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Table I. Effect of different concentrations of actinomycin D on the 
replication of infectious pancreatic necrosis (IPN) virus • 

Concentration of actinomycin D Virus infectivity 
(~tg/ml) titer b 

0.0 7.8 
0.2 5.0 
0.5 4.7 
1.0 4.5 
2.0 5.0 

Duplicate cultures of RTG-2 cells were pretreated with maintenance 
medium containing the designated concentrations of actinomycin D, 
2 h prior to infection. Immediately before infection, the cultures were 
washed free of residual actinomycin with 3 changes of fresh main- 
tenance medium. All cultures were then infected with approximately 
100 TeIDs0's of virus per cell. Following a 1 h adsorption period at 
22 °C, unadsorbed virus was removed by washing the cell sheet 3 times 
with Earles balanced salts solution. All cultures were then reincu- 
bated at 22°C in maintenance medium containing the appropriate 
concentration of aetinomyein D. The experiment was terminated at 
24 h after infection. ~Logl0 of the number of TCID~0's per 1.0 ml. 

Table II. Effect of the time of addition of actinomycin D on the 
replication of infectious pancreatic necrosis (IPN) virus* 

Actinomycin addition b (h) Virus infectivity 
titer c 

_a 7.8 
1 Pre-infcetion 5.3 
0 5.1 
1 Post-infection 6.7 
2 Post-infection 7.9 
3 Post-infection 7.3 
4 Post-infection 7.3 
5 Post-infection 7.5 
6 Post-infection 7.9 
9 Post-infection 7.8 

11 Post-infection 7.3 

• AI1 cultures were infected at time 0 with approximately 100 TCID~0's 
of virus per cell as in Table L Following virus adsorption the cultures 
were incubated in normal maintenance medium. The experiment was 
terminated 24 h after infection, b At the designated intervals, the nor- 
mal maintenance medium on all cultures was replaced with mainte- 
nance medium containing actinomycin D (2.0 [tg/ml). In the case of 
cultures treated with actinomycin prior to infection, maintenance 
medium containing the antibiotic was added immediately following 
the virus adsorption. ~Logl0 of the number of TCID60's per 1.0 ml. 
aActinomycin D omitted. 

of cells w i t h  ac t i nomyc in  or t h e  add i t ion  of t he  an t ib io t ic  
a t  t h e  t i m e  o1 infec t ion  resu l ted  in a grea te r  t h a n  99% in- 
h ib i t ion  in t h e  p roduc t ion  of infect ive  virus.  A signif icant ,  
b u t  no t  as great ,  inh ib i t ion  of I P N  vi rus  p r o d u c t i o n  was  
also obse rved  w h e n  ac t inomyc in  was  a d d e d  wi th in  1 h 

a f te r  infect ion.  However ,  exposure  to the  an t ib io t ic  a t  2 h 
a f te r  infec t ion  or la ter  had  no effect  on the  rep l ica t ion  of 
I P N  virus.  

Microscopic e x a m i n a t i o n  of un infec ted  IRTG-2 cul tures  
t r e a t e d  w i t h  ae t i nomyc in  D (2.0 ~g/ml) revea led  cells no-  
t i ceab ly  more  r o u n d e d  and  granular  t h a n  those  of in-  
t r e a t e d  controls .  This  c y t o t o x i c i t y  of a c t i n o m y c i n  for 
RTG-2  cells was  f i rs t  a p p a r e n t  a p p r o x i m a t e l y  10-12 h 
a f t e r  exposure  to  t he  ant ib io t ic .  The  e x t e n t  of  cytologica l  
d a m a g e  increased  wi th  t i m e  unt i l  24 h a f t e r  exposure ,  
w h e n  cell d a m a g e  a n d  cell loss was  extens ive .  The  degree  
of c y t o t o x i c i t y  obse rved  was  less severe  when  concen t ra -  
t ions  of  0.2-0.5 [zg a c t i n o m y c i n ] m l  were  employed .  The  
resul ts  p r e sen t ed  in Table  I I  indica te  t h a t  t he  inh ib i t ion  of 
I P N  vi rus  by  ac t i nomyc in  D is no t  an  ind i rec t  resul t  of the  
c y t o t o x i c i t y  of t he  an t ib io t ic  for RTG-2 cells. In  cells ex-" 
posed  to  ac t i nomyc in  C f rom 2 h af ter  infect ion unt i l  t he  
e x p e r i m e n t  was  t e r m i n a t e d ,  I P N  virus  repl ica ted  to  t i te rs  
equ iva len t  to  those  found  in s imilar ly  infec ted  u n t r e a t e d  
ceils. 

A l t h o u g h  I P N  virus resembles  m e m b e r s  of the  reovirus  
group in size and  morpho logy  15,1, and  its effect  on macro-  
molecule syn thes i s  in t he  infec ted  cell (unpubl ished data) ,  
t he  resul ts  r epo r t ed  here  ind ica te  a sens i t iv i ty  of t he  virus  
for a c t i n o m y c i n  D which differs  f rom t h a t  r epor ted  for the  
reoviruses.  Ins t ead ,  t he  p a t t e r n  of inh ib i t ion  of I P N  vi rus  
b y  ac t i nomyc in  D appea r s  to  paral le l  in m a n y  ways  t h a t  
descr ibed  for the  myxov i ru se s  and  pol iovirus  x-s. 

The  m e c h a n i s m  b y  wh ich  ac t inomyc in  D inh ib i t s  t he  
mul t ip l i ca t ion  of I P N  virus  is no t  known.  Assuming  t h a t  
I P N  repl ica tes  in a m a n n e r  s imi lar  to  o the r  s ing le -s t randed  
I~NA viruses,  an effect  of ac t inomyc in  on t h e  s t ruc tu re  or  
a c t i v i t y  of  t he  repl ica t ive  form (RF) is a possible  mecha -  
nism.  Al te rna t ive ly ,  a c t i nomyc in  m a y  in ter fere  w i th  a 
cons t i t u t ive  hos t  func t ion  requi red  for v i rus  mul t ip l ica-  
t ion.  In  any  event ,  t he  a c t i n o m y c i n  sens i t ive  s t ep  in t h e  
repl ica t ion  of I P N  vi rus  occurs  ear ly  ir~ the  infec t ion  p ro-  
cess. 

Rdsumd. La croissance du v i rus  de la n6crose infect ieuse 
pancr6a t ique  dans  les cul tures  des cellules de la t ru i te  est  
arr~t6e dans  une p ropo r t i on  de plus  de 99% par  l ' ac t ino-  
myc ine  D, ~ rou tes  les concen t r a t ions  essay6es. La r6aet ion 
sensible  ~ l ' a c t i nomyc ine  a lieu dans  les p remieres  phases  
du processus  infect ieux.  
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A V i r u s  of  a N e w  T y p e  P a t h o g e n i c  to  C r u s t a c e a  

Very  few virus  diseases have  been  observed  in mar ine  
inver tebra tes .  In  c rus tacea  t h e  only  virus  descr ibed is t h a t  
d iscovered  by  VAGO 1 in Macropipus depurator L. We  have  
r ecen t ly  observed  a new virus  disease in M. depurator po- 
pu la t ions  of the  F r e n c h  Medi t e r ranean  coast .  The diease 
is charac te r ized  by  a weaken ing  of t he  an imals  and  a rap id  
m o r t a l i t y  w i t h o u t  obvious  s y m p t o m .  

F r o m  the  h a e m o l y m p h  and  f rom suspensions  of differ- 
en t  t issues of d iseased crabs,  an ovoid, of ten  e longated,  
vi rus  has  been  isolated.  The virion, 150-300 n m  in length,  
is su r rounded  by  an  enve lope  of c o m p o s e d s u b - u n i t s  a r rang-  

x C. VAc, o, Nature, Lond. 209, 1290 (1966). 
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Infectious viral particles isolated from the haemolymph and the 
haemocytes of diseased Macropipus depurator ×. 126,000 

ed  in r egu la r  l ines  f o r m i n g  a he l ica l  s t r u c t u r e  on  t he  sur-  
face. T h e  v i r ion  is h o m o g e n o u s  ins ide  b u t  c o n t a i n s  severa l  
e l e m e n t s  dense r  to  e l ec t rons  (Figure) .  

T h e  c y t o p l a s m  of h e a r t  cells obse rved  in  e lec t ron  mi-  
c roscopy  o n  u l t r a t h i n  sec t ions  shows a n  a r r a n g e m e n t  in  
g roups  of ovoid  vir ions .  

These  v i r ions  h a v e  b e e n  pur i f i ed  b y  d i f f e ren t i a l  a n d  
d e n s i t y  g r a d i e n t  cen t r i fuga t ions .  I n j e c t i o n  of pur i f i ed  
v i ruses  to  h e a l t h y  c r abs  p r o v o k e d  t h e  disease.  

F u r t h e r  s tud ies  on  t h e  nucle ic  ac id  a n d  t h e  u l t r a s t r u c -  
t u r e  wil l  e n a b l e  us  to  def ine  t h e  pos i t ion  of t h i s  v i ru s  
wh ich  shows some cha rac t e r i s t i c s  c o m m o n  to  r h a b d o v i -  
ruses.  Never the less ,  i t  seems  t h a t  t h i s  v i ru s  c a n n o t  be  in-  
c luded  in one  of t h e  t ypes  of v i ruses  a l r e ad y  k n o w n  in 
c o m p a r a t i v e  vi rology.  

T h e  disease  seems  f r e q u e n t  in  c r a b  p o p u l a t i o n s  of t h e  
M e d i t e r r a n e a n  Coast ,  for  m a n y  s a m p l i n g s  e n a b l e d  us to  
obse rve  lesions a n d  i so la te  t h e  v i rus .  I t  is s o m e t i m e s  
assoc ia ted  w i t h  a n o t h e r  v i rus ,  50-60  n m  in d i ame te r ,  
p r o b a b l y  t h e  one  found  b y  VAGO 1 in t h e  s ame  Medi te r -  
r a n e a n  area.  

Rdsumd. U n e  ma l ad i e  v i ra le  a 6t6 mise  en  6v idence  chez  
le D6capode  Macropipus depurator. Le v i rus  isol6 e t  pur i -  
fi6 es t  de  150 ~t 300 n m  de  long, ovo ide  e t  envelopp6.  I1 es t  
e x p 6 r i m e n t a l e m e n t  tr~s pa thog~ne .  Les g r o u p e m e n t s  de 
v i r ions  o n t  6t6 m o n t r 6 s  d a n s  le c y t o p l a s m e  des  cel lules 
ca rd iaques .  
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The Spatial  Orientation of Desert Ants ,  Catag lyph i s  bicolor ,  Before Sunrise  and After Sunset  

I n  two ear ly  pape r s  SANTSCHI 1, 9~ sugges ted  t h a t  dese r t  
a n t s  ( Formicinae : Cataglyphis bicolor ; Myrmicinae : Mo- 
nomorium salomonis) would  be  ab le  to  use t h e  m o o n  a n d  
even  some b r i g h t e r  s t a r s  for n o c t u r n a l  o r i en t a t i on .  
A l t h o u g h  these  conc lus ions  are  o f t en  c i t ed  in  h a n d b o o k s  
a n d  rev iew ar t ic les  a b o u t  a n t  b e h a v i o r  s'* , t h e y  h a v e  n o t  
been  sc ru t in i zed  u n t i l  now. I n  r e c e n t  years ,  however ,  
t h e  p r o b l e m  of celest ia l  o r i e n t a t i o n  d u r i n g  t h e  n i g h t  h a s  
become  more  in te res t ing ,  s ince 1. t he  o r i e n t a t i o n  t o w a r d  
t h e  m o o n ' s  a z i m u t h  ha s  been  t e s t e d  in severa l  a r t h r o -  
pods  5-8, a n d  2. t h e  a b i l i t y  to  recognize  p a t t e r n s  of b r i g h t  
c i r c u m p o l a r  s t a r s  could  be  p r o v e d  in v e r t e b r a t e s  8-n.  I n  
c o n t r a s t  to  t he  o v e r w h e l m i n g  ev idence  for  a s u n - c o m p a s s  
o r i e n t a t i o n  in  b o t h  a r t h r o p o d s  a n d  v e r t e b r a t e s ,  t h e r e  
are no  u n a m b i g u o u s  d a t a  a b o u t  a compas s  o r i e n t a t i o n  
t o w a r d s  t h e  a z i m u t h  of t h e  m o o n  or  even  of some b r i g h t e r  
s tars .  S t u d y i n g  t h e  v i sua l  o r i e n t a t i o n  of dese r t  an t s ,  Ca- 
taglyphis bicolor 1~-x5, we the re fo re  i n v e s t i g a t e d  t he  or ien-  
t a t i o n  p e r f o r m a n c e s  of t he se  dese r t  a n t s  d u r i n g  d i f f e ren t  
t i m e  in t e rva l s  be tween  s u n s e t  a n d  sunrise.  

Since Cataglyphis bicolor is a p r e d a t o r y  a n d  so l i t a ry  
h u n t e r ,  n e v e r  p e r f o r m i n g  mass  forag ing  a long  scen t  t ra i l s ,  
s ingle a n t s  can  be  successful ly  t r a i n e d  to  go to  feeding 
places.  I n  t he  e x p e r i m e n t s  dea l t  w i t h  here,  t h e  indi-  
v i d u a l l y  m a r k e d  a n t s  were t r a i n e d  f rom t h e  n e s t  e n t r a n c e  
to  a specia l  a z i m u t h  ~I a long  a d i s t ance  of 10-20 m. As 
in Cataglyphis bicolor foraging  is usua l ly  r e s t r i c t ed  to  
d a y - t i m e ,  t h e  a n t s  h a d  to  b e  t r a i n e d  u n d e r  d a y - l i g h t  
cond i t i ons  a n d  were a f t e r w a r d s  t e s t ed  d u r i n g  t he  n igh t .  
F o r  each  forag ing  r u n  R f  t h e  coord ina te s  of t h e  feeding 
p lace  were  d e t e r m i n e d  b y  m e a n s  of a gr id  of t h i n  t h r e a d s  
( t r a in ing  grid,  mesh  w i d t h  1.0 m), wh ich  e x t e n d e d  over  
t h e  whole  e x p e r i m e n t a l  area.  D u r i n g  t he  n igh t ,  2-100 h 

a f t e r  h a v i n g  been  c a p t u r e d  a t  t h e  feed ing  place  ( a z i m u t h  
af), t h e  a n t s  were  p l aced  in  a t e s t i n g  grid,  f a r  a w a y  f rom 
t h e  t r a i n i n g  gr id  a n d  c o m p l e t e l y  u n k n o w n  to  t h e  an t s .  
T h e r e  t h e y  were re leased  a t  p o i n t  P1- U s i n g  a r ed  l i gh t  
b e a m  (F i l t r a f l ex -D T  edge f i l te r  580 nm)  t h e  r e t u r n  r u n s  
R t  could be  ex ac t l y  recorded  u n t i l  t h e  a n t s  s t a r t e d  to  
sea rch  a r o u n d  a t  r a n d o m  (po in t  P,) .  F o r  e a c h  r e t u r n  
r u n  P1P,  t h e  m e a n  d i r ec t i on  at  was  d e t e r m i n e d  g r ap h i -  
cally.  D a t a  a b o u t  l igh t  i n t e n s i t y  LI  (Lux),  w ind  d i r ec t ion  
wl a n d  wr, w i n d  ve loc i ty  VVV (m/see),  t e m p e r a t u r e ,  rela-  
t i ve  h u m i d i t y  a n d  a t m o s p h e r i c  p ressu re  were a u t o m a t i -  
ca l ly  recorded  d u r i n g  Rs  a n d  Rr. 

Fo r  d i r ec t ion - f ind ing  d u r i n g  t h e  t i m e  b e t w e e n  s u n s e t  
a n d  sunrise ,  Cataglyphis bicolor w o u l d  be  ab le  t h e o r e t i -  
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