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Treatments Mononucleate cells B/nucleate cells 
0.04 0.06 0.10 0.04 0.06 0.10 

Binucleate (%) 
0.04 0.06 0.10 

Control 35.500 18.446 14.190 850 867 823 
10mMCa ++ 15.833 8.028 4.385 190 289 228 
10mMMg*+ 5.213 6.606 6.480 75 218 423 
Ca++ +Mg++ (10mM) 20.500 4.454 3.379 106 98 196 

2.45 i 0.08 4.71 ~ 0.15 5.87 ::t= 0.19 
1.31 • 0.08 3.60 :~= 0.20 5.21 4- 0.33 
1.30 ! 0.15 3.21 ~ 0.15 6.06 2t~ 0.29 
0.52 4- 0.05 2.23 ~ 0.21 5.86 4- 0.40 

Fo r  cyto logica l  analysis ,  t h e  roo ts  were f ixed in  3:1  
e thano l - ace t i c  m i x t u r e  a n d  t he  spec imens  p r e p a r e d  b y  
s t a in ing  t he  roo t s  w i t h  acet ic  orcein  accord ing  to  t he  
t e c h n i q u e  of Tjio a n d  L e v a n  14. E v e r y  t r e a t m e n t  was  
s tud ied  in a t  l eas t  2 bu lbs  a n d  eve ry  roo t - t i p  was  s tud ied  
b y  scor ing  a b o u t  1000 m e r i s t e m  cells a t  r a n d o m .  
As b i n u c l e a t e  cells were cons idered  all  cells w i t h  2 nucle i  
sha r i ng  a c o m m o n  cy top la sm,  in  sp i te  of t he  p resence  of 
p a r t i a l  cell p la tes .  
Results and discussion. Caffeine eff ic iency in  cy tok ines i s  
inh ib i t ion .  W i t h  on ion  roots ,  a s t e a d y  s t a t e  of g r o w t h  can  
be o b t a i n e d  u n d e r  con t ro l l ed  condi t ions ,  cha rac t e r i zed  
b y  a c o n s t a n t  g r o w t h  ra te ,  a re l iab le  cycle t i m e  and  a 
m i to t i c  i n d e x  w h i c h  r e m a i n s  s t e a d y  ove r  a long  t i m e  
period*.  To e s t i m a t e  t he  caffe ine efficiency, roo ts  in  such  
a s t e a d y  s t a t e  were i n c u b a t e d  i n  d i f fe ren t  d r u g  concen-  
t r a t i o n s  and  t he  resu l t s  are  s u m m a r i z e d  in t h e  figure.  
As a consequence ,  t h e  c o n c e n t r a t i o n  0 .04% ( a b o u t  2 raM) 
of caffeine h a s  been  cons idered  t h e  50%- inh ib i t ion -dose .  
Ve ry  low concen t r a t i ons ,  be low 0.02%,  do n o t  i nduced  
b i n u c l e a t e  cells, whi le  h ighe r  c o n c e n t r a t i o n s  such  as 0.08 
or 0 .1% show t h e  m a x i m u m  efficiency. 
Caf fe ine-ca lc ium a n t a g o n i s m .  Accord ing  to  P a u l  a n d  
Golf ' s  hypo thes i s ,  caffeine m u s t  i n h i b i t  cy tok ines i s  b y  
in t e r f e r ing  w i t h  i n t r ace l lu l a r  ca lc ium,  and  we expec ted  
i t s  c o m p e t i t i o n  to  be de t ec t ed  eas i ly  b y  t e s t i ng  w i t h  
50%- inh ib i t i on -doses .  Our  resu l t s  a re  r ecorded  in t h e  
t ab le ,  where  t h e  r e d u c t i o n  in  caffe ine  eff ic iency induced  
b y  ca l c ium is r e m a r k a b l e  a t  c o n c e n t r a t i o n  0 .04% a n d  

negl igible  a t  0 .1% caffeine.  I t  is logical  to  a s sume  t h a t  t he  
ca lc ium c o n c e n t r a t i o n  r equ i r ed  to  reverse  t h e  0 .1% caf- 
feine so lu t ion  m u s t  be  too  h i g h  to be  c o m p a t i b l e  w i t h  in  
v ivo  assays.  
Caf fe ine -magnes ium a n t a g o n i s m .  S imi la r  resu l t s  were 
o b t a i n e d  w i t h  m a g n e s i u m  n i t r a t e ,  10 -~ M, a n d  b o t h  
ca t ions  a p p e a r  to  h a v e  a synergic  effect  ( table),  for the  
presence  of b o t h  in t h e  cu l tu re  m e d i u m  h a r d l y  depreses  
t he  caffeine eff ic iency a t  0 .04% to  a b o u t  20% of con t ro l  
b inuc l ea t e  cell p roduc t ion .  
On  t h e  o the r  h a n d ,  t he  presence  of a n y  ca t ion  does no t  
s ign i f i can t ly  modi fy  t he  i n d u c t i o n  of b i n u c l e a t e  cells 
w h e n  t he  roo ts  are  i n c u b a t e d  in caffe ine a t  0 .1%.  This  
s t e a d y  eff ic iency a t  t h i s  caffe ine c o n c e n t r a t i o n  s t rong ly  
d i scoun t s  t he  effects  of ca t ions  as a genera l  depress ion  of 
t he  mi to t i c  ra te ,  for in  t h i s  case t h e  b inuc l ea t e  cell pro-  
duc t i on  a t  a n y  caffe ine c o n c e n t r a t i o n  would  also neces- 
sa r i ly  decline.  
I n  shor t ,  we conc lude  t h a t  t he  effect  of caffe ine on  cyto-  
k inesis  m a y  be  modi f ied  b y  ca l c ium a n d  magnes ium,  
especial ly  a t  t h r e s h o l d  c o n c e n t r a t i o n s  of caffeine.  W e  
propose  t h a t  b o t h  ca t ions  m u s t  p l a y  a role in  p l a n t  cy to-  
kinesis ,  p r o b a b l y  r e l a t ed  w i t h  t h e  fus ion of Golgi vesicles 
to  give r ise t o  t he  new  cell wall.  The  in t r ace l lu l a r  concen-  
t r a t i o n s  m u s t  be  a d e q u a t e  u n d e r  con t ro l  condi t ions ,  b u t  
insuf f ic ien t  in  t he  p resence  of caffe ine a t  c e r t a i n  concen-  
t r a t ions .  

14 J . H .  Tjio and A. Levan, Ann. est. exp. Aula Dei 2, 21 (1950). 

A n  a m m o n i a c a l  s i l v e r  staining technique for mitotic c h r o m o s o m e s  o f  T r i t u r u s  ( U r o d e l a :  

Salamandridae) 1 

Mat i lde  R a g g h i a n t i ,  S t e f an ia  B u c c i - I n n o c e n t i  a n d  G. Manc ino  

Institute o/Histolology and Embryology, University o[ Pisa, via A. Volta 4, 1-56100 Pisa (Italy), 7 March 1977 

Summary. A n  a m m o n i a c a l  s i lver  s t a i n i n g  t e c h n i q u e  was appl ied  to  m i to t i c  m e t a p h a s e  c h r o m o s o m e s  of 2 species of 
N e w t s  (Tr i turus) .  T h e  mes  is useful  for i den t i fy ing  nuc leo la r  o rgan ize r  regions .  I n  add i t ion ,  i t  revea ls  o t h e r  s i tes  
of u n k n o w n  signif icance.  

Two p rocedures  for  a d i f fe ren t ia l  s t a i n i n g  of c e r t a i n  
c h r o m o s o m e  regions  h a v e  r e c e n t l y  b e e n  p roposed  b y  
Howel l  e t  al. * a n d  G o o d p a s t u r e  a n d  B l o o m  s. The  f i rs t  is 
a n  a m m o n i a c a l  s i lver  t e chn ique ,  de s igna t ed  AS-SAT,  
w h i c h  s t a in s  t h e  sa te l l i te  regions  of D a n d  G g roup  h u m a n  
ch romosomes .  The  second one  is a s impler  a m m o n i a c a l  
s i lver  s t a i n i n g  reac t ion ,  d e s i g n a t e d  Ag-AS,  w h i c h  s t a ins  
d i f f e ren t i a l ly  t h e  nueleolus  o rgan ize r  regions  (NORs) of 
some m a m m a l i a n  species. W e  t r i e d  b o t h  t e c h n i q u e s  on  
t h e  m i t o t i c  c h r o m o s o m e s  of T r i t u r u s  to  i m p r o v e  our  
knowledge  of k a r y o t y p i c  e v e n t s  i n v o l v e d  in evo lu t i on  a n d  
spec ia t ion  m e c h a n i s m s  w i t h i n  t h e  genus  4. 

Material and methods. 30 l a rvae  a n d  5 males  f rom Pisa  a n d  
a couple  f rom t h e  R i v e r  Sarno,  nea r  Pompei i ,  of T r i t u r u s  
vu lgar i s  mer id iona l i s  (Boulenger ,  1882) as well  as 10 lar-  

1 With financial support of the Consiglio Nazionale delle Ricerche, 
Rome. 

2 W.M. Howell, T. E. Denton and J. R. Diamond, Experientia 
31, 260 (1975). 

3 C. Goodpasture and S. E. Bloom, Chromosoma, Berl. 53, 37 
(1975). 

4 G. Mancino, M. Ragghianti and S. Bucci-Innocenti, in: The 
Reproductive Biology of Amphibians, p. 411. Ed. D. H. Taylor 
and S. I. Guttman. Plenum Press 1977. 
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vae  and  5 males  f rom Pisa  of T. c r i s ta tus  carni fex  (Lau-' 
rent i ,  1768) were  s tudied.  The animals  were prev ious ly  
t r e a t ed  wi th  colchicine 0.3% for 24 h. Larvae;  guts  and  
tes tes  excized f rom the  adul t s  were kep t  in dis t i l led wa te r  
for 10 min  and  t h e n  f ixed in absolute  e thano l :  glacial 
acet ic  a c i d  3:1 for 30 rain. The cytological  p repa ra t ions  
were made  fol lowing the  'dry- ice  m e t h o d '  and  t h e n  
s ta ined  according to  e i ther  of the  2 above -men t ioned  t ech -  
n iques  2, 8 The be~t resul ts  were  ob ta ined  b y  following t h e  
p rocedure  p roposed  b y  Howel l  e t  al. * wi th  a d e n a t u r a t i o n  
t r e a t m e n t  of  only  2 rain. This  t echn ique  does not ,  how-  
ever,  p roduce  un i fo rm results ,  since e i ther  too pale or 
overs ta ined  cells are a lways p resen t  in a given p repara -  
t ion  beside p roper ly  s ta ined  mi to t ic  me taphases .  
Results and discussion. In  T. vulgaris  meridionalis ,  t he  
ch romosomes  appea r  golden-yel low to  l ight  orange.  Thei r  
per icent r ic  regions, which  are he t e roch roma t i c  in larvae  
t r e a t ed  b y  cold ~ and  which  appea r  as C-bands  in adul t s  6, 
are fa in t ly  s ta ined.  By  c o n t r a s t  the  NORs,  prev ious ly  
ident i f ied  on ch romosome  X I  7, are d i f ferent ia l ly  ma rk ed  
b y  a sub te rmina l  b lack  do t  (figures 1 and 2,a, b and  c). 
This  local izat ion seems to  cor respond  to  the  sites of t he  
genes for 18S + 28S r R N A  de t e rmined  by  in s i tu mole-  
cular  hybr id iza t ion  8,9. Besides the  NOR,  some A S - S A T  
addi t iona l  sites are somet imes  p resen t :  the i r  n u m b e r  and  
local izat ion t end  to  be c o n s t a n t  in a given specimen,  b u t  
t h e y  m a y  v a r y  be tween  individuals .  Figures  1 and  2,b 
show mi to t ic  c o m p l e m e n t s  of a male f rom Pisa  wi th  b o t h  
the  N O R s  on the  2 homologues  XI  and  2 AS-SAT  ad-  
d i t ional  si tes on on ly  1 homologue  of one of t he  larges t  
metacen t r i cs ,  t he  si te p re sen t  on the  shor te r  a rm be ing  
more  conspicuous.  2-min in te rca la ry  granules  are p re sen t  
on the  long a rm of b o t h  homologues  VII ,  bu t  only  in p a r t  
of the  cells (figure 1). 
The karyological  p ic tu re  of a female collected in the  R ive r  
Sarno was pecul iar :  the  mi to t ic  c o m p l e m e n t  has  con- 
s t a n t l y  shown a s ta ined  N O R  on only  1 homologue  XI ,  
2 in te rca la ry  addi t iona l  si tes on the  long a rm of t he  same 
ch romosome  b u t  no t  on its homologue,  and 1 site also on 
1 homologue  V I I I  (figure 2,c). In  spi te  of t he  occurrence 

Fig. 2. Larval mitotic complements a of T. v. meridionalis and d of 
T. e. earnifex, b Part of the mitotic complements of the same speci- 
men as in figure 1 and c of a female of T. v. meridionalis from the 
River Sarno. NORs are indicated by--~; additional sites are indicated 
by --> (AS-SAT technique). 

Fig. 1. The 24 mitotic chromosomes of T. v. meridionalis. The 2 
subterminal NORs on chromosomes XI are indicated by---N; the 
additional sites on one large metacentric are indicated by -+ (male 
from Pisa; gut; AS-SAT technique). 

5 H.G. Callan, Proc. r. Soc. B 130, 324 (1942). 
6 I. Nardi, M. Ragghianti and G. Mancino, Chromosoma, Berl. 

dO, 321 (1973). 
7 G. Barsacehi, L Bussotti and G. Maneino, Chromosoma, Berl. 

37, 255 (1970). 
8 I. Nardi, R. Batistoni, G. Barsacehi Pilone, M. Bartoli and 

F. Andronico, Boll. Zool. dl, 509 (1974). 
9 G. Barsacchi Pilone, F. Andronico, R. Batistoni, I. Nardi and 

G. Lisanti, Atti Ass. genet, ital. 20, 110 (1976). 
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of on ly  1 NOR,  th i s  spec imen  c a n n o t  be  r ega rded  as 
he t e rozygous  for t h i s  region,  s ince t he  r e l a t i onsh ip  be-  
t w e e n  f u n c t i o n a l i t y  of t h e  ~lucleolus organizers  a n d  the i r  
v i sua l i za t ion  induced  b y  t he  a m m o n i a c a l  s i lver  s t a i n i n g  
t e c h n i q u e  m u s t  be  f u r t h e r  ver i f ied.  
T. c r i s t a tu s  ca rn i fex  seems to  sha re  t he  a b o v e - m e n t i o n e d  
fea tures .  W h e n  i ts  c h r o m o s o m e s  are  t r e a t e d  b y  t h e  AS-  
SAT t echn ique ,  t h e  2 N O R s  ( s u b t e r m i n a l l y  on  t he  s h o r t  
a r m  of c h r o m o s o m e  VI ,  and ,  in  i n t e r c a l a r y  posi t ion,  on  
t he  sho r t  a r m  of c h r o m o s o m e  I X  1~ c lear ly  show a 
b l a c k  co lo ra t ion ;  some A S - S A T  a d d i t i o n a l  s i tes  are  also 
ev iden t ,  for  i n s t ance  on  c h r o m o s o m e  X I I  (figure 2,d). 

The  p rocedure  p roposed  b y  Howel l  e t  al. * for h u m a n s ,  
t h u s  appea r s  to  be  of c y t o t a x o n o m i c  i n t e r e s t  in  Sala-  
m a n d r i d s ,  s ince t he  t e c h n i q u e  is p a r t i c u l a r l y  e f fec t ive  in 
r evea l ing  t he  n u m b e r  a n d  loca l iza t ion  of NORs ,  and  of 
poss ible  kdd i t i ona l  sites, in those  species where  t h e y  are  
s t i l l  u n k n o w n .  

10 G. Mancino, I. Nardi and M. Ragghianti, Experientie 28, 856 
(1972). 

11 G. Barsacchi Pilone, I. Nardi, R. Batistoni, F. Andronico and 
E. Beeeari, Boll. Zeol. 41,456 (1974). 

12 S. Hennen, S. Mizuno and H. C. Macgregor, Chromosoma, 
Berl. 50, 349 (1975). 

An empirical relationship between the prey density and predatory 
efficiency of Gambusia affinis 

S. R a v i c h a n d r a  R e d d y  

Department ol Zoology, Bangalore University, Bangalore 560001 (India), 14 February 1977 

Summary. L a r v a l  dens i t y  of Culex f a t i gans  essent ia l ly  inf luences  t he  p r e d a t o r y  r a t e  of t he  mosqu i to - f i sh  G a m b u s i a  
affinis.  The  feeding r a t e  of t h e  f ish g r a d u a l l y  increases  u p  to a m a x i m u m  va lue  a t  i n t e r m e d i a t e  p r e y  dens i t i e s  b e y o n d  
wh ich  t h e r e  is a n  a s y m p t o t i c  s a t u r a t i o n  in t he  feeding ra te .  The  r e l a t ionsh ip  is r ep re sen t ed  b y  a n  empi r ica l  e q u a t i o n  
which  he lps  in  t he  p r e d i c t i o n  of t h e  ideal  s tock ing  ra t e  of t he  f ish in n a t u r a l  sys tems .  

I t  is well  k n o w n  t h a t  p r e d a t i o n  b y  t h e  f ish G a m b u s i a  af- 
f inis  a l te rs  t h e  n u m b e r  a n d  c o m p o s i t i o n  of popu la t i ons  of 
m o s q u i t o  l a r v a e  1. I n  a p r e d a t o r - p r e y  sys tem,  t h e  func t i on -  
al  r e sponses  of e i the r  species a re  cons i de r ab l y  in f luenced  
b y  t he  p rope r t i e s  of t h e  o t h e r  c o m p o n e n t  *. E a r l y  theor ies  
of t r oph i c  ecology are based  on  t h e  a s s u m p t i o n  t h a t  
p r e d a t o r y  r a t e s  are  p r o p o r t i o n a l  to  p r ey  a b u n d a n c e  3. 
Such  a s s u m p t i o n s  h a v e  l i t t l e  s igni f icance  in fo recas t ing  
t h e  success of p r e d a t i o n  as wel l  as t h e  s tock ing  r a t e  of t h e  
p r e d a t o r  in  n a t u r a l  sys tems .  So far,  workers  in  t he  field 
of l a rv ivo rous  con t ro l  of mosqu i toes  h a v e  t a k e n  t he  a rea  
of t he  h a b i t a t  as a n  i ndex  for s tock ing  p r e d a t o r y  fishes 4. 
More  i m p o r t a n t  t h a n  th is ,  would  be  t h e  s t u d y  of in te r -  
r e l a t i onsh ip  b e t w e e n  t h e  p r e d a t o r - p r e y  proper t ies ,  to  ar-  
r ive  a t  t h e  ideal  s tock ing  r a t e  of t h e  biological  con t ro l  
agen t .  T h e  p r e s e n t  p a p e r  e luc ida tes  t h e  inf luence  of den-  
s i ty  of Culex f a t i gans  l a rvae  on  t h e  p r e d a t o r y  r a t e  of 
G. affinis.  
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Fig. 1. Relationship between the density of 4th instar Culex fatigans 
larvae and the predatory efficiency of Gambusia affinis. 

Material and methods. G a m b u s i a  affinis col lected f rom the  
B e l l a n d u r  t a n k  (near  Banga lore )  were g rouped  in to  males,  
n o n - g e s t a t i n g  females  a n d  ges t a t i ng  females  d e p e n d i n g  o n  
t h e i r  sex  a n d  phys io logica l  s t a te .  5 i nd iv idua l s  of s imi la r  
b o d y  weigh ts  (male:  151.3 :k 12.94; n o n - g e s t a t i n g  fe- 
ma le  : 160.3 t 7.07 a n d  ges t a t i ng  female  : 249.2 4- 11.94 mg) 
were selected f rom each  g roup  a n d  k e p t  in  s epa ra t e  
a q u a r i a  (surface a rea :  625 c m  2) c o n t a i n i n g  1 1 of a e r a t e d  
f reshwater .  The  f ish were  s t a r v e d  for 3 days  p r io r  to  t h e  
s t a r t  of t he  e x p e r i m e n t  to  el ici t  h u n g e r  in  t h e m  5. The  
p r e y  cons i s t ing  of l ive  4 th  i n s t a r  Culex f a t i gans  larvae,  
were  offered to  these  e x p e r i m e n t a l  i nd iv idua l s  in  d i f fe ren t  
dens i t i es  (5, 10, 25, 50, 75, 100, 125, 150 la rvae /625  cm2). 
The  f ish in each  g r o u p / a t  each  d e n s i t y  level  were al lowed 

1 J . B .  Gerberich and M. Laird, WHO/MALl66-562, 1966. 
2 C.S. Holling, Mem. ent. Soc. Can. 48, 1 (1966). 
3 D.W. Ware, J. Fish. Res. Bd. Can. 29, 1193 (1972). 
4 J .B .  Hoy, G. Allen, O'Berg and Eugene E. Kauffman, Mosquito 

News 31, No. 2 (1971). 
5 J .T .  Windell, in: The biological basis of freshwater fish produc- 

tion, p. 151. Blackwell Scientific publications; Oxford-Edin- 
burgh 1967. 
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Fig. 2. Predatory efficiency of Mesogomphus lineatus at different 
larval densities L 


