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Abstract 
Jteanid sp.  (Nernatoda: Mermithidae) was cons i s -  

t e n t l y  encountered i n  d i s s e c t e d  specimens of  Zono- 
c c , . ' 1 ~ 3  v a h i e g u t u 3  (Linnaeus)  c o l l e c t e d  a t  random from 
the  f i e l d  i n  t h e  I l e - I f e  a r e a  of  Niger ia .  I n  this 
study.  p a r . * s i t i z a t i o n  a t  d i f f e r e n t  l o c a t i o n s  ranged 
betvl5en 11 t,, 7.58%. Although t h i l t r p a r a a i t e  may 
c o n s t i t u t e  an important  f a c t o r  i n  t h e  G r t a l i t y  o f .  
Z, v i o l i c , g n t w .  i t  does no t  appear  t o  be e f f i c i e n t  as 
a p o t e n t i a l  b i o l o ~ i c a l  c o n t r o l  t o o l .  

Introduction 

The varieg?t ed grasshopper, Z O M O C W  va)LiegdU 
(Linnaeus) continues to constitute a serious pest of 
food and cash crops in Nigeria. The insect is most 
prevalent in the southern parts of the country where 
it defoliates cassava, citrus,, cocoa, banana, maize, 
cowpea, yams, oil-palm seedlings, sweet potato and 
most vegetables, especially during the dry season 
(Libby, 1968). It is, therefore, no surprise that 
the National Agricultural Technical 'Committee of 
Nigeria (now known as the National Agricultural 
Development Council) declared it as a national pest 
in 1971. 

Entomogenous nematodes have formed the subject 
of several investigations (Phelps and DeFoliart, 1964: 
Nickle, 1972 and 1974; Poinar Jr., 1972 and 1975). 
The parasitic ones inhabit the body cavity of insects 
and play an important role in controlling same spe- 
cies; and members of the family Mermithidae are 
known as obligate parasites of several orders of in- 
sects and other invertebrates. For instance, there 
are records of Me,'zrn.iA species from insects belonging 
to t+e orders: Lepidoptera, Hymenoptera, Orthoptera, 
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and from c e r t a l n  s p i d e r s  (e .g)  - Z ~ O C Q A  Lcc.tt~&Eet 
(Simon) and X Y ~ , ~ ~ C - U A  s p .  A compi la t ion  by Shephar,? 
(1974) shows t h a t  t h e s e  p a r a s i t e s  have been i s o l a t e d  
from i n s e c t s  and o t h e r  a r t h ropods  i n  I t a l y ,  I n d i a ,  
United Kingdom, V.S.S.R., U.S.A., Germany, Tanzania,  
Rengal, A u s t r a l i a  and Mexico t o  mention a  few. 
M e m i t h i d s  a r e  t h e  commonest nematode p a r a s i t e s  of 
t h e  Acr ido idea ,  bu t  t h e  S p i r u r i d e a  a r e  a l s o  known 
t o  u t i l i z e  a c r i d o i d s  a s  i n t e r m e d i a t e  h o s t s  (Poinar  
Jr. ,  1975).  

S t u d i e s  on t h e  b io logy  of  Z .  V ~ & ~ C J L L ~ L L ~  i n  
N i g e r i a  i nc lude  t hose  of  Golding, 1940; J e r a th ,1965 ;  
Oyid i ,  1968; Toye, 1971; Taylor ,  1972 and t h a t  of a  
' r esearch  team based a t  t h e  U n i v e r s i t y  of  Ibadan 
(Youdeowei, 1976) .  Taylor  (1954) observed c e r t a i n  
" u n i d e n t i f i e d  helminths" a s  p a r a s i t e s  of  Z.  ~a.h&?cj&.tu~ 
i n  N ige r i a  wh i l e  Toye ( l o c .  c i t . )  repor ted  t h e  occu- 
r ence  o f  "mennithid worms" i n  rhe  i n s e c t .  To d a t e ,  
t h e r e  ha s  no t  been any publ i shed  work on t h e  exac t  
taxonomic i d e n t i t y  o r  t h e  b io logy  o f  t h e s e  n e ~ a t o d e  
p a r a s i t e s  of  Z. w&Q&~LA. 

On May 13, 1975, t h r e e  of  t h e  31 f i e l d - c o l l e c t e d  
specimens of  Z. v&~g.gatuh meant f o r  an  undergraduate  
entomology p r a c t i c a l  c l a s s  a t  I f e  Un ive r s i t y  were 
found t o  con t a in  one nematode (nema) each.  Consequ- 
e n t l y ,  t h i s  s t udy  was i n i t i a t e d  t o  i n v e s t i g a t e  as-  
p e c t s  of t h e  b io logy  of t h e  nematode p a r a s i t e s  of 
Z. ~ d c ? g & u . h  i n  I l e - I f e  and env i rons ,  a s  p a r t  of  a  
b roade r  s t udy  on t h e  de t e rmina t i on  of  t h e  pos s ib l e  
r o l e  o f  a s s o c i a t e d  b i o t i c  agents  i n  t h e  n a t u r a l  
c o n t r o l  o f  t h i s  p e s t .  

Materials and methods 

I n i t i a l l y ,  r i e l d  s t u d i e s  were conducted only i n  
s e v e r a l  l o c a t i o n s  a t  t h e  Cen t r a l  Campus and t h e  Teach- 
ing-Farm a r e a s  of  t h e  Un ive r s i t y  of I f e .  I n  1977 how- 
ever ,  o t h e r  farms i n  t h e  neighbourhood such as :  Gbon- 
gan, Osogbo, I l e s a ,  and Akure were included i n  t he  
survey .  These towns f a l l  w i t h i n  t h e  f o r e s t  regrowth 
v e g e t a t i o n  b e l t  of N ige r i a .  

~ a t u i - a 1  popu la t i ons  of  nymphal and adul  t Z.  urn'.- 
?AJcI-&LA were c o n s i s t e n t l y  examined f o r  nematode para- 
s i t e s  f rom.January t o  May i n  1976 and 1977. Specinens 
were randomly c o l l e c t e d  from t h e  f i e l d  a t  l e a s t  twice 
a  week by sweeping; such specimens were subsequent ly 
anaes tne s l zed ,  d i s s e c t e d  and examined i n  t h e  labo- 



MATANMI, 6. A.: Mermis sp. - a parasite of Z. variegatus. 

r a t o r y  under a  s te r romicroscope .  Those found t o  be 
p a r a s i t i z e d  were noted and t h e  percent  ~ a r a s i t i z a s i o n  
es t imated .  Labora tory  c o l o n i e s  meant f o r  c l o s e r  i n -  
v e s t i g a t i o n  were s t a r t e d  from f i e l d - c o l l e c t e d  spec i -  
mens maintained i n  25cm x  25cm x  30cm sc reen  cages ,  
provided w i t h  a  s l i d i n g  door and about 6cm deep of 
moist  beach sand t o  s e rve  a s  o v i p o s i t i o n  medium.Such 
specimens included i n s e c t s  suspec ted  t o  be pa ra s i -  
t i z e d  and they  were fed  on f r e s h  cassava  f o l i a g e  
which was watered a s  necessary .  The r e l a t i v e  a c t i -  
v i t y  of t h e  suspec ted  specimens was f i r s t  noted i n  
the  f i e l d  be fo re  t he  commencement of d e t a i l e d  labo- 
r a t o r y  i n v e s t i g a t i o n s  based on d i s s e c t i o n s  and micro- 
s cop ic  examinat i on .  The parameters  i nves t iga t ed  
included:  n a t u r e  of t h e  p a r a s i t e ,  e s t i m a t e  of para- 
s i t i z a t i o n  pe rcen t ,  t h e  r e l a t i o n  of t h e  h o s t ' s  sex 
t o  i n f e c t i o n ,  mode of i n f e c t i o n ,  average number of 
nematodes per  i n f e c t e d  h o s t ,  e f f e c t  of t h e  p a r a s i t e ,  
on t h e  h o s t ,  f requency of i n f e c t i o n  i n  r e l a t i o n  t o  
season and environmental f a c t o r s  l i k e  mois ture ,  an< 
presence of o t h e r  p a r a s i t e s .  S f f o r t  was made tQ 
r e a r  t h e  p a r a s i t i c  nema t o  ma tu r i t y  by al lowing post-  
p a r a s i t i c  j uven i l e s  t o  d i s cha rge  d i r e c t l y  i n t o  beach 
sand moistened w i t h  water ,  o r  phys io log ica l  s a l i n e  
s o l u t i o n  (6% NaC1). Taxonomic de termina t ion  t o  
gene r i c  l e v e l  was based l a r g e l y  on t h e  c h a r a c t e r i -  
z a t i o n  of ~ o s t - ~ a r a s i t i c  j uven i l e s  u s ing  t h e  keys a s  
wel l  a s  d e s c r i p t i o n s  provided by Nickle ( l o c .  c i t  .) 
and Poinar  J r .  ( l o c .  c i t . ) .  I n  a d d i t i o n ,  specimens 
of t h e  p a r a s i t e  were s e n t  t o  t he se  two workers f o r  
conf i rmat ion .  A l l  specimens f o r  s tudy  were preserved 
i n  aqueous s o l u t i o n  of 32 formal in  and 2% g l y c e r i n  
a f t e r  Nickle ( 1  9 7 4 ) .  

Taxonomic 7 d e W q  

Throughout t h i s  s tudy ,  on ly  one nematode9bf~fr.m-h 
sp. was encountered.  The name was i d e n t i f i e d  on t h e  
b a s i s  of t h e  fo l lowing  c h a r a c t e r s :  Nemas i n h a b i t  t p e  
haemocoel of  l i v i n g  h o s t ;  nemas w h i t i s h  o r  l i g h t  
yel low, f i l i f o r m  i n  shape, e longa te  and t h r e a d l i k e  
(Fig.  1); average l eng th  based on 85 random specimens 
is 7.65cm (3.30-20.30cm) ; a l l  nemas p re sen t  i n  t h e  
h o s t  a r e  j uven i l e s ;  o u t e r  c u t i c l e  smooth and not  
t h i c k ;  s t o n a  of pre-parasitic and p o s t - p a r a s i t i c  
j uven i l e s  w i t h  a  p i e r c i n g  t o o t h ;  t h e  l a t t e r  w i th  2 
l a t e r a l  l i p  p a p i l l a e  and 4 c e p h a l i c  p a p i l l a e ;  post-  
p a r a s i t i c  j uven i l e s  wi thout  t a i l  appendage. 

1 52 
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Fig.* ; Z. vaxiegnt~. ahwing nematode infect ion 

(specimen on the left contained 33 nemss vhile 

the other contained 25 n e w s ) .  

The p r e - p a r a s i t i c  l a r v a  ha t ches  from t h e  e g g ,  
fol lowing which it a c t i v e l y  p e n e t r a t e s  t h e  gut  wal l  
and even tua l ly  lodges i n  t h e  haemocoel. I t  l i v e s  on 
t h e  hos t  u n t i l  i t  emerges a s  t h e  l a s t  l a r v a l  s t age  
c a l l e d  p o s t - p a r a s i t i c  l a r v a  o r  j u v e n i l e .  The post-  
p a r a s i t i c  l a r v a  i s  equipped wi th  a  l ance - l i ke  t oo th  
which it uses  t o  p e r f o r a t e  t h e  h o s t  c u t i c l e  from t h e  
i n s i d e .  I n  t h e  s c r een  cages ,  t h e  nema was f r equen t ly  
observed t o  emerge from t h e  c e r v i c a l  membrane o r  t h e  
inter-segmental  membrane of t h e  abdomen of t h e  h o s t s .  
The e x i t  of t h e  nema from t h e  h o s t  body l e a v e s  a  h o l e  
which b r ings  about l o s s  of  body f l u i d s ,  l e ad ing  t o  
dehydra t ion  and dea th .  Emergent j u v e n i l e s  mature i n  
t h e  s o i l .  The process of  o v i p o s i t i o n  by gravid  fe- 
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males was not  observed experimentally.  However, 
mating of a d u l t s  is known t o  occur i n  the  s o i l .  The 
gravid female climbs t o  the  a e r i a l  p a r t s  of p l an t s  
during moist weather, deposi t s  he r  eggs and then 
goes back i n t o  t h e  s o i l  where t h e  a d u l t s  a r e  f ree-  
l i v i n g  f o r  2-3 weeks (Nickle, 1974). These eggs a r e  
ingested by the  grasshoppers along with t h e  f o l i a g e ,  
fol lowing which the  p re -pa ras i t i c  l a r v a  emerges and 
p i e rces  through the  gut wall  i n t o  the  haemocoel of 
t he  hos t .  Usually, only one nerna was observed with- 
in each hos t  however, during t h e  l a t t e r  p a r t  of 
the " s ~ a s o n "  e s p e c i a l l y  i n  May, up t o  33 were 
recovered from a  s i n g l e  hos t .  Many d e t a i l s  of the 
l i f e  h i s t o r y  such a s  period of incubation of the egg, 
the  developmental period from i n s t a r  t o  i n s t a r ,  and 
ac tua l  penet ra t ion  of the  gut  wall  by the  n m a  a r e  
s t i l l  unknown. 

E66ect 0 6  nerna on hunx 

Infec ted  2 .  v#&?@Ahb were found t o  be  s luggish ,  
pa l e  whi te  t o  l i g h t  yellowish and wi th  d is tended abdo- 
men. Usually t h e i r  wings appeared crumpled o r  mal- 
formed. The nemas twine round t h e  a l imentary  canal  
o r  otherwise l i e  f r e e l y  i n  t h e  haemocoel. Dissec t ion  
and microscopic examination of i n fec t ed  and non-infected 
specimens revealed t h a t  i n fec t ed  females l o s e  most of 
t h e i r  gonads t o  nemas a s  t h e  ova r i e s  degenerate or be- 
came a t rophied ,  a  s i t u a t i o n  which, i n  e i t h e r  sex,  is 
conducive t o  sterility. I n  t h i s  study,  t h e  females 
suspected t o  be  in fec t ed ,  which were placed under 
observat ion  together  wi th  males suspected t o  be in- 
f ec t ed ,  u sua l ly  f a i l e d  t o  l a y  eggs. It was observed 
i n  t h e  f i e l d  t h a t  c e r t a i n  specimens which were l a t e r  
found t o  be  in fec t ed  could no t  complete t h e  imaginal 
moult. The emergence of t h e  p o s t - p a r a s i t i c  j uven i l e  
from infec ted  specimens is  usua l ly  f a t a l  owing t o  
t h e  l o s s  of  t i s s u e  f l u i d s  from t h e  emergence hole ,  an 
e a r l i e r  dep le t ion  of n u t r i e n t  reserves ,  and poss ib l e  
i n f e c t i o n  by secondary micro-organisms. 

Reeatian 06 hobt  hex  t o  in6e.ct ion b y  nma 

20 random samples of males and females d id  not  
show any s i g n i f i c a n t  d i f f e rence  in  terms of p a r a s i t i -  
za t ion  (x2 = 0.2) Thus t h e r e  i s  no d i f f e rence  i n  t h e  
s u s c e p t i b i l i t y  of t h e  sexes t o  i n f a c t i o n  by nemas. 



IFE JOURNAL OF AGRICULTURE 

A preliminary study which was conducted on the 
nymphs between October 1975 and January 1976, bad 
shown that early instar nymphs were almost invari- 
ably non-infected. 

Tables 1, 2, and 3 represent the summary of data 
accumulated during the study period. In 1976, at the 
University of Ifc, observed parasitization was 0.30% 
for nymphs and 3.06X for adults (Table 1). In 1977, 
observed parasitization was 0.11% for nymphs and 
0.40% for adults (Table 2). A comparison of differ- 

Ilr- I f *  

Akurr 

Akurr 

Month  - 
i Ilrrinl'all data Tor I l e -1 fr  and Ak~~rt. sluril,!' 

1776 and 1'17l.  
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TABLE 1: DETERMINATION OF PARASITIZATION BASED ON DISSEOTION 
OF RANDOMLY FIELD-COLLECTED 2. VARIEGATUS AT 
UNIVERSITY OF IFE IN 1976 

Life stage No. of Sample No. Parasiti- 
Period of insect observations size parasitized zation (%, 

15/1/76 
to 

14/2/76 Nymph 4 658 2 0.30 

TABLE 2: DETERMINATION OF PARASITIZATION BASED UN DISSECTION 
OF RANDOMLY FIELD-COLLCTED 2. VARIEGATUS AT 
UNIVERSITY OF IFE IN 1977 

- - 

Life stage No. of Sample No. Parasit i- 
Period of insect observations size parasitized zation (%) 

1/3/77 
t 0 

18/5/77 Adult 29 3,786 15 0.40 

ent localities with Ile-Ife during 1977 showed that 
Akure recorded a parasitization of 7.58% fqr adults 
while Osogbo had 1.25%, Gbongan 0.40%, and Ilesa 
0.00% compared to Ile-Ife's 0.49% (Table 3). Nymphs 
were rarely infected (Table 1 8 2). Also, in May, 
the rate of infection seemed to be higher with the 
infected hosts apparently containing more nemas 
per individual. For instance, on 3/2/76, out of the 



- 
IFE JOURNAL OF AGRICULTURE 

o \ m  * \ o  . - c - m  w 
\ \ R \  \ R \  \ R \  -.n\ 
P 0 0  W P O W  F - 0  P w o  W 

m - H  
m o t -  
2 $ 

W P ,  
H 0 
h 

ZiF 

r 

m-o 
m o b  
O I O  

No? 
H O P ,  

F F S  
V 

m - 0  
1 0  m 
O L O  

m% 
n 0 0 

7 iF 
V 

2P% 
o P , c  

I-: 
H F 
MOO 

V 

ra 

120 adults examined, only one was parasitized and it 
had only one nema. But on 11/5/76, out of 53 adults 
examined, 3 were parasitized and these had respectively 

10, and 12 nemas. Also on 18/5/76, out of 92 speci- 
mens examined, 3 were parasitized and each contained 2, 
25,and 33 nemas respectively. However, it may be nece- 
ssary to further investigate this point. 
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Discussion 

Mmb inp. was t h e  on ly  nema encountered dur ing  
t h i s  s t udy  a l though t h e r e  may b e  o t h e r  nematode para- 
s i t e s  o f  t h e  i n s e c t .  T h i s  is  i n  agreement w i th  r e -  
corded obse rva t i ons  t h a t  m e m i t h i d s  a r e  t h e  comon- 
e s t  nematode p a r a s i t e s  of t h e  Acr ido idea  a p a r t  from 
t h e  S p i r u r i d e a  which may a l s o  u t i l i z e  them a s  i n t e r -  
media te  h o s t s  (Poinar  J r . ,1975) .  It is  noteworthy 
t h a t  h!mh i s  t h e  on ly  genus i n  t h e  Mermithidae 
known t o  d e p o s i t  eggs on l e a v e s  of p l a n t s ,  which eggs 
a r e  i nges t ed  by i n s e c t s  du r ing  f eed ing .  This  genus 
is  a l s o  worldwide i n  d i s t r i b u t i o n  (Nickle ,1972).  

The above taxonomic de t e rmina t i on  c o ~ . l d  n o t  be 
c a r r i e d  up t o  t h e  s p e c i f i c  l e v e l  owing t o  i n a b i l i t y  
t o  r e a r  t h e  nemas t o  adul thood a s  most o f  t he  post-  

p a r a s i t i c  j u v e n i l e s  d r i e d  up be fo re  t h e y  could g e t  
i n t o  sand and complete t h e i r  l i f e  c y c l e .  The a t t emp t s  
made t o  e x t r a c t  f r e e - l i v i n g  a d u l t s  from t h e  t op  s o i l  
o f  cassava  p l o t s  (one h o s t  environment) proved t o  be  
f u t i l e  - which would sugges t  t h a t  t h e  nemas a r e  few 
i n  number. As it is neces sa ry  t o  cons ide r  c e r t a i n  
f e a t u r e s  of a d u l t  males and females  i n  t h e i r  d e t e r -  
mina t ion  t o  s p e c i f i c  l e v e l ,  a  f r e s h  e f f o r t  i s  be ing  
made t o  g e t  emerging p o s t - p a r a s i t i c  j u v e n i l e s  t o  
d i s cha rge  d i r e c t l y  i n t o  f i n e  sand which i s  kep t  
" s t e r i l e "  and mois t  a l l  t h e  t ime .  

I n  t h e  p r e sen t  s t udy ,  t h e  h o s t  i n s e c t  was 
c o l l e c t e d  i n  t h e  f i e l d  by random sampling which i s  
t h e  common method of s ea r ch ing  f o r  entomogenous 
nematodes. Although t h i s  method o f t e n  g i v e s  a  
rough e s t i m a t e  of  t h e  inc idence  of p a r a s i t i s m ,  i t  
can be  e r roneous .  It i s  known t h a t  c e r t a i n  environ- 
mental c o n d i t i o n s  e s p e c i a l l y  mo i s tu r e  may cause some 
a r e a s  of a  f i e l d  t o  harbour f a r  more p a r a s i t i z e d  
h o s t s  than  o t h e r  p a r t s  of t he  f i e l d .  Thus, t e r r e s -  
t r i a l  i n s e c t s  c o n t a i n i n g  mermithid nemas a r e  o f t e n  
found i n  t h e  lower,  w c t t ~ r  a r e a s  of t h e  f i e l d  s i n c e  
t h e  f r c e - l i v i n g  s t a g e s  of t he  p a r a s i t e  r e q u i r e  
molstlrre f o r  s u r v i v a l  a n d  completion of t h e i r  l i f e  
c y c l e  (Poinar ,  l o c .  c i t . ) .  The d a t a  ob t a ined  from 
"dry h a b i t a t s "  should temper t hose  of "wet h a b i t a t s "  
i f  s n e  may o b t a i n  an i n d i c a t i o n  of t h e  inc idence  of 
p a r a s i t i s m  f o r  a  l o c a l i t y .  Hand-picking of specimens 
from p a r t i c u l a r  s p o t s  may t h e r e f o r e  g i v e  h i g h e r  
p a r a s i t i z a t i ~ n  than now recorded e s p e c i a l l y  i f  t h o s e  
s p o t s  a r e  o f t e n  wet. 
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A comparison o f  d i f f e r e n t  communities with 
respect  t o  p a r a s i t i z a t i o n  seems t o  i n d i c a t e  t h a t  
the re  is a  loca t ion  e f f e c t  which i s  cons i s t en t  with 
e a r l i e r  r epor t s  i n  the  l i t e r a t u r e  (Rees, 1973). For 
ins tance ,  Akure returned a  f igure  of 7.58% while 
I l e - I fe ,  Osogbo, Gbongan and I l e s a  returned f igures  
ranging from zero t o  1.25% (Table 3) . These d i f f e r -  
ences can probably be explained on the b a s i s  of rain- 
f a l l  d i s t r i b u t i o n .  Fig.  2  shows the  r a i n f a l l  da ta  
f o r  I l e - I fe  and Akure i n  1976 and 1977 and from the  
f igure ,  i t  is apparent t h a t  Akure is we t te r  from 
March t o  May. Thus, the  c o l l e c t i o n  s i t e  a t  Akure 
presumably might have been wet ter  than the  o ther  
c o l l e c t i o n  s i t e s .  

One of the  ob jec t ives  of the  study was t o  deter-  
mine the  e f f i c i ency  of these  nemas a s  po ten t i a l  bio- 
Sogical con t ro l  dgents of 7 . ~ d o q C d u ~ .  Ps f o r  
e f fec t iveness ,  the re  i s  no doubt tha t  these  nemas 
a r e  capable of suppressing Z o n u c ~  populations t o  
some degree espec ia l ly  a s . a l l  infected hos t s  must d i e  
s h o r t l y  a f t e r  the  e x i t  of the  ~ o s t - p a r a s i t i c  juveni le .  
Considering the f a c t  t h a t  both nymphs and a d u l t s  of 
the grasshopper d e f o l i a t e  p lan t s ,  placing re l i ance  on 
the nemas f o r  con t ro l  would mean tha t  damage t o  p lants  
must occur a l l  t h e  same. However, i f  environmental 
condi t ions  had been such tha t  e a r l y  nymphal i n s t a r s  
a l s o  became in fec ted , the  population could have been 
suppressed a t  an e a r l i e r  s t age  with l e s s  crop damage. 

It i s  known t h a t  moisture c o n s t i t u t e s  one of 
the f a c t o r s  t h a t  l i m i t  the  usefulness of entomogenous 
nematodes. As the inges t ion of v iab le  nematode eggs 
by the  host  appears t o  be a  key s tage  i n  the in fec t ion  
cyc le ,  the eggs of any des i rab le  candidate must be 
capable of withstanding dess icnt  ion f o r  a t  l e a s t  
severa l  days. For example, the  eggs of h4emih 
~ ~ J ~ ~ A c c W A  Dufour, a  t e r r e s t r i a l  mermithid, a r e  
known t o  r e s i s t  dess ica t ion  a s  they contain two 
p ro tec t ive  coverings.  The f a c t  tha t  in fec t ion  of 
Z o n o c ~  by nemas occurs a t  a l l  during c e r t a i n  dry 
periods wouid suggest tha t  the microclimate, l i k e  i n  
the  canopy of cassava p lan t s .  i s  probably more im-  
por tant  than the  overa l l  cl imate.  However, ~t is 
doubtful  whether the  eggs of t h e  Mehmh sp. i n  t h i s  
case  could remain viable ,  even a f t e r  a  few days, 
under the  very hot  dry season weather i f  they a r e  not 
ingested by the  grasshoppers soon a f t e r  being depo- 
s i t e d  on fo l i age .  That, probably, expla ins  t h e  very 
low incidence of paras i t i sm during t h e  dry  months of 
December through February. 
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In conclusion, it would appear that the level 
of parasitization of not more than 7.58, and usually 
less than I%, for any location under investigation 
is too low to make M w d  sp. an efficient biocontrol 
tool for direct manipulation in the field. It is how- 
ever possible that, by human intervention, the eggs 
can be nass-produced and applied so as to infect the 
early nymphal instars. At the present time,it has 
been difficult to manipulate the nematode i~ vi.tho 
and as such, this must remain a proposition for the 
future. 
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