorea  and sonle  Secer- 
nentea  the  aperture or the fovea are  postlabial 
in  position, but  in  most Secernentea and  a few 
Adenophorea  they  have  migrated  ont0  the  lat- 
eral ljp  region. 

The  most  variable  part of the  amphid  appears 
t o  be the  fovea, especially  when i t  is external 
as  in  the  Chromadoria.  This  part  may also  differ 
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~ Fig. 4. Amphid  structure.  A : Amphid  with  external,  spiral fovea ; seen from  above  and  in 
profile. B & C : Amphids  with  interna1  fovea, seen from  above  and  in profile. D : Amphidial 
structure of a secernentean  (assembled  from  diagrams  and  micrographs of several  authors) 
with  four  transverse  sections  a-d. a. : apertura, a d .  : amphidial  duct, can : canalis  amphi- 
dialis, CU. : cuticle, d. : dendrite, ep .  : epidermis, fou. : fovea, fus. : fusus, g.c .  : gland cell, 
m.d. : multivillous  dendrite& : . p _ o r y ~ - a ~ ~ l j s  or_dEcLI?_oye, s,c.i su_aor_tiggcs& s,r,-;gh*a&.h -. - - - . - _ _  
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among  sexes,  being  sometimes  considerably  lar- 
ger and  more  complex  in males. The  innermost 
part of the fovea leads to  the  porus  canalis  and 
the  latter is exactly  mediolateral  in  position  or 
may  have  shifted  dorsad.  The  duct  and  the 
fusus  show  some  variation  in  length  and  width 
according to  the  group or  even  species. 

The  number of receptors is much  higher  in 
the  amphid  than  in  the  other sensilla: The  exact 
number  is difficult to establish  without  serial 
sections,  because  some processes are forked and 
others  do  not  enter  the  amphidial  duct. Since 
the  receptors  that  penetrate  into  the  duct  not 
only differ in  structure  but  probably also in 
function  from  the  others it is better t o  differ- 
rentiate  them as duct or canal  receptors, resp. 
accessory or sheatlz receptors. In  order  to  avoid 
confusion with  other accessory receptors  the 
term  “sheath  receptors” is  preferred.  Again the 
number of receptors  is  usually  higher  in  Adeno- 
phorea  (only  Enoplia  have b’een studied !) than 
in  Secernentea.  The  highest  number of receptors 
reported so far is that  for Oncholainzus  vesica- 
r ius  by  Burr  and  Burr (1975)  with 28-36 canal 
receptors  and  about  ten  sheath  receptors.  Stran- 
gely enough  these  receptors  are  connected  with 
only  four  dendrites,  three for the  canal recep- 
tors  and one  for the  sheath receptors. In Para-  
trichodorus 23  receptors  have  been  reported 
(Hirumi & Chen,  1968 ; Hirumi,  Raski  &Jones, 
1970). In Mononchus  nineteen  amphidial recep- 
tors were  found  in  the  male  and  seventeen  in 
the second stage  juvenile  (Grootaert,  1978). 
Nineteen  receptors  were also found  in Labro- 
nemu. (Grootaert,  1978)  and inside the  duct of 
cYiphinema (Roggen, Raslci & Jones,  1967), 
while 22 receptors  were  reported  for Longidorus 
(Hirumi,  Raski & Jones, 1970 ; Taylor et  al., 
1970). In  mermithids  the  number  varies  from 
sixteen to nineteen  (Poinar & Hess,  1974 ; Bat- 
son il2 Mc Laren 1976a & b ) .  Storch & Riemann 
(1973)  described  sixteen  receptors  inside the 
amphidial  duct of Tobri lus .  The  lowest number 
occurs in Capillaria (Wright,  1974),  with  only 
ten  duct  receptors. 

In Secernentea  the  most  detailed  account  is 
given  for Caenorhabditis by  Ward et al. (1975) 
and  Ware et al. (1975). In the  first  paper  the 
cavity of the  amphid is  called the  duct  and no 
distinction  is  made  between  duct  and  fusus, 
while in  the second  one the  cavity  is called  a 
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pouch. Apart from  this  and  some  other  minor 
differences, there is an overall  agreement 
between both  studies. Twelve dendrites  arrive 
in  the  fusus  and  eight of these give rise to  ten 
duct receptors,  since  two of them possess two 
receptors  each.  The  four other  dendrites  lead 
to  five sheath  receptors, al1 of them  invading 
the gland cell. One of these  dendrites is  pecu- 
liar  in  that it has, besides a ciliary  process, 
about  50 finger-lilce projections  or microvilli 
that  invade  the  gland ce11 dorsally  from  the , 
fusa1 cavity  or  duct.  This  dendrite will be  called 
here the “multivillous  dendrite”.  Yuen  (1968) 
mentioned  thirteen  receptors  for Parzagrellus. 

In zooparasitic  Secernentea the  total  number 
of amphidial  receptors  reported  varies  from 
three  or  four (Litomosoides cf. Mc Laren,  1971, 
cited  in Mc Laren, 19768) t o  nine (Dirof;:laria 
cf. Kozek,  1968 ; Dipelalonenza cf. Mc Laren, 
1972a)  in  Spirurida,  from  thirteen  to  fifteen  in 
Strongylida (’Wright, 1975 ; Mc Laren,  1976a) 
and fifteen in  the ascarid Heterakis (Wright, 
1977). In Nipposirongylzrs as well as in Hete- 
rakis there  are  thirteen  duct  receptors  and  two 
sheatll  receptors. 

Tylenchida  commonly  have  seven  canal recep- 
tors  (Chen & Wen,  1972 ; Baldwin & Hirsch- 
mann, 1973 & 1975 ; De Grisse, Lippens & Coo- 
mans, 1974 ; Wergin & Endo, 1976 ; De Grisse, 
1977),  but  in Aphelenchoides there  are  only  six 
(De Grisse,  1977) and  in one  specimen of Meloi- 
dogyne eight  receptors  were  found  (Baldwin 
& Hirschmann,  1973). In  addition  three  to five 
sheath receptors  have  been  reported. One of the 
dendrit,es gives rise t o  numerous  microvillous 
projections  and one  sometimes  two  ciliary  recep- 
tors  that  invade  the  gland.  This  dendrite is 
clearly  homologous with  the  multivillous den- 
drite of Caerzorhabdilis, but  the  number of  micro- 
villi  is  different e.g. 14-18 in males and 35 in 
females of Tylenchulus  (Natasasmita,  1979),  75 
in Heterodera (Baldwin & Hirschmann,  1975), 
200 (Wergin & Endo, 1976)  or  up to 350  (Bald- 
win & Hirschmann,  1973)  in Meloidoyyne. Bald- 
win and  Hirschmann  (1973 & 1975)  and De 
Grisse  (1977) interpreted  these  projections  as 
microvilli of the  amphidial  gland cell. Wergin 
and  Endo (1976)  erroneously  described the 
“nerve  process” ( =  multivillous  dendrite) as 
lying  dorsal  to  the  other  dendrites  in Meloi- 
dogyne, similar to Caenorhabditis. Baldwin  and 
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Hirschmann  (1973,  1975)  and ’ Natasasmita 
(1979)  have  shown that  the lnicrovillous  pro- 
jections  are  ventral t o  the  other  dendrites  in 
Meloidogyne and Heterodera, respectively Tylen-  
clzulus. Also some  electron  micrographs in Wer- 
gin and  Endo’s  (1976)  paper  (their figures 11 
& 12) show that  talle latter  observation is  correct. 
De Grisse (1977)  considered the multivillous  den- 
drite as part of the  amphidial gland ce11 and  its 
receptor(s)  as  amphidial  gland  receptor(s).  In 
Scutellonernrx. he  has  demonstrated  the  pre- 
sence of two  receptors  (cf. no 12  and 13 in  his 
figures 349-355) implanted  on  the  multivillous 
dendrite. 

Other  sheath  receptors  have  been  observed 
laterally t o  the  amphidial  duct ; they ascend 
toward  the  lateral cephalic  sectors,  become  flat- 
tened  into  broad  lamellar  st,ructures  and  ter- 
minate  beneath  the epidermis  (Wergin & Endo, 
1976 ; Natasasmita,  1979) ; they  are called the 
la teral  amphidial  receptors  by  Natasasmita 
(1979).  Here  they will be cdled  “external  sheath 
receptors” ; the specification “external”  may  be 
more  generally  applicable than  “lateral”, since 
similar  receptors  described  for Caenorhabditis 
may  extend as far  dorsad  and  ventrad  that  they 
approach  their  counterparts  from  the  other  lat- 
eral  sector  mediodorsally and  -ventrally  (Ware 
et al., 1975). 

Some of the  above  mentioned figures will have 
to be  verified,  since it is not always  easy t o  find 
out where the  receptors  have  been  counted, 
inside the  canal or inside t.he fusus. 

The  number of mic,rotubules in  the  basal 
region of the  receptors is extremely  variable. 
From 5 to  39  doublets  and 0-7 singlets  have 
been  reported. 

The ce11 bodies of the  amphidial  receptors  are 
enclosed within  the  lateral  ganglia,  behind  the 
nerve  ring. 

FUNCTION 

Several  functions  have  been  proposed for the 
amphids,  but  they  are generally  considered to 
be chemoreceptors.  Espècially  since  more  is 
known  about  the  ultrastructure of t.he amphids, 
it became  evident  that  these sense organs  are 
not  only  structurally  complex,  but  must also 
have  several  functions. 
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Chemoreception  was assumed  because the 
amphids  open t o  the  outside so that  a number 
of their  receptors  are  in  contact  with  the  exter- 
na1 environment.  Although  direct  evidence for 
such a function is still  lacking,  the  recent iso- 
lation of chemotaxis-defective mutants  in Cae- 
norhabditis (Lewis, in  Ward et al., 1975 R: in 
Ward, 1976)  provides strong  indirect evidence. 
Indeed,  these  mutants  show  abnormalities  in 
some of their  amphidial  receptors.  The  duct 
receptors  are  the  most  likely  candidates for the 
perception of chemical substances.  The  exter- 
na1 sheath receptors  with  their  plate-like  ter- 
minal  portions resemble mechanoreceptors  found 
in  other  invertebrates.  The  special  sheath recep- 
tors  in Onclzolaimzzs  vesicarius are supposed to 
be  photoreceptors since they  are 1oc.ated near 
and  are  shaded  by a pigmented  oesophageal ce11 
(Burr & Burr, 1975). Furthermore a secretory ’ 
activity  has been postulated  several  times, 
although  such  an  activity  could  not  be demon- 
strated  in a number of cases. 

-Chemoreception  involves the response to 
many  stimuli  and  is  important for  orientatmion, 
prey,  host  or  mate  detection (Croll, 1970 ; Bird, 
1971 ; Green,  1971 ; Ward,  1976).  Amphids  are 
apparently distance  chemoreceptors  and  the 
fact  that  they  are  often  better developed in 
males  (especially  in  rare  aquatic  species)  may 
be related  with  the  detection of sex  attractants 
by  the females.  However, other  distance chemo- 
receptors  may  exist  as  can  be  inferred  from 
observations of live specimens, e.g. male  rhab- 
ditids. Some caudal  receptors  allow  the  male  to 
detect females nearby  and provolte  even baclt- 
ward  movements of the  males  towards  the 
females. This  observation  .agrees  with  laser 
microbeam  studies  (Samoiloff,  Balakanich & 
Petrovich,  1974)  in  which it was  found  that  the, 
c.opulatory  spicules of Panagrel lus  function as 
posterior  receptors  for  orientation to  mating 
attrac.tion. In view of their  probable role in 
host finding,  special attention  should  be  given 
t o  the size and  development of the  amphids  in 
the infective  stages. At  least  in. Neoaplectana 
is  has  been  established that  the  amphids were 
more  highly developed in the  infective  third 
stage  juvenile  (Poinar & Leutenegger,  1968). 

The  above  mentioned  presence of presump- 
tive  photoreceptors  in  the  amphid of an Oncho- 
laimus-species - _  - ,  is the . only - ~ _  substantial ~~ record of 
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ciliary  photoreceptors  in  nematodes. Sinc.e they 
are  associated  with  pigment  spots  they  proba- 
bly  have  directional  sensitivity. 

Mechanoreception  has  been  postulated  several 
times. As already  mentioned  by  Inglis  (1964), 
it is  difficult to  believe that  an elaborate fovea 
such as found  in a number of freeliving  Chroma- 
doria  could  inerease the eflficiency of a chemo- 
receptive  organ.  This  author  supposed  the  am- 
phids  are  a  kind of stretch  receptors that  give 

‘ information  about  the  stress  and  strain t o  which 
the cuticle is being  subjectecl  during  movement. 
Riemann  (1966)  thought  they could detect pres- 
sure  changes in  the  surrounding  water.  Riemann 
(1972),  after  giving a detailed  account of the 
structure of the  amphid  in  a  number of aquatic 
nematodes  where  these  organs  are well devel- 
oped and  after  reporting  the presence of a corpus 
callosum,  compares the  amphids  with  sense 
organs of Chaetognatha  and  neuromasts of 
aquatic  vertebrates.  In al1 these sense  organs 
the  receptors  are  embedded  in a viscous  secre- 
tion.  When  looking a t  scanning  electron  micro- 
graphs of amphids  with a spiral fovea  (Coomans 
& De Waele,  1979)  one  has  the  impression that  
this  structure  is  indeed  suited  to  guide  vibra- 
tions  in  the  surrounding  water  toward  the  duct 
pore and  further  toward  the  receptors  in  a simi- 
lar  way as a  mammals  auricle guides vibrations 
toward  ,the  other  parts of the  ear.  The  suppo- 
sition tha t   a t  least  aquatic  nematodes possess 
some  lrind of vibration  receptors is by no means 
farfetched  since  such  receptors  have  been 
reported  for a number of aquatic  invertebrates 
(Horridge,  1966). 

With  respect t o  the  secretory  activity of the 
amphids, Mc Laren  (1974,  1976a & b )  l m  pro- 
posed the  hypothesis  that  the  receptor  and  its 
dendrite  (called  “axon”  by  her)  form a sensory- 
motor  unit.  The  receptor,  after  receiving  an 
external  stimulus  would  then  stimulate  its den- 
drite  (“axon”)  and  the  latter would switch on 
the  secretory  activity of the gland.  The  same 
or perhaps  other  receptors  may  then  monitor 
the  output of secretion.  Wergin  and  Endo  (1976) 
have  emended  this  hypothesis. According to 
these  authors  the  accessory  amphidial  receptors 
(= sheath  receptors)  may  function as tacto- 
receptors and also stimulate  secretion  by  the 
amphidial  gland.  The  secretory  activity of the 
gland  would be monitored  by  the  nerve process 
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(= multivillous  dendrite).  The  amphid is regard- 
ed as a sensory  organ  capable of secreting closely 
monitored  materials  in  response to chemical and 
tactile  stimuli. 

Although  there is  no direct  evidence for a 
glandular  activity of the  sheath ce11 in a number 
of cases, a kind of secretory  material  seems t o  
be invariably  present in the  amphidial  lumen. 
Cytochemical  studies  have  demonstrated  the 
presence of cholinesterase  in the  amphids of a 
number of plantparasitic  (Rohde, 1960 ; Bird, 
1966)  and  animal  parasitic  nematodes (Mc La- 
ren, 1972 ; Mc Laren,  Burt & Ogilvie,  1974). 
In the  latter  paper  it  has been  shown that  Neca- 
lor actively  secretes the  enzyme  in  the  culture 
medium. At  least  in some parasitic  nematodes 
as Meloidogyne and some Strongyles  the secre- 
tory  activity of the  amphidial  glands  may be 
more important  than  in  other  nematodes.  The 
mechanism by which this  secretion is monitored 
relnains  unknown.  Because of its close associa- 
tion  with  the  sheath ce11 i t  seems lilcely how- 
ever that   the multivillous  dendrite  and  its  recep- 
tor(s)  play  an  important role in  this. 

The accessory sensilla (Fig. 5) 

MORPHOLOGY 

Accessory  sensilla have been found so far 
only  in  Secernentea.  They were first  detected  in 
Pelodera (De Grisse,  Coomans & Demets,  1974) 
and  subsequently  described  in  more  detail  in 
Caenorhabditis (Ward et al., 1975) Meloidogyne 
(Endo & Wergin,  1977),  several  Tylenchida  (De 
Grisse,  1977)  and Tylerzclzrtltzs (Natasasmita, 
1979). 

These  sensilla  only  consist of neuronal ele- 
ments  and a supporting ce11 as well as a sheath 
cell,  are  lacking.  The  dendrites that  lead to  the 
sensilla originate  from  the  lateral  nerves.  In 
each  lateral region two  dendrites branclz off 
from the  lateral  nerve  and  run  anteriad in the 
area  bgtween  the  dendrites of the  lateral  inner 
labial  sensilla and  the  amphid.  Then  they  lead 
t o  flattened  receptors  and  diverge  gradually 
toward  the  subdorsal  or  subventral  head  sectors 
where  several  convoluted  lamellae  are  formed 
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Tablc G 

1 AMPHIDS 1 (2) 

/ Adenophorea : many (10 - 46) 

number 
Secernentea : 'less (3 - '  15) 

duct  receptors (+ uniform, ev. forked) 
RECEPTORS 

processes 
\sheath / (1 - 2 receptors) 

+ multivillous  dendrite 

receptor\ 
+ normal  dendrite  (other 

structure . receptors, with variable 

shape) 

ce11 bodies : in latecal ganglia, behind nerve  ring 

r secretory : sheath cell-> gland ce11 

FUNCTION 

- sensory 

regulation of secretory activity : ? multivillous  dendrite 
+ receptor (s) 

detection of sex attractants 

chemoreception  (olfactory)  host  detection 
(duct receptors) 

a. o. 
photoreception  (exceptional ? ) 

? detection of vibrations 

mechanoreception  (aquatic species) 
(sheath  receptors) 
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Fig. 5. hccessory receptors of Tylenchulus  (modified 
after  ‘Natasasmita, 1979). 

between  the  inner  labial sensilla and  the corre- 
sponding  outer  labial  and  cephalic ones (or be- 
tween  inner  labial  and  cephalic sensilla  when the 
outer  labial ones are laclring as in Meloidogyne 
and I’ylenchulus). The  lamelliform  receptor  con- 

! tains a modified cilium  whose basal  part  consists 
of seven to nine  peripheral  doublets  and is si- 
tuated  sublaterally,  that is near Che boundary 
of lateral  and  subdorsal  sectors or that  of lateral 
and  subventral  sectors,  either  in  the  lateral  or 
in  the  subdorsal  respectively  subventral  sector. 

The  accessory sensilla  do not  penetrate  into 
the  head cuticle, but  invade  the epidermis. 

The  most complete  description of the acces- 
sory sensilla  was  given by  Natasasmita  (1979). 
Indeed,  he was the  only  author  that  established 
the  continuity between the lamellae in  the  sub- 
dorsal  and  subventral  head  sectors  with  those 
in  the  lateral sectors and so established  the 
complete  structure of the accessory  sensilla. 
Such a connection  between  subdorsal  and  sub- 
ventral lamellae  with  the  lateral ones can also 
be  inferred  from  the  electron  micrographs  in 
Endo  and Wergin’s  (1977) paper.  The  latter 
authors were the first to  interprete  the  subdorsal 
and  subventral lanlellae as nervous  structures 
but  considered  them as separate  from  the acces- 
sory sensilla and called them “accessory  axons”. 

Ward et ul. (1975)  described the accessory  sen- 
silla as .“two  additional  ciliated ac,cessory  neu- 
rons ... m  and  n” associated  with  each  lateral 
inner  labial  sensillum.  The ce11 bodies of the 
dorsosublateral  m-neurons lie far  behind the 
nerve  ring,  those of the  ventrosublateral n- 
neurons  oceur  in  front of it. 

FUNCTION 

lt is difflcult; t o  suggest a possible function  for 
the  accessory  receptors.  Endo  and  Wergin  (1977) 
and  Natasasmita  (1979)  compare’  them  with 
mechanoreceptors, but  the  head is already  pro- 
vided  with  other  mec,hanoreceptors  and recep- 
tors for some  other  stimuli  have  not  yet  been 
detected.  The  elaborate  lamellar  extensions  are 
suggestive  for a pllotoreceptorial  function. 
Indeed,  similar structures  are c,onsidered to  be 
photoreceptors  in  other  invertebrates. Soi1 nema- 
todes  in  particular  would benefit  from a kind of 
light sense that  woulcl enable  them to  avoid the 
unfavourable  conditions at   the  surface.  Rhab- 
ditids  with a phoretic  behaviour  on  the  other 
hand  have  to  move  to  the  surface  in  order  to 
reach the  carrying  organism. Also here an  ante- 
riorly  placed  photoreceptor  would be an  advan- 
tage. Of course,  this does not necessarily  mean 
tllat  the accessory  sensilla are  these  photo- 
receptors.  Other  senses  have  been  reported,  such 
as a thermotasis,  without  any precise  infor- 
mation  about possible receptors. 

The ocelli and pigment spots 

MORPHOLOGY 

A  number of ayuatic Adenophoreans  possess 
usually  paired  pigment  spots  or  true ocelli, 
situated  laterally or dorsolaterally  along  or 
partly inside the oesophagus,  and  commonly 
called  “eye spots”.  The  pigment  associated  with 
these  structures  may be granular  or  rarely 
diffuse ; it may be  localized or  dispersed  over a 
certain  area.  Some  eye  spots  are  provided  with 
a hyaline  portion that  has been  referred t o  as a 
“lens”  or  comparable  structure. According to  
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Table 7 

ACCESSORY SENSLLA (4) 

only  neuronal  component  present 
/ Adenophorea : ? 

number 
Secernentea : 1 

RECEPTORS processes : lamelliform 

structure / ,  

\ceII bodies / 
dorsosublateral : behind nerve ring 

1 ventrosublateral : in front of nërve ring 

FUNCTION unknown  (photoreceptors ? , thermoreceptors ? ) 

1 OCELLI & PIGMENT  SPOTS 1 (2) 

NON NEURONAL COMPONENT 

/ 
in pseudocoelom (O.) 

/ 
\ 

outside  oesophagus 
in  epidermis (P.S.) 

SHADING PIGMENT, 

A iE marginal  cells (O.) 

A i n  radial  cells (P.S.) 
. inside oesophagus 

NEURONAL  COMPONENT 

/ with  rhabdomeric  receptor (o.) 
SENSORY  CELL 

with ciliary receptor (P.S.) 
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Schultz  (1931), Croll (1970) and Bird  (1971)  only 
the  latter eye spots  can  be  regarded as true 
ocelli. 

So far  only a limited  number of species have 
been studied  at  the  ultrastruct>ural level : the 
Enoplia Deontostonla  californicunz. (Siddicpi & 
Viglierchio,  1970a & b) ,   Enoplus   cornnmnis  
(Croll, Evans & Smith,  1975)  and Oncholairnus 
uesicarizts (Burr & Webster, 1971 ; Burr & Burr, 
1975) ; the Chromadoria Chromadorina  bioculata 
(Croll, Riding & Smith,  1972), Araeola i~nus  ele- 
g a m  and Chrolnadorina sp. (Croll, Evans & 
Smith,  1975). 

From t,hese studies emerges that  the  pigment 
that  characterizes  the eye spot is in  fact a shading 
pigment tha t  occurs  either in  the  body  cavity, 
as in Araeolaimus,  or  in  the oesophagus, as in 
Deontostoma,  Oncholairnus and Chromadorina. 
When  the  pigment  (mainly  melanins) is confined 
t o  the oesophageal  tissue, i.t may be stored es- 
pecially in marginal  muscle cells, as in Deontos- 
tonza, or in  the  most  anterior  radial muscle cells, 
as in Oncholaimus. 

The  sensory ce11 is  located  outside, but close 
t o  the oesophagus ; it either  has a rhabdomeric 

, receptor, as in Deontostoma,   Chro~nadorina and 
Araeola imus ,  or a ciliary  one as in Oncholainlus. 
The  latter  structure  forms a part of the  amphid 
and has been  described  there. As the  pigment 
spots  in Enop lus  are  rather comparable  with 
those of O~zchola imus  and since  no rhabdomere 
was found  in  that  nematode (Croll, Evans & 
S,mith,  1975) it is not excluded that  Enop lus  
has a sirnilar type of photoreceptor  (McLaren, 
1976a). In  this  respect  the diffuse pigmentation, 
called the  chromatrope,  that occurs  in  the cepha- 
lic  epidermis of gravid  females of M e r m i s  srtb- 
nigrescens should also be mentioned.  This  pig- 
ment is probably a mixture of haemoglobin and 
oxyhaemoglobin  (Ellenby, 1964 ; Ellenby & 
Smith, 1966 ; Croll, Evans & Smith,  1975)  that 
may  eventually  shade a ciliary  photoreceptor 
located  in  the  amphid.  Pending  further  research 
on both cases, this suggestion  is  purely  specu- 
lative. 

In Deontosto~na the ocellus is of an  inverted 
type,  with  the  distal or rhabdomeric  part of the 
sensory ce11 embedded  in  the  anterior  end of the 
pigment cell, the  perikaryon  located  outside  and 
anterior to it and  with  the  proximal  end of the 
sensory ce11 sending an  axon  to  the  lateral  nerve 
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. ,  

(Siddiyui & Viglierchio,  1970b). The ocelli of 
the closely related  genus Leptosornatum are 
similar t o  those of Deontosto~nn (Croll, Evans & 
Smith,  1975). 

Apparently  the so called  lens of nematode 
ocelli is in  fact  the perilcaryon of the  sensory 
cell. The  detailed structure of the  rhabdomeric 
receptor so far  found  in  nematodes  resembles 
tha t  of the  rotifer Asplanchna (Eakin & West- 
fall,  1965). 

FUNCTION 

Although  there is little physiological  evidence 
for  photosensitivity  in  nematodes, a number of 
behavioural  photoresponses  have  been  reported 
(Croll,  1970). Furtherlnore it is  possible,  on  the 
basis of comparative  morphology, to suggest a 
photoreceptive  function for the  nematode ocelli, 
whiclz can  now be defined as discrete  photorecep- 
tors composed of a lalnellar  rhabdomere,  shàded 
directionally  by a closely associated  pigment ce11 
(McLaren,  1976a).  Pigment  spots  not  associated 
with a rhabdomere  may be merely  aggregates of 
pigments whose  origin and possible function  is 
unknown  and  then  cannot  be  considered  to  be 
involved in photoreception, but when  situated 
near  the  amphid  they  may  act as shading  struc- 
tures  for a ciliary  receptor, as was  suggested  for 
Onclzolainzus and as may be true for  some other 
nematodes as well. 

Conclusions 

Although  the  number of nematode  species 
that  have been  examined  until  now  with  the 
electron miscroscope  is very  limited,  the  picture 
of the  anterior sensilla that  emerges  from  these 
studies allows  some  general statements. 

The  first of these is that  the basic  arrangement 
of the  anterior sensilla as proposed by De 
Coninclc (1942 & 1965) is  valid  throughout  the 
group.  Departures  from  this  basic  arrangement 
may occur  when  some of the sensilla are  no 
longer  present as in  several  parasitic  forms,  or 
when  additional sensilla are  present as in  certain 
marine  nematodes  (Hendelberg,  1978 & 1979). 
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Further complications  are  the occasional  occur- 
rence of sexual  dimorphism  and  the  presence of 
accessory  sensilla. In view of the general  appli- 
c,ability of De Coninck's  scheme,  his (emended) 
terminology is  used  here. 

The second  general  conclusion  is that   the basic 
structural  unit of the  anterior sensilla (but  this 
is  also true for most of the  other  nematode sen- 
silla)  consists of two parts : (1) a  neuronal com- 
ponent comprising  one  or  more  bipolar  sensory 
neurons  that lead to modified cilia with  variable 
microtubular  arrangements  and (2)  a  non- 
neuronal  part  that  may be rather unspecialized 
epidermal  or glial tissue or that  may be differ- 
entiated  into  an  anterior  supporting  (or soclcet-) 
ce11 and  a poclcet (or  gland-) ce11 behind it. 

The  number of receptors  per  sensillum  varies 
according t o  taxa,  but  there seems t o  be  a  ten- 
dency  towards  a  reduction  in  number  in  the 
more  specialized  forms ; Secernentea  generally 
have less  receptors than Adenophorea. The  ter- 
minal processes may be  similar in  structure or 
dissimilar. In t,he latter case the  dissimilarity 
exists  either wit.hin a  certain  type of sensil1u.m 
(inner  labial-, c,ephalic  sensilla and  amphids)  or 
anlong  the different  sensilla of one type  (outer 
labial  sensilla).  The  dissimilarity apparently 
reflects a difference in  function  too.  The  labial 
and dephalic  sensilla may  have  a  bimodal  or 
unimoclal function.  When  different  types of 
receptors are  present  in  such  a  sensillum  some 
may be  chemoreceptive  and  others mec.hano- 
receptive.  The  chemoreceptors of labial  and 
cephalic, sensilla are likely t o  be contac,t or  short 
distance  receptors  and  therefore  comparable  in 

, function  with  gustatory  organs.  The  mechano- 
receptors  are c.onnected with well  developed 
papillae  or  setae  in  aquatic  forms,  but  are 
embedded  in  the  head cuticde in  many soi1 and 
parasitic  forms. In  the  latter c,ase their  terminal 
portion is often  expanded,  either  plate-like or 
bulboid,  and  provided  with  dense  material. 
Whether  the  bimodality  is  the  plesiomorphous 
condition  or  not  remains  an  open  question  till 
more  information becomes available  about  pri- 
mitive species. The  general  picture so far  seems 
t o  indicate  that  the  inner labial  sensilla are  rarely 
purely  mechanoreceptive  or  chemoreceptive. 
Clearly  chemoreception  here  is important for 
detecting  and  testina  the food. On the  other 

~ 

receptors of the  inner  labial sensilla of Caenor- 
lzabditis have  been  identified  as  direct  sensory- 
motor  neurons  connected  with  the  anterior  body 
muscles.  These receptors  may be involved in 
controlling the feeding  movements of the  head 
end.  The  outer  labial  and  cephalic sensilla are 
apparently less important for  chemoreception 
than for mechanoreception and  many Secernen- 
tea  have  lost  their chemorecephors  especially in 
the  outer labial  sensilla. 

The  amphids  are  the  nematode's  most c.omplex 
sense organs,  as well in  their morphology  as  in 
their  function.  They  can  be  considered  as essen- 
tially  multifunctional,  with  chemoreception  as 
one of tbeir  most  important  functions.  In con- 
trast  with t.he ot,her  anterior  sensilla,  the  am- 
phids  are considered t o  be  distance chemorecep- 
tors  involved  in  many  behavioural  functions  and 
hence  comparable t o  olfactory  organs. No evi- 
dence is available  for  a  mec.hanoreceptive  func- 
tion of the  amphids,  yet  the  structure of this 
organ is a  number of aquatic  nematodes is  sug- 
gestive  for  such  a  function.  Photoreception  seenls 
likely in some aquatic  forms.  Finally,  the  am- 
phids  are also secretory  organs that  probably 
regulzte  their  own  secretory  activity. 

The  function of the rec,ent,ly discovered acaes- 
sory sensilla remains  enigmatic,, but receptors  for 
a lcind of dermal  light  sense  and for the reception 
of thermal  stimuli  have  yet  to be determined. 

Discrete photoreceptors  apparently evolved 
several  times  and  along  several  lines.  They  are 
most  frequent  in  marine  forms  living on littoral 
algae  and  on the  sediment.  Although  the  pre- 
sense of ocelli is usually  considered ta  be a  pri- 
mitive conclit.ion, these  struckures  are  the  most 
complex  photoreceptors that  nematodes possess. 
The  pigments  spots  and  their  associated  amphi- 
dia1 photoreceptors  are  less  elaborate  and  may 
represent  a  stage that  originated  later  in  the 
evolution and so did  not  yet  reach  such  a  high 
complexity.  Nevertheless,  the  occurrence  in 
nematodes of both  types of photoreceptors- 
rhabdomeric  and ciliary-gives further weight 
to  the conclusion of Vanfleteren and Coomans 
(1976) that  the  photoreceptor  type is not con- 
servative  enough to  ascertain  the  phyla  along 
the  main lines of evolution. 

To  summarize, it can  be  said that  the  story 
of the  anterior  sense  organs  is  far  more  complex 
than could be inferred  from  light  microscope 
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stuclies and that.,  despite  the  recent  information 
gained  from  electron microscopic. investigations, 
still  many  problems  exist.  Future  research  should 
further consider the  detailed  morphology espe- 
cially of more  plesiomorphous  forms, but also 
further develop studies  with  mutants  and  sur- 
gical ablations  with  laser  microbeams  in  order 
t o  see how far  deviations  in  or  destruction of 
some of the receptors are reflected in changes in 
behaviour.  hlthough  the  nematode  nervous 
system is c.onsidered to be a conservative  system 
with a rather small  nulnber of  cells,  different 
behavioural  patterns  exist  according t o  the 
different  environlnents  and ecological niche  occu- 
pied by  the species. This  no  doubt is correlated 
with a different  degree of development  and  func- 
tional differences of the  various  sense  organs. 

REFERENCES 

ALTNER,  H. (1977): Insektensensillen : Bau-  und 
Funktionsprinzipen. Vehr.  dt .  zool. Ges., 1977 : 

BALDWIN, J. G. & HIRSCIIMANN,  H.  (1973).  Fine  struc- 
ture of cephalic sense organs  in Meloidogyne  inco- 
gnita males. J .  Nematol.,  5 : 285-302. 

'BALDWIN, J. G & HIRSCI-IMANN, H.  (1975).  Fine  struc- 
ture of cephalic  sense  organs  in Heterodera  glycines 
males. J .  Nematol., 7 : 40-53. 

BIRD, A. F. (1966).  Esterases  in  the  genus Meloidogyne. 
Nematologica, 13 : 359-361. 

BIRD, A. F. (1971). The  Structure  of  Nernatodes. New 
York & London,  Academic Press, 318 p. 

BUCKLAND-NII~S, J. A. (1973).  The fine structure of the 
spermatozoon of Littorina (Gastropoda  Prosobran- 
chia)  with special  reference to  sperm  motility. Z. 
Zellforsch., 144 : 11-29. 

BULLOCII, T.  H. & HORRIDGE, G. A. (1965). Structure 
and  furzction in the  nervous  systems of Invertebrates. 
1 & II.  San  Francisco,  Freeman & Co., 1719 p. 

BURR,  A. H. & BURR, C. (1975).  The  amphid of the 
nematode Oncholai7nus  vesicarius : ultrastructural 
evidence for a  dual  function  as  chemoreceptor  and 
photoreceptor. J .  Ultrastruct.  Res., 51 : 1-15. 

BURR, A. H. B WEBSTER, J. M. (1971).  Morphology 
of the eye spot  and  description of two  pigment 
granules  in  the esophageal muscle of a  marine  nema- 
iode, Oncholailnus  vesicarius. J .  Ultrastruct.  Res., 

CHEN, T. A. & WEN, G. Y .  (1972).  Ultrastructure of 
the feeding  apparatus of Pratylenchus  penetrans.  
J .  Nenzatol., 4 : 155-161. 

139-153. 

36 : 621-632, 

Revue Nématol. 2 ( 2 )  : 259-283 (1979) 

CIIITWOOD, B. G. & CHITWOOD, M. B. (1950). An 
Introduction to Nernatology. Baltimore, Md., Monu- 
mental  Printing  Company, 213 p. 

COOMANS, A. & DE  WAELE, D. (1979). Species of 
Aphanolaimzzs (Nematoda,  Araeolaimida)  from 
Africa. Zoologica  Scripta, 8. 

CROLL, N. A. (1970). The  behaviour of' Nematodes,  their 
activity, senses and  responses. London,  Edw.  Arnold 
Ltd, 117 p. 

Comparative  nematode  photoreceptors. Comp: Bio-  
cheln.  Physiol.,  51A : 139-143. 

CROLL, N. A., RIDING, 1. L. & SMITH, J. M. (1972). 
A  nematode  photoreceptor. Comp.   Biochem.  Phy-  
siol., 42A : 999-1009. 

DE CONINCK, L. A. P. (1942). De symmetrie-verhou: 
dingen aan het  vooreinde  der  vrijlevende  nemato- 
den. Natuurrv.   Tijdschr. ,  24 : 29-68. 

DE CON IN CI^, L.  (1965). Classe des  Nématodes.  In : 
Grassé, P. P. (Ed.), Trai té  de  Zoologie. Vol. 4(2) 
Némathelminthes,  Paris, Masson & Cie : 1-217. 

DE GRISSE, A. T.  (1977). De  ultrastruktuur  van hetzenuw- 
stelsel i n  de kop van 22 soorten  plantenparasitaire  nema- 
toden,  behorende tot 19 genera  (Nematoda : Tylen-  
chida) .  Gent,  Rijltsuniversiteit, D. Sc. thesis, 420 p. 

DE GRISSE, A. T., COOMANS, A. & DEMETS, M. (1974). 
Ultrastructure of the  anterior  body region of Pelo- 
dera sp.  (Nematoda : Rhabditidae). X I I  S i n z p .   i d .  
Nemztol . ,  Granada,  33  (Abstract). 

DE  GRISSE, A. T.,  LIPPENS, P. L. &COOMANS, A. (1974). 
The  cephalic  sensory  system of Rotylenchus  robustus 
and  a  comparison  with  some  other  tylenchids. Ne- 
matologica, 20 : 88-95. 

DICK, T. A. & WRIGHT, K. A. (1973).  The  ultrastruc- 
ture of the  cuticle of the  nematode Syphacia  obue- 
Zata (Rudolphi,  1802).  II. Modifications of the cuticle 
in  the  head  end. Can.  J .  Zool., 51 : 197-202. 

EAKIN,  R. M. & WESTFALL, J. A. (1965).  Ultrastruc- 
ture of the eye of the  rotifer Asplachna  brightmelli. ,  
J .  Ultrastruct. Res., 12 ; 46-62. 

ELLENBY, C. (1964).  Haemoglobin  in  the  chromatrope 
of an  insect  parasitic  nematode. Nature,   Lond. ,  

ELLENBY, C. & SMITH, L. (1966).  Haemoglobin  in 
Merrnis  subnigrescens (Cobb), Enoplus  brevis (Bas- 
tian)  and E.  c o m m u n i s  (Bastian). C o m p .  Biochenz. 
Physiol . ,  19 : 871-877. 

ENDO, B. Y. & WERGIN, W. P. (1977).  Ultrastructure 
of anterior  sensory  organs of the  rootknot  nematode, 
Meloidogyne  incognita.  J .  Ultrastruct.  Res., 59 : 

GOLDSCHMIDT, R. (1903).  Ilistologische  Untersuchun- 
gen an  Nematoden. 1. Die Sinneorgane  von Ascar is  
lumbricoides L.  und A .  megalocephàla Cloq. Zool. 
J b   ( M o r p h . ) ,  18 : 1-57. 

GOLDSCIIMIDT, R. (1908).  Das  Nervensystem  von 
Ascaris  lumbricoides und megalocephala. Ein Ver- 

28 1 

CROLL, N. A., EVANS, A. A. F. & SMITII, J. M. (1975). 

202 : 615-616. 

231-249. 



A. Coomans 

such,  in den Aufbau  eines  einfachen.  Nervensystems 
einzudringen. 1. Teil. 2. miss. Zool., 90 :'73-136. 

GREEN, C. D. (1971).  Mating  and  host-finding  behav- 
iour of plant-nematodes.  In : Zuckerman, B. M., Mai, 
W. F. & Rohde,  R. A. (Eds) Plant   parasi t ic   Nema- 
todes. Vol. II.  London  and New York,  Academic 
Press : 247-266. 

GROOTAERT, P. (1978). Electronenmicroscopische onder- 
zoekingen over de  postembryonale  ontwikkeling, 
beschouwingen  over de functionele  anatomie  van 
enkele  bodemnematoden. Gent,  Rijksuniversiteit, 
Doctoraatsthesis, 197  p. 

GROOTAERT, P. & WYSS, U. (1979).  Ultrastructure 
and  Function of the  anterior  feeding  apparatus  in 
Mononchus  aquaticus.   Nematologica, 25 : 163-173. 

HENDELBERG, M. (1978). Paralinhomoeus  gerlachi 
(Linhomoeidae),  a new marine  nematode  from Ber- 
muda. Zoon,  5 (1977), 79-86. 

HENDELBERG, M. (1979).  Occurrence  and  taxonomical 
significance of additional  cephalic  retae  in some 
Linhomoeidae  (Nematoda). Annls Soc. r. zool. Belg., 
108 (1978). 

HIRUMI, H. & CHEN T. A. (1968).  Electron mic,ro- 
scope studies of the  nervous  system of Trichodorus 
christiei.  Phytopathology, 58 : 1053 (Abstract). 

HIRUMI,  H.,  RASKI, D. J.' 62 JONES, N. O. (1970). 
Fine  structure of sensory  cilia  in  two  plantparasitic 
nematodes Trichodorus  christiei and Longidorus 
elongatus. J .  Parasit. ,  56 : 148 (Abstr.). 

HORRIDGE, G. A. (1966).  Some  recent,ly discovered 
underwater  vibration  receptors  in  invertebrates. 
In : Barnes, H. (Ed.) Some  Contemporary  Studies in 
Marine  Science,  London, Allen & Unwin : 395-405. 

,INGLIS,  W. G. (1964).  The  structure of the  nematode 
cuticle. Proc. 2001. Soc.  Lond.,  143 : 465-502. 

KOZEII, W. J. (1968).  Unusual  cilia  in  the  microfilaria 
of Dirofilaria  immitis.  J .  Parasitol.,  54 : 838-844. 

LEE, D. L. (1974).  Observations  on  the  ultrastructure 
of a  cephalic  sense  organ of the  nematode M e r m i s  
nigrescens. J .  Zool., Lond. ,  173 : 247-250. 

LIPPENS, P. L., COOMANS, A., DE GRISSE, A. T. & 
LAGASSE, A. (1974).  Ultrastructure of the  anterior 
body region in Aporcelaimellus o btusicaudatus and 
A.  obscurus.  Nematologica, 20 : 242-256. 

MCLAREN, D. J. (1969).  Ciliary stmctures  in  the micro- 
filaria of Loa loa. T r a n s .  r. Soc. trop. Med.   Hyg. ,  
63 : 290-291. 

MCLAREN, D. J. (1970).  Preliminary  observations on 
the  sensory  structures  in  adult  filariae. Tram. r. 
Soc. trop. M e d .   H y g . ,  64 : 191-192. 

MCLAREN, D. J. (1972).  Ultrastructural  and  cytochem- 
ical  studies on the sensory  organelles and  nervous 
system of Dipetalonema  viteae (Nematoda : Fila- 
roidea). Parasitology, 65 : 507-524. 

MCLAREN, D. J. (1974).  The  anterior  glands of adult 
Necator  americanus (Nematoda : Strongyloidea). 
1,UltrastructuraLstudies.. In€. J.Xarasi€., 4 : 25-37.. 

282 

MCLAREN, D. J. (1976 a ) .  Nematode  sense  organs. 
Adv.   Paras i t . ,  14 : 195-265. 

MCLAREN, D.  S.  (1976 b) .  Sense organs  and  their SE- 
cretions.  In : Croll, N. A. (Ed.) The  organization of 
nenzatodes. London, Academic  Press : 139-161. 

MCLAREN, D. J., BURT, J.  S. B OGILVIE, B. M. (1974). 
The  anterior  glands of adult Necator  americanus 
(Nematoda : Strongyloidea) : II. Cytoc.hemica1 and 
functional  studies. In t .  J .  Parasit. ,  4 : 39-46. 

MESZAROS, F., TENORA, F., BARUS, V. & WIGER,  R. 
(1978).  Scanning  electron microscopic studies . o n  
some  European  species of the  genus Syphacia  (Ne-' 
matoda : Oxyuridae). Acta  zool. hung. ,  22 : 343-348. 

NATASASMITA, S. (1979). Transmission  and  scanning 
electron  microscope  observations  on Tylenchulus 
semipenetrans juveniles (J,) Inales and  females .  
Gent,  Rijksuniversiteit,  Ph. D. thesis,  136 p. 

POINAR, G. O. & HESS, R.  (1974).  Structure 'of t,he 
pre-parasitic  juveniles of Filipjevimermis  leipsandra 
and  some  other  Mermithidae  (Nematoda). N e m a -  
tologica, 20 : 163-173. 

POINAR, G. O. jr. & LEUTENEGGER,  R.  (1968).  Ana- 
tomy of the  infective  and  normal  third-stage  juve- 
niles of Neoaplectana  cnrpocapsae Weiser (Steiner- 
nematidae : Nematoda). J .  Parasit. ,  54 : 340-350. 

RIEMANN, F., RACHOR, E. & FREUDENHAMMER, 1. 
(1970).  Das  Seitenorgan  von Halalairnus. Zur  Mor- 
phologie  eines vermutlich sensorischen Organs  von 
freilebenden  Nematoden. Veroff .   Inst .   Meeresforsch. 
Bremerh., 12 : 429-441. 

RIEMANN, F. (1966). Die Gattung Trefusia De Man 
1893 (Enoplida : Oxystominidae).  Beitrag  zum 
natürlichen  System  freilebender  Nematoden. Verof f .  
Inst. Meeresforsch.  Bremerh., 10 : 1-29. 

RIEMANN, F. (1972). Corpus gelatum  und  ciliare  Struk- 
turen  als  lichtmikroskopisch  sichtbare  Bauelemente 
des  Seitenorgans  freilebender  Nematoden. 2. Morph.  
Tiere, 72 : 46-76. 

ROGGEN, D. R.,  RASKI, D. J. & JONES, N. O. (1967). 
Further  electron microscopic  oljservat,ions of X i p h i -  
nema  indez.   Nematologica, 13 : 1-16. 

ROIIDE, R. A. (1960).  Acetylcholinesterase  in  plant 
parasitic  nematodes  and  an  anticholinesterase  from 
asparagus. Proc.  helminth.   Soc.   Wash.,  27 : 121-123. 

Ross, M. M. R.  (1967). Modified cilia in  sensory  organs 
of juvenile  stages of a parasitic  nematode. Science, 

SAMOILOFF, M. R.,  BALAKANICII, S. & PETROVICII, M. 
(1974).  Evidence  for  the  two-state mode1 of Nema- 
tode  Behaviour. Nature,   Lond.,  247 : 73-74. 

SCHULTZ,  E.  (1931).  Betrachtungen  über  die  Augen 
freilebender  Nematoden. Zool. A n z . ,  95 : 241-244. 

SIIER, S. A. & BELL, A. H.  (1075).  Scanning  electron 
micrographs of the  anterior region of some spec.ies 
of Tylenchoidea  (Tylenchida : Nematoda). J .  N e -  
matol., 7 : 69-83. 

156 : 1494-1495. 

- - S ~ ~ D ~ Q ~ ~ I , ~ . _ B . _ ~ . V ~ G L L E R C H I O ,  D. R. (.1.9.7.0 a ) ,  -Fine- 

R e v u e  Nématol. 2 ( 2 )  : 259-283 (1979)  



Anterior  sensilla  of  nematodes 

structure of photoreceptors  in Deontostorna califor- 
n icum.  J .  Nematol.,  2 : 274-276. 

SIDDIQUI, 1. A. & VIGLIERCHIO, D. R.  (1970 b ) .  Ultra- 
structure  in  the  marine  nematode Deontostoma  cali- 
fornicum. J. Ultrastruct.  Res., 32 : 558-571. 

SIDDIQUI, 1. A. & VIGLIERCIIIO, D. R.  (1977).  Ultra- 
structure of the  anterior  body region of marine 
nematode Deontostorna  californicum. J. Nematol.,  

STONE, A. R.  (1974).  Head  morphology of second- 
stage  juveniles of some  Heteroderidae  (Nematoda : 
Tylenchoidea). Nematologica, 21 : 81-88. 

STORCEI, V. & RIEMANN, F. (1973). Zur Ultrastruktur 
der  Seitenorgane  (Amphiden) des  limnischen  Nema- 
toden Tobrilus  aberrans (W. Schneider,  1925) (Ne- 
matoda,  Enoplida). z. l ï o rph .   T i e re ,  74 : 163-170. 

TAYLOR, C. E., TIIonfAs, P. R.,  ROBERTSON, W. M. B 
ROBERTS, 1. M. (1970). An electron  microscope 
study of the oesophageal  region of Longidorus elon- 
gahs.   Nematologica,  16 : 6-12. 

TENORA, F., WIGER,  R. & BAR US,^^. (1978).  Scanning 
electron  microscopie  studies  on  three species of the 
genus Syphacia  (Nematoda). Vestnik  Ceskoslovenské 
Spolecnosti  Zoologickd, 42 : 77-79. 

WARD, S. (1973).  Chemotaxis  by  the  nematode Caçnor- 
habditis  elegans : Identification of attractants  and 
analysis of the response by use of mutants. Proc. 
natn. Acad.   Sei .  U.S.A., 70 : 817-821. 

WARD, S. (1976).  The use of mutants  to  analyse  the 
sensory  nervous  system of Caenorhabditis  elegans. 

9 : 56-82. 

Accepté  pour  publication le 7 m a i  1979. 

Note  added  in proof : 

Dr. K. Wright  ltindly  informs me that  the  “type II  
sense organs” of Nippostrongylus  (Wright, 1975) and 
the  “doublet  papillae” I of Heterakis (Wright,  1977) 
are  in  fact  composed of a cephalic and  outer  labial 
receptor  each.  Therefore  the  statemdnt  made  above 
that  outer  labial  sensilla  are  laclting  in Heteralcis is 
not  correct. 
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