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be tween  the  m u s h r o o m  bodies.  Af te r  fo rming  ch ia sma ta ,  
t h e y  sepa ra t e  f rom one a n o t h e r  and  sweep d o w n w a r d s  
pos te ro -ven t ra l ly ,  and  f ina l ly  emerge  ou t  of t he  b r a i n  in  
t h e  fo rm of 2 f ine nerves ,  t h e  ne rv i  corpor i  ca rd iac i  (NCC). 
The  NCC h a v i n g  the  N S M  en te r  t he  CC f rom the i r  an t e r i o r  
end. 3 m in  a f t e r  s t i m u l a t i o n  v e r y  l i t t l e  q u a n t i t y  of N S M  
is observed  in t he  CNC, a x o n a l  t r a c t s  a n d  NCC, b u t  
t he  axons  r u n n i n g  to t he  a o r t a  f rom pos te r io r  end  of the  
CC, s t a in  in tense ly  (Figure  3). T he  N S M  does n o t  re lease 
in to  t he  wal l  of a o r t a  b u t  d i r ec t ly  in to  i ts  lumen.  The  
N S M  is lack ing  f rom t he  en t i r e  CNS af te r  5 or 10 mil l  of 
s t i m u l a t i o n  (Eigure 4). 

E lec t r ica l  s t imu la t ion ,  e i the r  t h r o u g h  opt ic  lobes, 
m e d i a n  ocellus or  d i rec t ly  on  t h e  pa r s  in t e rce rebra l i s  does 
no t  show a n y  dif ference;  p rac t i ca l ly  atl  h a v e  t he  same 
result .  

The  e lectr ical  s t i m u l a t i o n  on  t i le  b r a i n  d e m o n s t r a t e s  
several  in t e res t ing  po in t s  w o r t h y  of discussion.  The  
electr ical  s t imulus  a r iz ing  a t  a n y  p a r t  of t h e  b r a i n  causes  
release of t he  N S M  f rom neurosec re to ry  cells of t he  b ra in .  
I t  t h u s  conf i rms  t he  obse rva t ions  of ear l ier  workers  t h a t  
tile release of N S M  f rom t he  CNC is u n d e r  tile con t ro l  of 
ne rvous  e lectr ical  s t imul i .  

I n  m o s t  of the  insects ,  t h e  CC are m a i n  n e u r o h a e m a l  
organs  1~-~, whi le  in  some H e m i p t e r a  15-1s on ly  t he  
ao r t a  func t ions  as a n e u r o h a e m a l  organ.  In  these  insects,  
t he  axons  of ce rebra l  N SC  t e r m i n a t e  no t  in  t he  CC b u t  in  
t he  a o r t a  wal l  d i rec t ly  and  N S M  stores in  t he  a o r t a  wall. 
On the  o the r  h a n d ,  in  some o r t h o p t e r o i d  insec ts  ~9 and  
Calliphora ~~ t h e  a o r t a  func t ions  as a s econda ry  neuro-  
h a e m a l  organ.  I n  the  p r e s en t  s tudy ,  i t  h a s  been  obse rved  

t h a t  some axons  f rom the  CC pass  in to  t he  a o r t a  and  
the re  is no d ischarge  of N S M  in i ts  wall, b u t  i t  is d i rec t ly  
d i scharged  in to  the  l umen  of t he  aor ta .  Thus,  t he  ao r t a  
here  serves  as on ly  a re leas ing s i te  for  t h e  cerebra l  NSM 
and  no t  as a s torage  organ,  and  the re fore  t he  func t i on  of 
t he  a o r t a  in  t he  las t  i n s t a r  n y m p h  of Orthetrum chrysis 
differs f rom t h a t  of o the r  insects.  

Rdsumd. L'e f fe t  de la s t i m u l a t i o n  * lec t r ique  sur  le 
sys t+me neuros6cr6to i re  c~r6bral  de la l a rve  d'Orthetrum 
chrysis r6v61e que la neuros6cr6 t ion  c6r6brale est  em- 
magas in6e  dans  les corps ca rd iaques  et  qu 'e l le  est  d6- 
charg6e d i r e c t e m e n t  dans  l ' aor te .  
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PRO E X P E R I M E N T I  S 

Artificial Feeding of Simuli ids  (Simulium venustum): Factors Associated with Probing and Gorging 

Simuli ids  (Diptera ,  Simuli idae)  are of consequence  t o  
h u m a n  welfare  as nox ious  pes t s  a n d  as vec tors  of h u m a n  
a n d  a n i m a l  disease agents ,  n o t a b l y  t he  b l i nd ing  f i larial  
worm,  Onchocerca volvulus. Despite.  t he i r  impor t ance ,  
knowledge  of t h e  m e c h a n i s m s  a n d  fac tors  assoc ia ted  w i t h  
b lood feeding in s imul i ids  is wan t ing .  O the r  workers  h a v e  
fed s imul i ids  on  c o t t o n  bal ls  soaked w i t h  dext rose  and  
de f i b r i na t ed  blood t a n d  on  whole  b lood t h r o u g h  skins  of 
young  ra t s  a n d  chicks  ~, 8. These  procedures ,  however ,  do 
no t  lend t h e m s e l v e s  to  s tudies  w i t h  chemica l ly  def ined 
med ia  a n d  t he  skin  m e m b r a n e s  are di f f icul t  to  prepare .  
Herein ,  we descr ibe  a s imple  and  c o n v e n i e n t  t e c h n i q u e  

a I 

Diagram of artificial feeding chamber, a) right angle glass tube; 
b) membrane surface; c) rubber ring for attachment of membrane; 
d) side of plexiglass well. 

for feeding s imul i ids  t h r o u g h  inexpens ive ,  commerc ia l ly  
avai lable ,  l a t ex  m e m b r a n e s  a n d  p re sen t  p r e l i m i n a r y  
evidence  t h a t  h e a t  is a n  essent ia l  f ac to r  in  i nduc ing  
p rob ing  a n d  t h a t  adenos ine  t r i p h o s p h a t e  and  adenos ine  
d i p b o s p h a t e  are gorging s t imu lan t s .  

Tile feeding c h a m b e r s  used are a modi f i ca t ion  of those  
deve loped  b y  FRIEND and  CARTWRIGHT ~ for feeding 
Rhodnius prolixus. E a c h  c h a m b e r  consis ts  of a plexiglass  
well  w i t h  an  a t t a c h e d  r i g h t  angle  glass t u b e  t h r o u g h  which  
t e s t  so lu t ions  are i n t r o d u c e d  (Figure).  A l a t ex  m e m b r a n e  
(Sheik  | regular  p rophylac t i cs )  is f i t t ed  over  the  well and  
secured b y  a r u b b e r  r ing.  The  c h a m b e r s  are h e a t e d  on a 
slide warmer .  The rmocoup le s  are inse r ted  in to  the  well  
t h r o u g h  t he  glass t u b e  a n d  t he  t e m p e r a t u r e  of t h e  t e s t  
so lu t ion  mon i to r ed  w i t h  a Leeds  a n d  N o r t h r u p  | t empe r -  
a tu re  po t en t i ome te r .  

I n  our  expe r imen t s  female  Simulium venustum Say 
were c a u g h t  ind iv idua l ly  in via ls  as r i ley l a n d e d  on a 
h u m a n  subject .  E a c h  via l  was  i n v e r t e d  on  t he  m e m b r a n e  
for 5 m in  du r ing  which  t i m e  t he  flies were obse rved  as to  
w h e t h e r  t h e y  p robed  a n d  gorged. S tudies  were conduc t ed  
a t  t he  W'fldlife Resea rch  S ta t ion ,  Algonqu in  Park ,  Ontar io ,  
Canada .  Signif icance of r e su l t s  was d e t e r m i n e d  us ing  the  
Z- tes t .  

The  response  of s imul i ids  to  hos t s  can  be  d iv ided  in to  
4 genera l  phases  a) ac t iva t ion ,  b) o r i en t a t i on  to  and  
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Table I. Probing frequency of female Simulium venuslum as related 
to t em pe ra t u r e  

T e m p e r a t u r e  No. of No. of Flies probing 
(~ flies tested flies probing (%) 

26.0 50 0 0.0 
27.0 30 0 0.0 
28.0 20 1 5.0 
29.0 40 7 17.5 
30.0 30 0 0.0 
31.0 9O 6 6.7 
32.0 40 10 25.0 
33.0 90 18 20.0 
34.0 120 39 32.5 
34.5 30 10 33.3 
35.0 80 23 28.7 
35.5 70 24 34.3 
36.0 70 29 41,4 
36.5 80 29 36.2 
37.0 80 39 48.7 
37.5 100 44 44.0 
38.0 80 25 31.2 
39.0 40 5 12.5 
40.0 40 4 10.0 

Table  I I .  Chemicals tested as gorging s t imulants  for Simulium 
venustum 

Test  chemical  A ~ B"  C ~ D ~ E �9 

10 4 M A T P  120 52 46 43.3 88.5 
10 -5 M A T P  120 50 8 41.7 16.0 
10 -4 M ADP 120 53 50 44.2 94.3 
1.0 -5 M ADP 120 56 26 46.7 46.4 
10 .3 M serine 40 16 1 40;0 6.3 
10 -a M leucine 20 12 0 60.0 0.0 
10 -3 M alanine 20 9 0 45.0 0.0 
10 a Mproline 40 13 1 32.5 7.7 
Control 120 38 1 31.7 2.6 

~Colunln A, sample size; column B, number of flies that probed; 
column C, number of flies that gorged; column D, percent that probed ; 
column E, percent that probed that gorged. 
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locat ion of the  hos t  using s t imul i  which  opera te  over  some 
distance,  e.g., colour, ca rbon  dioxide, and  visual  cues, 
c) landing  and  probing,  and d) ingest ion of blood. The 
flies w i th  which  we worked had  a l ready comple ted  phases  
a) and  b) and  had  landed,  and were ' p r imed '  to  s t a r t  
probing.  

Tempera tu re s  be tween  26 ~ and  40 ~ were t e s t ed  to  
de te rmine  the  effect  of hea t  on probing.  Dur ing  these  
exper imen t s  a saline control  or tes t  co mp o u n d  (see below) 
was in the  well of t he  feeding chamber .  There  was an 
overall  increase in the  percen t  of flies p rob ing  f rom 26 ~ 
where  none probed,  to  a m a x i m u m  at  37 ~ where  48.7% 
probed  (Table I). Be tween  37 ~ and  40 ~ a sharp  decline 
in the  p rob ing  ra te  occurred and,  in fact,  a couple of the  
flies died dur ing  the  exper iment ,  appa ren t l y  due to  
excess heat .  

Dur ing  probing,  the  blood of a hos t  is sampled  for its 
sui tabi l i ty  for ingestion.  Because adenosine  compounds  
hav ing  high energy p h o s p h a t e  bonds  are known  gorging 
s t imulan t s  in o ther  h a e m a t o p h a g o u s  insects  5-7 ; A T P  and 
A D P  were te3ted for the i r  effects on gorging by  simuliids. 
The amino  acids, leucine, serine, alanine, and  proline were 
also tes ted.  Test  compounds  were dissolved in 0.15 M 
saline buffered to  p H  7.2 wittl  Sorensen ' s  p h o s p h a t e  
buffer.  The buffered saline also served as a control .  All 
expe r imen t s  were conduc ted  near  37 ~ 

Table I I  shows t h a t  for female S. venustum 10 4 M and 
10 .5 M A T P  and A D P  elicit s ignif icant ly  more  gorging 
t h a n  the  control .  At  10 -~ M, A T P  and  A D P  are equal ly 
effective as gorging s t imulants .  At  10 -5 11g, A D P  elicits 
more  gorging t h a n  A T P  bu t  bo th  are less effective t h a n  at  
10 -~ M. H o s o i  ~ r epor ted  t h a t  for Culex pipiens vat .  
pallens A D P  elicited gorging by  more  mosqui toes  t h a n  
ATP.  Some spurious gorging occurred on the  amino  
acids and  tile control ,  bu t  the  da t a  are no t  s ta t i s t ica l ly  
s ignif icant  (Table If) .  

I n  addi t ion  to work on blood feeding mechan i sms  and  
associated factors,  th is  t echnique  m a y  facil i tate nu t r i t iona l  
studies,  eventua l  l abora to ry  colonizat ion of simuliids, and  
infect ion of simuliids wi th  ve r t eb ra t e  pa thogens  wi thou t  
the  need to  feed on an infected hos t  s. 

Rdsumd. On d6crit  une t echn ique  s imple et p ra t ique  
se rvan t  g nourr i r  des simuliid6s g t ravers  des m e m b r a n e s  
de la tex  commerc i a l emen t  disponible.  On d6mont re  
a v a n t  t ou t  que la chaleur  est  un fac teur  essentiel  qui 
indui t  le sondage et  que l 'ad6nosine t r i p h o s p h a t e  et  
i 'ad6nosine d i p h o s p h a t e  s t imulen t  l ' engorgement  de 
Simulium venustum Say. 
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A S c a n n i n g  E lec tron  M i c r o s c o p e  M e t h o d  for the  E x a m i n a t i o n  of Glass  M i c r o e l e c t r o d e  Tips  
E i ther  Before  or After  U s e  

High resolut ion m e t h o d s  for the  e lectron microscopic 
examina t i on  of glass microelect rodes  general ly require  
t h a t  the  t ips  of t he  electrodes be broken  f rom the  shank  
dur ing  m oun t ing  because of space l imi ta t ions  of the  
microscopes 1-5. In  the  p resen t  s t u d y  scanning t ransmiss ion  
electron microscopy  was used to  view freshly  d rawn or 
previous ly  used microelect rodes  w i thou t  damag ing  them.  
Opera t ion  of the  scanning electron microscope in a 
t ransmiss ion  mode  e l imina ted  the  need for coating.  
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