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Table II. Effect of the diet on some biological aspects of H. armigera at 27~ 
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Type of food Average larval Pupating Average weight of pupae (rag) Adults Average 
duration (days) (%) emerging (%) fecundity 

Males Females 

Diet 10.3 @ 0.2 64.1 -L 8.2 317.6 ~_ 13.3 316.7 ~ 6.8 63.5 -~= 7.9 568.0 =L 28.5 
Castor oil plant leaves (control) 15.2 ~_ 0.6 34.0 • 5.6 292.0 i 10.8 295.0 -= 12.5 33.5 ~2 5.2 472.0 • 25.9 

Larvae  reared on the  artificial  d ie t  were t r ans fe r red  to  
fresh diet  on the  5th day  of the  larval  deve lopment .  
La rvae  on fresh cas tor  oil leaves were t ransfer red  to  fresh 
food daily. P u p a e  were r emoved  f rom the  vials and 
placed in an emergence  chambe r  opera t ing  a t  27~ and  
70% R.H.  As the  mo ths  emerged,  t h e y  were collected in 
glass jars  and  the  oviposi t ion sites (deccan h e m p  flowers, 
Hibiscus cannabinus L.) were p rov ided  dur ing  the  per iod 
of egg laying. The larval  dura t ion  percentage  of survival,  
as well as t he  pupa l  weigh t  and the  fecundi ty  of the  re- 
sui t ing adults,  were t aken  into considerat ion.  

Results and discussion. Several  artificial  diets for mass 
rear ing  of insects were eva lua ted  for Heliothis species 2, a, 6, 
b u t  the  die t  shown in Table  I p rov ided  the  fas tes t  and 
mos t  uni form IarvaI g rowth  and  deve lopment .  This 
species was reared for 5 genera t ions  wi th  no a p p a r e n t  
change  in morpho logy  or fecundi ty ,  wi th  the  except ion  
of the  larval  colour. The colour of the  larvae was d is t inc t ly  
b lack  in compar i son  to  those  larvae fed on the  control  
p lant .  The survival  ra te  ( l s t  ins ta r  larvae to  adults) was 

high and a high percen tage  of adul t s  wi th  perfect  wings 
were produced.  The ra tes  of pupa t ion  as well as adu l t  
emergence  were s ignif icant ly  high in compar ison to  fresh 
cas tor  oil p l an t  leaves. The incidence of deformed adul t s  
was low. Also the  n u m b e r  of ins tars  reared on an artificial 
diet  was ident ica l  wi th  the  n u m b e r  ob ta ined  when cas tor  
oil p l an t  leaves were used. Newly  h a t ch ed  larvae can be 
reared to the  final  s tage w i t h o u t  t ransfer  bu t  larval  uni- 
fo rmi ty  and adu l t  recoveries were no t  as good. The t rans -  
fer also reduced the  incidence of microbial  con tamina t ion .  
Pupae  f rom the  k idney  bean  pro te in  diet  were s l ight ly  
heavier  and weighed an average of 317 mg compared  
wi th  293.5 mg for the  contro l  pupae.  Also the  larval  
dura t ion  was enhanced  in compar i son  to  the  control  and 
the  to ta l  n u m b e r  of eggs laid per  %mate was s ignif icant ly 
high (Table II).  

6 A. R. CHAUTHANI and P. L. ADKISSON, J. econ. Ent. 58, 1163 
(1965). 

Electric Organ Discharges of the Weakly Electric Fish Gymnarchus niloticus (Mormyriformes)  in 
its Natural Habitat 
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Summary. Electr ic  organ discharges  (EODs) of Gymnarchus niloticus in its na tu ra l  h a b i t a t  (Chaff River,  Chad Basin) 
and  accompany ing  ecological da t a  (pH, conduct iv i ty ,  t empera tu re ,  tu rb id i ty ,  O2 dissolved) were recorded.  The EOD 
frequencies  ranged f rom 204 to 313 Hz (day) and 196-326 Hz (night). In  social swimming  the  range of interf ish EOD 
f requency  differences was f rom 4 to  82 Hz.  The E O D  f requency  seems to decrease wi th  the  age of the  fish. 

The monospecif ic  electric fish, Gymnarchus niloticus, inhab-  
its f reshwater  sys tems  f rom E a s t  to  W e s t  Africa n o r t h  of 
the  equator .  In  1951 LISSl~qANN a moni to red  the  electric or- 
gan discharges (EODs) of these  fish in the  Black Vol ta  and 
la ter  sugges ted  t h a t  t he  electric signals emi t t ed  by  mor-  
myr i fo rm fishes serve as an e lectrolocat ing and/or  electro- 
signaling device ~,5. Dur ing  our s t ay  in the  Chad Basin 
( January  1975) we tape  recorded the  E O D  ac t iv i ty  of 
G. niloticus and moni to red  associa ted ecological da t a  
such as water  t empera tu re ,  conduc t iv i ty ,  tu rb id i ty ,  pH,  
and  dissolved O ,  in the  fishes '  na tu ra l  h a b i t a t  in 2 s tudy  
areas:  A) a la teral  channe l  of the  Chaff River  in the  
Ka lamaloue  Rese rva t ion  in Cameroon,  located abou t  
12 km downs t r eam f rom N 'Djamena(Chad)  and  B) a 
s w a m p y  marsh  type  area on the  is land of I rounda,  abou t  
4 k m  off N 'Djamena .  The lateral  channe l  is p e r m a n e n t l y  
connec ted  wi th  the  ma in  river,  whereas  the  mar shy  area 
was dry ing  up, leaving several  p e r m a n e n t  pools, no 
longer in connect ion  wi th  t he  Chaff. 

Method. The EODs were de tec ted  wi th  submerged  
pairs  of e lectrodes (detect ion range:  app rox ima te ly  
1.50 m ;~) and  recorded on a por t ab le  casse t te  recorder  
:for analysis  wi th  a sonograph  s p ec t ru m analyzer.  Figure  1 
shows an example  of a sonogram i l lustrat ing the  presence  
of 5 di f ferent  fish wi th  individual  EOD frequencies.  The 
ecological measu remen t s  were t aken  wi th  portable ,  
b a t t e r y  powered equ ipment .  

Results. A) The noon measu remen t s  in 195-215 cln 
d e p t h  in the  cen te r  of the  40 m wide Kalamaloue  channel  
were : t e m p e r a t u r e  20.2 -k 0.2 ~ and conduc t iv i ty  105.7 
• 5.3 ~zmho. cm -1. The corresponding  da t a  t aken  at  

1 Supported by CUNY/RF No. 10748; Hunter College; American 
Philosophical Society, Penrose Fund No. 7135. 
Supported by C. N. R. S./R. C. P. 

a H. W. LlSSlvIANN, Nature, Lond. 167, 201 (1951). 
4 H. W. LlSS~ANN, J. exp. Biol. 35, 156 (1958). 
5 H.W. LISS~ANN and K.E. MACHIN, ~J.exp. BioL 35, 451 (1958). 
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m i d n i g h t  were:  20.2 • 0.3 ~ and  106.5 4- 7.6 ~xmho. c m - L  
The  t u r b i d i t y  was 136 J= 19 F T U  (Formaz in  t u r b i d i t y  
units) ,  t h e  p H  r a n g e d  f rom 7.0 to 7.5, a n d  dissolved O 2 
was 5.3 ~_ 0.6 ppm.  E O D  recordings  were ob t a ined  f rom 
single f ish and  groups  of 2 to  5 ind iv idua l s  pass ing  t h r o u g h  
the  e lectrodes '  de t ec t i on  field. F igure  2 shows t he  E O D  
f requency  d i s t r i b u t i o n  of all  de tec ted  G. niloticus dur ing  
day  and  n i g h t t i m e .  The  d a y t i m e  ave rage  E O D  f requen-  
cies and  the i r  r anges  were n o t  s ign i f ican t ly  d i f fe ren t  f rom 
the  n i g h t t i m e  d a t a :  day,  253.4 • 27.9 Hz, range  204-313 
Hz ;  n igh t ,  251.5 • 34.8 Hz, r ange  196-326 Hz. Whi l e  
f ish were pass ing  in groups  of 2 to  5 ind iv idua l s  the  in i t ia l  
E O D  f requency  differences  (A/) a m o n g  ind iv idua l s  were 
m a i n t a i n e d  for as long as t he  f ish s t ayed  in t he  de tec t ion  
r ange  of t he  electrodes.  These  differences were no t  sig- 

Fig. 1. Sonogram illustrating the electric organ discharge frequencies 
of 5 G. niloticus passing through the detection field of the recording 
electrodes. 
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Fig. 2. Range and distribution of electric organ discharge frequencies 
of G. niloticus during day and nighttime. 

n i f i can t ly  d i f fe ren t  w i t h  r ega rd  to t h e  n u m b e r  of fish 
pass ing:  groups  of 2 (25 obse rva t ions ) :  A /  = 28.6 -c 
17.6 Hz, r ange  5-82 Hz ;  g roups  of 3 (14): A/  = 26.9 -k 
15 Hz, range  6-53 H z ;  groups  of 4 (9): /J[ = 14.7 4- 9 Hz,  
r ange  4-33 Hz ;  a n d  groups  of 5 (12) : J /  ~ 16.8 • 9.1 Hz, 
r ange  8-33 Hz. 

B) In  one of t h e  p e r m a n e n t  pools on the  i s land of 
I r o u n d a  E O D  recordings  a n d  ecological d a t a  were t a k e n  
b e t w een  12:00 an d  5:00 P.M. a t  d i f fe ren t  o b s e rv a t i o n  
si tes r an g i n g  in d e p t h  f rom 30 to 100 cm. The  w a t e r  
t e m p e r a t u r e  was 19.5 • 1.0~ c o n d u c t i v i t y  82.9 ~ 4.5 
~zmho �9 cm -1, t u r b i d i t y  64.2 ~- 8.3 F T U ,  p H  range  7.0 to  
7.5, and  dissolved O n was 7.7 • 1.2 ppm.  Over  a per iod  
of 2 weeks, 5 spec imens  of G. niloticus were observed  to 
m a i n t a i n  t h e  same  h id ing  places in p a r t l y  submerged  
bushes  of M i m o s a  aspirata (dur ing  day t ime)  which  t h e y  
left  du r ing  t h e  n i g h t  to  prey.  The  5 ind iv idua l s  were ident i -  
fied b y  t he i r  cha rac t e r i s t i c  E O D  frequencies  of 193, 212, 
223, 235 a n d  250 Hz.  

Discussion. Our  field d a t a  conf i rm t h e  wide range  of 
f requencies  o b t a i n e d  f rom G. niloticus k e p t  u n d e r  labora-  
t o r y  condi t ions .  C o n t r a r y  to n i g h t t i m e  E O D  increases  in 
o the r  m o r m y r i f o r m  fishes ~ we did  n o t  f ind s igni f icant  
da i ly  E O D  v a r i a t i o n s  in G. niloticus. LISSMANN ~ repor ted  
a decrease  in E O D  frequencies  in 2 cap t ive  specimens  over  
a 5 yea r  per iod  w h e n  these  f ish grew in size f rom 28 and  
38 cm to 52 a n d  54 cm. W e  c a u g h t  2 of the  I r o u n d a  f ish 
an d  also r e l a t ed  a h igher  f r equency  of 250 Hz to t h e  
smal le r  fish (22.5 cm) and  a lower f r equency  of 212 Hz  
to the  larger  f ish (37 cm). L a b o r a t o r y  recordings  f r o m  
young  6.7 to  9.5 cm G. niloticus show an  average  fre- 
q u e n c y  of 300 Hz  a t  21 ~ u n d e r  c o m p a r a b l e  c o n d u c t i v i t y  
cond i t ions  7. Since we recorded  t h e  K a l a m a l o u e  fish u n d e r  
re la t ive ly  c o n s t a n t  phys ico -chemiea l  cond i t ions  we a t -  
t r i b u t e  the  obse rved  range  of E O D  frequencies  in p a r t  to  
the  fishs '  age. Sex differences an d  possible f r equency  
v a r i a t i o n s  a n d / o r  f r equency  phase  shif ts  du r ing  specific 
b e h a v i o r a l  i n t e r ac t i ons  r e m a i n  to be  inves t iga ted .  R e c e n t  
l a b o r a t o r y  s tudies  on (EOD frequency-)  j a m m i n g - a v o i -  
dance  8 showed t h a t  G. niloticus w h e n  s t i m u l a t e d  w i t h  
f requencies  close to  i ts  own will sh i f t  i ts  E O D  f requency  
b y  a t  leas t  4 Hz, a va lue  wh ich  is in accordance  w i t h  our  
n a t u r a l  obse rva t ions .  

P. MOLLER, Anim. Behav. 78, 768 (1970). 
7 p. MOLLER, unpublished data. 
8 W. HEILIGENBERG, J. comp. Physiol. 103, 55 (1975). 

Primary Nucleolus and Amphinucleol i  in the Oocytes of Patel la coerulea  L. (Moll. Gast.) 

A. BOLOGNARI, A. LICATA and  M. B. t~ICCA 

Ist i tuto di Zoologia e A n a t o m i a  comparata dell' Universitd, M es s i n a  (Italy),  8 December 1975. 

Summary .  Elec t ron  microscope obse rva t ions  show in t h e  p r i m a r y  nucleolus  some g r a n u l a t i o n s  w i t h  d imens ions  less 
(70 A) t h a n  those  of t he  amph inuc leo l i  (90 A). E v e n  t h o u g h  t h e  p r i m a r y  nucleolus  has  a h igh  R N A  con ten t ,  th i s  h a s  
n o t  a v e r y  ac t ive  t u r n o v e r  e x c e p t  a t  t h e  pe r iphery ,  p r o b a b l y  in r e l a t ion  to  t h e  emiss ion  of ' daugh te r -nuc leo l i ' .  T he  
amphinuc leo l i ,  even  t h o u g h  t h e y  do n o t  h a v e  R N A  which  is cy tochemica l l y  discloseable,  possess, however ,  R N A  a t  
a v e r y  h i g h  ra t e  of t u rnove r .  

F r o m  the  research  done  especial ly  b y  JORGENSEN 1 
a n d  b y  t h e  researchers  of t he  I n s t i t u t e  of Zoology 2 of t h e  
U n i v e r s i t y  of Messina,  i t  appea r s  t h a t  t he  oocytes  of 
Patella coerulea p re sen t  a complex  nuc leo la r  a p p a r a t u s  
du r ing  t he i r  g rowth .  This  is c o n s t i t u t e d  b y  a ' p r i m a r y  
nucleolus '  more  or less d i s t a n t  f rom the  nuc lea r  m e m b r a n e ,  
co lourable  in  red w i t h  Mal lory ' s  m e t h o d  a n d  in blue w i t h  

Domin ic i ' s  me t h o d ,  w i t h  c lear  ev idence  of R N A  a n d  
w i t h o u t  nucleolini ,  a n d  b y  a va r i ab l e  n u m b e r  of ' am-  
phinuc leo l i '  w h i c h  genera l ly  adhere  to  t h e  nuc l ea r  
m e m b r a n e  u n t i l  t h e y  g r adua l l y  wear  t h e m s e l v e s  out.  T he  
amph inuc leo l i  are colourable  in b lue  w i t h  Mal lory ' s  
m e t h o d  a n d  in red  w i t h  Domin ic i ' s  m e t h o d ;  t h e y  show 
no ev idence  of R N A  a n d  h a v e  nucleol in i  wh ich  are more  


