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Influence of Social  Experience  on Sexual  Readiness  of Male House  Crickets ,  Acheta domestica 
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Department o[ Biology, Montclair State College, Upper Montclair (New Jersey 07043, USA), 21 July 1975. 

Summary. Male Acheta domestics were dep r ived  of social exper ience  a t  t h r ee  d i f fe ren t  life s tages  and  m a t e d  as 2- or 
3-day adul ts .  Those  dep r ived  f rom t h e  egg s tage  were found  to copula te  more  read i ly  t h a n  males  wh ich  h a d  social 
experience.  

Group- rea r ing  ha s  been  found  to enhance  g r o w t h  and  
d e v e l o p m e n t  of c r ickets  ~,~ and  d e v e l o p m e n t  and  sexua l  
m a t u r a t i o n  of locusts  a. I n  t he  p r e s en t  inves t iga t ion ,  t h e  
effects of g roup- rea r ing  and  of social d e p r i v a t i o n  were 
s tud ied  w i t h  pa r t i cu l a r  reference to copu la to ry  b e h a v i o r  
of y o u n g  male  house  crickets ,  A cheta domesticc~. 

Materials a~cd methods. The  e x p e r i m e n t a l  an ima l s  were 
b r ed  f rom commerc ia l ly  o b t a i n e d  s tock  and  k e p t  in  
t r a n s l u c e n t  p las t ic  con ta ine r s  a t  34 -~ 1 ~ u n d e r  a 12 h 
l igh t /12  h d a r k  l igh t ing  regimen,  w i t h  t he  d a r k  per iod  
beg inn ing  a t  09.00 h EST.  Food  and  w a t e r  were con t inua l -  
Iy avai lable .  Eggs  col lected f rom s tock  an ima l s  were 
i n c u b a t e d  on m o i s t  s and  s ingly  or in groups  of 3. A few 
days  a f te r  ha t ch ing ,  n y m p h s  were t r an s f e r r ed  to 8 • 8 • 
13.5 cm h igh  conta iners .  I l l  a b o u t  tile p e n u l t i m a t e  
n y m p h a l  i n s t a l  t h e y  were t r an s f e r r ed  to 12 X 18 • 22.5 cm 
h igh  conta iners .  The  or ig ina l  g roup  size (1 or 3 animals)  
was  m a i n t a i n e d  as lollg as i nd ica t ed  b y  t he  e x p e r i m e n t a l  
design. I f  a g roup  decreased  in size (because of r e m o v a l  
of a newly  ident i f ied  female  or because  of a death) ,  o the r  
e x p e r i m e n t a l  males  of s imi lar  exper ience  and  size were 
used to m a i n t a i n  t he  or ig inal  size. G r o w t h  obse rva t ions  
were m a d e  da i ly  a t  t h e  same  t i m e  of day.  

The  60 e x p e r i m e n t a l  males  were rea red  as follows: 
Group  I, s ingly rea red  f rom t he  egg s tage ;  Group  1I, 
r e m o v e d  f rom all  ma le  rea r ing  group du r ing  las t  n y m p h a l  
s t a d i u m ;  Group  I I I ,  r e m o v e d  f rom all male  rea r ing  group 
2-24 h a f te r  finM mol t ;  Group  IV, g roup- rea red  t h r o u g h -  
ou t  life, a n d  k e p t  on ly  w i t h  males  a f te r  t h e  4 th  n y m p h a l  
s t ad ium.  

D u r i n g  t he  c r icke t ' s  m o s t  ac t ive  per iod  5, m a t i n g  be-  
h a v i o r  of each  ma le  was obse rved  a t  r ea r ing  t e m p e r a t u r e  
in  a l igh ted  area  t h r o u g h  a mi r ro r ed  one-way  glass for 
2 h.  T h e  e x p e r i m e n t a l  ma le  (2- or 3-day adul t )  was  in-  
t r o d u c e d  in to  a clean, c lear  p las t ic  m a t i n g  c h a m b e r  
(floor a rea  = 12 • 13 cm) and  left  a t  t h e  o b s e r v a t i o n  si te  

2 0 - 3 0  ra in  before i n t roduc ing  t he  female  (8 -15-day  adul t )  
d i rec t ly  f rom her  r ea r ing  cage. 

Results and discussion. A s u m m a r y  of t he  resu l t s  is 
p r e sen t ed  in t h e  Table .  T he  d a t a  show t h a t  young  male  
house  cr ickets  dep r ived  of t a c t u a l  and  v i sua l  s t i m u l a t i o n  

exh ib i t  s igns of sexua l  readiness  more  t h a n  males  w i t h  
social exper ience  t h r o u g h o u t  n y m p h a l  life (Groups I I I  
and  IV). The  differences  are no t  read i ly  exp la inab le  as 
resul t s  of increased  aggression,  d o m i n a n c e  order  or 
sexua l  ' exhaus t i on ' .  Since i so la ted  male  cr ickets  are more  
aggress ive t h a n  non- isola tes~,L one m i g h t  expec t  s ingly-  
rea red  males  to  repel  femal  a d v a n c e s  more  f r e q u e n t l y  
t h a n  males  w i t h  social experience.  T h e  resul t s  show t h a t  
t h i s  was n o t  t h e  case. The re  was l i t t l e  difference be tween  
groups  in t he  a m o u n t  of t i m e  the  ma le  r e m a i n e d  nea r  t he  
female.  F u r t h e r m o r e ,  ac tua l  c o n t a c t  b y  females  was 
a p p a r e n t l y  n o t  repel led  b y  s ing ly- rea red  ma les  for  t h e y  
copu la t ed  far  more  f r e q u e n t l y  (Fisher  E x a c t  P r o b a b i l i t y  
< 0.01) t h a n  males  w i t h  a d u l t  social exper ience  (Groups 
I I I  and  IV). 

I t  is possible  t h a t  r a n k  in a d o m i n a n c e  order  af fected 
t he  sexua l  responses  of males  w i t h  a d u l t  exper ience .  How-  
ever,  t h i s  poss ib i l i ty  seems r e m o t e  for  t he  fol lowing two  
reasons.  Some males  dep r ived  a f te r  a d u l t h o o d  was 
a t t a i n e d  h a d  no  o p p o r t u n i t y  to  be  in a n  a d u l t  d o m i n a n c e  
order,  h a v i n g  been  s e p a r a t e d  before  e i the r  cage m a t e  
b e c a m e  adul t .  Addi t iona l ly ,  all  m e m b e r s  of th i s  g roup  
h a d  been  a lone  before  t h e  t i m e  of o b s e r v a t i o n  for a 
pe r iod  equa l  to  or g rea t e r  t h a n  t he  per iod  of a d u l t  social 
experience.  Desp i te  t he  a p p a r e n t  lack of p a r t i c i p a t i o n  in 
a n  a d u l t  d o m i n a n c e  order,  t he  f r e q u e n c y  of copu la t i on  of 
th i s  g roup  (Group I I I )  was m u c h  be low t h a t  of t h e  
s ing ly rea red  group.  

1 The data were taken from a thesis submitted in partial fulfillment 
of the requirements for the Ph. D. degree at the City University 
of New York. 
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Effects of deprivation and social experience on male Acheta domestics 

Group Total N Min within No. males 
3 cm of female ~ copulating 

Latency 
to copulation 

Latency to spermatopbore 
formation in non-copuiating males �9 

I 15 106 12 15.5 30 (N = 1) 
(1-102) b 

II 15 102 8 48.5 65 (N = 5) 
(3-79) (36-89) 

III  15 106 4 20.5 69 (N = 6) 
(12-38) (49-88) 

IV 15 101 3 19 87 (37 = 5) 
(8-72) (75-113) 

~Min median. ~ Numbers in brackets show ranges. 
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I t  is also conce ivab le  t h a t  t h e  groups  w i t h  adu I t  social 
exper ience  were sexua l ly  e x h a u s t e d  due  to social ly 
i nduced  a u t o s e x u a l  or h o m o s e x u a l  act iv i t ies .  This  possi-  
b i l i ty  c a n n o t  be en t i r e ly  d i s coun ted  since t h e  l a t e n c y  to  
s p e r m a t o p h o r e  p r o d u c t i o n  in n o n - c o p u l a t i n g  group-  
reared  males  (Group IV) was  s ign i f i can t ly  h ighe r  (Mann-  
W h i t n e y  U p < 0.04) t h a n  t h a t  in t h e  g roup  dep r ived  
a f t e r  a d u l t h o o d  was a t t a i n e d  (Group I f I ) .  However ,  t h e r e  
was v e r y  l i t t le  difference b e t w e e n  t h e  group  dep r ived  as 
n y m p h s  (Group II)  a n d  t h e  group  dep r ived  in t h e  a d u l t  
s tage (Group I I I )  in  t h i s  regard.  T h u s  sexua l  e x h a u s t i o n  
does n o t  en t i r e ly  a c c o u n t  for t he  low pe r f o r m ance  of all 
males  w i t h  social  exper ience  as adul ts .  

A n  a l t e r n a t e  e x p l a n a t i o n  to  t he  a f o r em en t i oned  pos- 
sibi l i t ies is t h a t  social d e p r i v a t i o n  increases  exc i t ab i l i t y  
w i t h  reference  to  b o t h  sexua l  b e h a v i o r  a n d  aggression.  
F u r t h e r m o r e ,  such  e x c i t a b i l i t y  m a y  h a v e  a d e m o n s t r a b l e  
physio logica l  basis.  Social d e p r i v a t i o n  has  been  shown,  

in aphids ,  to  lead to h y p e r a c t i v i t y  of t he  co rpora  a l l a t a  8, 
wh ich  h a v e  i m p o r t a n t  phys io logica l  func t ions .  . The  c. 
a l l a ta l  h o r m o n e  s t imu la t e s  male  accessory  g land  a c t i v i t y  
a n d  inf luences  b e h a v i o r  in  a n u m b e r  of insec ts  0. A l t h o u g h  
these  specific m e c h a n i s m s  m a y  n o t  opera te  in house  
cr ickets ,  t h e i r  phys io Iogy  m a y  be  modi f i ed  b y  social 
d e p r i v a t i o n  in a s o m e w h a t  s imi la r  manne r .  I t  is p roposed  
t h a t  th i s  mod i f i ca t ion  of t he  phys io logy  involves  a lower- 
ing of t h r e s h o l d  to sexua l  exc i t ab i l i t y  in  s ing ly- rea red  
male  house  cr ickets .  

I n  s u m m a r y ,  i t  is conc luded  t h a t  v i sua l  a n d  t a c t u a l  
social d e p r i v a t i o n  f rom t h e  egg s tage  e n h a n c e d  t he  likeli- 
hood  of copu la t ion  in 2- or 3-day a d u l t  ma le  Aeheta 
domestica w h e n  reared  a t  34 4- 1 ~ 

8 D. 1 ?. WHITE, Science 759, 218 (1968). 
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analogues (Springer-Verlag, New York 1974), p. 39. 
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SummarF. The  i n h i b i t i o n  of R N A  syn thes i s  b y  a - a m a n i t i n  on  in v i t r o  cu l t u r ed  ceils is v e r y  slow. The  ac t ion  of va r ious  
ana logues  of t he  t o x i n  was t e s t e d  and  some of t h e m  p r o v e d  more  effective.  Moreover  p r e t r e a t m e n t  of cell cu l tu res  
w i t h  D E A E - d e x t r a n  g rea t ly  e n h a n c e d  t he  effect  of ~ -aman i t i n .  

e - A m a n i t i n  is a tox ic  p o l y p e p t i d e  of A manita phalloides. 
I t  is a useful  tool  in  b io logy  a n d  b i o c h e m i s t r y  for  i ts  
ab i l i t y  to  i n h i b i t  R N A - p o l y m e r a s e  B se lec t ively  b y  b ind-  
ing to  t h e  e n z y m e  2-4. 

~ - A m a n i t i n  b r ings  a b o u t  a v e r y  ear ly  i n h i b i t i o n  of R N A  
syn thes i s  in  l iver  a n d  k i d n e y  w h e n  a d m i n i s t e r e d  to ani-  
mals  5, s, b u t  i t  ac ts  v e r y  s lowly on  in v i t ro  cu l t u r ed  cells 7 
This  s low ac t ion  is p r o b a b l y  due  to  a scarce p e n e t r a t i o n .  
Th i s  h y p o t h e s i s  receives  s u p p o r t  f rom 2 obse rva t ions .  
D i f f e ren t  t ypes  of in  v i t r o  cu l t u r ed  cells d i sp lay  d i f fe ren t  
s ens i t i v i t y  to  ~ -amani t in ,  whi le  R N A  syn thes i s  in  i so la ted  
nucle i  is i n h i b i t e d  b y  equa l  doses of t he  d rug  s . F u r t h e r -  
more,  t he  t o x i c i t y  of a m a n i t i n  for  cu l tu red  m a c r o p h a g e s  
increases  severa l  t i m e s  a f t e r  c o n j u g a t i o n  of t h e  t ox in  to  
a l b u m i n  wh ich  al lows a m a n i t i n  to  e n t e r  b y  p inocy tos i s  ~. 

A rap id  i n h i b i t i o n  o f ' t h e  a m a n i t i n - s e n s i t i v e  IRNA- 
po lymerase  B of cu l tu red  cells would  be  requi red ,  especia l ly  
in  s tud ies  on rep l i ca t ion  of D N A  viruses ,  in  o rder  to  t r y  
to  d i s c r i m i n a t e  b e t w e e n  v i ra l  a n d  hos t  .cell t r ansc r ip t i on .  
W i t h  t he  a im  a t  o b t a i n i n g  th i s  effect, we p e r f o r m e d  two  
series of e x p e r i m e n t s  on  cell cu l tures .  I n  t h e  f i r s t  series we 
e x a m i n e d  t h e  effect  of a n u m b e r  of n a t u r a l l y  occur r ing  
a n d  chemica l ly  modi f ied  a m a n i t i n s ,  al l  k n o w n  to i n h i b i t  
R N A - p o l y m e r a s e  B in v i t ro  ~~ in o rde r  to  c o m p a r e  
t h e i r  t r a n s c r i p t i o n - b l o c k i n g  a c t i v i t y  w i t h  t h a t  of ~- 
a m a n i t i n .  I n  t he  second series of e x p e r i m e n t s  we t r i ed  to  
increase  a m a n i t i n  p e n e t r a t i o n  b y  t r e a t i n g  cells w i t h  
D~EAE-dext ran ,  a p o l y c a t i o n  w h i c h  is k n o w n  for i t s  
e n h a n c i n g  effect  on  p e n e t r a t i o n  of severa l  s u b s t a n c e s  
in to  cu l tu red  cells. W e  also t e s t e d  t h e  effect  of t he  po lyen ic  
a n t i f u n g a l  a n t i b i o t i c  a m p h o t e r i c i n  B, wh ich  h a d  been  
r epo r t ed  to fac i l i t a te  t h e  p e n e t r a t i o n  of a - a m a n i t i n  ~3. 

Materials and methods. H E p - 2  a n d  B H K  cell mono laye r s  
were g rown  for 36 h in 35 m m  p las t i c  P e t r i  d ishes  in 
Eag le ' s  m i n i m u m  essent ia l  m e d i u m  (MEM) s u p p l e m e n t e d  
w i t h  t 0 %  foe ta l  b o v i n e  serum.  A m a n i t i n s  were a d d e d  to  
t he  m e d i u m  a t  t h e  c o n c e n t r a t i o n  of 10 or  30 ag/ml ,  as 
i nd i ca t ed  in t h e  Tab les  I a n d  I I .  

To pe r fo rm  p r e t r e a t m e n t  w i t h  D E A E - d e x t r a n ,  mono-  
layers  were  w a s h e d  twice  w i t h  p h o s p h a t e  buf fe red  sal ine 
lack ing  Ca ++ and  Mg++ ( P B S  A), k e p t  in  c o n t a c t  w i t h  
2 ml /d i sh  of a so lu t ion  c o n t a i n i n g  500 p.g/ml D E A E -  
d e x t r a n  (m.w. 2 • 10 s, P h a r m a c i a )  and  1 m g / m l  glucose 
in P B S  A for  15 min  a t  37~ w a s h e d  3 t imes  w i t h  P B S  
A a n d  refed w i t h  m e d i u m .  A m p h o t e r i c i n  B (Squibb)  was 
dissolved in d i m e t h y l s u l p h o x i d e  (10 mg/ml)  and  f u r t h e r  
d i lu ted  w i t h  t he  med ium.  

R N A  syn thes i s  was  m e a s u r e d  b y  pulse- labe l l ing  t h e  
mono laye r s  w i t h  (SH) ur id ine  (29 Ci /mM;  t h e  Rad io -  
chemica l  Center ,  A m e r s h a m )  a t  t he  c o n c e n t r a t i o n  of 1 
lxCi/ml of m e d i u m  in t he  p resence  of a 20-fold excess of 
cold t h y m i d i n e .  Af te r  a 30 min  pulse,  mono laye r s  were 
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