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INTRODUCTION

D i v e r s e  e n v i r o n m e n t a l  f a c t o r s  i n f l u e n c e  o v i p o s i t i o n  in C o l l e m b o la .  

Of t h e s e  t h e  v a r i o u s  p h y s i c a l  f a c t o r s  have been most  i n v e s t i g a t e d .

The e f f e c t s  o f  t e m p e r a t u r e  a r e  n o t e d  by Davidson ( 1 9 3 4 ) ,  Lindenmann 

(1 9 5 0 ) ,  M a rs h a l l  and Kevan ( 1 9 6 2 ) ,  and Hale  ( 1 9 6 5 ) .  The opt imum temp­

e r a t u r e  f o r  o v i p o s i t i o n  i s  a b o u t  I4°C in S m in thu rus  v i r i d i s  ( L . )  

(D av idson ,  1934) and a b o u t  24°C in Fo lsomia  Candida  WiIlem (M a rs h a l l  

and Kevan,  1962) .  Low t e m p e r a t u r e s  p r o b a b l y  i n h i b i t  egg d e p o s i t i o n  

in  w i n t e r  in G r c h e s e l l a  s p p .  (Lindenmann,  1950) and in a s e r i e s  o f  

15 s p e c i e s  r e p r e s e n t i n g  s e v e r a l  g e n e r a  ( H a le ,  1965) .  The e f f e c t  o f  

h u m id i ty  h a s  been  i n v e s t i g a t e d  by Davidson ( 1 9 3 4 ) .  He found t h a t  

normal  c l u t c h e s  a r e  d e p o s i t e d  by f e m a le s  o f  S m in thu rus  v i r i d i s  when 

s o i l  m o i s t u r e  i s  above 12 p e r c e n t .  The r o l e  of  l i g h t  i s  n o t e d  by 

Sharma and  Kevan ( 1 9 6 3 a ) .  They i n d i c a t e  t h a t  Fo l som ia  s im i I  i s  

B agna l l  o v i p o s i t s  o n l y  in  t h e  d a r k .  S o i l  c o m p o s i t i o n  i s  t h e  s u b j e c t  

o f  e x p e r i m e n t s  by Davidson ( 1 9 3 4 ) ,  W al lace  ( 1 9 6 7 ) ,  and Ashra f  ( 1 9 6 9 ) .  

They r e p o r t  t h a t  f i n e  t e x t u r e d  s o i l s  a r e  p r e f e r r e d  a s  o v i p o s i t i o n  

s i t e s  in  S m in th u r u s  v i r i d i s  (D a v id s o n ,  1934; W a l l a c e ,  1967) and 

O n y c h iu ru s  b h a t t i i  Y os i i  ( A s h r a f ,  1969) .  The e f f e c t  o f  s o i l  pH i s  

e x p l o r e d  by R i p p e r  ( 1 9 3 0 ) ,  Maclagan  ( 1 9 3 2 ) ,  Davidson (1 9 3 4 ) ,  and 

Ashra f  ( 1 9 6 9 ) .  The opt imum pH i s  a b o u t  6 . 5  In S m in thu rus  v i r i d i s  

(M ac lagan ,  1932; D a v id son ,  1934 ) ,  a b o u t  7 . 2  in  O nyc h iu ru s  b h a t t i  

( A s h r a f ,  1969) ,  and r a n g e s  f rom  5 . 8  t o  8 . 0  in  H y p o g a s t r u r a  m a n u b r i a l i s
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T u l l b e r g  ( R i p p e r ,  1930) .

S e v e r a l  i n t e r e s t i n g  b i o t i c  f a c t o r s  r e g u l a t e  o v i p o s i t i o n  s u c c e s s  

i n  C o l l e m b o l a .  The e f f e c t  o f  crowding  on f e c u n d i t y  i s  d e s c r i b e d  by 

G reen  (1964)  in p a r t h e n o g e n e t i c a l l y  r e p r o d u c i n g  Fo lsomia  C a n d i d a .

He s u g g e s t s  t h a t  r ed u c e d  f e c u n d i t y  a t  h igh  d e n s i t i e s  in t h i s  s p e c i e s  

i s  due t o  ’’s t r e s s "  c aused  by j o s t l i n g .  A m arked ly  d i f f e r e n t  i n f l u ­

e n c e  f a c i l i t a t e s  o v i p o s i t i o n  in  Onych iu rus  p rocam patus  G i s i n  ( H a le ,

1964 ) .  Large  f e m a le s  of  t h i s  s p e c i e s  ( t h a t  c o n s i s t e n t l y  d i f f e r  

f rom f e m a l e s  of  o t h e r  s p e c i e s )  r e q u i r e  t h e  p r e s e n c e  o f  males  o f  

a n o t h e r  s p e c i e s ,  0 .  t r i c a m p a t u s  G i s i n ,  t o  d e p o s i t  e ggs  t h a t  d e v e l o p .  

Sm all  f e m a le s  o c c u r  and r e p r o d u c e  w i t h  m a le s  o f  0 .  p r o c a m p a t u s .

P e r s o n a l  o b s e r v a t i o n  o f  c u l t u r e s  o f  S in e  I la c u r v i s e t a  Brook in

t h i s  s t u d y  s u g g e s t e d  t h a t  an e n v i r o n m e n t a l  f a c t o r  n e g a t i v e l y  a f f e c t s

o v i p o s i t i o n .  T h e re  i s  a h ig h  r a t e  o f  egg  d e p o s i t i o n  in young c u l t u r e s ,  

b u t  no o v i p o s i t i o n  o c c u r s  a f t e r  a p p r o x i m a t e l y  10 days in  c u l t u r e s  

t h a t  i n c l u d e  many young a d u l t s .  T h i s  a b s e n c e  seemed t o  i n d i c a t e  t h a t  

an  unknown s u b s t a n c e  had a c cu m u la t e d  t h a t  i n h i b i t e d  o v i p o s i t i o n .

S i n c e  t h i s  i n h i b i t i o n  a p p e a r e d  t o  r e p r e s e n t  an i n t e r e s t i n g  example 

o f  p o p u l a t i o n  r e g u l a t i o n ,  a s t u d y  of  i t  was u n d e r t a k e n .  T h i s  p a p e r  

r e p o r t s  t h e  d e f i n i t i o n  and i n v e s t i g a t i o n  o f  a s p e c t s  o f  t h a t  i n h i b i t i o n .



METHODS

G enera l  Methods

E x p e r im en t s  were des ig n e d  i n i t i a l l y  t o  e s t a b l i s h  t h a t  i n h i b i t i o n  

o c c u r r e d  and then  t o  c l a r i f y  i t s  g e n e r a l  f e a t u r e s .  With t h i s  back­

g r o u n d ,  a s p e c t s  of  t h e  b i o lo g y  o f  i n h i b i t i o n  and t h e  c h e m i s t r y  of  t h e  

i n h i b i t o r  were i n v e s t i g a t e d .  A l l  t h e  e x p e r i m e n t s  a r e  d e s c r i b e d  

and i n t e r p r e t e d  in s equence  in t h e  s e c t i o n ,  " E x p e r i m e n t s ,  R e s u l t s ,  

and A n a l y s e s . "

P o p u l a t i o n s  of  S in e  I la c u r v i s e t a  were o b t a i n e d  from a c u l t u r e  

m a i n t a i n e d  by t h e  Acaro lo gy  L a b o r a t o r y  a t  The Ohio S t a t e  U n i v e r s i t y .  

These p o p u l a t i o n s  were d e s c e n d e n t  from a c u l t u r e  e s t a b l i s h e d  a t  t h e  

U n i v e r s i t y  o f  Kansas  a s  food f o r  t r o m b i c u l i d  m i t e s  ( L ip o v s k y ,  1951) .  

The common name, s p r i n g t a i l ,  w i l l  r e f e r  t o  i n d i v i d u a l s  and p o p u l a t i o n s  

of  t h i s  s p e c i e s .  C u l t u r e s  o f  S i n e  I la  c o e ca  ( S c h B t t )  were d e r i v e d  

from c u l t u r e s  m a i n t a i n e d  a t  G r i n n e l l  C o l l e g e  in G r i n n e l l ,  Iowa.

Mass c u l t u r e s  were r e a r e d  in small  p l a s t i c  t r a y s  w i t h  t i g h t l y  

f i t t i n g  l i d s ;  e x p e r i m e n t s  u t i l i z e d  wide mouth,  s t r a i g h t  s i d e d ,  sc rew 

cap j a r s  in two s i z e s ,  5 . 5  cm in d i a m e t e r  d e s i g n a t e d  s t a n d a r d ,  and 

4 . 0  cm in d i a m e t e r  t e rm ed  s m a l l ;  i n d i v i d u a l s  and p a i r s  were m a i n t a i n e d  

in l -d ram  g l a s s  v i a l s  w i th  p l a s t i c  c a p s .  S u b s t r a t e s  were formed in 

each  of  t h e s e  of  a 9 : I m ix t u r e  o f  p l a s t e r  o f  p a r i s  and powdered 

c h a r c o a l  a s  d e s c r i b e d  by Wharton (1946) and Goto ( 1 9 6 1 ) .  T h i s  was
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mixed wi th  w a t e r ,  poured  in t h e  r e a r i n g  chamber  t o  a dep th  o f  a b o u t  

I cm and a l l o w e d  t o  s e t .  Water  was added t o  i n s u r e  a high h u m id i ty  

( c a . 9 5 £  R .H . )  n e a r  t h e  s u b s t r a t e  s u r f a c e  (Huber ,  1958) .

A c t i v e  b a k e r ' s  y e a s t  was p r o v i d e d  a s  food .  I t  was r e p l a c e d  

a p p r o x i m a t e l y  e v e ry  t h i r d  day t o  p r e v e n t  e x c e s s i v e  f i l a m e n t o u s  f u n ­

ga l  g rowth .

All  c u l t u r e s  were m a i n t a i n e d  a t  a t e m p e r a t u r e  o f  26°C * 0 .5 °C  

in c o n t i n u o u s  l i g h t .  ( C o n s t a n t  l i g h t  was e s s e n t i a l  f o r  o t h e r  e x p e r i ­

m en ts  c o n d u c te d  s i m u l t a n e o u s l y . )

Eggs and  a n im a l s  were m a n i p u la t e d  u s in g  a small  a s p i r a t o r  and 

a m o i s t  b r u s h .

Terms

C e r t a i n  t e rm s  r e q u i r e  c l a r i f i c a t i o n .  A used e n v i r o n m e n t  i s  one 

t h a t  has  been i n h a b i t e d  f o r  f rom 8 t o  12 days o r  more ,  a p e r i o d  

s u f f i c i e n t  t o  i n h i b i t  o v i p o s i t i o n ;  a c l e a n  e n v i r o n m e n t  i s  a p r e ­

v i o u s l y  unused  r e a r i n g  chamber .  Layers  a r e  animal  p o p u l a t i o n s  in o r  

r e c e n t l y  removed from an o v i p o s i t i n g  c u l t u r e ;  n o n l a y e r s  a r e  a n im a l s  

in an i n h i b i t i n g  e n v i r o n m e n t .

Assay

To t e s t  t h e  e f f e c t  o f  a s u b s t a n c e  on o v i p o s i t i o n  a s im p l e  p r o ­

c e d u r e  was f o l l o w e d .  S o l i d s  were p l a c e d  on t h e  s u b s t r a t e  s u r f a c e  in 

c l e a n  m o is t e n e d  r e a r i n g  j a r s ;  l i q u i d s  were u t i l i z e d  t o  wet  t h e  s u b ­

s t r a t e  in d r i e d  o n e s .  Non l a y e r s  f rom a s i n g l e  mass c u l t u r e  were added
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t o  t r e a t e d  and  c o n t r o l  e n v i r o n m e n t s .  G e n e r a l l y ,  5 r e p l i c a t e s  were 

t e s t e d  f o r  e a c h  t r e a t m e n t .  F i f t y  i n d i v i d u a l s  formed t h e  t e s t  popu­

l a t i o n s  i n  s t a n d a r d  c o n t a i n e r s  and t h e  e q u i v a l e n t  d e n s i t y ,  t h a t  i s ,

26  a n i m a l s ,  were  i n t r o d u c e d  i n t o  smal l  e n v i r o n m e n t s .  Y e a s t  was 

s u p p l i e d  a s  food .

The e g g s  d e p o s i t e d  by t e s t  p o p u l a t i o n s  were c o u n te d  24 and 48 

h o u r s  a f t e r  t h e  i n t r o d u c t i o n  o f  t h e  a d u l t s .  S ix  days  a f t e r  t h e  o n s e t ,  

t h e  e n v i r o n m e n t s  were checked  f o r  t h e  p r e s e n c e  of  h a t c h l i n g s .  (At  

26°C a b o u t  5 days  a r e  r e q u i r e d  f o r  s p r i n g t a i l  e ggs  t o  h a t c h . )  These  

d a t a  f rom t r e a t m e n t  and c o n t r o l  p o p u l a t i o n s  a r e  p r e s e n t e d  in t h e  

t a b l e s .

Cold  B a th  Trap  Col l e c t i o n

V o l a t i l e  s u b s t a n c e s  were removed and c o l l e c t e d  from r e a r i n g  

cham bers  by t h e  a i r  c u r r e n t  g e n e r a t e d  by a S i l e n t  G i a n t " ^  aquarium  

a i r  pump. T h i s  a i r  c u r r e n t  was s a t u r a t e d  w i t h  w a t e r  v a p o r ;  d i r e c t e d  

t h r o u g h  u s e d  e n v i r o n m e n t s ,  a d e s s i c a n t  (a  c o n t a i n e r  of  D r i e r i t e ™ ) ,  

and a g l a s s  wool f i l t e r ;  and i n t r o d u c e d  i n t o  a c o l d  b a th  t r a p .  The 

P y r e x ^  v a p o r  t r a p  was p a r t i a l l y  submerged in a T h e r m o s ^  dewar 

f l a s k  f i l l e d  w i t h  d ry  i c e  in  e t h a n o l .  The l i n e  c o n n e c t i n g  t h e  p a r t s  

o f  t h i s  s y s t e m  was formed o f  Tygon™ t u b i n g .

C o l l e c t i o n s  were made c o n t i n u o u s l y  f o r  I -  and 2-week i n t e r v a l s .  

During  a r u n  t h e  d ry  i c e  was renewed t w i c e  d a i l y  and t h e  e n v i r o n m e n t s  

were r e p l a c e d  a b o u t  e v e r y  t h i r d  day .  In t h e  c o u r s e  of  t h e  one -week  

c o l l e c t i o n s  t h e  d e s s i c a n t  was in  p l a c e  a p p r o x i m a t e l y  h a l f  t h e  t i m e .
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The l -w eek  c o l l e c t i o n s  y i e l d e d  r o u g h ly  10-20 ml o f  a queous  s o l u t i o n ;  

t h e  2-week o n e s ,  r o u g h ly  20 -40  ml.  The c o n d e n s a t e  c o l l e c t e d  by t h i s  

m ethod  was s t o r e d  in  a r e f r i g e r a t o r  a t  4°C.

C h rom atog raphy  and S p e c t r o m e t r y

In t h e  c o u r s e  o f  chem ica l  a n a l y s e s  a H e w l e t t - P a c k a r d  402 h igh  

e f f i c i e n c y  g a s  ch ro m a to g ra p h  was u t i l i z e d .  I t  was employed in 

a s s o c i a t i o n  w i t h  a hydrogen  f lam e  d e t e c t o r  w i th  a s e n s i t i v i t y  o f  

4 x  I0- *2 amperes  f o r  f u l l  s c a l e  o u t p u t  and a I m i l l i v o l t  s t r i p  

c h a r t  r e c o r d e r  (Model 7 I27A ) .  A g l a s s  column was packed  w i th  30? 

p o l y e t h y l e n e  g l y c o l  on C e l i t e  545 ( 6 0 /8 0  mesh) a s  d e s c r i b e d  by 

D o e l l e  ( 1 9 6 7 ) .  The o p e r a t i n g  c o n d i t i o n s  f o r  t h i s  s y s te m  were:  

f l a s h  h e a t e r ,  I I5 °C ;  column t e m p e r a t u r e s ,  7 0 ° ,  100°,  and II0°C;

Hel ium p r e s s u r e ,  2 .1  p s i ;  a t t e n u a t i o n s  4 and 8; and r a n g e s ,  10 

and  I02 on t h e  ga s  c h rom a tog ra ph  and t e m p e r a t u r e ,  70°C; Hydrogen 

p r e s s u r e ,  4 . 0  p s i ;  and a i r  p r e s s u r e ,  4 . 0  p s i  on t h e  hydrogen  f lame 

d e t e c t o r .  Samples  of  2 and 3 yl  were i n j e c t e d .

F o r  c he m ica l  i d e n t i f i c a t i o n  an AEI MS-902 mass s p e c t r o m e t e r  was 

em p loyed .  I t  was o p e r a t e d  w i t h  i n p u t  f rom a p r e p a r a t i v e  g a s  chroma­

t o g r a p h .  The ch ro m a to g ra p h  i n c l u d e d  a p o r a p a k  Q column and was

o p e r a t e d  w i t h  a column t e m p e r a t u r e  of  I I0°C a t  a f low r a t e  of  a b o u t

20  ml/min  o f  He l ium. A t t e n u a t i o n s  were 32 and 16; j a c k e t  p r e s s u r e  was

0.1 mm o f  m ercu ry ;  sample  s i z e  was 2 y l .



EXPERIMENTS, RESULTS, AND ANALYSES 

El  u c i d a t i o n  o f  t h e  Problem

I n i t i a l l y  an e x p e r i m e n t  was c o n d u c te d  t o  c o n f i r m  t h e  o c c u r r e n c e  

o f  t h e  c e s s a t i o n  o f  o v i p o s i t i o n .  F i f t e e n  c u l t u r e s  o f  50 e q u a l - a g e d  

a n im a l s  were  e s t a b l i s h e d  in  s t a n d a r d  e n v i r o n m e n t s .  F i v e  o f  t h e s e  

were m a i n t a i n e d  w i t h  eg g  removal  a t  12-hour  i n t e r v a l s ;  f i v e ,  w i th  

h a t c h l i n g  removal a t  12 -h o u r  i n t e r v a l s ;  and f i v e ,  w i t h o u t  a l t e r a t i o n .  

Under each  o f  t h e s e  r e g i m e s ,  p o p u l a t i o n s  p o s s e s s e d  a r a t e  o f  o v i ­

p o s i t i o n  t h a t  was i n i t i a l l y  h ig h  and g r a d u a l l y  d e c l i n e d  and s t o p p e d .

In a l l  c a s e s ,  a p p r o x i m a t e l y  12 days  a f t e r  i t s  o n s e t ,  o v i p o s i t i o n  

c e a s e d .  S i n c e  t h e  c e s s a t i o n  o c c u r r e d  a t  a b o u t  t h e  same t im e  in each  

t e s t  s e r i e s ,  t h e  p r e s e n c e  o f  h a t c h l i n g s ,  o r  h i g h e r  d e n s i t y  was n o t  

t r i g g e r i n g  t h e  i n h i b i t i o n .

Each o f  t h e  15 p o p u l a t i o n s  e x h i b i t e d  s e v e r a l  peaks  of  egg  

l a y in g  a c t i v i t y .  S i n c e  t h e  a n i m a l s  were of  t h e  same age (h av in g  

d e ve lope d  from e g g s  d e p o s i t e d  w i t h i n  a 2 4 - h o u r  p e r i o d )  t h e i r  o v i ­

p o s i t i o n  was s y n c h r o n i z e d  and t h e  peaks  c o r r e s p o n d e d  t o  t h e  d e p o s i ­

t i o n  of  c l u t c h e s  by f e m a l e s .  The f i r s t  c l u t c h  d e p o s i t e d  by newly 

m atured  f e m a le s  in  mass  c u l t u r e s  numbered on t h e  a v e r a g e  19 e g g s ;  

t h e  s e c o n d ,  21 e g g s ;  t h e  t h i r d ,  5 e g g s ;  t h e  f o u r t h ,  I egg .  T h e r e a f t e r  

an egg was d e p o s i t e d  i n f r e q u e n t l y  and most  of  t h e s e  f a i l e d  t o  d e v e lo p .

7
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The f i r s t  c l u t c h  d e p o s i t e d  by t h e  newly  matured fem ale  i n  an i s o l a t e d  

b i s e x u a l  p a i r  unde r  o p t im a l  c o n d i t i o n s  averaged  23 e g g s ;  t h e  s e c o n d ,

44 eggs ;  and t h i r d  and  s u b s e q u e n t  o n e s ,  59 eggs  e a c h .  The marked 

d i f f e r e n c e s  in c l u t c h  s i z e s  be tween  f e m a le s  in a g i n g  mass c u l t u r e s  

and f e m a le s  in c l e a n  v i a l s  w i t h  males  p r o v id e d  a  q u a n t i t a t i v e  m easu re  

o f  i n h i b i t i o n  t o g e t h e r  w i th  t h e  e f f e c t  o f  t h e  l a r g e r  number of  a s s o c i ­

a t e s  p r e s e n t  in m ass  c u l t u r e s .

The g e n e ra l  l o c a t i o n  o f  t h e  s t i m u l u s  t h a t  i n i t i a t e s  o v i p o s i t i o n  

i n h i b i t i o n  was t h e n  e x p l o r e d .  Laying and non l a y i n g  c u l t u r e s  were 

m a i n t a i n e d  and t r a n s f e r r e d  t o  c l e a n  and used e n v i r o n m e n t s  in  a l l  

c o m b i n a t i o n s .  Both  l a y i n g  a nd  n o n l a y i n g  p o p u l a t i o n s  e i t h e r  m a i n t a i n e d  

i n ,  o r  t r a n s f e r r e d  t o  c l e a n  e n v i r o n m e n t s  o v i p o s i t e d ;  b o t h  o f  t h e s e  

in used e n v i r o n m e n t s  r e f r a i n e d  from o v i p o s i t i o n .  I t  can be c onc lude d  

t h a t  t h e  used e n v i r o n m e n t s  i n c l u d e d  a  component  t h a t  i n h i b i t e d  s p r i n g -  

t a i I  o v i p o s i t i o n .

In t h i s  work e q u a l - a g e d  c u l t u r e s  in  s t a n d a r d  e n v i ro n m en t s  were 

a l lowed t o  m a tu re ,  h a l f  (15 c u l t u r e s  o f  50 a n i m a l s  e a ch )  were o b s e r v e d  

and m a n ip u la t e d  d u r i n g  t h e  o v i p o s i t i o n  i n t e r v a l ,  and h a l f  were m a in ­

t a i n e d  and  u t i l i z e d  a f t e r  t h e  o n s e t  o f  i n h i b i t i o n .  F i v e  c u l t u r e s  o f  

each  t y p e  were h e l d  w i t h o u t  a l t e r a t i o n ;  f i v e  w e r e  t r a n s f e r r e d  t o  c l e a n  

e n v i r o n m e n t s ;  and f i v e  were t r a n s f e r r e d  t o  used  o n e s .  In t h e s e  m an i ­

p u l a t i o n s  w i th  non l a y e r s  t h e  m u l t i - a g e d  p o p u l a t i o n s  t h a t  deve loped  

from e q u a l - a g e d  c u l t u r e s  w e r e  subsam p led  t o  50 a n im a ls  e a c h  f o r  

t r a n s f e r  t o  used c o n d i t i o n s .  The numbers  of  e g g s  o b t a i n e d  f o l l o w i n g  

m a n i p u l a t i o n  a p p e a r  in T a b l e  I .  I t  i s  i m p r e s s i v e  t h a t  a t  markedly
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T a b l e  I .  Egg p o p u l a t i o n s  ( above )  and h a t c h l i n g  p r e s e n c e  (P) o r  
a b s e n c e  (A) (below)  f o l l o w i n g  t r a n s f e r  o f  l a y e r s  and n o n l a y e r s  t o  
c l e a n  and used e n v i r o n m e n t s .

Rep 1i c a t e s
L a y e rs  t o  Clean 

1 2  3 4 5
Layers  t o  Used 

1 2  3 4 5

Egg numbers:  
24 ho u r s 104 38 72 157 103 0 3 1 2 0

Ha tch 1i n g s :  
6 days P P P P P A A A A A

Rep 1i c a t e s
Non l a y e r s  t o  C lean*  

1 2  3 4 5
Non l a y e r s  t o  Used 

1 2  3 4 5

Egg numbers:  
24 hou rs 695 805 597 331 281 0 0 0 0 0

Hatch  1in g s :  
6 days P P P P P A A A A A

£
The r e p l i c a t e s  in  t h i s  s e r i e s  c o n s i s t e d  o f  t h e  p o p u l a t i o n s  

t h a t  d e v e lo p e d  from c u l t u r e s  o f  50 a d u l t s .  All  o t h e r  t e s t  p o p u l a ­
t i o n s  h e r e  numbered 50 a d u l t s .
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d i f f e r e n t  d e n s i t i e s ,  t h a t  i s ,  h ig h  d e n s i t i e s  in  c l e a n  e n v i r o n m e n t s  

an d  low d e n s i t i e s  in  used  o n e s ,  i n h i b i t i o n  was l i m i t e d  t o  used 

c h a m b e r s .

As i s  a p p a r e n t  f rom t h e  t a b l e s ,  t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  

be tw e e n  t h e  p o p u l a t i o n s  in t h e  number o f  e g g s  d e p o s i t e d .  T h i s  i s  a t  

l e a s t  p a r t i a l l y  e x p l a i n e d  by t h e  c h a r a c t e r  o f  t h e  f emale  r e p r o d u c t i v e  

c y c l e s  F e m a le s  o f  t h i s  s p e c i e s  p roduce  numerous c l u t c h e s  o f  e g g s .  

Each e l u t d h  I s  d e p o s i t e d  d u r i n g  a p r e c i s e  p e r i o d  n e a r  t h e  o n s e t  o f  

a  s t a d i u m .  These  o v i p o s i t i o n  p e r i o d s  occupy a maximum o f  a p p r o x i ­

m a t e l y  7 . 4  p e r c e n t  o f  t h e  t im e  in  t h e  l i v e s  o f  a d u l t  f e m a le s .

C l u t c h e s  a v e r a g e  a b o u t  60 e ggs  e a c h .  The l a r g e  p o t e n t i a l  f o r  o v i ­

p o s i t i o n  combined w i t h  t h e  random n a t u r e  o f  t h e  c o i n c i d e n c e  o f  o v i ­

p o s i t i o n  p e r i o d s  and t h e  t e s t  p e r i o d  a c c o u n t s  f o r  t h e  v a r i a t i o n  in 

e g g  numbers  r e p o r t e d  in  v a r i o u s  e x p e r i m e n t s .

To b e g i n  t o  c h a r a c t e r i z e  t h e  e n v i r o n m e n t a l  component w i th  t h e  

i n h i b i t o r y  e f f e c t ,  s e v e r a l  Kinds o f  e n v i r o n m e n t a l  t r a n s f e r s  were 

p e r f o r m e d .  Us ing  a c o r k  b o r e r ,  c o r e s  o f  used s u b s t r a t e  were o b t a i n e d  

a n d  i n t r o d u c e d  i n t o  c l e a n  s t a n d a r d  e n v i r o n m e n t s .  The egg  numbers 

d e p o s i t e d  in  t h e s e  e n v i r o n m e n t s  and t h o s e  from c o n t r o l s  c o n t a i n i n g  

c l e a n  c o r e s  a r e  p r e s e n t e d  in T a b l e  2 .  I t  i s  a p p a r e n t  t h a t  i n h i b i t i o n  

o c c u r r e d  in  p o p u l a t i o n s  in  e n v i r o n m e n t s  c o n t a i n i n g  used  c o r e s  and n o t  

i n  t h o s e  w i t h  c l e a n  o n e s .  The i n h i b i t o r  was t r a n s f e r r e d  in t h e  

t r e a t e d  s e r i e s  in  t h e  s u b s t r a t e ,  and t h e r e f o r e ,  must  become a t  l e a s t

t e m p o r a r i l y  a t t a c h e d  t o  i t .

A s e c o n d  k in d  o f  e n v i r o n m e n t a l  t r a n s f e r  u t i l i z e d  w a t e r  e x t r a c t s



Tab le  2 .  Egg p o p u l a t i o n s  (above)  and h a t c h l i n g  p r e s e n c e  (P) 
o r  a b s en c e  (A) (below) w i t h  c o r e s  o f  c l e a n  s u b s t r a t e  and used s u b ­
s t r a t e .

Clean  Cores  Used C ores

R e p l i c a t e s  1 2  3 4 5 1 2  3 4 5

Egg numbers:
24 hou r s  91 71 41 87 84 0 7 10 24 8
48 ho u r s  102 139 233 128 155 I 2 4 33 5

Hatch  I i n g s :
6 days  P P P P P  A A A A A
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o f  used  e n v i r o n m e n t s .  Wate r  c o l l e c t e d  24 ho u r s  a f t e r  i t s  a d d i t i o n  t o  

used e n v i r o n m e n t s  was a p p l i e d  a s  a t r e a t m e n t  t o  d r i e d  c l e a n  s u b ­

s t r a t e s .  The number o f  eggs  o b t a i n e d  from animal  p o p u l a t i o n s  i n t r o ­

duced i n t o  s t a n d a r d  e n v i r o n m e n t s  t r e a t e d  in t h i s  way and t h o s e  o b t a i n e d  

from p o p u l a t i o n s  on s u b s t r a t e s  w e t t e d  w i t h  w a t e r  e x t r a c t s  o f  c l e a n  

chambers  and d i s t i l l e d  w a t e r  a r e  g i v e n  in  T a b le  3.  The compar ison  

of  t r e a t e d  and c o n t r o l  s e r i e s  p r o d u c e s  d i f f e r e n c e s  even more s t r i k i n g  

t h a n  t h o s e o b t a i n e d  in t h e  c o re  t r a n s f e r  e x p e r i m e n t .  I t  can be con­

c lu d e d  t h a t  t h e  w a t e r  e x t r a c t  o f  used  s u b s t r a t e s  c o n t a i n e d  t h e  o v i ­

p o s i t i o n  i n h i b i t o r .

T h i r d l y ,  a i r  c u r r e n t s  were examined a s  a means o f  t r a n s f e r  of  

i n h i b i t o r  from one chamber  t o  a n o t h e r .  When s t a n d a r d  e n v i r o n m e n t s  

were c o n n e c t e d  w i th  an aquarium  a i r  pump c i r c u l a t i n g  m o i s t  a i r  from 

one t o  a n o t h e r ,  n o n l a y e 'S  in a used e n v i r o n m e n t  resumed o v i p o s i t i o n .

The a i r  c u r r e n t  removed t h e  i n h i b i t i n g  compound from used e n v i r o n ­

m en ts ,  However, t h e  i n h i b i t o r  c a n n o t  be i n t r o d u c e d  i n t o  a c l e a n  

e n v i r o n m e n t  v i a  an a i r  c u r r e n t ,  even  when used  e n v i r o n m e n t s  were 

c o n n e c t e d  in p a r a l l e l  t o  a s i n g l e  c l e a n  one and t h e  e x p e r i m e n t  con­

t i n u e d  f o r  48 h o u r s .  (P re s u m ab ly ,  t h e  c o n c e n t r a t i o n  of  i n h i b i t o r  

s u b s t a n c e  was t o o  low t o  p roduce  an e f f e c t . )

The v o l a t i l i t y  o f  i n h i b i t o r ,  r a t h e r  t h a n  t h e  o c c u r r e n c e  of  

o v i p o s i t i o n  in r e s p o n s e  t o  a i r  movement,  i s  s u p p o r t e d  by t h e  f o l l o w ­

ing o b s e r v a t i o n .  When used  e n v i r o n m e n t s  were t h o r o u g h l y  d r i e d  and 

th e n  m o is t e n e d  w i t h  d i s t i l l e d  w a t e r ,  t h e  p o p u l a t i o n s  t h a t  were 

i n t r o d u c e d  o v i p o s i t e d .
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T a b l e  3 .  Egg p o p u l a t i o n s  ( above )  and h a t c h l i n g  p r e s e n c e  (P) 
o r  a b s e n c e  (A) (be low)  f o l l o w i n g  t r e a t m e n t  w i th  d i s t i l l e d  w a t e r ,  
w a t e r  e x t r a c t s  o f  c l e a n  e n v i r o n m e n t s ,  and w a t e r  e x t r a c t s  of  used 
o n e s .

D i s t i l l e d  Water  E x t r a c t s  of  C lean

R e p l i c a t e s  1 2  3 4 5____ 1 2  3 4

Egg numbers:
24 h o u r s  50 174 160 77 71 54 66 120 68
48 h o u r s  70 211 188 205 159 170 152 125 220

H a tch  I i n g s :
6 days  P P P P P  P P P P

E x t r a c t s  o f  Used

Rep I i c a t e s   1 2 3 4 5

Egg numbers:
24  h o u r s  0 0 0 0 0
48 h o u r s  0 0 0 0 0

Hatch  Ii ngs :
6 days  A A A A A
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An e x p e r i m e n t  was n e x t  p e r f o r m e d  t o  o b t a i n  t h e  v o l a t i l e  com­

p o n e n t s  f rom i n h i b i t e d  c u l t u r e s .  The v o l a t i i e  s u b s t a n c e s  were c o l l e c ­

t e d  u s in g  an a p p a r a t u s  t h a t  d i r e c t e d  an a i r  c u r r e n t  f rom used e n v i r o n ­

ments  t h r o u g h  a c o l d  b a t h  t r a p .  The c o n d e n s a t e  c o l l e c t e d  in t h i s  way 

was a p p l i e d  t o  d r i e d ,  c l e a n  s t a n d a r d  e n v i r o n m e n t s  t o  a s s a y  i t s  b i o ­

l o g i c a l  a c t i v i t y .  S i m i l a r  r u n s ,  i n c l u d i n g  c l e a n ,  m o is t e n e d  e n v i r o n ­

ments  in  t h e  l i n e ,  p r o v i d e d  c o n d e n s a t e s  t h a t  s e r v e d  as  c o n t r o l s .

The r e s u l t s  p r e s e n t e d  in  T a b l e  4 i n d i c a t e d  t h a t  t h e  o v i p o s i t i o n  i n ­

h i b i t o r  was p r e s e n t  in  c o l l e c t i o n s  from used e n v i r o n m e n t s  and a b s e n t  

in t h o s e  from c l e a n  o n e s .  No egg  d e p o s i t i o n  o c c u r r e d  in e n v i r o n m e n t s  

t r e a t e d  w i t h  c o n d e n s a t e s  c o l l e c t e d  f o r  I -week p e r i o d s  ( i . e . ,  t h e  

d i l u t e  o n e s ) .  The p o p u l a t i o n  in  a smal l  e n v i r o n m e n t  t r e a t e d  w i th  

c o n d e n s a t e  c o l l e c t e d  o v e r  a 2-week p e r i o d  w i th  c o n t i n u o u s  d e s s i c a -  

t i o n  d u r i n g  t h e  c o l l e c t i o n  was k i l l e d .  These d e a t h s  were due t o  t h e  

g r e a t e r  c o n c e n t r a t i o n  o f  s o l u t e s  p r e s e n t  in t h i s  c o n d e n s a t e .

Having d e t e r m i n e d  t h a t  i n h i b i t i o n  o c c u r s  and t h a t  i t  i s  due t o  

an e n v i r o n m e n t a l  f a c t o r  c a p a b l e  o f  m a n i p u l a t i o n  and c o l l e c t i o n ,  

s e v e r a l  a v e n u e s  w e r e  opened  f o r  i n v e s t i g a t i o n .

A s p e c t s  o f  t h e  B io lo g y  o f  I n h i b i t i o n  

Sex A f f e c t e d  by t h e  I n h i b i t o r

A c e s s a t i o n  o f  r e p r o d u c t i o n  can be due t o  a  l i m i t a t i o n  o f  t h e  

s e x u a l  a c t i v i t y  o f  m a le s  o r  f e m a le s  o r  b o t h .  To d e t e r m i n e  t h e  s e x  

o r  s e x e s  of  a n i m a l s  r e s p o n s i v e  t o  i n h i b i t o r ,  an  e x p e r i m e n t  was 

pe r fo rm e d  in which  g r o u p s  o f  25 f e m a le s  were added t o  d i f f e r e n t  k i n d s
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T a b le  4 .  Egg p o p u l a t i o n s  (ab ove)  and h a t c h l i n g  p r e s e n c e  (P) 
o r  a b s e n c e  (A) (below) f o l l o w i n g  t r e a t m e n t  w i t h  d i s t i l l e d  w a t e r ,  
and vacuum t r a p  c o n d e n s a t e  from c l e a n  and used  e n v i r o n m e n t s .

Rep 1i c a t e s
Used C onde nsa te  
1 2  3 4

D i s t i 1 led 
1 2

Water  
3 4

Egg numbers:  
24 ho u r s  
48 ho u r s 0

0
0

4
5 6

73
200+ 95

3
13 151

Hatch  1ings :  
6 days A A A A P P P P

Rep 1i c a t e s
Clean Condensa te  

1 2
Di s t i 1 led 

1
Water
2

Egg numbers:  
24 hou rs  
48 hou rs

225
275

431
600+

108
176

210
372

Hatch  1ings :  
6 days P P P P
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o f  e n v i r o n m e n t s  new ly  v a c a t e d  by m a l e s .  S p e r m - f r e e  f e m a le s  were 

added t o  ( a )  a u sed  e n v i r o n m e n t  f o l l o w i n g  t h e  removal  o f  m ales  and 

f e m a l e s ,  (b )  a c l e a n  e n v i r o n m e n t  t h a t  had housed s p e rm a to p h o re  

d e p o s i t i n g  m a le s  f o r  t h e  p r e c e d i n g  2 h o u r s ,  and a s  a c o n t r o l ,  ( c )  

a c l e a n  p r e v i o u s l y  u n i n h a b i t e d  e n v i r o n m e n t .  The 25 f e m a le s  in e a ch  

o f  t h e s e  g r o u p s  a f t e r  2  h o u r s  e x p o s u r e  t o  t h e  r e s p e c t i v e  e n v i r o n m e n t s  

were i s o l a t e d  in i n d i v i d u a l  v i a l s .  These  v i a l s  were o b s e r v e d  a t  

i n t e r v a l s  f o r  s e v e r a l  da ys  and  t h e  o c c u r r e n c e  o f  c l u t c h e s  of  eggs  

t h a t  d e v e lo p e d  and h a t c h e d  was r e c o r d e d .

S u c c e s s f u l  c l u t c h e s  were d e p o s i t e d  on ly  by f e m a le s  exposed  t o  

e n v i r o n m e n t s  t h a t  p r e v i o u s l y  c o n t a i n e d  m a le s .  Of t h o s e  h e l d  in a 

c l e a n  e n v i r o n m e n t  C b ) ,  10 o f  25 (40$)  s u c c e s s f u l l y  r e p r o d u c e d ;  and 

of  t h o s e  exposed  t o  t h e  used  one  ( a ) ,  8 of  25 (32$)  d e p o s i t e d  

s u c c e s s f u l  c l u t c h e s .  The d i f f e r e n c e  between  t h e s e  g r o u p s  i s  n o t  

s i g n i f i c a n t  ( x 2=0 . 3 4 ;  P > 0 .0 5 )  and i s  p ro b a b l y  due t o  t h e  random 

n a t u r e  of  t h e  e n c o u n t e r  w i t h  s p e r m a to p h o r e s  and v a r i a t i o n s  in r e p r o ­

d u c t i v e  c y c l e s  b e tw e e n  t h e  t e s t  a n i m a l s .

S e v e ra l  c o n c l u s i o n s  can  be drawn from t h e s e  r e s u l t s  a s  t o  t h e  

r e s p o n s e  o f  e a c h  o f  t h e  s e x e s  t o  t h i s  i n h i b i t o r .  S in c e  o t h e r  e x p e r i ­

mental  work o f  mine f a i l s  t o  s u p p o r t  t h e  o c c u r r e n c e  o f  p a r t h e n o ­

g e n e s i s  in  t h i s  s p e c i e s ,  i t  c a n  be c onc lude d  t h a t  in bo th  e n v i r o n m e n t s  

m ales  have d e p o s i t e d !  s p e r m a t o p h o r e s .  The a b s e n c e  o f  a s i g n i f i c a n t  

d i f f e r e n c e  in  t h e  p r o d u c t i o n  o f  s u c c e s s f u l  c l u t c h e s  by f e m a le s  demon­

s t r a t e d  t h a t  male  s e x u a l  a c t i v i t y  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by 

t h e  i n h i b i t o r .
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Females  in  t h i s  e x p e r i m e n t  p i c k e d  up s p e rm a to p h o r e s  in bo th  

c l e a n  and used  e n v i r o n m e n t s  a s  i n d i c a t e d  by t h e i r  s u b s e q u e n t  egg 

d e p o s i t i o n .  T h i s  c a p a c i t y  m us t  be c o u p le d  w i th  a t  l e a s t  a l i m i t e d  

sperm s t o r a g e  c a p a b i l i t y  t o  e n a b l e  t h e s e  f e m a le s  a f t e r  a d e l a y  t o  

d e p o s i t  e g g s .  In s e v e r a l  c a s e s  o v i p o s i t i o n  o c c u r r e d  w i t h i n  30 

m in u t e s  a f t e r  t r a n s f e r  t o  a  c l e a n  v i a l .  T h i s  r a p i d i t y  s u g g e s t s  t h a t  

egg d e p o s i t i o n ,  n o t  egg  p r o d u c t i o n ,  was a f f e c t e d .  T h i s  i n h i b i t o r  

a p p a r e n t l y  a f f e c t s  s p e c i f i c a l l y  t h e  d e p o s i t i o n  o f  eggs  by f e m a l e s .

Egg Cann iba l  ism

The a b s e n c e  o f  e g g s  b e l i e v e d  due t o  o v i p o s i t i o n  i n h i b i t i o n  might  

be t h e  r e s u l t  o f  t h e  c o m b i n a t i o n  o f  o v i p o s i t i o n  and egg c a n n i b a l i s m .  

F l u c t u a t i o n s  in  egg c a n n i b a l i s m  c o u ld  t h e n  lead  t o  t h e  p r e s e n c e  o r  

a b s e n c e  o f  " i n h i b i t i o n ” . To e v a l u a t e  t h e  r o l e  o f  egg c a n n i b a l i s m  an 

e x p e r i m e n t  was p e r f o r m e d  in  which e g g s  of  known t y p e  ( f rom  d e p o s i t i o n  

t o  a b o u t  24 h o u r s  o f  a g e  e g g s  a r e  s p h e r i c a l  w i th  a smooth s u r f a c e ;  

o l d e r  d e v e l o p i n g  e g g s  a r e  s l i g h t l y  l a r g e r ,  somewhat  e l o n g a t e ,  and 

p o s s e s s  a rough s u r f a c e )  w e re  i n t r o d u c e d  i n t o  u n i s e x u a l  c u l t u r e s  o f  

males  and n o n o v i p o s i t i n g  f e m a l e s  in  s t a n d a r d  e n v i r o n m e n t s .  S i x t y  

eggs  o f  each  t y p e  were a d d e d ;  t h e  egg  p o p u l a t i o n s  were c o u n te d  a t  

2 - h o u r  i n t e r v a l s  f o r  a b o u t  8  h o u r s ;  and e g g s  t h a t  had been e a t e n  and 

smooth eggs  t h a t  had m a t u r e d  were r e p l a c e d .  T h i s  r o u t i n e  was fo l low e d  

f o r  f i v e  p o p u l a t i o n s  o f  m a t e s  and two p o p u l a t i o n s  o f  f e m a le s  in  c l e a n  

e n v i r o n m e n t s  and r e p e a t e d  f o r  f i v e  g roups  o f  males  and f o u r  g roups  of  

f e m a le s  a c c l i m a t e d  t o  u se d  e n v i r o n m e n t s .  The r e s u l t s  a r e  p r e s e n t e d  

in T a b le  5 .
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T a b l e  5 .  Egg c a n n i b a l i s m  in p o p u l a t i o n s  o f  50 males  and 50 
f e m a l e s  i n  c l e a n  and used  e n v i r o n m e n t s .

R e p l i c a t e s 1

Males 

2 3

CLEAN 

4 5

Females  

1 2
X

T o t a l  e g g s  
e a t e n / 5 0 6 9 9 2 16 12 19 10.4

E x p o s u re  
p e r i o d  ( h r s ) 8 . 7 7 . 5  6 . 8 6 . 5  7 .2 9 . 0  7 . 8 7 .6

x e g g s  e a t e n /  
5 0 / h r 0 . 6 9 1.2 1.3 0 .31  2 . 2 1.3 2 . 4 1.3

USED

Rep 1i c a t e s 1
Males  

2 3 4 5 1
Females  
2 3 4

X

T o t a l  e g g s  
e a t e n / 5 0 7 9 18 5 16 25 29 14 9 14.7

E xposu re  
p e r i o d  ( h r s ) 10.5 9 . 5  8 . 0 7 . 7  6 . 5  10 9 8 . 2  6 . 8 8 .5

x e g g s  e a t e n /  
5 0 / h r

0 .6 4 0 .9 5  2 . 2 0 .6 5  2 . 5  2 .5 3 . 2  1.7 1.3 1.7



19

T h e re  i s  no  e v i d e n c e  from t h e s e  d a t a  in s u p p o r t  o f  a d i f f e r ­

e n t i a l  i n  egg  c a n n i b a l i s m  be tw een  a n im a ls  in  c l e a n  e n v i r o n m e n t s  and 

t h o s e  in  u se d  o n e s .  A r a n d o m i z a t i o n  t e s t  ( S i e g e l ,  1958) i n d i c a t e d  

t h a t  egg c onsum pt ion  d i d  n o t  v a r y  s i g n i f i c a n t l y  (P>0 .05)  between  

t h e  e n v i r o n m e n t s .  T h i s  f i n d i n g  e x c l u d e s  egg  c a n n i b a l i s m  a s  t h e  

s o u r c e  o f  i n h i b i t i o n .

S e v e r a l  o t h e r  i n t e r e s t i n g  p o i n t s  emerged from t h e  r e s u l t s  o f  t h e  

egg  c a n n i b a l i s m  e x p e r i m e n t .  The d a t a  s u g g e s t e d  t h a t  f e m a le s  t e n d  t o  

consume more e g g s  t h a n  m a l e s .  T h i s  a p p a r e n t  d i f f e r e n c e  was n o t  

s u p p o r t e d  by s t a t i s t i c a l  t e s t  ( r a n d o m i z a t i o n  t e s t ;  P > 0 .0 5 ) .

I t  i s  s t r i k i n g  t h a t  o f  205 e ggs  consumed, 202 were o f  one t y p e ,  

smooth ,  and  o n l y  3 were o l d e r ,  rough e g g s .  S in c e  c a r e  was e x e r c i s e d  

in  egg m a n i p u l a t i o n ,  egg damage due t o  h a n d l i n g  was m in im a l .  A l though  

smooth e g g s  l a c k i n g  p r o t e c t i v e  o u t e r  membranes a r e  more l i k e l y  t o  be 

damaged in  h a n d l i n g  and s e v e r e l y  damaged e g g s  a r e  p r o b a b l y  more 

h e a v i l y  s u b j e c t  t o  p r e d a t i o n ,  t h e  e f f e c t  o f  damage seems t o t a l l y  i n ­

a d e q u a t e  a s  an e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e  in c a n n i b a l i s m .  S in e  I la  

c u r v i s e t a  s e l e c t s  t h e  e g g s  i t  i n g e s t s .

The two egg  t y p e s  d i f f e r  in  t h e i r  p e r c e n t a g e s  o f  r e p r o d u c t i v e  

s u c c e s s ,  t h a t  i s ,  m a t u r a t i o n  and h a t c h i n g .  When b i s e x u a l  p a i r s  o f  

a d u l t s  a r e  m a i n t a i n e d  in i s o l a t i o n ,  t h e  c l u t c h e s  t h a t  t h e y  p roduce  

i n c l u d e  some f a u l t y  e g g s .  Eggs t h a t  f a i l e d  t o  m atu re  formed 

a p p r o x i m a t e l y  2 p e r c e n t  o f  ea ch  of  46 c l u t c h e s  ( a b o u t  2700 e ggs )  

e x a m in ed .  These rem ain ed  smooth f a i l i n g  t o  de ve lop  t h e  rough s u r f a c e  

c h a r a c t e r i s t i c  o f  eggs  t h a t  h a t c h .  In c o n t r a s t ,  a l l  rough e ggs
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o b s e r v e d  in  t h e  p r e s e n t  work s u b s e q u e n t l y  h a t c h e d .

I t  would seem t o  b e  o f  a d a p t i v e  a d v a n ta g e  t o  e a t  an egg t h a t  may 

o r  may n o t  d e v e l o p ,  r a t h e r  t h a n  an egg  c e r t a i n  t o  m a t u r e .  By s e l e c t i n g  

smooth e g g s  t h i s  s p r i n g t a i l  c h o o s e s  t h o s e  l e s s  l i k e l y  t o  d e ve lop  and 

h a t c h .

In t h e  c a n n i b a l i s n s  e x p e r i m e n t  each  o f  t h e  350 a n i m a l s  in a c l e a n  

e n v i r o n m e n t  consumed an  a v e r a g e  o f  0 .0 2 6  e ggs  p e r  h o u r .  C o n s i d e r i n g  

t h a t  a b o u t  10 h o u r s  i s  r e q u i r e d  t o  d e p o s i t  a c l u t c h ,  and a b o u t  24 

h o u r s  i s  n e c e s s a r y  f o r  e g g  deve lopm en t  t o  p roduce  rough e g g s ,  a d u l t s  

a r e  t y p i c a l l y  e x p o s e d  t o  smooth eggs  f o r  a b o u t  34 h o u r s .  Dur ing  t h i s  

i n t e r v a l  an a v e r a g e  a n im a l  o f  e i t h e r  s e x  i n g e s t s  0 . 8 8  e g g s .  I f  i t  

i s  assumed t h a t  two a d u l t s  a r e  a s s o c i a t e d  w i th  each  c l u t c h  and t h a t  

t h e y  remain  in c l o s e  p r o x i m i t y  t o  t h e  eggs  f o r  t h i s  i n t e r v a l ,  t h e  

p a i r  would be e x p e c t e d  t o  consume 1.76 e g g s .  S i n c e  an a v e r a g e  c l u t c h  

i s  composed of  a b o u t  60  e g g s ,  a p p r o x i m a t e l y  1.2 f a u l t y  eggs  a r e  p r e s e n t  

in t h e  e n v i r o n m e n t  o f  t h e s e  a n i m a l s .

I t  i s  p o s s i b l e  t h a t  a n i m a l s  a r e  c a p a b l e  o f  s e l e c t i n g  f o r  i n g e s ­

t i o n  among t h e  smooth e g g s  t h o s e  t h a t  a r e  f a u l t y  and w i l l  n o t  d e v e lo p .  

Due t o  t h e  d i f f i c u l t y  o f  o b t a i n i n g  f a u l t y  e ggs  and h a n d l i n g  them 

w i t h o u t  damage,  I was  u n a b l e  t o  e v a u l a t e  t h i s  p o s s i b i l i t y .  S in c e  t h e  

number o f  e ggs  consumed and t h e  number o f  f a u l t y  eggs  p r e s e n t  a r e  

s i m i l a r ,  t h i s  p o s s i b i l i t y ,  t hough  n o t  c o n f i r m e d ,  i s  n o t  e l i m i n a t e d .

Green (1964)  m ea su red  egg c a n n i b a l i s m  in fem a le  Fo l som ia  C a n d i d a .

He r e p o r t e d  an a v e r a g e  c o n s u m p t io n  in t h a t  s p e c i e s  o f  1.5 eggs  p e r  

da y .  T h i s  i s  s i m i l a r  t o  an  a v e r a g e  o f  0 . 8 9  in f em a le  S i n e  I la c u r v i s e t a .
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E x t e n t  of  I n h i b i t i o n

To e x p l o r e  t h e  o c c u r r e n c e  of  t h i s  o v i p o s i t i o n  i n h i b i t i o n  in 

o t h e r  s p e c i e s ,  an e x p e r i m e n t  was pe r fo rm ed  w i t h  S i ne 11 a coeca  ( S c h t J t t ) .  

P o p u l a t i o n s  o f  t h i s  s p e c i e s  were c h a l l e n g e d  w i t h  w a t e r  e x t r a c t s  from 

used  S i n e l l a  c u r v i s e t a  c u l t u r e s .  In t h e  c o n t r o l s ,  a n im a l s  were i n t r o ­

duced i n t o  s t a n d a r d  chambers  a f t e r  t h e  s u b s t r a t e  was m o is tened  w i th  

d i s t i l l e d  w a t e r .  The d a t a  f rom t h i s  e x p e r i m e n t  a p p e a r  a s  T a b l e  6 .

In S i n e l l a  coeca  o v i p o s i t i o n  was i n h i b i t e d  by a f a c t o r  from used  

e n v i r o n m e n t s  u nde r  t h e  same c o n d i t i o n s  t h a t  p ro d u ce d  i n h i b i t i o n  in 

S i n e  I la  c u r v i s e t a . Having been  d e m o n s t r a t e d  in  two s p e c i e s ,  t h i s  

phenomenon may be o f  r e l a t i v e l y  common o c c u r r e n c e  in  l a b o r a t o r y  popu­

l a t i o n s .

S ource  o f  I n h i b i t o r

S p r i n g t a i l  c u l t u r e s ,  in  a d d i t i o n  t o  a n i m a l s ,  c o n t a i n  l i v i n g  

y e a s t s  ( a s  c o l l e m b o l a n  f o o d )  and p ro d u ce  an a r r a y  o f  fungi  and b a c ­

t e r i a .  These were p a r t i t i o n e d  i n t o  two g r o u p s :  an imal  ( i n c l u d i n g

t h e  s u b j e c t s 1 i n t e s t i n a l  f l o r a  and f a u n a )  and n o n - a n i m a l ,  t o  i n v e s t i ­

g a t e  t h e  s o u r c e  o f  i n h i b i t o r .

In an e x p e r i m e n t  10 s t a n d a r d  e n v i r o n m e n t s  were  a l low ed  t o  

become used  in t h e  a b s en c e  o f  a n i m a l s .  The s e r i e s  was w e t t e d ,  y e a s t  

added and r e p l a c e d  e v e ry  t h i r d  day a c c o r d i n g  t o  t h e  usua l  r o u t i n e ,  

a n d ,  in a d d i t i o n ,  e a ch  was opened f o r  a b o u t  5 m i n u t e s  d a i l y  t o  a l l o w  

a i r b o r n e  fungi  and b a c t e r i a  t o  c o n t a m i n a t e  t h e  f o o d .  A f t e r  18 d a y s ,  

an imal  p o p u l a t i o n s  were i n t r o d u c e d  w i t h  f r e s h  food i n t o  t h e s e .  A



22

T a b le  6 .  S in e  I la  coeca  egg p o p u l a t i o n s  (ab ove)  and h a t c h l i n g  
p r e s e n c e  (P) o r  a b s en c e  (A) (below)  f o l l o w i n g  t r e a t m e n t  w i t h  d i s t i l ­
led w a t e r  and w a t e r  e x t r a c t s  o f  used  e n v i r o n m e n t s .

D i s t i I  led Water  

Rep Ii c a t e s  1 2  3 4 5

Egg numbers:
24 h o u r s  61 21 41 32 7
48 h o u r s  68  45 38 52 50

E x t r a c t  o f  Used 

1 2  3 4 5

0 0 0 0 0
0 0 0 0 0

Hatch I i n g s :
6 days P P P P P A A A  A A
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c l e a n  s e r i e s  o f  10 e n v i r o n m e n t s  o f  equa l  age s e r v e d  a s  c o n t r o l s .

The r e s u l t s  t h a t  a p p e a r  in T a b le  7 i n d i c a t e  t h a t  i n h i b i t i o n  has  

o c c u r r e d .  I t  a p p e a r s  t h a t  S i n e  I la  c u r v i s e t a  r esponded  by o v i p o s i t i o n  

i n h i b i t i o n  t o  a  p l a n t  p r o d u c t .

Of t h e  n o n y e a s t  fu n g i  t h e  g e n e r a  t h a t  o c c u r r e d  most  commonly and 

a b u n d a n t l y  in  t h e  r e a r i n g  chambers  were Fusar iurn and S t r e p t o m y c e s .

These were i s o l a t e d ,  grown in p u r e  c u l t u r e ,  and u t i l i z e d  in  e x p e r i ­

mental  t e s t s .  I n i t i a l l y ,  f u n g a l  c e l l s  in  l i q u i d  media were homogenized 

and t h e  r e s u l t i n g  m i x t u r e s  were a p p l i e d  t o  d r i e d ,  c l e a n  S in e I  la e n v ? r o n -  

m en t s .  S u b s e q u e n t l y ,  s e v e r a l  o t h e r  t r e a t m e n t s  were  a p p l i e d .  None o f  

t h e s e  p roduced  o v i p o s i t i o n  i n h i b i t i o n  in  animal  p o p u l a t i o n s .

The s t r a i n  o f  Saccharomyces  c e r e v i s a e  p r e s e n t  in c o l l e m b o l a n  

food was i s o l a t e d ,  m a i n t a i n e d  in  p u r e  c u l t u r e ,  and s u b j e c t e d  t o  

e x p e r i m e n t a t i o n .  Of t h e  t r e a t m e n t s  o f  l i q u i d  media a p p l i e d ,  some 

c o n t a i n e d  s u f f i c i e n t  a l c o h o l  t o  k i l l  animal  p o p u l a t i o n s ,  b u t  t h e s e  

in d i l u t e d  s e r i e s  f a i l e d  t o  y i e l d  i n h i b i t i o n .  Although  i n h i b i t i o n  was 

n o t  p roduced  in t h e s e  e x p e r i m e n t s ,  n e i t h e r  y e a s t  n o r  t h e  above fung i  

a r e  e l i m i n a t e d  a s  t h e  s o u r c e  o f  i n h i b i t o r .

Ev idence  o b t a i n e d  in  c he m ica l  a n a l y s e s  s u g g e s t s  t h a t  y e a s t  i s  t h e  

s o u r c e  o f  i n h i b i t o r .

A s p e c t s  o f  t h e  C h e m is t ry  o f  I n h i b i t o r

A w a t e r  e x t r a c t  o b t a i n e d  from used e n v i r o n m e n t s  was u t i l i z e d  t o  

a n a l y z e  t h e  c r u d e  p r o p e r t i e s  o f  i n h i b i t o r .  Wate r  e x t r a c t s  t h a t  had 

been  s u b j e c t e d  t o  s i m p l e  t r e a t m e n t s  were added t o  d r i e d  c l e a n  s t a n d a r d
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T a b le  7 .  Egg p o p u l a t i o n s  ( above )  and h a t c h l i n g  p r e s e n c e  (P)  
o r  a b s en c e  (A) (be low )  in e n v i r o n m e n t s  aged in t h e  a b s e n c e  o f  a n im a l s  
and c l e a n  o n e s .

C lean Envi ronments

Rep 1i c a t e s 1 2 3 4 5 6 7 8 9 10

Egg numbers:
24 hou rs 0 146 0 103 50 80 50 0 88 56
48 ho u r s 0 148 117 175 54 116 109 203 293 94

Hatch  1in g s :
6 days A* P P P P P P P P P

Aged E nv i ronm e n ts

Rep 1i c a t e s 1 2 3 4 5 6 7 8 9 10

Egg numbers:
24 ho u r s 1 0 38 0 4 0 32 10 9 0
48 h o u r s 0 0 22 0 1 0 10 5 16 0

Hatch  1in g s :
6 days A A A A A A A A A A

* Numerous e g g s  were  p r e s e n t  t h a t  s u b s e q u e n t l y  h a t c h e d .
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e n v i r o n m e n t s .  The e f f e c t s  o f  t h e  t r e a t m e n t  were e v a l u a t e d  by c o m p a r i ­

son  o f  o v i p o s i t i o n  in  t r e a t e d  s e r i e s  w i t h  t h e  p e r f o r m a n c e s  in e n v i r o n ­

men ts  w e t t e d  w i t h  d i s t i l l e d  w a t e r  and o t h e r s  w e t t e d  w i th  u n t r e a t e d  

w a t e r  e x t r a c t s  o f  used e n v i r o n m e n t s .

The d a t a  f rom  t h e s e  i n  T a b l e  8 s u g g e s t  one p r o p e r t y  o f  i n h i b i t o r .  

These  d e m o n s t r a t e  t h a t  t h i s  s u b s t a n c e  i s  r e l a t i v e l y  s t a b l e  a s  ( I )  i t  

can  be s t o r e d  w i t h  r e f r i g e r a t i o n  f o r  in e x c e s s  of  5 mon th s ,  and (2)  

i t  can  be h e a t e d  in a  b o i l i n g  w a t e r  b a t h  w i t h o u t  l o s s  of  b i o l o g i c a l  

a c t i v i t y .

The c o m b i n a t i o n  o f  r e l a t i v e  s t a b i l i t y  and v o l a t i l i t y  d e m o n s t r a ­

t e d  f o r  i n h i b i t o r  s u g g e s t e d  t h a t  i t  was s im p l e  in  form and c o u ld  be 

a n a l y z e d  by c h r o m a to g r a p h y .  Less  complex o r g a n i c  compounds can be 

s e p a r a t e d  in  a g a s - l i q u i d  c h rom a tog ra ph  a c c o r d i n g  t o  t h e  method 

d e s c r i b e d  by D o e l l e  ( 1 9 6 7 ) .  Such a s y s te m  was u t i l i z e d  t o  a n a l y z e  

t h e  v o l a t i l e  components  c o l l e c t e d  from s p r i n g t a i l  e n v i r o n m e n t s  in 

t h e  c o fd  b a t h  t r a p  f o r  which i n h i b i t i o n  h a d .b e e n  d e m o n s t r a t e d .

When t h e  m o s t  c o n c e n t r a t e d  o f  t h e  c o n d e n s a t e s  was i n j e c t e d ,  t h e  

chromatogram shown in F i g u r e  I was o b t a i n e d  w i t h  two p e a ks  and a 

d e v i a t i o n  from t h e  b a s e l i n e .  T h i s  a n a l y s i s  i n d i c a t e d  t h a t  t h r e e  

d i s c r e t e  o r g a n i c  compounds were p r e s e n t  in t h e  c o n d e n s a t e  f rom used 

e n v i  r o n m e n t s .

When t h e  c o n t r o l  c o l d  t r a p  c o l l e c t i o n  from c l e a n ,  m o i s t e n e d  

e n v i r o n m e n t s  t h a t  f a i l e d  t o  a f f e c t  o v i p o s i t i o n  was i n j e c t e d ,  t h e  

chromatogram in  F i g u r e  2 r e s u l t e d .  I t  i n c l u d e s  one peak w i t h  t h e
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T a b l e  8 .  Egg p o p u l a t i o n s  (ab ove)  and h a t c h l i n g  p r e s e n c e  (P) 
o r  a b s e n c e  (A) (be low)  f o l l o w i n g  t r e a t m e n t  w i t h  aged e x t r a c t ,  h e a t e d  
e x t r a c t ,  and  d i s t i l l e d  w a t e r .

D i s t i l l e d  Water  Aged E x t r a c t s

R e p l i c a t e s  1 2  3 4 5 1 2  3 4 5

Egg numbers:
2 4  h o u r s  68  78 62 15 45 0 0 0 0 0
4 8  h o u r s  53 71 123 34 88 0 0 0 0 0

Hatch Ii ngs:
6  d a y s  A * P P  p A* A A A A A

Rep I i  c a t e s

Egg numbers:  
2 4  h o u r s  
4 8  h o u r s

H a t c h  I i n g s :  
6  da ys

Heated  E x t r a c t s  

2 3 4 5

0 0 0 0 0
0 0 0 0 0

A A A A A

* H a t c h l i n g s  were p r e s e n t  on day 7.
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F i g u r e  I .  Gas chromatogram o f  c o n d e n s a t e  c o l l e c t e d  
in  t h e  c o l d  b a th  t r a p  from used  e n v i r o n m e n t s .  Sample s i z e ,  
3 y l ;  column t e m p e r a t u r e ,  I I0 °C ;  a t t e n u a t i o n ,  4; range  10.
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F i g u r e  2 .  Gas chrom atogram  of condensate c o l l e c t e d  
t h e  c o l d  b a t h  t r a p  from c l e a n  e n v i r o n m e n t s .  Sample s i z e  

y l ;  column t e m p e r a t u r e ,  I00°C;  a t t e n u a t i o n ,  8; r a n g e ,  10^
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same r e t e n t i o n  t i m e  a s  t h e  most  c o n c e n t r a t e d  component  above .

The i d e n t i f i c a t i o n  o f  t h e  o r g a n i c  compounds in t h e  most  c on ­

c e n t r a t e d  a c t i v e  c o n d e n s a t e  was a c c o m p l i s h e d  u s in g  mass s p e c t r o m e t r y .  

The chromatogram o b t a i n e d  from t h e  p r e p a r a t i v e  ch rom a tograph  con­

n e c t e d  t o  t h i s  u n i t  a p p e a r s  a s  F i g u r e  3.  T h i s  a n a l y s i s  i n d i c a t e d  

t h a t  t h e  m a jo r  peak  ( I )  was p roduced  by e t h y l  a l c o h o l ;  t h e  l e s s e r  

one ( 2 ) ,  by a c e t o n e ;  and t h e  d e f l e c t i o n  ( 3 ) ,  p r o b a b l y  by methyl  

a l c o h o l .

With i d e n t i f i e d  p r o d u c t s ,  i n f e r e n c e s  can  be made c o n c e r n in g  

t h e i r  s o u r c e s .  I t  seems c e r t a i n  t h a t  t h e  e t h y l  a l c o h o l  was p roduced  

by t h e  m e t a b o l i c  a c t i v i t y  o f  y e a s t .  I t  i s  r e a s o n a b l e  t o  c o n c lu d e  

t h a t  t h e  o t h e r  o r g a n i c  com ponen ts ,  in l i g h t  o f  t h e i r  n a t u r e ,  a r e  

a l s o  p r o b a b l y  d e r i v e d  from y e a s t s .

The c o n c e n t r a t i o n s  o f  t h e s e  s u b s t a n c e s  was a p p ro x im a te d  by 

com par i son  o f  t h e  peak  h e i g h t s  o f  compounds in c o n d e n s a t e  w i t h  t h e  

h e i g h t s  o b t a i n e d  f o r  s t a n d a r d  s o l u t i o n s .  The most,  c o n c e n t r a t e d  

c o l d  t r a p  c o l l e c t i o n  from i n h i b i t e d  c u l t u r e s  c o n t a i n e d  a b o u t  1 .97 

p e r c e n t  e t h a n o l  and a b o u t  0 . 1 4  p e r c e n t  a c e t o n e .  The l e s s  conc en ­

t r a t e d  c o n d e n s a t e  o f  t h i s  k ind  t h a t  p roduced  i n h i b i t i o n  i n c l u d e d  

0 .0 1 2  p e r c e n t  e t h a n o l  and 0 .0 05  p e r c e n t  a c e t o n e .  The c o n t r o l  c on ­

d e n s a t e  f rom c l e a n  chambers  c o n t a i n e d  a p p r o x i m a t e l y  0 . 1 4  p e r c e n t  

e t h a n o l .

E th y l  a l c o h o l  in t h e  c o n t r o l s  c o l l e c t e d  from c l e a n  e n v i r o n ­

ments  c o u l d  have  o r i g i n a t e d  in  e i t h e r  o r  bo th  o f  two s o u r c e s :  

l a b o r a t o r y  room a i r  and e t h y l  a l c o h o l  in t h e  dewar f l a s k .  To



F i g u r e  3 .  Gas chromatogram o b t a i n e d  in mass s p e c t r a l  
a n a l y s i s .  I ,  e t h y l  a l c o h o l ;  2 ,  a c e t o n e ;  3 ,  methyl  a l c o h o l  
a ,  a t t e n u a t i o n  changed t o  32;  b .  a t t e n u a t i o n  changed t o  16 
Sample s i z e ,  2 y l ;  column t e m p e r a t u r e ,  I I0°C;  a t t e n u a t i o n s  
32 and 16.
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i n v e s t i g a t e  t h e  l a t t e r ,  t h e  c o l d  t r a p  a p p a r a t u s  was o p e r a t e d  w i th  

n - p r o p a n o l  s u b s t i t u t e d  f o r  e t h a n o l .  Chromatography o f  t h e  conden­

s a t e  c o l l e c t e d  unde r  t h e s e  c o n d i t i o n s  from c l e a n  e n v i r o n m e n t s  i n d i ­

c a t e d  t h a t  n - p r o p a n o l  and e t h a n o l  were p r e s e n t  in t h i s  c o n d e n s a t e .

Even th o u g h  t h e  n - p r o p a n o l  upon a n a l y s i s  was found t o  c o n t a i n  a 

s m a l l  amount  o f  e t h a n o l ,  i t  seems p r o b a b l e  t h a t  bo th  o f  t h e  s o u r c e s  

s u g g e s t e d  above c o n t r i b u t e d  t o  t h e  0 . 1 4  p e r c e n t  in  t h e  o r i g i n a l  

c o n t r o l .

E x p e r im e n t s  were now c o n d u c te d  t o  s p e c i f y  from among t h e  com­

pounds  p r e s e n t ,  t h e  i n h i b i t o r .  E th a n o l  and a c e t o n e  were a p p l i e d  

in t h e  c o n c e n t r a t i o n s  r e p o r t e d  f o r  t h e  d i l u t e  and c o n c e n t r a t e d  

c o l l e c t i o n s  t o  c l e a n  d r i e d  e n v i r o n m e n t s ;  methanol  (which was t o o  

d i l u t e  f o r  i t s  c o n c e n t r a t i o n  t o  be d e t e r m i n e d  a c c u r a t e l y )  was added  

in  0 . 1 4  p e r c e n t  s o l u t i o n .  P o p u l a t i o n s  e x p o s ed  t o  1.97 p e r c e n t  e t h a n o l  

were k i l l e d ;  p o p u l a t i o n s  In e n v i r o n m e n t s  i n c l u d i n g  a l l  o t h e r  s p e c i f i e d  

c o n c e n t r a t i o n s  o f  e t h a n o l ,  a c e t o n e ,  and methanol  o v i p o s i t e d .  T r e a t ­

m en ts  w i t h  s o l u t i o n s  o f  e t h a n o l  r a n g i n g  from 1.97 p e r c e n t ,  which was 

l e t h a l ,  t o  0 . 1 4  p e r c e n t ,  which had no e f f e c t ,  c o n f i r m e d  t h e  e a r l i e r  

r e s u l t s  w i t h  y e a s t  c e l l s  in  l i q u i d  m ed ia ,  nam e ly ,  i f  f e m a le s  can l i v e  

in  t h e  e t h a n o l  c o n t a i n i n g  e n v i r o n m e n t ,  t h e y  o v i p o s i t .  The c o m b i n a t i o n  

o f  a c e t o n e  and e t h a n o l  was t h e n  a p p l i e d  a s  t r e a t m e n t .  When t h e  p e r ­

c e n t a g e s  r e p o r t e d  f o r  t h e  d i l u t e  c o n d e n s a t e  t h a t  i n h i b i t s  o v i p o s i t i o n  

were a d d e d ,  egg d e p o s i t i o n  e n s u e d .  T h i s  e v i d e n c e  i n d i c a t e s  t h a t  none 

o f  t h e s e  compounds p r o d u c e s  i n h i b i t i o n .

The  q u e s t i o n  t h e n  a r i s e s :  How can a m i x t u r e  p r o d u c e  an e f f e c t
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t h a t  i t s  o r g a n i c  components  a l o n e  o r  in c o m b i n a t i o n  f a i l  t o  p roduce ?  

S e v e r a l  e x p l a n a t i o n s  a r e  o f f e r e d  t h a t  p o s s i b l y  r e s o l v e  t h i s  c o n f l i c t .  

I t  may be t h a t  t h e  q u a n t i t y  o f  i n h i b i t o r  p r e s e n t  in t h e  c o n d e n s a t e  

i s  s o  sm a l l  t h a t  i t  i s  n o t  d e t e c t e d  by t h e  d e t e c t o r  ( w i th  a s e n s i ­

t i v i t y  o f  4 x  I0"12 amperes  f o r  f u l l  s c a l e  o u t p u t )  a s s o c i a t e d  w i t h  

t h e  gas  c h ro m a to g r a p h .  S i n c e  t h i s  d e t e c t o r  i s  s e n s i t i v e  t o  c a r b o n -  

c o n t a i n i n g  compounds, o n l y  t h o s e  a r e  r e c o r d e d .  I t  i s  p o s s i b l e  t h a t  a 

n o n c a r b o n - c o n t a i n i n g  s u b s t a n c e ,  such  a s  ammonia,  i s  p r e s e n t  and 

p r o d u c e s  i n h i b i t i o n .  F i n a l l y ,  i t  may be t h a t  two s u b s t a n c e s  p roduce  

i n h i b i t i o n  and t h a t  t h i s  i n v e s t i g a t i o n  combines p r o p e r t i e s  o f  t h e  

tw o  in an i n a p p r o p r i a t e  way.



DISCUSSION

O v i p o s i t i o n  I n h i b i t i o n  in O t h e r  A r th ro p o d s

A l th o u g h  Sharma and Kevan (1963b ,  p .  71) comment t h a t  f o r  

P s e u d o s F n e l  l a  p e t t e r s e n i  B o r n e r ,  " t h e  c o n t i n u o u s  p r e s e n c e  o f  y e a s t  . . 

a n d  I t s  f e r m e n t a t i o n  G n i g h t ]  i n h i b i t  f u r t h e r  o v i p o s i t i o n , "  t h i s  i s  

t h e  f i r s t  doc umented  c a s e  o f  o v i p o s i t i o n  i n h i b i t i o n  in C o l l e m b o la .

A s i m i l a r  n e g a t i v e  r e l a t i o n s h i p  be tween  o v i p o s i t i o n  and y e a s t  has  

b e e n  d e s c r i b e d  by David and Herrewege (1969) in Drosoph i I a me I a n o g a s t e r  

M eig en .  They c o n d u c te d  e x p e r i m e n t s  in which f l i e s  were a l l o w e d  t o  

s e l e c t  o v i p o s i t i o n  s i t e s .  Females  r e p e a t e d l y  chose  a medium l a c k i n g  

y e a s t  f o r  eg g  d e p o s i t i o n .  I t  seems p r o b a b l e  t h a t  t h e  s u b s t a n c e  t h a t  

a f f e c t s  S i n e  I l a  a I s o  r e p e l s  D r o s o p h i l a . The e f f e c t  o f  e t h y l  a l c o h o l  

on o v i p o s i t i o n  ha s  been e x p l o r e d  in i n v e s t i g a t i o n s  by M a t s u t a n t  

(1958)  on D r o s o p h i l a . He found a r e d u c t i o n  in  f e c u n d i t y  in f l i e s  

r e a r e d  i n  c o n t a c t  w i t h  s e v e r a l  c o n c e n t r a t i o n s  o f  e t h a n o l .

C onsequences  o f  O v i p o s i t i o n  I n h i b i t i o n

Y e a s t s  o c c u r  commonly n e a r  t h e  s u r f a c e  o f  s o i l s .  They a r e  

e s p e c i a l l y  a b u n d a n t  in o r c h a r d s  and s o i l s  r i c h  in humus, r a n g i n g  up 

t o  2 4 5 , 0 0 0  p e r  gram o f  s o i l  (Lund,  1958) .  Assuming t h a t  y e a s t s  a r e  

t h e  s o u r c e  o f  i n h i b i t o r ,  i t  seems im probab le  t h a t  m e t a b o l i c  p r o d u c t s  

o f  y e a s t s  would  r e a c h  s u f f i c i e n t  c o n c e n t r a t i o n s  in t h e s e  s o i l s  t o  

i n h i b i t  o v i p o s i t i o n  in  C o l l e m b o la .  I f  such i n h i b i t i o n  o c c u r r e d ,  i t
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would p e r h a p s  e x p l a i n  t h e  p a tc h y  d i s t r i b u t i o n  o f  v a r i o u s  s p e c i e s  

o f  C o l l em b o la  w i t h i n  h a b i t a t s  ( f o r  e x a m p le ,  P o o l e ,  1962; H a le ,  1966) ,  

and t h e  ch a n g es  in l o c a t i o n  o b s e rv e d  in  a g g r e g a t i o n s  in t im e  ( W a l la c e ,  

1957, 1967) .

In t h e  l a b o r a t o r y ,  t h i s  phenomenon markedly  i n f l u e n c e s  t h e  

growth and age s t r u c t u r e  o f  p o p u l a t i o n s  o f  S ine  I la  c u r v i s e t a . The 

p r o d u c t s  o f  y e a s t  m e t a b o l i s m  may a f f e c t ,  p e r h a p s  s i m i l a r l y ,  o t h e r  

c o l l e m b o l a n  s p e c i e s ,  D r o s o p h ? l a , and any  l a b o r a t o r y  r e a r e d  a r t h r o p o d s  

s u p p l i e d  y e a s t  a s  f o o d .  I t  i s  i m p o r t a n t  t h a t  such  a r t i f a c t s  be 

r e c o g n i z e d  t o  p r e v e n t  c o n f u s i o n  and m i s i n t e r p r e t a t i o n  o f  e x p e r i m e n t a l  

r e s u l t s .
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