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Schistonchus africanus n. sp. (Aphelenchida: 
Aphelenchoididae) Associated with Ficus thonningfi 

(Moraceae) and its Pollinator Wasp Elisabethiella 
stuckenbergi (Chalcidoidea: Agaonidae) 

N.  VOVLAS, 1 A .  T R O C C O L I ,  1 S. VAN N O O R T ,  2 AND E.  VAN DEN BERG 3 

Abstract: Syconia ("f igs")  f rom Ficus thonning4i an d  adults of  its poll inator wasp ElisabethieUa stucken- 
berg/were dissected to elucidate their association with a new species o f  Schistonchus (Aphelenchoididae) .  
Schistonchus africanus n. sp. is characterized by a shor t  stylet (13-16 p m  long);  posit ion of  the excretory 
pore open ing  in bo th  sexes at a level jttst b eh i nd  the  stylet knobs; and  shor t  post-uterine b ranch ,  one  
body-width long. Schistonchus africanus n. sp. parasitizes F. thonning/i florets and  is t ranspor ted by the 
winged females of  E. stuckenbergi. Juveniles,  females,  and  males of  the  nema tode  were found  in the 
female and  male  fig florets and  in the  a b d o m e n  of  the  vector. Nematode  popula t ions  extracted f rom 
female wasps or fig floret  tissues did not  differ in their  morphology.  No association was observed with 
the  wingless males o f  the  poll inator wasp. 

Key words: Agaonidae,  Aphelenchoid idae ,  Elisabethiella stuckenberg/, Ficus thonning/i, fig, life history, 
nematode ,  Schistonchus africanus n. sp., South Africa. 

M1 wasps of the family Agaonidae (Hyme- 
noptera: Chalcidoidea) are associated with 
fig trees (Ficus spp., Moraceae). The pan- 
tropical genus Ficus is extremely diverse, 
with approximately 750 species worldwide 
(Berg, 1989). With a few exceptions (Micha- 
loud et al., 1996), each of fig species has its 
own species of pollinating fig wasps and an 
associated assemblage of non-pollinating fig 
wasps that breed in the fig florets as gallers 
or parasitoids (Boucek et al., 1981; Comp- 
ton and Hawkins, 1992; Compton et al., 
1994; Compton  and van Noort ,  1992; 
Kerdelhu6 and Rasplus, 1996; West et al., 
1996). The afrotropical region has 105 fig 
tree species (Berg and Wiebes, 1992). The 
majority of these species are monoecious, 
with male and female hosts contained in the 
same infructescence (syconium) (Berg, 
1989). One of these monoecious species, 
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Ficus thonningii Blume, is a common, wide- 
spread species that occurs from South Africa 
to Ethiopia and Senegal (Berg and Wiebes, 
1992). I~icus thonningii is often planted as a 
shade tree. Three species of fig wasps have 
been recorded as pollinating F. thonningii 
(Boucek et al., 1981), a situation indicative 
of the taxonomic confusion associated with 
this host fig. Nonetheless, one of these fig 
wasps, ElisabethieUa stuckenbe~gi Grandi, is a 
regular pollinator of F. thonningii in south- 
ern Africa and was the species found in the 
present study. 

The infructescences, or "figs," of several 
Ficus spp. and their associated fig wasps have 
previously been recorded as hosts of a range 
of nematode species in Aphelenchoidea, 
Cylindrocorporidae, and Diplogasteridae 
(Giblin-Davis et al., 1995; Kumari and 
Reddy, 1984; Lloyd and Davies, 1997; Martin 
et al., 1973; Poinar and Herre, 1991; Reddy 
and Rao, 1986; Vovlas et al., 1992). Parasito- 
diplogaster sycophilon Poinar (Diplogasteri- 
dae) has been recorded as a parasite of fe- 
male E. stuckenbergi pollinating Ficus burkei 
Miq. (= F. thonning~i) in Zimbabwe (Poinar, 
1979). 

This paper describes the morphology, 
morphometry, and biology of a new species 
of Schistonchus Cobb, 1927, which is associ- 
ated with F. thonningii florets and E. stuchen- 
bergi in South Africa. 
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MAT E R IAL S  AND M E T H O D S  SYSTEMATICS 

Several syconia in phase D (male) as de- 
fined by Galil and  Eisikowitch (1968) were 
collected f rom a single cultivated tree of  F. 
thonningii f rom the garden  of  the Sun City 
complex,  South Africa, in May 1996 which, 
even though planted,  was still located within 
the natural  geographical  range for  the spe- 
cies (van Greuning,  1990; von Breitenbach,  
1995). Syconia were b roken  open  to collect 
adu l t  E. stuckenbergi a m o n g  the  f lorets .  
S tamina te  and  pist i l late f lorets  were  re- 
moved  f rom the infructescences, dissected 
in tap water, and  examined  for nematodes .  
N e m a t o d e s  col lec ted  f r o m  flower tissues 
and  wasps were fixed in 4% formaldehyde  + 
1% propionic  acid, processed to dehydra ted  
glycerin, and m o u n t e d  pe rmanen t ly  in an- 
hydrous glycerin (Seinhorst, 1966). Draw- 
ings and  morphologica l  observations were 
made  on both  live and  fixed specimens.  All 
measurements  were made  with a camera  lu- 
cida and  ocular  m i c r o m e t e r  at x400 and 
xl000, and  are herein  given in micrometers  
(pm) as mean  and  range, a long with the 
s tandard deviation (SD). Percentages  and  
ratios in Table  1 are def ined  in Siddiqi 
(1986). 

Schistonchus africanus n. sp. 
(Table 1, Figs. 1, 2) 

Holotype (female in glycerin): L = 482; maxi- 
m u m  body width = 11.6; anal body width = 
6.3; distance f rom head  to valve of  median  
bulb --- 59; esophagus length = 145; esopha- 
gus overlap of  intestine = 65; excretory pore  
to anter ior  end  = 24; stylet length = 14.5; tail 
length = 31.7; V% = 70; a = 41.6; b = 6.0; 
b '  = 3.3; c = 15.2; c '  = 5.0. 

Female paratypes in glycerin (n = 20): Mea- 
surements  and  ratios are r epor t ed  in Ta- 
ble 1. 

Description 

Female: Female slightly ventrally arcuate  
when relaxed (Fig. 1), with m a x i m u m  body 
width at midbody.  Cuticle finely annulated.  
Lateral  field obscure  u n d e r  l ight  micro-  
scope. Head  region slightly expanded ,  trun- 
cate in profile, with one cephalic annule;  
cephalic f ramework showing modera t e  scle- 
rotization. Stylet delicate, with posteriorly 
sloping knobs, to which p r o m i n e n t  muscu- 

TABLE 1, Morphomet r ic  data  o f  pm-atypes of  Schistcmchus africanus n. sp. 

Females (n = 20) Males (n = 10) 

Morphological characters Mean SD Range Mean SD Range 

Measurements  in lain 
Body length  481 29.4 429-559 448 46.2 340-538 
M a x i m u m  body width 11.3 0.8 9.9-13.7 16 1.8 12.5-19.1 
Body width at anus  6.7 0.6 5.9-7.7 14.4 1.4 12.5-16.5 
Esophagus  length  (anterior  end  to valve) 85 5.1 75-98 74 8.3 59-86 
Esophagus  length  (total) 144 12.8 122-170 127 14.2 102-151 
.Esophagus overlap o f  intest ine 59 13.8 36-83 53 10.6 34-71 
Excretory pore  f rom anter ior  end  18.1 3,4 14.7-26.8 18.0 3.9 12.1-22.1 
Styler l eng th  14.6 0.7 13.2-15.7 14.4 0.7 12.5-15.4 
Tail length  33.6 3.7 30.2-47.0 26.6 2.9 21.8-30.4 
Spicules (dorsal limb) - -  - -  - -  21,0 1.7 17.8-23.5 
G u be rnacu lum - -  - -  - -  5.0 1.0 2.7-5.9 

Percentages 
w or  T 70 2.0 67-75 48 6.2 37-59 

Ratios 
a 42.8 4.3 33.6-52.2 28.7 4.5 21.3-40.2 
b 5.6 0.3 5.2-6.1 6.1 0.6 5.0-6,9 
b '  3,4 0.4 2.8--4.0 3.5 0.3 3.1-4.0 
c 14.5 1.6 9.9-18.5 16.9 2.0 15.0-21.7 
c' 5.0 0.6 4.0-6.3 1.9 0.1 1.6-2.1 
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FIG. 1. Photomicrographs of Schistonchus afHcanus n. sp., female and male (coiled). Scale bar = 50 pm. 

lature is at tached (Fig. 2A). Esophagus with 
e l onga t e d  p r o c o r p u s  and  ovoid  med ian  
bulb. Excretory pore  opening  less than 1 /2  
styler length beh ind  styler knobs (Fig. 2A- 
C). Hemizonid  just  below excretory pore. 
Esophageal glands with snbventral and dor- 
sal lobes (Fig. 2C) both overlapping intes- 
tine, the dorsal one  longer (about  3 times 
length o f  ventral lobe). Ovary monodelphic ,  
outstretched (Fig. 2D). Vulva posterior,  with 
a slightly anteriorly directed vagina. Post- 
uterine sac short, about  one body-width long 
(Fig. 2D). Tail conical with pointed  tip (Fig. 
2F-H).  

AlIotype (male in glycerin): L = 452; maxi- 
mum body width = 18.5; anal body width = 
13.9; distance from head  to valve of  median 
bulb = 48; esophagus length = 140; esopha- 
gus overlap of  intestine = 71; excretory pore  
f rom anter ior  end = 20.8; styler length = 
14.2; tail length = 68; testis (from cloaca to 
top) = 200; spicules (dorsal limb) = 19.8; 
gubernaculum -- 4.6; T% = 44; a = 24.4; b = 
6.6; b'  = 3.2; c = 17.1; c' = 1.9. 

Male paratypes in glycerin (n = 10): Measure- 
ments  and ratios are repor ted  in Table 1. 

Description 

Body ventra l ly  a rcua te  when  re laxed ,  
more  strongly in tail region (Fig. 1). Head  
region, stylet, esophageal structure, and ex- 
cretory pore  position as in females. Testis 
usually ref lexed.  Tail r eg ion  sharply re- 
curved (Fig. 2I). Spicules paired and ven- 
trally curved, jo ined  by a robust proximal 
bar, with a p rominen t  dorsal apex and a 
small ventral rostrum. Gubernaculum trian- 
gular in lateral view (Fig. 2I). Three  pairs of  
caudal papillae: one pair preanal  near  ros- 
trum, one  pair adanal, and one  pair midway 
between anus and tail tip. Caudal alae ab- 
sent. Tail conical with finely rounded  tip 
(Fig. 2I). 

Type host and locality 

Syconia of a planted F. thonningii in the 
garden of  the Sun City complex, near  Rust- 
enburg,  Nor the rn  Province, South Africa, 
May 1996. 

Type designations 

Holotype female, allotype male, and ad- 
ditional paratypes deposi ted in the Nema- 
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FIG. 2. Drawings of Schistonchus afn'canus n. sp. female (A,C-H), and male (B,I). A) Anterior region of female. 
B) Anterior region of male. C) Female esophageal region. D) Female vulval region. E) Outline of female body. 
F-H) Female tails. 1) Male tail. 
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tode Collection at Istituto di Nematologia 
Agraria, CNR, Via G. Amendola ,  168/5,  
70126 Bari, Italy. Other  paratype females de- 
posited at the University of  California, Davis 
Nematode  Collection, Davis, California; U.S. 
Depar tment  of  Agriculture Nematode Col- 
lection, Beltsville, Maryland; Entomology  
and Nematology Department ,  Rothamsted 
Experimental  Station, Harpenden ,  England; 
Muse um  Nat iona l  d ' H i s t o i r e  Nature l le ,  
Paris, France; Nematode  Collection of  the 
Depar tment  of  Nematology, Landbouwuni- 
versiteit, Wageningen, The  Netherlands; Na- 
tional Collection of  Nematodes,  Plant Pro- 
tection Research Institute, Pretoria, South 
Africa. 

Diagnosis and relationships 

Schistonchus africanus n. sp. is character- 
ized by a stylet shorter  (13-16 pm) than that 
of  the o ther  five known species of the genus, 
the anter ior  position of  the excretory pore, 
opening  just  behind  the base of  the stylet 
knobs, and the short  post-uterine sac, one 
body-width long. 

According to the diagnostic criteria of  
Lloyd and Davies (1997) on identification of  
Schistonchus spp., S. africanus n. sp. should be 
placed in a group with S. macrophyUa Lloyd 
and Davies, 1997 and  S. altermacrophylla 
Lloyd and Davies, 1997 on  the basis of the 
an te r io r  posi t ion of  the e x c r e t o r y  pore .  
Schistonchus africanus n. sp. differs f r om 
these two species in several respects: S. afri- 
canus differs f rom S. macrophylla in having a 
shor te r  stylet (13-16 pm vs. 17-28 pm) ,  
shorter  distance of  the excretory pore  from 
the anter ior  end  (12-27 pm vs. 35-52 pm),  
a shorter  post-uterine sac (9-19 pm vs. 29-  
80 lain), and absence of  caudal alae in the 
male vs. a thickened cuticle of  the lateral 
field forming the caudal alae in S. macro- 
phyUa. Schistonchus africanus n. sp. also re- 
sembles the other  Australian species, S. al- 
termacrophylla, with respect to the anterior  
position of  excretory pore,  long dorsal lobe 
of  esophagus, and length of  the post-uterine 
branch but  differs f rom it in having a shorter  
styler (13-16 pm vs. 17-26 pm),  excretory 
pore  situated more  posteriorly (12-27 pm 

vs. 3-7 pm),  and presence (vs. absence in S. 
altermacrophyUa) of  a gubernaculum. 

The  anter ior  position of  the excre tory  
pore  separates S. africanus n. sp. f rom the 
other  three species of  the genus, S. caprifici 
(Gasperini, 1864) Fuchs, 1937, & hispida Ku- 
mari  and  Reddy,  1984, and  S. racemosa 
Reddy and Rat ,  1986, in which it opens level 
or  posterior to the median bulb. The  stylet 
of  S. africanus is shorter  than in these three 
species (13-16 lam vs. 21-24 pm, 20-25 pm, 
and 21-24 pm, respectively). 

Remarks 

Specimens of  S. africanus n. sp. were col- 
lected from florets of  the syconia but  not  
f rom the syconial walls. Florets of  both sexes 
were infected by the nematode,  with a den- 
sity of  150-2,000 nematodes /g  of  flower tis- 
sue (fresh weight). About 45% ofE.  stucken- 
berg/females were inhabited by juveniles and 
adults of  S. africanus n. sp., which were 
found  in the abdomen  of  the wasp. Nema- 
tode densities ranged f rom 5 to 88 speci- 
mens per  adult  female. The nematode  sex 
ratio in all wasps was about  I male:5 females. 
Male wasps did not  contain nematodes.  

The  relationship between the wasp, nema- 
tode, and fig is schematically represented in 
Fig. 3. Once enclosed from their natal gall, 
the female pollinators actively load pollen 
from the anthers into special pollen pockets 
(Boucek et al., 1981). The male florets are 
present  in relatively low densities and ran- 
domly dispersed among the female florets. 
The  female pollinators then leave the fig via 
an opening  chewed through the fig wall out- 
side by the males (Boucek et al., 1981). The 
nematodes  enter  the female wasp abdomen 
before  she exits her  gall and are carried 
within the a b d o m e n  dur ing  dispersal of  
wasps from their natal figs and their  subse- 
quent  location of  receptive (B phase) fig sy- 
coma for oviposition and pollination. Once 
the females have located their receptive figs, 
they squeeze their way into the fig through 
the ostiole, a narrow opening at the top of  
the fig inflorescence.  During ovipositi0n ,, 
nematodes  are released f rom the wasps and 
migrate to adjacent florets where they repro- 
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FIG. 3. Relationship between the fig wasp (ElisabethieUa stuckengergi), the fig nematode Schistonchus africanus n. 
sp., and their host fig tree (Ficus thonningii). Illustrations are schematically represented and not in scale. A) Male 
and female of fig wasp (female redrawn from Boucek et al. [1981]; male redrawn from Berg and Wiebes [1992]). 
Nematodes are transported from one fig crop to another by the vector wasp. B) General appearance of Ficus 
thonningiiwith leaves and figs. C) Penetration of female wasp into the fig lumen through the ostiole. D) Oviposition 
of fig wasp and arrival of nematodes. E) A wingless male (left) and a female (right) of the fig wasp within the flower 
ovary, emerging partially. F) Syconium with female and male florets infected by Schistonchus africanus n. sp. 

duce ,  c o n t i n u i n g  the i r  l ife cycle in t a n d e m  
with  tha t  o f  the  fig wasps. 

In  c o n t r a s t  to the  res t  o f  the  n o n - p o l -  
l i n a t i n g  wasp spec ies  tha t  ov ipos i t  t h r o u g h  
the  fig wall, t h e r e  were  two a d d i t i o n a l  non -  
p o l l i n a t i n g  w a s p s  t h a t  e n t e r e d  t h e  f ig 
t h r o u g h  t h e  o s t i o l e ,  Philocaenus barbarus 
G r a n d i  a n d  Crossogaster odorans Wiebes .  De- 
t e c t e d  in  all  sycon ia  e x a m i n e d ,  t h e i r  l i fe 

cycles m i r r o r  tha t  o f  E. stuckenbergi, b u t  they  
p lay  n o  ro le  in the  p o l l i n a t i o n  process .  Two 
p a r a s i t o i d  w a s p  s p e c i e s ,  Sycoryctes hirtus 
W i e b e s  and  S. remus Wiebes ,  f r e q u e n t l y  were  
f o u n d  a m o n g  f lore ts  o f  fig syconia.  

T h e  n e m a t o d e s  e x t r a c t e d  f r o m  f e m a l e  
wasps mad f r o m  fig f lore ts  d i d  n o t  d i f fer  in 
t h e i r  m o r p h o l o g y .  Schistonchus africanus n. 
sp.  is a n  o b l i g a t e  p a r a s i t e  o f  f ig (Ficus 
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thonningii) s y c o n i a ,  a n d  i ts  s u r v i v a l  a n d  

s p r e a d  t h r o u g h  s y c o n i a  w o u l d  b e  i m p o s s i b l e  

w i t h o u t  i ts  v e c t o r  (Elisabethiella stuckenberg~). 
I t  is a d a p t e d  f o r  u s i n g  t h e  f e m a l e  w a s p  f o r  

t r a n s p o r t a t i o n  to  n e w  sycon ia ,  s i m i l a r l y  to  

t h e  p r o c e s s  i n  o t h e r  Schistonchus spp . :  &his- 
tonchus caprif ici--Ficus carica syIvestris--  
Blastophaga psenes (Vovlas  e t  al. ,  1 9 9 2 ) ,  Schis- 
tonchus raeemosa--Ficus raeemosa--Ceratosolen 
sp. ( R e d d y  a n d  Rao ,  1 9 8 6 ) ,  a n d  Schistonchus 
sp.--Ficus laevigata--Pegoscapus sp. ( G i b l i n -  

Dav i s  e t  al. ,  1 9 9 5 ) .  
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