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L O N G EV ITY  STU D IES O F  T H E  L A R V A L  ST A G E S O F  A P H Y T O 

P A R A S IT IC  N E M A T O D E , D IT Y L E N C H U S  T R IF O R M IS , 

USING A M O D IF IE D  L I F E  T A B L E  T E C H N IQ U E

C H A P T E R  I

IN T R O D U C T IO N  AND S T A T E M E N T  

O F  T H E  P R O B L E M

L ife  T a b le s

T h e  l i f e  ta b le  i s  p r o b a b ly  th e  m o s t  c o m p r e h e n s iv e  te c h n iq u e  in  

w h ic h  the  f a c t s  c o n c e r n in g  th e  d u r a t io n  of l i f e  o f  an y  l iv in g  o r g a n i s m  can  

be  p r e s e n t e d .  T h e  c h a r a c t e r i s t i c s  s h a r e d  by  v a r i o u s  p o p u la t io n s  o f  l i v 

ing  o r g a n i s m s  w h ic h  m a k e  th e  l i f e  t a b le  m e th o d  a p p l i c a b le  to th e m  a r e :  

an  a g g r e g a t e  of l iv in g  th in g s  w h ic h  a r e  s i m i l a r  b u t  n e e d  n o t  b e  i d e n t i c a l ,  

w h ic h  c o m e  in to  b e in g  a t  a  p a r t i c u l a r  t i m e ,  e x i s t  f o r  a  w h i le ,  and  a f t e r  

a n  i n t e r v a l ,  v a r y in g  f r o m  one  o r g a n i s m  to  a n o th e r  w i th in  c e r t a i n  l i m i t s ,  

d ie .

E s s e n t i a l l y ,  th e  l i f e  t a b le  t e c h n iq u e  i s  a  m e th o d  o f s u m m a r i z in g  

a g e - s p e c i f i c  d e a th  r a t e s  f o r  a  c h o s e n  t im e  u n i t ,  w h ic h  in  th e  c a s e  of 

m a n  i s  ta k e n  a s  one  y e a r ,  an d  in  o th e r  l iv in g  o r g a n i s m s  m a y  r a n g e  f r o m  

h o u r s  to  d a y s ,  o r  w e e k s ,  d ep en d in g  upo n  th e  l i f e  s p a n  o f th e  o r g a n i s m .  

F r o m  th e  a g e - s p e c i f i c  d e a th  r a t e s ,  th e  e x p e c ta t io n  o f  l i f e ,  o r  m e a n
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l i f e t i m e ,  c a n  be  d e r iv e d  b y  a  s im p le  m a t h e m a t i c a l  p r o c e d u r e  (D eevey , 

1947).

In an y  s tu d y  in v o lv in g  th e  m e a s u r e m e n t  o f  th e  d u r a t io n  of l i f e  of 

an  o r g a n i s m ,  two d i f f e r e n t  lo n g e v i ty  m e a s u r e s  sh o u ld  be d i s t in g u is h e d ,  

v i z . , th e  l i f e  sp a n ,  a n d  th e  e x p e c ta t io n  of l i f e  o r  m e a n  l i f e t im e .

T h e  p e o p le  o f  a n c ie n t  R o m e  k n ew  m o r e  a b o u t  th e  n a t u r e  of t h e s e  

two m e a s u r e s  th a n  m ig h t  be  s u p p o s e d ,  a s  show n by  t h e i r  s u p e r s t i t i o n  

th a t :  " T e n  t i m e s  tw e lv e  s o l a r  y e a r s  w e r e  th e  t e r m  f ix e d  f o r  th e  l i f e  of

m a n ,  b ey o n d  w h ic h  th e  gods  th e m s e l v e s  had  no p o w e r  to p ro lo n g  it ;  

th a t  th e  f a t e s  h ad  n a r r o w e d  th e  s p a n  to  t h r i c e  t h i r t y  y e a r s ,  an d  t h a t  f o r 

tune  a b r id g e d  e v en  th i s  p e r io d  by  a  v a r i e t y  of c h a n c e s ,  a g a i n s t  w h ich  

th e  p r o t e c t i o n  of the  go d s  w a s  im p l o r e d .  " (D eevey , 1947).

T h e  l i f e  s p a n  of a n  o r g a n i s m  i s  n o t  a n  e x a c t  f ig u r e ;  i t  i s  th e  e x 

t r e m e  l i m i t  of l i f e ,  b ey o n d  w h ic h ,  e v en  u n d e r  th e  m o s t  f a v o r a b le  c o n d i 

t io n s ,  l i f e  c a n n o t  e x te n d .  T h e r e  i s  no e v id e n c e  th a t  m a n ’s m a x im u m  

l i f e  sp a n  h a s  ch an g e d  m a t e r i a l l y  s in c e  a n t iq u i ty .  S in ce  few  m e n  l iv e  

beyond  one  c e n tu r y ,  i t  i s ,  t h e r e f o r e ,  g e n e r a l l y  a s s u m e d  th a t  th e  h u m a n  

l i f e  s p a n  i s  a p p r o x im a te ly  one  h u n d re d  y e a r s ,  w e l l  o v e r  th e  B ib l i c a l  

" t h r e e s c o r e  y e a r s  an d  te n .  "

C e l e b r a t e d  a c c o u n t s  o f  lo n g e v i ty  su c h  a s  th e  9 0 0 - y e a r  l i f e  sp an  

of M e th u s e la h  a r e  p u r e l y  l e g e n d a r y .  H o w e v e r ,  a u th e n t i c a te d  c a s e s  of 

e x t r e m e  lo n g e v i ty  s u c h  a s  C h r i s t e n  J a c o b s o n  D r a k e n b e r g  (1626-1772) 

h a v e  b e e n  c i te d  in  th e  l i t e r a t u r e  (D ub lin , L o tk a ,  and  S p ie g e lm a n ,  1949). 

T h e  l i f e  sp an ,  a l th o u g h  n o t  a  know n e x a c t  f i g u r e ,  r e m a i n s  c o n s ta n t  f o r  

a  g iv en  o r g a n i s m .

T h e  m e a n  l i f e t im e  is  th e  a v e r a g e  n u m b e r  o f y e a r s  l iv e d  by  a l l
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o r g a n i s m s  b o rn  a t  a  g iv e n  p e r io d .  I t  i s  a  c o n s ta n t ly  ch an g in g  f i g u r e ,  

s in c e  an  a v e r a g e ,  o r  m e a n ,  c an  be i n c r e a s e d  by  i n c r e a s i n g  th e  p r o p o r 

t ion  of l a r g e r  i t e m s  th a t  e n t e r  in to  th e  a v e r a g e .  By e l im in a t in g  u n fa v 

o r a b l e  f a c t o r s ,  e i t h e r  b io lo g ic a l  o r  e n v i r o n m e n ta l ,  i t  i s  p o s s ib l e  to i n 

c r e a s e  th e  m e a n  l i f e t im e  of an  o r g a n i s m  w h ile  i t s  l i f e  s p an  r e m a i n s  

u n c h a n g e d .

A l i f e  ta b le  in c lu d e s  f o r  e v e r y  i n t e r v a l  of a g e ,  th e  n u m b e r  of 

d e a th s ,  th e  s u r v i v o r s  r e m a in in g ,  th e  r a t e  o f  m o r t a l i t y  ( e x p r e s s e d  a s  

th e  p r o b a b i l i t y  of dy ing  w i th in  s ta t e d  ag e  i n t e r v a l s ) ,  and  the  e x p e c ta t io n  

of f u r t h e r  l i fe  o r  m e a n  l i f e t i m e .

L ife  t a b l e s  f o r  h u m a n  p o p u la t io n s  a r e  c a lc u la te d  by  i n d i r e c t  

m e th o d s .  C e n s u s  d a ta  show  th e  n u m b e r  o f  p e r s o n s  a l iv e  by  s in g le  y e a r s  

of a g e  l iv in g  in  v a r i o u s  g e o g r a p h ic  a r e a s .  P u b l i s h e d  v i t a l  s t a t i s t i c s  

g iv e  th e  n u m b e r  o f  d e a th s  in  th e  s a m e  a r e a s  e a c h  y e a r  an d  th e  a g e s  o f  

th o s e  d y in g .  B y  c o m b in in g  th e  two s e t s  of f i g u r e s ,  i t  i s  p o s s ib l e  to 

a r r i v e  a t  e s t i m a t e s  of th e  r a t e  o f  m o r t a l i t y  s u f f e r e d  by  p e r s o n s  o f  a 

g iv en  a g e  a t  th e  t im e  o f  th e  c e n s u s .  T he  l i f e  t a b le  i s  th e n  c o n s t r u c t e d  

by  ap p ly in g  t h e s e  a g e - s p e c i f i c  d e a th  r a t e s  to  a  f ix e d  g ro u p  o f  in d iv id u a ls  

c a l l e d  a  c o h o r t .  A l i f e  ta b le  so  d e r iv e d  e x p o s e s  a  p u r e ly  h y p o th e t ic a l  

p o p u la t io n  b a s e d  on th e  fo llo w in g  a s s u m p t io n s ;  (a) th a t  a  s t a n d a r d  c o h o r t  

i s  b o r n  a l iv e  u n i f o r m ly  th ro u g h o u t  th e  y e a r  of th e  c e n s u s ;  (b) t h a t  i ts  

m e m b e r s  w il l  be  e x p o se d  th ro u g h o u t  t h e i r  l i v e s  to  g iv e n  s e t  m o r t a l i t y  

r a t e s  ; an d  (c) th a t  t h e r e  i s  no  im m ig r a t i o n  o r  e m i g r a t i o n .  T h e  f i r s t  

l i f e  t a b le ,  p ro d u c e d  f r o m  h u m a n  m o r t a l i t y  r e c o r d s ,  w a s  c o n s t r u c t e d  f o r  

B r e s l a u  in  S i l e s i a  by  th e  E n g l i s h  a s t r o n o m e r ,  H a i le y ,  f o r  th e  p e r io d  

1687-1691  (D ublin , L o tk a ,  a n d  S p ie g e lm a n ,  1949). F o r  o v e r  tw o c e n t u r i e s
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v i t a l  s t a t i s t i c i a n s  a n d  a c t u a r i e s  h a v e  b e e n  u t i l i z in g  th e  l i f e  t a b le  p r o c e 

d u r e  to  o b ta in  an  a d e q u a te  s c ie n t i f i c  m e a s u r e  o f  lo n g e v i ty  f o r  h u m a n  p o p 

u la t io n s  .

L ife  t a b l e s  f o r  a n im a l  p o p u la t io n s  a r e  d e r iv e d  f r o m  d a ta  o b ta in e d  

d i r e c t l y  f r o m  th e  p o p u la t io n  in  q u e s t io n .  T h e  e x p e r i m e n t a l  z o o lo g is t  

a l lo w s  a c o h o r t  o f  s t a t i s t i c a l l y  s u i ta b le  m a g n i tu d e  to  be b o rn  a t  th e  s a m e  

t i m e ,  k e e p in g  i t s  m e m b e r s  u n d e r  o b s e r v a t i o n  and  r e c o r d i n g  d e a th s  a s  

th e y  o c c u r .  M o r t a l i t y  r a t e s  a r e  th e n  e a s i l y  o b ta in e d  a s  th e  r a t i o  o f  th e  

dy ing  to  th e  l iv in g  a t  a n y  a g e .  F r o m  th e s e  m o r t a l i t y  r a t e s ,  a l l  o th e r  

l i f e  t a b le  fu n c t io n s  c an  be c a lc u la te d .

T he  f i r s t  l i f e  t a b le s  d e r iv e d  f r o m  c o m p r e h e n s iv e  o b s e r v a t io n s  

on a n  o r g a n i s m  o t h e r  th a n  m a n  w e r e  th o s e  f o r  th e  a d u l t  f r u i t  f ly  

D r o s o p h i l a  m e l a n o g a s t e r  ( P e a r l  a n d  P a r k e r ,  1921). T h e  l i s t  o f  o th e r  

n o n -h u m  an  f o r m s  f o r  w h ic h  l i f e  t a b l e s  a r e  a v a i l a b le  i s  s h o r t  a n d  i n 

c lu d e s :  th e  s a tu r n i i d  m o th  T e le a  p o ly p h e m u s  ( P e a r l  a n d  P a r k e r ,  1924) 

th e  r o t i f e r  P r o a l e s  d e c ip i e n s  ( P e a r l  a n d  D o e r in g ,  1923); th e  c o m m o n  

H y d r a  f u s c a , th e  r o a c h  B la t t a  o r i e n t a l i s ,  th e  s lug  A g r i o l i m a x  a g r e s t i s 

( P e a r l  and  M in e r ,  1935); th e  f l o u r  b e e t l e  T r ib o l iu m  c o n fu su m  ( P e a r l ,  

P a r k  an d  M i n e r ,  1941); th e  s n a i l s  B u l in u s  t r u n c a t u s  a n d  P l a n o r b i s  

b o i s s y i  (B a r lo w  and  M u e n c h ,  1951); an d  th e  b la c k  w idow  s p id e r  

L a t r o d e c t u s  m a c t a n s  (D e ev ey  an d  D e e v e y ,  1945). A l l  th e  s u r v i v o r s h i p  

d a ta  c o l l e c te d  f o r  th e  a f o r e m e n t io n e d  a n i m a l s  h a v e  b e e n  f r o m  l a b o r a t o r y  

p o p u la t i o n s .

D a ta  a b o u t  d u r a t io n  of l i f e  a r e  a v a i l a b l e  fo r  s e v e r a l  n a t u r a l  p o p 

u la t io n s  of a n i m a l s .  A n  a t t e m p t  h a d  b e e n  m a d e  to  c o n d e n s e  th e  i n f o r 

m a t io n  in to  l i f e  t a b l e s  e v en  th o u g h  s e r i o u s  d e f i c i e n c i e s  w e r e  a p p a r e n t  in
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th e  d a ta  (D eev ey , 1947). T h e  f ie ld  z o o lo g is t  s e ld o m  know s an y th in g  of 

th e  a g e  s t r u c t u r e  of a  n a t u r a l  p o p u la t io n .  G ro w th  r in g s  on h o r n s ,  o r  

th e  n u m b e r  of c o r p o r a  lu te a  in  th e  o v a r i e s  of c e r t a i n  m a m m a l s ,  m a k e  

a g e  d e t e r m in a t io n  p o s s i b l e ,  b u t  f o r  th e  m a j o r i t y  of a n i m a l s ,  i t  i s  o n ly  

p o s s ib le  to  d e t e r m i n e  a g e s  of in d iv id u a ls  b y  m a r k in g  th e m  in  s o m e  w ay . 

H o w e v e r ,  th e  s o u r c e  o f  g r e a t e s t  e r r o r  in  o b ta in in g  a c c u r a t e  v i t a l  s t a 

t i s t i c s  of a  n a t u r a l  p o p u la t io n  l i e s  in  th e  i m p r a c t i c a b i l i t y  of k e e p in g  i t s  

m e m b e r s  u n d e r  c o n t in u o u s  o b s e r v a t io n .  T ak in g  in to  c o n s id e r a t i o n  th e  

g a p s  in  th e  e c o lo g ic a l  in f o r m a t io n ,  D e e v e y  n e v e r t h e l e s s  m a n a g e d  to  

c o n s t r u c t  l i f e  t a b l e s  f o r  m o u n ta in  s h e e p  O vis  d .  d a l l i , a  s e s s i l e  r o t i f e r  

R o s c u l a r i a  c o n i f e r a , th e  h e r r i n g  g u l l  P a r u s  a r g e n t a t u s , th e  A m e r i c a n  

ro b in  T u r d u s  m . m i g r a t o r i u s ,  and  a  b a r n a c l e  B a la n u s  b a l a n o i d e s .

T h e s e  e c o lo g ic a l  l i f e  t a b l e s  a r e  a n  i m p o r t a n t  to o l  in  u n d e r s t a n d in g  th e  

s u r v i v a l  of a n im a l s  in  n a t u r e .

R e c e n t ly ,  a  l i f e  ta b le  h a s  b e e n  c o n s t r u c t e d  f o r  a  p a r a s i t i c  f o r m  

of l i f e  ( F i s h e r ,  1958). T h e  t e s t  o r g a n i s m  c h o s e n  by  F i s h e r  w a s  th e  

o x y u r id  A s p i c u l u r i s  t e t r a p t e r a , th e  m o u s e  p in w o r m .  A s p i c u l u r i s  i s  an  

e n d o p a r a s i t e  w h ic h  in h a b i t s  th e  co lo n  of i t s  h o s t ,  and  i s  w h o lly  p a r a s i t 

ic  th r o u g h o u t  i t s  l i f e  c y c le .  A n  e n d o p a r a s i t e  p o s e s  an  u n u s u a l  p ro b le m  

in  the  g a th e r in g  of a g e - s p e c i f i c  m o r t a l i t y  d a ta .  I t  d e p e n d s  upon  a  s p e 

c if ic  h o s t  f o r  s u r v iv a l  and  one  c a n n o t  o b s e r v e  th e  p a r a s i t i c  c o h o r t  w i t h 

o u t  s a c r i f i c i n g  th e  h o s t ,  t h e r e b y  a r t i f i c i a l l y  t e r m i n a t i n g  th e  s u r v iv a l  p o 

t e n t i a l  o f  th e  p a r a s i t e s .  F i s h e r  r a t i o n a l i z e d  th e  p r o b le m  in  th e  fo l lo w 

ing m a n n e r :

If  one  w e r e  to  s t a r t  w ith  a  s t a n d a r d i z e d  u n i v e r s e  of 
in f e c t iv e  e g g s  f r o m  w h ic h  r a n d o m  s a m p l e s  o f f ix e d  
s iz e  w e r e  w i th d ra w n  a n d  in t r o d u c e d  in to  u n i fo r m



h o s t  a n im a l s  th e n ,  a s  th e  h o s t s  w e r e  s a c r i f i c e d  in 
c h r o n o lo g ic a l  s e q u e n c e ,  the  m o r t a l i t y  d a ta  on the  
p a r a s i t e s  w ould  a l s o  fo llow  in  s e q u e n c e .  S u r v iv o r s  
cou ld  b e  co u n ted  a t  e a c h  p e r io d ic  i n t e r v a l ,  and  the  
d i f f e r e n c e  in  s u r v i v o r s  b e tw e e n  two s u c c e s s iv e  i n 
t e r v a l s  w ou ld  e q u a l  th e  n u m b e r  dy ing  in  th a t  i n t e r v a l .

A c c e p t in g  th is  r a t i o n a l i z a t i o n ,  F i s h e r  w as  the  f i r s t  to  d e m o n s t r a t e  th a t  

a  l i f e  ta b le  cou ld  be f o r m u la t e d  f o r  a  p a r a s i t e .

T h a t  th e  l i f e  ta b le  c an  s e r v e  a s  a  c o m p a c t  v e h ic le  f o r  c e r t a i n  v i 

t a l  s t a t i s t i c s  fo r  a  v a r i e t y  o f  p o p u la t io n s  h a s  b e en  a m p ly  d e m o n s t r a t e d .  

I t s  p r a c t i c a l  v a lu e  in  m e a s u r i n g  s u r v i v o r s h i p  fo llow ing  t r e a t m e n t  in  th e  

f ie ld  of m e d ic in e  ( B e rk s o n  and  G ag e , 1952) and  e x p e r im e n t a l  s t r e s s  in  

a n im a l  p o p u la t io n s  is  e q u a l ly  g r e a t .  T h e  u s e  of th e  l i f e  t a b le  a s  a  m e a s 

u r i n g  d e v ic e  f o r  s t r e s s  in  an  a n im a l  p o p u la t io n  i s  a l m o s t  e n t i r e l y  th e  

r e s u l t  of th e  l a b o r  o f  P e a r l  an d  h is  a s s o c i a t e s .  L ife  t a b le s  h a v e  b e en  

p u b l is h e d  f o r  D r o s o p h i l a  m e l a n o g a s t e r  show ing  th e  e f fe c t  of: t e m p e r a 

t u r e  (A lpa tov  and  P e a r l ,  1929), s u c c e s s i v e  e th e r i z a t io n s  ( P e a r l  and  

P a r k e r ,  1922), d e n s i ty  of p o p u la t io n  ( P e a r l  an d  P a r k e r ,  1922), and  m u 

t a n t  g e n e s  (G o n z a le s ,  1923). A lth o u g h  a  g r e a t  d e a l  of l i t e r a t u r e  e x i s t s  

on e x p e r im e n t a l  s t r e s s  s i tu a t io n s  r e l a t i n g  to  th e  d u r a t io n  of l i f e ,  i t  i s  

m a in ly  of a  g e n e r a l  and  n o n -q u a n t i t a t iv e  c h a r a c t e r ,  and  n o t  a p p l ic a b le  

to a n a ly s i s  v ia  th e  l i f e  t a b le  p r o c e d u r e .

S e le c t io n  of T e s t  O rg a n is m  

T he  p r i m a r y  p u r p o s e  of t h i s  s tu d y  w a s  to  s e c u r e  s u r v iv a l  d a ta  

on th e  l a r v a l  s t a g e s  of a  p a r a s i t i c  f o r m  o f l i f e  w h ich  cou ld  be  a n a ly z e d  

by th e  l i f e  ta b le  t e c h n iq u e .  B e c a u s e  th e  l i f e  c y c le  of a n  e n d o p a r a s i t e  

p r o h ib i t s  th e  d i r e c t  o b s e r v a t io n  of a l l  i t s  l a r v a l  s t a g e s ,  an  e c t o p a r a s i t e  

w a s  th e  lo g ic a l  c h o ic e  of t e s t  o r g a n i s m .
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A  n u m b e r  of p h y t o - p a r a s i t i c  n e m a t o d e s ,  c o n s id e r e d  o b l ig a te  p a r 

a s i t e s ,  m i g r a t e  th ro u g h  th e  s o i l  and  fe e d  i n t e r m i t t e n t l y  on p la n t  r o o t s  

a n d  fu n g i .  A m ong  th e s e  p h y t o - e c t o p a r a s i t e s  i s  th e  ty le n c h o id  n e m a to d e ,  

D i ty le n c h u s  t r i f o r m i s .

T h e  P a r a s i t e

D ity le n c h u s  t r i f o r m i s  i s  a  r e l a t i v e l y  r e c e n t l y  id e n t i f ie d  n e m a 

to d e  s p e c ie s  be lo n g in g  to  the  o r d e r  T y le n c h id a .  I t  w as  i s o l a t e d  f r o m  

s o i l  c o l le c te d  f r o m  a  g la d io lu s  f ie ld  in  N ew  H a n o v e r  C oun ty , N o r th  

C a r o l in a  (H i r s c h m a n n  an d  S a s s e r ,  1955). A t  the  t im e  i t  w a s  r e p o r t e d ,  

bo th  a  d io e c io u s  and  i n t e r  s e x u a l  l in e  w e r e  d e s c r i b e d .  I n t e r  s e x u a l  i n d i 

v id u a ls  h a v e  b e e n  r e p o r t e d  to  o c c u r  o n ly  one  o th e r  t im e  in  th e  o r d e r  

T y le n c h id a .  An i n t e r s  ex  in  n e m a to lo g y  is  d e f in e d  a s  e i t h e r  a  m o d if ie d  

m a le  o r  f e m a le  w h ich  fu n c t io n s  in  o n e  o r  n e i t h e r  s e x ;  bu t u n l ik e  a  h e r 

m a p h r o d i t e ,  i t  n e v e r  fu n c t io n s  a s  b o th  a  m a lé e  an d  f e m a le  in  th e  s a m e  

a n im a l .  D i ty le n c h u s  in t e r  s e x e s  r e s e m b l e  th e  f e m a le  in  body  s h a p e ,  

th e y  fu n c t io n  a s  n o r m a l  f e m a l e s ,  b u t  h a v e  m a l e  s e c o n d a r y  c h a r a c t e r s  

( s p ic u le s ,  g u b e rn a c u lu m  and  b u r s a ) .

T h e  l i f e  c y c le  of D i ty le n c h u s  t r i f o r m i s  w a s  in v e s t ig a te d  an d  d e s 

c r ib e d  by  H i r s c h m a n n  (1962) a s  fo l lo w s :  E g g s  a r e  la id  s in g ly  a n d  a t  th e  

t im e  of o v ip o s i t io n  a r e  u n e m b r y o n a te d .  E m b r y o n ic  d e v e lo p m e n t  b e g in s  

a f t e r  d e p o s i t io n  of th e  egg an d  i s  c o m p le te d  w i th in  t h r e e  to  f iv e  d a y s .

T h e r e  a r e  f o u r  e c d y s e s  in  th e  l i f e  c y c le ,  th e  f i r s t  ta k in g  p la c e  

w i th in  th e  egg . T he  s ec o n d  s t a g e  l a r v a e  h a tc h  w ith in  fo u r  to s ix  d a y s ,  

a r e  fu l ly  d e v e lo p e d ,  an d  r e s e m b l e  th e  a d u l t s  e x c e p t  fo r  body  s i z e ,  r e 

p ro d u c t iv e  o r g a n s  a n d  a c c e s s o r y  r e p r o d u c t iv e  s t r u c t u r e s .  B y  th e  n in th
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d a y ,  th e  m a j o r i t y  o f  th e  l a r v a e  u n d e rg o  th e  f o u r th  m o l t ;  and  by  th e  t h i r 

te e n th  d a y ,  th e  l a r v a e  h a v e  c o m p le te d  m o l t in g  an d  h a v e  d e v e lo p e d  in to  

a d u l t s .  T he  v a r io u s  l a r v a l  s t a g e s  m a y  b e  d i s t in g u i s h e d  on  th e  b a s i s  of 

bod y  s i z e  and  d e v e lo p m e n t  of th e  r e p r o d u c t i v e  s y s t e m .  F r o m  th e  

s e c o n d  m o l t  to  th e  f o u r th  m o l t ,  th e  l a r v a e  d o u b le  in  s iz e  (346 m i c r o n s  

to  688  m i c r o n s ) .  T h e  a d u l t  f e m a le  m e a s u r e s  867 m i c r o n s  ; th e  m a le ,  

b e in g  s o m e w h a t  s m a l l e r ,  m e a s u r e s  707 m i c r o n s .

M a tin g  h av in g  o c c u r r e d ,  th e  tw o - d a y - o ld  a d u l t  f e m a le  i s  c a p a b le  

6 f  la y in g  e g g s .  T h u s ,  th e  l i f e  c y c le  o f  D i ty le n c h u s  t r i f o r m i s  f r o m  egg 

to  egg i s  c o m p le te d  w i th in  16 to  21 d a y s .  D u r in g  h e r  l i f e t i m e ,  th e  f e 

m a l e  l a y s  an  a v e r a g e  of 79 eg g s  (m a x im u m  168); h o w e v e r  sh e  m u s t  be  

i n s e m in a te d  r e p e a t e d l y  to  c o n t in u e  egg  p r o d u c t io n .  T h e  lo n g ev ity  of 

a d u l t  m a l e s  a v e r a g e s  74 d a y s ,  t h a t  o f  f e m a l e s  s l ig h t ly  s h o r t e r ,  63 d a y s .  

A d u l ts  r e m a i n  s e x u a l ly  fu n c t io n a l  f o r  t h r e e - f o u r t h s  of t h e i r  l i f e t i m e .

In ty le n c h o id s ,  a l l  s t a g e s  o f  th e  l i f e  c y c le ,  e x c e p t  th e  f i r s t  s ta g e  

l a r v a  w i th in  th e  egg , a r e  a r m e d  w ith  a  p r o t r u s i b l e  s p e a r  o r  s ty le t  u s e d  

to  p i e r c e  p l a n t s .  T h e  s p e a r  i s  h o l lo w  an d  f o r m s  th e  p a th  o f  food  in ta k e  

a n d  i s  f o r m e d  by  th e  c o m in g  to g e t h e r  o f  th e  s c l e r o t i z a t i o n s  o f  th e  b u c c a l  

c a v i ty  (H y m an , 1951). T h e  fe e d in g  o f  D i ty le n c h u s  d i p s a c i  on fu n g a l  h y -  

p h a e  w a s  d e s c r i b e d  by  L in f o r d  (1937) (D i ty le n c h u s  d i p s a c i  i s  a  ty le n c h o id  

n e m a to d e  w i th  a  b u c c a l  s t y l e t  s i m i l a r  to  D .  t r i f o r m i s ) . A s  i t  m o v e s  

t h r o u g h  th e  a g a r  of a  fu n g u s  c u l t u r e ,  p r i o r  to  fe e d in g ,  i t  i r r e g u l a r l y  

j e r k s  i t s  s ty l e t  s l ig h t ly  f o r w a r d .  W hen  c o n ta c t  w i th  th e  fu n g a l  m y c e l iu m  

o c c u r s ,  th e  w o r m  p r e s s e s  i t s  h e a d  f i r m l y  a g a i n s t  a  c e l l ,  t h r u s t in g  i t s  

s ty l e t  r e p e a t e d l y  u n t i l  i t  p e n e t r a t e s  th e  c e l l ;  o r  i f  p e n e t r a t i o n  d o e s  n o t  

o c c u r ,  th e  w o r m  m o v e s  a w a y .  If  p e n e t r a t i o n  i s  a c c o m p l i s h e d ,  th e  stylet
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is  t h r u s t  f o r w a r d  in to  th e  c e l l ,  p u l s a t io n  of th e  e s o p h a g e a l  bu lb  b e g in s ,  

and  th e  c e l l  c o n te n ts  a r e  s u c k e d  up .

S in ce  D i ty le n c h u s  t r i f o r m i s  w a s  i s o l a t e d  f r o m  a  g la d io lu s  f ie ld .  

H i r s c h m a n n  c o n d u c te d  e x p e r im e n t s  to  a s c e r t a i n  w h e th e r  o r  n o t  i t  w as  

p a th o g e n ic  on g la d io lu s .  T he  r e s u l t s  o f  h e r  e x p e r im e n t s  in d ic a te d  th a t  

D . t r i f o r m i s  d id  n o t  r e p r o d u c e  o r  f e e d  on th is  p la n t .  H o w e v e r ,  th e  

n e m a to d e  p r o v e d  to  be p o ly p h a g o u s  w hen  s u c c e s s f u l  p r o p a g a t io n  o c c u r r e d  

in  fu n g u s  c u l t u r e s  o f  F u s a r i u m ,  T r i c h o d e r m a ,  an d  R h iz o p u s  s p e c i e s .  

A lth o u g h  D . t r i f o r m i s  w a s  a b le  to  p a r a s i t i z e  th e  a f o r e m e n t io n e d  h o s t s ,  

r e p r o d u c t io n  w a s  s lo w .

T h e  H o s t

H i r s c h m a n n  (1962) s e a r c h e d  f o r  a  s u i ta b le  h o s t  on w h ic h  th e  

p a r a s i t e  w o u ld  g r o w ,  an d  e v e n tu a l ly ,  a  fu n g u s  w a s  found  on w h ic h  the  

n e m a to d e  f l o u r i s h e d .  A l l  a t t e m p t s  to  in d u c e  th e  fu n g u s  to  s p o r u la te  

f a i l e d ,  t h e r e f o r e  i t  r e m a i n e d  u n id e n t i f ie d  b u t  w a s  s u s p e c te d  to  be  a  s p e 

c i e s  o f  F u s a r i u m .

R a d ia t io n

T y z z e r  a n d  H o n e ij  (1946), u s in g  r a d i a t i o n s  f r o m  r a d i u m ,  w e r e  

th e  f i r s t  to  b b s e r v e  th e  d e l e t e r i o u s  e f fe c t  o f  io n iz in g  r a d i a t i o n  on th e  l a r 

v a e  o f  p a r a s i t i c  n e m a t o d e s .  T h e i r  w o r k  on T r i c h i n e l l a  s p i r a l i s  and  

l a t e r  s tu d ie s  on  th e  s a m e  p a r a s i t e  d e m o n s t r a t e d  t h a t  X - r a y s  w o u ld  i n 

h ib i t  i t s  n o r m a l  d e v e lo p m e n t .  A lth o u g h  th e  a m o u n t  o f  r a d i a t i o n  n e c e s 

s a r y  to p ro d u c e  d e a th  in  T r i c h i n e l l a  l a r v a e  w a s  d e t e r m i n e d  to  be  t h r e e -  

q u a r t e r s  o f  a  m i l l i o n  r o e n tg e n s ,  in h ib i t io n  o f  m a t u r a t i o n  o f  l a r v a e  to 

a d u l t  f o r m s  c o u ld  be  a c c o m p l i s h e d  by  a n  e x p o s u r e  to  5 ,0 0 0  o r  6 ,0 0 0  r
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(Gould, V an  D yke , and  G o m b e r g ,  1953), E x p o s u r e  to  2 , 0 0 0 - 3 ,0 0 0  r  

g r e a t l y  r e d u c e s  th e  r e p r o d u c t i v i t y  of th e  l a r v a e  and  a  d o s e  of 4 ,0 0 0  r  

and  o v e r  p r o d u c e s  s e x u a l  s t e r i l i z a t i o n  (G ould, e t  a l .  , 1957). L e v in e  

and  E v a n s  (1942) o b s e r v e d  f o r m a t i o n  of an  a c q u i r e d  im m u n i ty  in  r a t s  

fo llow ing  in fe c t io n s  w i th  i r r a d i a t e d  l a r v a e  w h ic h  g re w  to  m a t u r i t y  in  th e  

i n t e s t i n e  b u t  p r o d u c e d  no o f f s p r in g .  I t  h a s  s in c e  b e en  show n th a t  th e  p r e 

a d u l t  s ta g e  a lo n e  ( n o r m a l  in fe c t io n  s tag e )  can  s t im u la te  a  d e m o n s t r a b l e  

im m u n i ty  in  m ic e  w h ic h  i s  a s s o c i a t e d  w ith  th e  p r e s e n c e  o f  s e r u m  a n t i 

b o d ie s  and  a  c h a r a c t e r i s t i c  i n f l a m m a t o r y  r e s p o n s e  in  th e  s m a l l  i n t e s 

t in e  ( L a r s h ,  R a c e ,  an d  G o u lso n ,  1959). T h e s e  d e m o n s t r a t i o n s  o f  th e  

u s e  o f  X - i r r a d i a t e d  T r i c h i n e l l a  l a r v a e  a s  im m u n iz in g  a g e n t s  s t im u la te d  

in v e s t ig a t io n s  o f  s e v e r a l  o th e r  h o s t - p a r a s i t e  s y s t e m s .  V a c c in a t io n  u s 

ing  in fe c t iv e  l a r v a e  a t t e n u a te d  b y  X - r a y s  h a s  b e e n  s u c c e s s f u l l y  e m p lo y e d  

a g a i n s t  D ic ty o c a u lu s  v iv ip a r u s  in  c a lv e s  ( J a r r e t t  e t  a l .  , 1959a), 

H a e m o n c h u s  c o n to r tu s  in  s h e e p  ( J a r r e t t  e t  a l .  , 1959b), U n c in a r a  s te n o -  

c e p h a la  in  do g s  (Dow e t  a l .  , 1959), a n d  A n c y lo s to m a  c a n in u m  in  dogs  

( M il le r ,  1964). In e a c h  v a c c in e ,  th e  d o s a g e  u s e d  to  r e n d e r  th e  l a r v a e  

in c a p a b le  of n o r m a l  d e v e lo p m e n t  in  t h e i r  h o s t  w a s  4 0 ,0 0 0  r .  T r i c h o - 

s t r o n g y lu s  a x e i  r e q u i r e d  an  e x p o s u r e  of 9 0 , 0 0 0  r  b e f o r e  c o m p le te  i n h i 

b i t io n  o f  m a t u r a t i o n  o c c u r r e d  in  a  r a b b i t  h o s t  (C io rd ia  an d  B iz z e l l ,  I9 6 0 ) .  

A d o s e  o f  1 0 0 ,0 0 0  r  to  A s c a r i s  l u m b r i c o i d e s  in f e c t iv e  eg g s  (w hose  a l b u 

m in o id  co a t in g  h a d  b een  r e m o v e d )  w a s  e f f e c t iv e  in  p r e v e n t in g  l a r v a e  f r o m  

d e v e lo p in g  in  th e  lu n g s  o f  g u in e a  p ig s  (V i l l e l la ,  G o u ld ,  an d  G o m b e rg ,  

1958).

F a s s u l i o t i s  an d  S p a r r o w  (1955) w e r e  th e  f i r s t  to  s tu d y  th e  e f f e c t s
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of X - i r r a d i a t i o n  on a  p la n t  p a r a s i t i c  n e m a to d e .  C y s t s  c o n ta in in g  l a r v a e  

of th e  go ld en  n e m a to d e  o f p o ta to e s ,  H e t e r o d e r a  r o s t o c h i e n s i s ,  w e r e  

t r e a t e d  w ith  d o s a g e s  r a n g in g  f r o m  2 ,5 0 0  r  to  80, 000 r .  L a r v a e  f r o m  

c y s t s  t r e a t e d  a t  2 ,5 0 0  a n d  5 ,0 0 0  r  s e e m e d  to d e v e lo p  n o r m a l ly ;  c y s t s  

w h ic h  d e v e lo p e d  f r o m  l a r v a e  e x p o s e d  to  1 0 , 0 0 0  r  c o n ta in e d  eg g s  of w h ic h  

a p p r o x im a te ly  o n e - h a l f  w e r e  d e a d ;  c y s t s  of 2 0 , 0 0 0  r  t r e a t m e n t  c o n ta in e d  

o n ly  d e ad  eg g s  and  th o s e  o f  th e  4 0 ,0 0 0  r  d o s e  w e r e  c o m p le te ly  d e v o id  of 

e g g s .  P o p u la t io n s  of 11 s p e c ie s  of p la n t  p a r a s i t i c  n e m a t o d e s  in  soilc%nd 

ch opped  r o o t s  w e r e  i r r a d i a t e d  u s in g  g a m m a - r a d i a t i o n  f r o m  a  c o b a l t - 6 0 - 

s o u r c e  b y  M y e r s  and  D ro p k in  (1959). R e p r o d u c t io n  w a s  c o m p le te ly  

s to p p e d  w ith  d o s e s  of 40 , 000 r  in  o n ly  one s p e c i e s ;  f o r  th e  o th e r  te n  s p e 

c i e s ,  d o s e s  ab o v e  1 6 0 , 0 0 0  r  w e r e  r e q u i r e d  f o r  c o m p le te  s t e r i l i z a t i o n .  

G a m m a - r a y  r a d i a t i o n  (Co^®) w a s  a l s o  u s e d  a g a i n s t  R h a b d i t i s  s p e c ie s  

a n d  D i ty le n c h u s  d e s t r u c t o r  p r e s e n t  in  c o m p o s t  f r o m  in f e s t e d  m u s h r o o m  

b e d s .  T h e  s t e r i l i z a t i o n  d o s e  f o r  b o th  n e m a to d e s  a p p e a r e d  to  l i e  b e tw e e n  

4 8 ,0 0 0  and  9 6 ,0 0 0  r e p  ( r o e n tg e n  e q u iv a le n t  p h y s ic a l )  (Wood an d  G oodey , 

1957).

S e v e r a l  w o r k e r s  h a v e  in v e s t ig a te d  th e  e f f e c t  of io n iz in g  r a d i a t i o n  

on th e  c e r c a r i a i  l a r v a  o f  th e  s c h i s t o s o m e s  of m a n .  H su  an d  a s s o c i a t e s  

(1963) im m u n iz e d  a lb in o  m ic e  an d  r h e s u s  m o n k e y s  a g a i n s t  S c h i s to s o m a  

ja p o n ic u m  u s in g  X - i r r a d i a t e d  c e r c a r i a e  a s  an  a t t e n u a te d  l iv in g  v a c c in e .  

B e f o r e  a n  in fe c t io n  of  S. ja p o n ic u m  can  be  e s t a b l i s h e d  in  a  h o s t ,  th e  m i 

g r a t in g  s c h i s to s o m u la  h a v e  to  p a s s  t h r e e  m a j o r  l i n e s  o f  d e fe n s e :  sk in ,

lu n g s ,  a n d  l i v e r .  T h e  f a te  o f  th e  m i g r a t i n g  s c h i s to s o m u la  v a r i e d  w ith  

th e  i r r a d i a t i o n  d o s e  g iv en  to th e  c e r c a r i a e :  1 ,7 0 0  r  - 6 ,0 0 0  r  ( s c h i s to -
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s o m u la  d e s t r o y e d  in  th e  l i v e r ) ,  1 2 , 0 0 0  r  ( s c h i s to s o m u la  d e s t r o y e d  in  

sk in ,  s e ld o m  in  the  lu n g s ,  a n d  n e v e r  in  th e  l i v e r ) ,  4 8 ,0 0 0  r  (a ll  

s c h i s to s o m u la  a r e  d e s t r o y e d  in  th e  sk in ) .  U sin g  c o b a l t - 6 0 - i r r a d i a t i o n ,  

R ad k e  a n d  S adun  (1963) c o m p le te ly  in h ib i te d  th e  d e v e lo p m e n t  o f  s c h i s t o 

s o m u la  by  e x p o s in g  c e r c a r i a e  o f  m a n s o n i  to  4 ,0 0 0  r e p .  S in ce  th e  

w id e s t  d i s s e m in a t io n  o f  s c h i s t o s o m u l a  w o u ld  r e s u l t  in  th e  g r e a t e s t  a n t i 

g e n ic  s t im u la t io n  an d  a r e l a t i v e l y  l e s s  h e a v y  c o n c e n t r a t i o n  of p a r a s i t e s  

in  a  s in g le  o r g a n ,  4 ,  000 r e p  w o u ld  p ro b a b ly  b e  a n  id e a l  d o s a g e  fo r  a  

s u c c e s s f u l  v a c c in e .

C e s to d e s  do n o t  d i f f e r  f r o m  o th e r  h e lm in th s  in  th e  r e s p e c t  th a t  

r a d i a t i o n s  i n t e r f e r e  w ith  t h e i r  n o r m a l  p h y s io lo g ic a l  p r o c e s s e s .  A d o s e  

of 1 8 ,0 0 0  r e p  (Co^®) p r e v e n t s  m a t u r a t i o n  o f  th e  c y s t i c e r c o i d  l a r v a e  of 

H y m e n o le p i s  d im in u ta  to  a d u l t  t a p e w o r m s  (V i l le l la ,  G o u ld ,  an d  G o m b e rg ,  

i 9 6 0 ). A n i n t e r e s t i n g  a p p l i c a t io n  o f io n iz in g  r a d i a t i o n  w a s  m a d e  by 

S c h i l l e r  (1959) who u s e d  X - i r r a d i a t i o n  a s  a  m e c h a n i s m  f o r  f a c i l i t a t in g  

th e  s tu d y  of m o r p h o l o g ic a l  v a r i a t i o n  in  H ym  e n o le p is  n a n a . H e show ed  

t h a t  th e  f r e q u e n c y  w i th  w h ic h  c e r t a i n  v a r i a n t s  o c c u r  co u ld  be  i n c r e a s e d  

by  e x p o s in g  th e  eg g s  to X - i r r a d i a t i o n  a n d  th a t  th e  r a t e  o f  i n c r e a s e  i s  p r o 

p o r t i o n a l  to  th e  a m o u n t  o f  r a d i a t i o n  e m p lo y e d .  T h u s ,  by  m e a s u r i n g  th e  

e f f e c t s  of d i f f e r e n t  d o s e s  a n d  e x t r a p o la t in g  th e  r e s u l t s ,  a  r e a s o n a b ly  

a c c u r a t e  e s t i m a t e  c a n  be  o b ta in e d  o f  th e  f r e q u e n c y  w i th  w h ich  th e  v a r i 

a n t  m a y  be e x p e c te d  to  o c c u r  in  a  n a t u r a l  p o p u la t io n .  T h e  ta x o n o m is t  

c an  t h e r e f o r e  u s e  X - i r r a d i a t i o n  a s  a  to o l  to  o b ta in  r e l i a b l e  d a ta  on  th e  

r e l a t i v e  s t a b i l i t y  of th e  m o r p h o l o g ic a l  c h a r a c t e r s  h e  u s e s  f o r  t a x o n o m ic  

p u r p o s e s .
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S ta te m e n t  o f  T h e  P r o b l e m

B e c a u s e  of th e  p a u c i ty  o f  d a ta  n e a r  the  b e g in n in g  of l i fe  in  m o r 

t a l i t y  s tu d ie s  of a n im a l  p o p u la t io n s ,  th e  a l m o s t  u n i v e r s a l  n e g le c t  in  

u t i l i z in g  th e  l i f e  ta b le  a s  a  to o l  in  m e a s u r i n g  s t r e s s  in  lo w e r  a n i m a l s ,  

a n d  th e  e x i s t e n c e  of  o n ly  a  s in g le  l i f e  t a b le  s tu d y  f o r  a  p a r a s i t i c  f o r m  of 

l i f e ,  th e  fo llow ing  e x p e r i m e n t a l  o b je c t iv e s  w e r e  s e t  up:

a) To d e v i s e  a  m e th o d  w h e r e b y  an  e c t o p a r a s i t i c  f o r m  of l i f e ,  

n a m e l y  D. t r i f o r m i s  co u ld  be  p r o p a g a te d  in  g r e a t  n u m b e r s  and  cou ld  be 

k e p t  u n d e r  c o n t in u o u s  o b s e r v a t io n  d u r in g  i t s  l a r v a l  s ta g e s  in  o r d e r  to 

c o l l e c t  th e  q u a n t i t a t iv e  d a ta  n e e d e d  to  f o r m u l a t e  a  l i f e  t a b le .

b) To u t i l i z e  th e  e ^  (m e a n  l i f e t im e )  fu n c t io n  of the  l i f e  t a b le  to  

s tu d y  th e  e f fe c t  o f  (1) t o t a l - b o d y  i r r a d i a t i o n  w i th  X - r a y s  - s in g le  d o s e s ,  

(2 ) t o t a l - b o d y  i r r a d i a t i o n  w i th  s m a l l e r  r e g u la t e d  d o s a g e s  u n t i l  th e  e q u iv 

a l e n t  o f  a  s p e c i f ic  l a r g e  d o s e  i s  r e a c h e d ,  a n d  (3) e x p o s u r e  to  th e  c a r 

c in o g e n ic  h y d r o c a r b o n ,  3:4  b e n z p y r e n e .



C H A P T E R  II 

M A T E R IA L S  AND M E T H O D S 

M a t e r i a l s  

P a r a s i t e

T h e  o r g a n i s m ,  D i ty le n c h u s  t r i f o r m i s , w a s  s e l e c t e d  a s  a  s u i ta b le  

t e s t  o r g a n i s m  f o r  th e  fo l lo w in g  r e a s o n s :  (1) I t  i s  c a p a b le  o f  g ro w in g  and  

p ro p a g a t in g  b y  d e r iv in g  n o u r i s h m e n t  f r o m  a  fu n g u s  h o s t ,  t h e r e b y  c r e 

a t in g  a  r a t h e r  u n c o m p l ic a te d  food  ch a in  ( a g a r  —>  fu n g u s  — p a r a s i t e )  

w h ic h  can  be e a s i l y  cind in e x p e n s iv e ly  m a in ta in e d  in  th e  l a b o r a t o r y ;  (2 ) 

i t  h a s  a  r e l a t i v e l y  s h o r t  l i f e  s p a n , ‘ th u s  m a k in g  th e  c o l le c t io n  of  q u a n t i 

ta t iv e  d a ta  f e a s ib l e ;  a n d  f in a l ly ,  (3) i t  s a t i s f i e s  an  e s s e n t i a l  p r e r e q u i s i t e  

o f  a  l i f e  t a b le  s tu d y ,  n a m e l y ,  a  one  to  o n e  r e l a t i o n s h i p  b e tw e e n  egg  and  

a d u l t  (the a b s e n c e  o f  l a r v a l  p r o p a g a t iv e  s t a g e s ) .

H o s t

T h e  fu n g u s  d i s p la y e d  two d i s t i n c t  m a c r o s c o p i c  c u l t u r a l  c h a r a c 

t e r i s t i c s :  (1) I t  g r e w  r a p id ly  c o v e r in g  o v e r  o n e - h a l f  o f  a  100x15 m m  

P e t r i  p l a t e  w ith in  s e v e n  d a y s ;  an d  (2) i t  p r o d u c e d  tw o d i s t i n c t  s u r f a c e  

p ig m e n ts ,  th e  f i r s t  b r i g h t  r e d  in  th e  e a r l y  s t a g e s  of c o lo n ia l  g ro w th  and  

th e  s e c o n d ,  a  d a r k  g r e e n  to b l a c k - g r e e n  a s  th e  c o lo n y  g r e w  o l d e r .

1 4
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M ic r o s c o p ic a l l y ,  th e  fu n g u s  a p p e a r s  s t e r i l e .  No r e p r o d u c t iv e  

s t r u c t u r e s  w e r e  s e e n  w hen  s ta in e d  w ith  L a c to - P h e n o l - C o t to n  B lu e .  N o t 

o nce  d u r in g  th e  e n t i r e  c o u r s e  o f  th i s  s tu d y ,  w h e th e r  g ro w n  in  th e  p r e s 

en ce  o r  a b s e n c e  of l ig h t ,  d id  th e  fu n g u s  e x h ib i t  s p o r u la t io n .  T he  h y p h a e  

w e r e  of a  h y a l in e  n a t u r e  and  s e p t a t e .

C h e m ic a l  C a r c in o g e n :  (B e n z p y re n e )

T he  d e l e t e r i o u s  e f fe c t  of th e  p o ly c y c l ic  h y d r o c a r b o n  b e n z p y r e n e  

on l a b o r a t o r y  a n im a l s  h a s  b e e n  w e l l  e s t a b l i s h e d .  I ts  r e c e n t  im p l i c a t io n  

in  b ro n c h o g e n ic  c a r c i n o m a  (P u b l ic  H e a l th  S e r v i c e  P u b l i c a t io n  N o. 1103) 

and  i t s  p ro b a b le  h a r m f u l  e f fe c t  on th e  e m b r y o n ic  d e v e lo p m e n t  of r a t s  

(R igdon an d  R e n n e l s ,  1964) m a k e  i t  a  s u i ta b le  s t r e s s  a g e n t  f o r  d u r a t io n  

of l i f e  s tu d ie s .  T h e  b e n z p y r e n e  u s e d  w a s  o b ta in e d  f r o m  H o ffm a n -  

L a R o c h e  an d  d i s s o lv e d  in  a  s a t u r a t e d  e th y l - a l c o h o l  so lu t io n .

M e th o d s

H o s t

T he  fu n g u s ,  p r o b a b ly  a  F u s a r i u m , w a s  g ro w n  on p o ta to - d e x t r o s e -  

a g a r  (PD A ). M y c e l ia l  f r a g m e n ta t i o n  w a s  e m p lo y e d  to  m a in t a in  a  c o n 

s t a n t  su p p ly  o f  fu n g u s :  p e r io d i c a l ly  a  s m a l l  d i s c  o f  PD A  c o n ta in in g  m y 

c e l iu m  w a s  t r a n s f e r r e d  to  f r e s h  m e d i a .  To i n s u r e  a g a i n s t  b a c t e r i a l  c o n 

ta m in a t io n ,  c h lo r a m p h e n ic o l  (50 ppm ) w a s  a d d e d  to  th e  p o ta to  - d e x t r  o s e - 

a g a r  p r i o r  to  p o u r in g .

S to ck  c u l t u r e s  of th e  fu n g u s  w e r e  p r e s e r v e d  u s in g  th e  m e th o d  

r e c o m m e n d e d  by  th e  M y co lo g y  U n it  of th e  C o m m u n ic a b le  D i s e a s e  C e n 

t e r ,  A t la n ta ,  G e o r g ia  (B a i le y  an d  S co t t ,  1962). S t e r i l e  m i n e r a l  o i l



16

(a u to c la v e d  a t  1Z1°C f o r  45 m in u te s )  w a s  p o u r e d  in to  t e s t  tu b e s  u n t i l  i t  

c o m p le te ly  c o v e r e d  a c t i v e ly - g r o w in g  fu n g u s  c u l t u r e s  on PD A  ( F ig u r e  1). 

T he  t e s t  tu b e s  w e r e  s e a l e d  and  s to r e d  u p r ig h t  a t  ro o m  t e m p e r a t u r e .

T he  o i le d  c u l tu r e s  r e m a i n e d  v ia b le  f o r  w e l l  o v e r  a  y e a r .

P a r a s i t e

In th e  p r e s e n t  s tu d y  the  b i s e x u a l  p o p u la t io n  of  D i ty le n c h u s  

t r i f o r m i s  u s e d  w a s  p ro p a g a te d  in  c u l t u r e s  o f  a  f u s a r i u m - l i k e  fu n g u s .  

S e v e r a l  n e m a t o d e s ,  m a le  an d  f e m a le ,  w e r e  a d d e d  to  s e v e n - d a y - o ld  

P e t r i  p la te  c u l t u r e s  o f  th e  fu n g u s .  A l l  e x p e r i m e n t s  w e r e  c o n d u c te d  a t  

2 5 - 3 0 ° C ,  th e  o p t im a l  t e m p e r a t u r e  r a n g e  f o r  d e v e lo p m e n t  and r e p r o d u c 

tio n  of  bo th  th e  fu n g u s  and  th e  n e m a t o d e .  L a r g e  n u m b e r s  of n e m a to d e s  

in  a l l  s t a g e s  o f  d e v e lo p m e n t  w e r e  p r e s e n t  f o u r  to  f iv e  w e e k s  a f t e r  th e  

c u l tu r e s  w e r e  in i t i a t e d .  T he  n e m a t o d e s  w e r e  h a r v e s t e d  in  a  B a e r m a n n  

a p p a r a t u s .  F o r  t h i s ,  th e  a g a r  w a s  c u t  in to  s m a l l  p i e c e s  and  p la c e d  on 

m e t a l  s c r e e n in g  w h ic h  h a d  b e e n  l in e d  w ith  two l a y e r s  o f  s u r g i c a l  g a u z e .  

T h e  s c r e e n i n g  w a s  s u sp e n d e d  in  th e  to p  o f a  s m a l l  g l a s s  fu n n e l ,  an d  to  

th e  s te m  of th e  fu n n e l  w a s  a t t a c h e d  a  t h r e e - i n c h  le n g th  of r u b b e r  tu b ing  

c lo s e d  w ith  a  M o h r^ s  p in c h  c la m p .  A s m a l l  m e t a l  s c r e e n  w a s  f a s t e n e d  

to  th e  end  o f  th e  r u b b e r  tu b in g  to  e n t r a p  a n y  fu n g a l  d e b r i s  t h a t  m ig h t  f i l 

t e r  th r o u g h  th e  f i r s t  s c r e e n in g  m a t e r i a l .  T h e  fu n n e l  w a s  f i l le d  w ith  

w a r m  ta p  w a t e r  u n t i l  th e  p ie c e s  of a g a r  w e r e  s u b m e r g e d .  W ith in  one  

to  o n e - a n d - o n e - h a l f  h o u r s ,  m o s t  of th e  n e m a t o d e s  h a d  s e t t l e d  down in to  

th e  s te m  of th e  fu n n e l ,  w h e r e  th e y  cou ld  be  d r a w n  off th ro u g h  th e  r u b b e r  

tu b in g .  T h is  p r o c e d u r e  g a v e  a  c o n c e n t r a t e d  s u s p e n s i o n  of n e m a to d e s  

r e l a t i v e l y  f r e e  f r o m  c o n ta m in a t in g  m a t e r i a l .
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F i g u r e  1. O ile d  s to c k  c u l tu r e s  of 
fu n g u s  g ro w n  on  p o t a t o - d e x t r o s e - a g a r .
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S ince  a  l i f e  ta b le  b e g in s  w ith  a  g ro u p  o f in d iv id u a ls  know n to  h a v e  

b e en  b o rn  a t  a  p a r t i c u l a r  t im e ,  i t  w a s  n e c e s s a r y  to  d e v e lo p  a  m e th o d  

f o r  c o l le c t in g  l a r g e  n u m b e r s  o f  e g g s .  T he  B a e r m a n n  a p p a r a tu s  m e th o d  

p r e v io u s ly  d e s c r i b e d  f o r  e x t r a c t i n g  n e m a to d e s  f r o m  c u l tu r e s  p ro v e d  to 

be  in a d e q u a te  f o r  th e  fo l lo w in g  r e a s o n s :  (1) n o t  b e in g  m o t i l e ,  th e  m a j o r 

i t y  o f  eggs  co u ld  n o t  e s c a p e  f r o m  th e  a g a r  in  th e  to p  of th e  fu n n e l ,  and  

(2) the  s u s p e n s io n  c o n ta in in g  n e m a to d e s  an d  eg g s  th a t  w e r e  w a s h e d  f r e e  

f r o m  th e  a g a r  w a s  so  v i s c o u s  th a t  r e m o v a l  o f  th e  eggs  w a s  e x t r e m e l y  

l a b o r io u s  and  u n r e w a r d in g .

In r e c e n t  y e a r s  m y c o lo g i s t s  h a v e  u s e d  c e l lo p h a n e  ( d ia ly z e r  tu b 

ing) a s  a  s u r f a c e  a to p  so l id  m e d ia  on  w h ich  to  c u l tu r e  fung i (Kondo, 

G r a h a m ,  and  Shaw , 1959). E x p e r im e n t s  w e r e  u n d e r t a k e n  to  a s c e r t a i n  

w h e th e r  th is  c e l lo p h a n e  c u l tu r e  te c h n iq u e  cou ld  s u c c e s s f u l l y  be  u s e d  to 

p r o p a g a te  th e  h o s t  fu n g u s  o f  D i ty le n c h u s  t r i f o r m i s .  D ia ly z e r  tub ing  

( th r e e  in c h e s  f l a t  w id th ) p e r m e a b l e  to  w a t e r  and  p e r m i t t i n g  the  p a s s a g e  

of  low  m o l e c u l a r  w e ig h t  c o m p o u n d s  in  a q u e o u s  so lu t io n  w a s  o b ta in e d  

f r o m  th e  A r t h u r  H . T h o m a s  C o m p a n y .  T he  tu b in g  w i th s ta n d s  s te a m  s t e r 

i l i z a t io n  bu t sh o u ld  n o t  be  a l lo w e d  to  d r y ,  s in c e  c e l lo p h a n e  w r in k le s  b a d 

l y  u n le s s  c o m p le te ly  s a t u r a t e d  w ith  w a t e r .  T he  w r in k l in g  p r o b le m  w as  

o v e r c o m e  by  th e  fo l lo w in g  p r o c e d u r e :  C e l lo p h a n e  d i s c s  (90 m m  d i a m 

e te r )  w e r e  p la c e d  in  P e t r i  p l a t e s  f i l l e d  w ith  w a t e r  and  a u to c la v e d  (15 l b s .  /  

20 m in .  ). U sin g  s t e r i l e  te c h n iq u e ,  th e  s t e r i l e  c e l lo p h a n e  d i s c s  w e r e  

a r r a n g e d  on th e  s u r f a c e s  of p o u r e d  p l a t e s  o f  p o t a t o - d e x t r o s e - a g a r .  If 

b u b b le s  o c c u r r e d ,  th e  ed g e  of th e  c e l lo p h a n e  d i s c  w a s  r a i s e d  an d  the  

b u b b le s  w e r e  f o r c e d  o u t  b y  s lo w ly  r o l l in g  th e  d is c  b a c k  to  th e  a g a r  s u r 

f a c e .  T h e  p l a t e s  w e r e  in c u b a te d  f o r  48 h o u r s  (2 5 -3 0 °C ) n o t  o n ly  to  t e s t
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f o r  c o n ta m in a t io n ,  b u t  to  p ro v id e  t im e  f o r  e x c e s s  m o i s t u r e  to  be a b 

s o r b e d  by th e  m e d iu m .

A f t e r  a s c e r t a i n i n g  th e  s t e r i l i t y  of th e  p l a t e s ,  th e y  w e r e  i n o c u l a 

te d  w ith  b i s c u i t s  of m y c e l iu m  and  in c u b a te d  f o r  s e v e n  d a y s .  T he  fu n g u s

g re w  w e l l  (F ig u re  2) an d  d i s p la y e d  no e v id e n c e  of  c e l l u l a s e  a c t i v i t y ----

co lo n y  g ro w th  w as  r e s t r i c t e d  to  th e  s u r f a c e  o f th e  c e l lo p h a n e  d i s c .  E x 

p e r i m e n t s  w e r e  c o n d u c te d  to  c o m p a r e  th e  r a t e s  of g ro w th  w i th  an d  w i th 

ou t  a  c e l lo p h a n e  d i s c  b e tw e e n  th e  in o c u lu m  a n d  th e  m e d iu m .  T he  t e s t s  

d e m o n s t r a t e d  no a p p a r e n t  c r i t i c a l  d i f f e r e n c e  b e tw e e n  c o lo n ie s  in  r e l a 

t iv e  r a t e s  of g ro w th  ( s u r f a c e  p a r a m e t e r s ) ,  c o lo n y  s u r f a c e  c h a r a c t e r i s 

t i c s ,  and  p ig m e n t  d e v e lo p m e n t .  T h e  fu n g u s  c o lo n ie s  on c e l lo p h a n e  w e r e  

found to be  v e r y  s a t i s f a c t o r y  f o r  c o lo n iz a t io n  o f  D i ty le n c h u s  t r i f o r m i s .

T h e  fo llow ing  m e th o d  y ie ld e d  a  s u s p e n s io n  c o n ta in in g  a p p r e c i 

a b le  n u m b e r s  of n e m a t o d e s  an d  e g g s :  E a c h  c e l lo p h a n e  d i s c  w a s  r e 

m o v e d  f r o m  the  a g a r ,  c u t  in to  s e v e r a l  p i e c e s ,  an d  p la c e d  in  a  s m a l l  

g l a s s  v ia l .  T he  v ia l  w a s  f i l l e d  w ith  l a c t a t e d  R i n g e r ' s  s o lu t io n  (L illy )  

u n t i l  th e  p i e c e s  of c e l lo p h a n e  w e r e  c o m p le te ly  c o v e r e d  an d  th e n  p la c e d  

in  a  sh a k in g  m a c h in e  f o r  f iv e  m i n u t e s .  W a te r  w a s  o r i g i n a l l y  t r i e d  a s  

th e  e lu a n t ,  b u t  th e  eg g s  b e c a m e  so f r a g i l e  th a t  th e y  ly s e d  on  th e  s l i g h t 

e s t  m a n ip u la t io n .  T h e  c o n te n t s  o f  th e  v i a l  w e r e  f i l t e r e d  th r o u g h  a  s i n 

g le  l a y e r  o f  s u r g i c a l  g a u z e  and  th e  e lu t in g  p r o c e d u r e  r e p e a t e d  a t  l e a s t  

tw ic e  to e n s u r e  m a x im u m  r e c o v e r y  o f  n e m a t o d e s  an d  e g g s .

R e c o v e r y  of  e g g s . A lth o u g h  th e  c e l lo p h a n e  c u l tu r e  t e c h n iq u e  

m a d e  p o s s ib l e  th e  r e c o v e r y  o f  a n  a d e q u a te  n u m b e r  o f  eg g s  in  a  n o n - v i s 

c o u s  s u s p e n s io n ,  th e  p r o b le m  r e m a i n e d  o f how  to  s e p a r a t e  th e  eg g s  f r o m  

th e  n u m e r o u s  n e m a to d e s  a l s o  p r e s e n t  in  th e  s u s p e n s io n .  I t  w a s  n e c e s -
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F i g u r e  2 . C u l tu r e  o f  h o s t  fu n g u s  of 
D i ty le n c h u s  t r i f o r m i s  on  c e l lo p h a n e  d i s c .
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s a r y  th a t  th e  m e th o d  d e v i s e d  f o r  r e c o v e r y  of eggs  be one  th a t  w ould  i n 

t r o d u c e  th e  l e a s t  a m o u n t  o f  s t r e s s ;  and  f o r  t h i s  r e a s o n ,  d i f f e r e n t i a l  c e n 

t r i f u g a t io n  w a s  n o t  c o n s id e r e d .  S e p a r a t io n  by  the  m o d if ie d  c e n t r i f u g a l -  

f lo t a t io n  te c h n iq u e  o f  C a v e n e s s  an d  J a n s e n  (1955) w a s  n o t  a t t e m p te d  

s in c e  D ro p k in  and  c o l le a g u e s  (1958) d e m o n s t r a t e d  t h a t  d e x t r o s e  i n h ib i 

te d  th e  h a tc h in g  o f p h y t o - p a r a  s i t e  e g g s .

• ^ • " d i f f e r e n t i a l ” B a e r m a n n  a p p a r a t u s  m e th o d  w a s  a t t e m p te d ,  the  

r a t i o n a l e  b e in g  th a t  g r a v i t y  and  n e m a to d e  m o t i l i ty  w o u ld  a c c o m p l i s h  a 

r e l a t i v e l y  c le a n  s e p a r a t i o n  o f  n e m a to d e s  and  e g g s .  A t  v a r io u s  t im e  i n 

t e r v a l s ,  s a m p l e s  w e r e  ta k e n  a n d  e x a m in e d .  A lth o u g h  th e  l a r g e r  w o r m s  

c a m e  dow n f i r s t ,  t h e y  b r o u g h t  w ith  th e m  a s u b s t a n t i a l  n u m b e r  o f  e g g s .  

T h i s ,  in  a d d i t io n  to  l a t e r  s a m p l e s  show ing  no d e f in i te  s e p a r a t i o n  of th e  

l a r v a l  s t a g e s  o f  th e  n e m a t o d e s  an d  e g g s ,  m a d e  th e  te c h n iq u e  i m p r a c t i c a l .

A s e c o n d  e x p e r i m e n t  w a s  c o n d u c te d  b a s e d  on  m o t i l i ty  of th e  

n e m a t o d e s .  Tw o b u r e t s  w e r e  s e t  up  w i th  b o il in g  c h ip s  p a c k e d  in  one 

an d  g l a s s  b e a d s  in  th e  o t h e r .  I t  w a s  a n t i c ip a te d  t h a t  th e  s e s s i l e  eggs  

w o u ld  r e m a i n  in  th e  b u r e t s ,  b u t  a f t e r  a  p e r io d  of t im e  th e  m a j o r i t y  of 

m o t i l e  n e m a t o d e s  w ou ld  m o v e  a ro u n d  th e  c h ip s  o r  b e a d s ,  and  s e t t l e  to  

th e  b o t to m  of the  b u r e t ,  w h e r e  th e y  c o u ld  be  d ra w n  off by  op en in g  th e  

s to p c o c k .  T h e  r e s u l t s ,  h o w e v e r ,  w e r e  s i m i l a r  to  th o s e  o b ta in e d  w i th  the  

B a e r m a n n  a p p a r a t u s  t e c h n iq u e .  T h is  m e th o d  a l s o  f a i le d  to  s e p a r a t e  th e  

e g g s  f r o m  th e  l a r v a l  s t a g e s  and  th e  l e t h a r g i c  a d u l t  n e m a t o d e s .

E v id e n c e  f o r  th e  o r i e n t a t i o n  of n e m a t o d e s  to  t e m p e r a t u r e  and  

l ig h t  h a s  b e e n  co n f in e d  l a r g e l y  to  z o o p a r a s i t i c  s p e c i e s .  P o s i t i v e  p h o 

to ta x i s  h a s  b e e n  r e p o r t e d  f o r  rh a b d i t id  n e m a t o d e s  (W a llac e ,  1961a).
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W a lla c e  (1961b), in v e s t ig a t in g  th e  o r i e n t a t i o n  of D i ty le n c h u s  d ip s a c i ,  

found th a t  l ig h t  h a d  no in f lu e n c e  on th e  n e m a t o d e ' s  m o v e m e n t ,  b u t  t h e r e  

w a s  s o m e  e v id e n c e  of a  p o s i t iv e  t h e r m o t a x i s .  On th e  s u p p o s i t io n  th a t  a  

p o s i t iv e  t a x i s  c o u ld  be u s e d  to  s e p a r a t e  n e m a to d e s  f r o m  e g g s ,  a n  a p p a 

r a t u s  w a s  c o n s t r u c t e d  to  d e t e r m i n e  the  in f lu e n c e  of  t e m p e r a t u r e  and  

l i g h t  on t r i f o r m i s . T h e  s tu d y  r e v e a l e d  no e v id e n c e  of e i t h e r  t e m p e r 

a t u r e  o r  l ig h t  in f lu e n c in g  the  o r i e n t a t i o n  o f  th e  n e m a to d e .

T h e  m e th o d  f in a l ly  e m p lo y e d  fo r  r e c o v e r y  of eggs  f r o m  th e  

n e m a t o d e - e g g  s u s p e n s io n  w a s  te d io u s  b u t  m a d e  p o s s ib l e  th e  c l e a n e s t  

s e p a r a t i o n  w ith  th e  l e a s t  a m o u n t  of s t r e s s .  U n d e r  th e  d i s s e c t i n g  m i c 

r o s c o p e  (26x m a g n i f ic a t io n ) ,  th e  m a j o r i t y  o f  l a r g e r  w o r m s  w e r e  r e 

m o v e d  by  an  o r a l l y  c o n t r o l l e d  m i c r o p i p e t t e .  U s in g  f in e  n e e d le s  ( in s e c t  

m o u n t in g  p in s ) ,  th e  eg g s  w e r e  g a th e r e d  in to  g r o u p s  and  t r a n s f e r r e d  by  

m i c r o p i p e t t e  in to  s m a l l  P e t r i  p la te s  co n ta in in g  f r e s h  l a c t a t e d  R i n g e r ' s  

so lu t io n .  T he  p l a t e s  w e r e  th e n  m e t i c u lo u s ly  e x a m in e d  m i c r o s c o p i c a l l y  

(60x m a g n i f ic a t io n )  to b e  s u r e  th a t  th e y  c o n ta in e d  o n ly  e g g s .

E s t i m a t i o n  of eg g s  n e e d e d  f o r  c o h o r t . E g g s  a t  a l l  s t a g e s  o f  d e 

v e lo p m e n t  w e r e  c o l le c te d  a t  r a n d o m .  H a tc h in g  o f  s e c o n d  - s t a g e  l a r v a e  

co u ld  t h e r e f o r e  be  e x p e c te d  to  o c c u r  a n y t im e  w i th in  a  s i x - d a y  p e r io d .  

T h u s ,  i t  w a s  n e c e s s a r y  to  c o n d u c t  e x p e r im e n t s  to  e s t i m a t e  th e  h a tc h  r a t e  

of r a n d o m ly  s e l e c t e d  e g g s .  S e v e r a l  g r o u p s ,  e a c h  c o n ta in in g  100 to  1 ,000  

e g g s ,  w e r e  o b s e r v e d  f o r  v a r i o u s  p e r io th  of t im e  an d  th e  n u m b e r  o f  l a r 

v a e  w h ic h  h a tc h e d  w as  n o te d .  F o r  a  2 4 - h o u r  p e r io d ,  th e  h a tc h  r a t e  

r a n g e d  f r o m  16 -2 5  p e r c e n t ,  an d  a t  48 h o u r s ,  f r o m  30 -5 0  p e r c e n t .  B e 

c a u s e  o f  d i f f ic u l ty  in  o b ta in in g  l a r g e  n u m b e r s  o f  eg g s  (the n e m a to d e  la y s
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eg g s  s in g ly  and  m u s t  be  i n s e m in a t e d  r e p e a t e d ly ) ,  l a r v a e  th a t  h a tc h e d  

d u r in g  th e  f o r t y - e i g h t  h o u r  p e r io d  w e r e  u s e d  to e s t a b l i s h  a  c o h o r t .

T h e  s e c o n d - s t a g e  l a r v a e  w e r e  s e l e c t e d  a t  r a n d o m  and  c o n s id e r e d  to  be 

on th e  a v e r a g e ,  24 h o u r s  o ld .  T e n  th o u s a n d  eg g s  w e r e  c o l l e c te d  f o r  

e a c h  l i f e  t a b le  e x p e r im e n t .

O b s e r v a t io n  of c o h o r t . S e v e r a l  p r o c e d u r e s  w e r e  u s e d  in  an  

a t t e m p t  to  o b s e r v e  th e  n e m a to d e  c o h o r t  in  o r d e r  to s e c u r e  a g e - s p e c i f i c  

d e a th  r a t e s .  In e a c h  c a s e  th e  h e a v y  fu n g a l  g ro w th  i n t e r f e r e d  w ith  a c 

c u r a t e  co u n t in g .  D u r in g  th e  h a tc h  r a t e  e x p e r i m e n t s ,  i t  w a s  o b s e r v e d  

th a t  th e  s e c o n d - s t a g e  l a r v a e  w e r e  a b le  to  s u r v iv e  in  l a c t a t e d  R i n g e r ' s  

so lu t io n  b u t  d id  n o t  m o l t .  I t  w a s  a s s u m e d  t h a t  a  l iq u id  m e d iu m  w h ic h  

w o u ld  s u p p o r t  l im i t e d  fu n g a l  g ro w th  w ou ld  a l s o  be s u i ta b le  f o r  th e  g r o w th  

a n d  o b s e r v a t io n  of th e  in d iv id u a ls  in  th e  n e m a to d e  c o h o r t .  A p o ta to  d e x 

t r o s e  so lu t io n  w a s  p r e p a r e d  in  the  fo l lo w in g  m a n n e r :  T w o - h u n d r e d  g r a m s  

of s l i c e d  p e e le d  p o ta to e s  w e r e  b o i le d  f o r  one  h o u r  in  1 ,0 0 0  m l  of d is 

t i l l e d  w a t e r ,  s t r a i n e d  th r o u g h  a d o u b le  th i c k n e s s  o f  c le a n  to w e lin g ,  and  

r e s t o r e d  to  i t s  o r i g i n a l  v o lu m e .  G lu c o s e  (two p e r c e n t )  w a s  a d d e d  to  th e  

p o ta to  in fu s io n  an d  th e  m i x t u r e  a u to c l a v e d  ( A m e r ic a n  P u b l i c  H e a l th  A s 

s o c ia t io n ,  1941).

N e m a to d e s ,  a  s m a l l  in o c u lu m  of fu n g u s ,  an d  f iv e  m l  o f p o ta to  

d e x t r o s e  so lu t io n  w e r e  a d d e d  to  P e t r i  p l a t e s  (60x15 m m ) .  T h r e e  d a y s  

a f t e r  in o c u la t io n ,  fu n g a l  g ro w th  w as  d i f f u s e  an d  th e  l iq u id  m e d iu m  so 

m u r k y  t h a t  o b s e r v a t io n  of n e m a t o d e s  w a s  i m p o s s i b l e .

In  o r d e r  to  e l im in a t e  i n t e r f e r e n c e  f r o m  th e  fu n g a l  g ro w th ,  an  

a t t e m p t  w a s  m a d e  to  m a in t a in  th e  n e m a t o d e s  in  a n  a x e n ic ,  u n d e f in e d .
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m e d iu m .  T w e n ty  g r a m s  of g l a s s  b e a d s ,  30 m l  l a c t a t e d  R i n g e r 's  s o lu 

tion,, an d  1 ,2 5  g r a m s  o f  fu n g a l  m y c e l iu m  w e r e  p la c e d  in  a  s e m i - m i c r o  

w a t e r  j a c k e t e d  M o n e l  b l e n d e r .  A t  tw o - m in u te  i n t e r v a l s ,  s a m p l e s  w e r e  

t a k e n  to  d e t e r m i n e  the  p e r c e n t a g e  of b ro k e n  h y p h a e ;  a f t e r  e ig h t  m in u t e s ,  

i t  w a s  e s t i m a t e d  t h a t  90 p e r c e n t  o f  th e  h y p h a e  h a d  b e e n  b r o k e n .  T h e  

c e l l - f r e e  e x t r a c t  w a s  th e n  c e n t r i f u g e d  a t  1 2 ,0 0 0  r p m  f o r  20 m in u t e s ,  

an d  s t e r i l i z e d  by  f i l t r a t i o n  th r o u g h  a  S e i tz  f i l t e r .  F iv e  m l  of a  1:1, 1:2, 

and  1:10 d i lu t io n  w a s  a d d e d  to s m a l l  P e t r i  p l a t e s .  F iv e  m l  of a  1:1 d i 

lu t io n  w a s  a l s o  a d d e d  a s  a n  o v e r l a y  to  a  t e s t  tu b e  c o n ta in in g  a  PD A  b u t t .  

F iv e  h u n d r e d  s e c o n d - s t a g e  l a r v a e  w e r e  a d d e d  to  e a c h  o f th e  P e t r i  p l a t e s  

an d  to  th e  t e s t  tu b e .  N one  of th e  a f o r e m e n t io n e d  d i lu t io n s  w a s  a b le  to  

s u c c e s s f u l l y  m a in t a in  th e  n e m a t o d e .

T h e  fo l lo w in g  m e th o d  m a d e  p o s s ib le  th e  s u c c e s s f u l  o b s e r v a t io n  

of th e  n e m a to d e  c o h o r t .  U n d e r  s t e r i l e  c o n d i t io n s ,  d i s p o s a b le  P e t r i  

p l a t e s  (60x15 m m ) c o n ta in in g  f iv e  m l  PD A  w e r e  c o m p le te ly  l in e d  w i th  

c e l lo p h a n e .  T h e  p la te  w a s  th e n  in o c u la te d  w i th  fu n g u s  and  a l lo w e d  to 

in c u b a te  f o r  t h r e e  d a y s  ( F ig u r e  3) a t  w h ic h  t im e  th e  n e m a to d e  c o h o r t  

w a s  a d d e d .  A t  a p p r o p r i a t e  i n t e r v a l s  th e  n e m a t o d e s  w e r e  o b s e r v e d  and  

t r a n s f e r r e d  to  f r e s h  c o h o r t  c h a m b e r s .  (D e ta i ls  o f  th e  t r a n s f e r  w i l l  be  

d i s c u s s e d  l a t e r . )

R a d ia t io n

A g r e a t  d e a l  o f  v a r i a t i o n  e x i s t s  a m o n g  l iv in g  o r g a n i s m s  a s  to  th e  

a m o u n t  o f  r a d i a t i o n  n e c e s s a r y  to  c a u s e  d e a th  o r  m o d ify  g ro w th .  A  d o s e  

a s  lo w  a s  0 .0 1  r  i s  s u f f ic ie n t  to  m o d ify  th e  g ro w th  o f th e  fu n g u s ,  

P h y c o m y c e s  b la k e s  l e e  a n u s ,  w h i le  th e  l e th a l  d o s e  f o r  v a r i o u s  c i l i a t e s
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F i g u r e  3. C o h o r t  c h a m b e r  w i th  th r e e -  
d a y - o ld  fu n g u s  g ro w th .
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o ften  e x c e e d s  3x10^ r .  B e c a u s e  o f  th is  grep.t r a n g e  o f r a d io  s e n s i t iv i ty  

am o n g  l iv in g  o r g a n i s m s ,  a  r e v ie w  of th e  l i t e r a t u r e  w a s  n e c e s s a r y  to 

a id  in  th e  s e le c t io n  o f  s u i ta b le  d o s a g e s  o f  r a d i a t i o n  to be u s e d  in  th is  

s tu d y .

A lth o u g h  the  l i t e r a t u r e  r e v ie w  sh o w ed  t h a t  h e lm in th  l a r v a e  a r e

  v e r y  v a r i a b l e  a s  r e g a r d s  r a d io  s e n s i t i v i t y ,  a l l  e f fe c t iv e  i r r a d i a t i o n s  w e r e

in  th e  k i lo r o e n tg e n  r a n g e .  S ince  in  no  c a s e  d id  a  d o s e  o f 2 ,4 0 0  r  p ro v e  

f a t a l  to  a  h e lm in th  l a r v a ,  n o r  d id  a  d o s e  in  th e  r a n g e  o f 1 6 ,0 0 0  r  k i l l  

d u r in g  i r r a d i a t i o n ,  th e s e  two d o s a g e s  w e r e  c h o s e n  a s  th e  m in im u m  and  

m a x im u m  r a d ia t io n  f o r  th is  s tu d y .



C H A P T E R  III 

E X P E R IM E N T A L  P R O C E D U R E  AND R E S U L T S

E s ta b l i s h in g  In i t i a l  C o h o r t  

T h e  m e th o d s  o f  q u a n t i t a t iv e ly  e s t i m a t i n g  n e m a to d e  p o p u la t io n s  

f o r  u s e  in  s u n d r y  p a r a s i t o l o g i c a l  in v e s t ig a t i o n s  a r e  n o t  a d a p ta b le  f o r  

l i f e  t a b le  s t u d i e s .  T h e  c r u c i a l  p r e c e p t  o f  a  l i f e  t a b le  s tu d y  i s  know ing  

th e  e x a c t  n u m b e r  o f  in d iv id u a ls  th a t  c o n s t i tu t e  a  c o h o r t .  In o r d e r  to  o b 

ta in  a n  a b s o lu t e  co u n t,  a  d i r e c t  cou n tin g  p r o c e d u r e  h a d  to  be e m p lo y e d .  

U s in g  f in e  n e e d le s  u n d e r  d i r e c t  o b s e r v a t i o n  w i th  th e  d i s s e c t i n g  m i c r o 

s c o p e ,  g r o u p s  o f  s e c o n d - s t a g e  l a r v a e  w e r e  g a t h e r e d ,  c o u n te d ,  and  

t r a n s f e r r e d  to  a  c o h o r t  c h a m b e r  by  an  o r a l l y - c o n t r o l l e d  m i c r o p i p e t t e .  

T h e  m i c r o p i p e t t e  w a s  r i n s e d  w ith  a p p r o x i m a t e l y  0 . 1 m l  o f  l a c t a t e d  

R i n g e r ' s  s o lu t io n  an d  th e  r i n s e  w as  a l s o  a d d e d  to  th e  c o h o r t  c h a m b e r .  

T h e  p ip e t te  w a s  th e n  c a r e f u l l y  e x a m in e d  m i c r o s c o p i c a l l y  to  d e t e c t  a n y  

a d h e r in g  l a r v a e ;  i f  an y  w e r e  p r e s e n t ,  th e  c o u n t  w a s  a p p r o p r i a t e l y  a d 

j u s t e d .  B e f o r e  t r a n s f e r r i n g  a n o th e r  g ro u p  o f l a r v a e  to  th e  c o h o r t  c h a m 

b e r ,  th e  p ip e t te  w as  th o r o u g h ly  r i n s e d  w ith  b o th  d i s t i l l e d  w a t e r  and  

R i n g e r ' s  s o lu t io n .  In o r d e r  to  a v o id  in ju r in g  th e  l a r v a e ,  th e y  w e r e  

g a t h e r e d  in to  g r o u p s  b y  a g i t a t in g  th e  so lu t io n  a r o u n d  th e m  in  s u c h  a  w ay  

t h a t  th e  r e s u l t i n g  c u r r e n t  w o u ld  p r o p e l  th e m  to  th e  d e s i r e d  a r e a .  E a c h  

c o h o r t  c h a m b e r  c o n ta in e d  500 l a r v a e .

27
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T r a n s f e r  P r o c e d u r e

A t s u i ta b le  i n t e r v a l s  th e  c e l lo p h a n e  c o n ta in in g  th e  n e m a to d e  c o 

h o r t  and  fu n g u s  w a s  a s s id u o u s ly  r e m o v e d  f r o m  th e  P e t r i  p la te  a n d  p la c e d  

in  a  s m a l l  g l a s s  v ia l .  T he  v ia l  w a s  f i l l e d  w i th  R i n g e r 's  s o lu t io n  u n t i l  

th e  c e l lo p h a n e  w a s  e n t i r e l y  c o v e r e d  a n d  i t  w a s  th e n  p la c e d  in  a  D ubnoff 

M e ta b o l ic  S hak ing  I n c u b a to r  a n d  sh o o k  f o r  two m in u te s  a t  m o t o r  s p e e d  

3 .5 .  T h e  c o n te n ts  w e r e  e m p t ie d  in to  th e  b o t to m  of a  P e t r i  p la te  m a r k e d  

f o r  c o u n t in g . A f t e r  th e  ab o v e  e lu t in g  p r o c e s s  w as  r e p e a t e d  tw ic e ,  the  

c e l lo p h a n e  c o n ta in in g  th e  fu n g u s  w a s  r e m o v e d  f r o m  th e  v i a l  an d  s p r e a d  

ou t  in  th e  to p  o f a  P e t r i  p l a t e .  T h e  v i a l  w a s  r i n s e d  tw ic e ,  and  b o th  r i n 

s e s  e m p t ie d  in to  p la t e s  m a r k e d  f o r  c o u n t in g .  A f t e r  an  in te n s iv e  s e a r c h  

th r o u g h o u t  th e  c o u n tin g  p l a t e s ,  th e  l a r v a e  w e r e  g a th e r e d ,  c o u n ted ,  and  

t r a n s f e r r e d  to  f r e s h  c o h o r t  c h a m b e r s  u t i l i z in g  th e  s a m e  d i r e c t  cou n tin g  

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

T h e  fo l lo w in g  t h r e e  c r i t e r i a  w e r e  u s e d  to d e t e r m i n e  w h e th e r  l a r 

v a e  w e r e  a l iv e :  (1) m o t io n ,  (2) f l e x ib le  r a t h e r  th a n  r ig i d  a p p e a r a n c e

(All r ig i d  a p p e a r in g  l a r v a e  w e r e  f u r t h e r  e x a m in e d  f o r  l i f e  b e c a u s e  n e m 

a to d e s  a p p r o a c h in g  a  m o l t  b e c o m e  s lu g g is h  an d  f in a l ly  l i e  m o t io n le s s  

d u r in g  m o l t in g .  U sin g  a  f in e  n e e d le  th e  t a i l  p o r t i o n s  o f s u c h  l a r v a e  w e r e  

g e n t ly  p r o d d e d .  If  th e s e  l a r v a e  w e r e  a l iv e ,  th e  h e a d  p o r t i o n  w o u ld  r e 

sp o n d  to  th e  t a c t i l e  s t im u lu s  by  a  s l ig h t  j e r k . ) ,  a n d  (3) m o v e m e n t  of 

body  c o n te n t .

T h e  v i a l ,  an d  c o m p le te  c o h o r t  c h a m b e r ,  in c lu d in g  a g a r ,  w e r e  a l l  

i n s p e c te d  m i c r o s c o p i c a l l y  f o r  th e  p r e s e n c e  of  l a r v a e .  T h e  to p  o f  th e  

P e t r i  p la te  c o n ta in in g  th e  c e l lo p h a n e  fu n g u s  c u l tu r e  w a s  a l s o  m i c r o s c o p 
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i c a l l y  e x a m in e d .  B o th  th e  c e l lo p h a n e  a ro u n d  th e  fungus  co lo n y  and  the  

co lo n y  i t s e l f  w e r e  in s p e c te d ,  the  l a t t e r  be in g  t e a s e d  a p a r t ,  u n t i l  i t  w as  

m a d e  c e r t a i n  th a t  a l l  l a r v a e  w e r e  a c c o u n te d  f o r .  L a r v a e  o th e r  th an  

th o s e  r e c o v e r e d  f r o m  co u n tin g  p la t e s  w e r e  c o n s id e r e d  to  be w i th d ra w a ls  

f r o m  th e  s tu d y  b e c a u s e  o f  th e  i m p r a c t i c a l i t y  o f  c o l le c t in g  th e m .  To 

t h e s e  w i th d r a w a l s  w e r e  a d d e d  th o s e  l a r v a e  w h ic h  w e r e  a c c id e n t ly  d e s 

t r o y e d  d u r in g  the  t r a n s f e r r i n g  p r o c e s s .  T h e  w i th d r a w a l s  ( lo s s e s )  w e r e  

ta k e n  in to  c o n s id e r a t i o n  in  th e  c a lc u la t io n  of th e  a c t u a r i a l  e s t i m a t e  of 

th e  p r o b a b i l i t y  of s u r v iv a l .

To t e s t  th e  r e p r o d u c i b i l i t y  of th e  t r a n s f e r r i n g  and  co u n tin g  p r o 

c e d u r e s ,  d u p l ic a te  c o h o r t  c h a m b e r s  w e r e  r u n  f o r  a l l  c o h o r t s .  In n o n e  

of th e  e x p e r im e n t s  d id  an  a p p a r e n t  d i f f e r e n c e  o c c u r  b e tw e e n  d u p l ic a te  

r u n s .  C o n se q u e n t ly ,  to  r e d u c e  s a m p l in g  v a r i a t i o n  th e  r e s u l t s  of th e  d u 

p l i c a t e  r u n s  w e r e  p o o le d  so th a t  th e  r a d ix  of e a c h  l i f e  t a b le  w a s  1 ,0 0 0 .

T h e  l a r v a e  w e r e  n e c e s s a r i l y  e x p o se d  to  l ig h t  w h i le  b e in g  t r a n s 

f e r r e d ;  b u t  d u r in g  th e  r e m a i n d e r  o f  th e  e x p e r im e n t ,  th e y  w e r e  k e p t  in 

d a r k n e s s  b e c a u s e  o f  th e  fo llo w in g  p h e n o m e n a :

(1) P h o t o r e a c t i v a t i o n  " T h e  r e s t o r a t i o n  of

u l t r a v i o l e t  r a d i a t i o n  l e s i o n s  in  a  b io lo g ic a l  s y s te m  

w ith  l ig h t  of w av e  le n g th  l o n g e r  th an  th a t  of th e  d a m 

ag in g  r a d i a t i o n "  (d a g g e r ,  1958). E v id e n c e  in d ic a te s  

th a t  d a m a g e  p ro d u c e d  by io n iz a t io n  i s  n o t  p h o to r e a c -  

t i v a b l e ; h o w e v e r ,  t h e r e  d o e s  e x i s t  a  s l ig h t  p h o t o r e 

a c t i v a t io n  a f t e r  X - r a y s ,  p r o b a b ly  b e in g  c a u s e d  by  r e 

v e r s a l  of d a m a g e  c a u s e d  by  e x c i t a t io n  o n ly .

(2) P h o to c h e m ic a l  D e g r a d a t io n  of P o ly c y c l ic
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H y d r o c a r b o n  K u r a t s u n e  and  H i r o h a ta  (1962) c o n 

d u c te d  e x p e r im e n t s  show ing  th a t  p ro lo n g e d  e x p o s u r e  

to i l lu m in a t io n  f r o m  c o m m e r c i a l  f l u o r e s c e n t  l a m p s  

and  to su n l ig h t  co m in g  in  th ro u g h  g l a s s  w indow s i s  

c a p a b le  of c a u s in g  d e c o m p o s i t io n  of b e n z p y r e n e .

T h e  s tudy  e m p h a s iz e d  th a t  t r a n s i e n t  e x p o s u r e  to 

th e s e  a r t i f i c i a l  an d  n a t u r a l  i l lu m in a t io n s  p ro b a b ly  

d o e s  n o t  c a u s e  d e g r a d a t io n  of th e  h y d r o c a r b o n .

I r r a d i a t i o n  P r o c e d u r e

T he  l a r v a e  w e r e  i r r a d i a t e d  in  l a c t a t e d  R i n g e r 's  so lu t io n  s u s 

p e n s io n s  15 m m  d e e p  an d  60 m m  in  d i a m e t e r  (the v e s s e l s  co n ta in in g  th e  

s u s p e n s io n s  w e r e  th e  b o t to m s  o f g l a s s  P e t r i  p l a t e s ) .  T h e  X - i r r a d i a t i o n  

w a s  d e l iv e r e d  by  a  K e le h e t  X - r a y  m a c h in e .  R a d ia t io n  f a c t o r s  w e r e  250 

K v. , 15 m a  w ith  a n  o p en  f i l t e r .  T he  d i s t a n c e  f r o m  th e  in s id e  p la te  of 

th e  X - r a y  m a c h in e  to th e  s u r f a c e  o f  th e  s u s p e n s io n s  w a s  10 c m , w h ic h  

y ie ld e d  a n  e x p o s u r e  d o s e  r a t e  o f  800 r / m i n u t e .  T h e  i r r a d i a t i o n s  w e r e  

of two k in d s ,  n a m e ly ,  s in g le  d o s e s  (2 ,4 0 0  r  an d  1 6 ,0 0 0  r )  a d m i n i s t e r e d  

a t  th e  b e g in n in g  o f  th e  f i r s t  i n t e r v a l  of th e  l i f e  t a b le ,  and  a  d o s e  of 

4 ,0 0 0  r  a d m i n i s t e r e d  a t  th e  b eg in n in g  o f  th e  f i r s t  f o u r  i n t e r v a l s  o f  th e  

l i f e  t a b le .

A p p l ic a t io n  o f  B e n z p y re n e  

B e f o r e  u n d e r t a k in g  s tu d ie s  u s in g  b e n z p y r e n e  a s  a  s t r e s s  a g e n t ,  

i t  w a s  n e c e s s a r y  to  d e t e r m i n e  w h e th e r  th e  h y d r o c a r b o n  w ou ld  p e n e t r a t e  

th e  l a r v a e .  T he  m e th o d  u s e d  i s  b a s e d  on  s tu d ie s  by  R i c h t e r  and  S a in i  

(I960) on th e  in  v i t r o  p e n e t r a t i o n  and  i n t r a c e l l u l a r  a c c u m u la t io n  o f  the
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h y d r o c a r b o n  in  d i v e r s e  l iv in g  c e l l  ty p e s .

A s u s p e n s io n  c o n ta in in g  n e m a t o d e s  and  e g g s  a t  a l l  l e v e l s  o f  d e 

v e lo p m e n t  w a s  p la c e d  on s l i d e s  on  w h ic h  a  f ie ld  o f m i c r o c r y s t a l l i n e  

b e n z p y r e n e  h a d  b e e n  d e p o s i t e d ,  c o v e r s l i p e d ,  an d  e x a m in e d  u n d e r  th e  

u l t r a v i o l e t  f l u o r e s c e n c e  m i c r o s c o p e .  B e n z p y r e n e  w h en  a c t i v a t e d  by  u l 

t r a v i o l e t  l i g h t  e m i t s  a  b lu e  f l u o r e s c e n c e  w h ic h  c an  be  d e t e c t e d  v i s u a l ly  

by u l t r a v i o l e t  f l u o r e s c e n c e  m i c r o s c o p y  in  d i lu t io n s  of 1:40 m i l l i o n  to  

1:1 b i l l io n .  B o th  e g g s  an d  n e m a t o d e s  sh o w ed  a c c u m u la t io n  o f  f l u o r e s 

c ing  b e n z p y r e n e  ( F ig u r e  4, 5, and  6). B e n z p y r e n e  c r y s t a l s  w e r e  th e n  

d e p o s i t e d  on  th e  c e l lo p h a n e  in  a  c o h o r t  c h a m b e r ;  th e  c h a m b e r  w a s  i n o c 

u la te d  w ith  fu n g u s ,  and  in c u b a te d  f o r  s e v e n  d a y s .  A t  th e  end  o f  th e  in c u 

b a t io n  p e r io d ,  th e  fu n g u s  w a s  e x a m in e d  by  u - v  f l u o r e s c e n c e  m i c r o s c o p y ,  

an d  i t  a l s o  d e m o n s t r a t e d  a n  a c c u m u la t io n  o f  f l u o r e s c in g  b e n z p y r e n e  

( F ig u r e  7 ). T h u s ,  i t  w a s  e s t a b l i s h e d  t h a t  th e  l a r v a e  c o u ld  b e  e x p o s e d  to 

b e n z p y r e n e  v ia  t h e i r  food  s o u r c e  a s  w e l l  a s  th r o u g h  t h e i r  e n v i r o n m e n t .

T h e  u - v  f l u o r e s c e n c e  m i c r o s c o p i c  a p p a r a t u s  w a s  id e n t i c a l  w ith  

t h a t  u s e d  b y  R i c h t e r  and  S a in i  an d  in c lu d e d :  (1) q u a r t z  s u b s ta g e  o p t i c s ,

(2) A m e r i c a n  O p t ic a l  o r d i n a r y  an d  r e f l e c t in g  o b je c t i v e s ,  (3) u - v  a b s o r p 

t io n  f i l t e r s  of tw o ty p e s :  th e  C o rn in g  n o .  3389 f i l t e r ,  a n d  f iv e  p e r c e n t  

a q u e o u s  s o d i u m - n i t r i t e ,  (4) i n f r a r e d  a b s o r p t io n  f i l t e r s  o f  two ty p e s :  

th e  C o rn in g  n o .  3966 f i l t e r ,  a n d  a q u e o u s  c o p p e r - s u l f a t e ,  (5) th e  C o rn in g  

u - v  t r a n s m i t t i n g  f i l t e r  (3 0 0 -4 2 5  m u ) n o . 5840 , an d  (6) th e  O s r a m  H B O - 

200 m e r c u r y  a r c  l a m p .

P r i o r  to  fu n g u s  in o c u la t io n ,  th e  c e l lo p h a n e  b a s e s  o f  th e  c o h o r t  

c h a m b e r s  w e r e  c o v e r e d  by  b e n z p y r e n e  c r y s t a l s  w h ic h  h a d  b e e n  d e p o s i t e d
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F i g u r e  4 . U n e m b r y o n a te d  egg of 
D . t r i f o r m i s  show ing  a c c u m u la t io n  o f  f l u o r 
e s c in g  b e n z p y r e n e  ; u l t r a v i o l e t  p h o t o m i c r o 
g r a p h ,  X 715.
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F i g u r e  5 . E m b r y o n a te d  egg show ing 
f l u o r e s c in g  b e n z p y r e n e  (the s l ig h t  f lu o r e s c e n c e  
of  th e  egg s h e l l  i s  n o t  th e  c h a r a c t e r i s t i c  b lue  
f l u o r e s c e n c e  of  b e n z p y r e n e ,  b u t  i s  a n  o r a n g e  
f l u o r e s c e n c e  i n h e r e n t  to  th e  s h e l l ) ;  u l t r a v i o l e t  
p h o to m ic r o g r a p h ,  x  1317.
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F ig u r e  6 . L a r v a  o f  t r i f o r m i s  show ing  
h ig h  a c c u m u la t io n  of f lu o r e s c in g  b e n z p y r e n e  (the 
p h o to g ra p h  i s  s l ig h t ly  o u t  o f  fo c u s  du e  to  th e  d i f 
f i c u l ty  in  p h o to g ra p h in g  m o v in g  o b je c t s ) ;  u l t r a v i o 
l e t  p h o to m ic r o g r a p h ,  x  715.
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F i g u r e  7. M y c e l iu m  of h o s t - f u n g u s  
o f  D . t r i f o r m i s  show ing  f l u o r e s c i n g  b e n z p y 
r e n e ;  u l t r a v i o l e t  p h o to m ic r o g r a p h ,  x  177.



36

by e v a p o r a t io n  f r o m  a  s a t u r a t e d  e th y l - a l c o h o l  s o lu t io n .  T h e  l a r v a e  of 

D . t r i f o r m i s  w e r e  e x p o se d  to  th e  b e n z p y r e n e  c r y s t a l s  f o r  th e  e n t i r e  l i fe  

ta b le  e x p e r im e n t .

R e s u l t s

T h e  l o s s e s  e n c o u n te r e d  d u r in g  th is  s tu d y  ( a c c id e n ta l  o r  c o n 

t r o l l e d )  w e r e  a s s u m e d  to  be a n a la g o u s  to  l o s s e s  in  a  fo l lo w -u p  ( p r o s p e c 

t iv e )  s tu d y  fo l lo w in g  a  s p e c i f ic  t r e a t m e n t  in  m e d i c a l  r e s e a r c h .  In  o r d e r  

to  ta k e  th e s e  l o s s e s  in to  c o n s id e r a t io n ,  i t  w a s  d e c id e d  to  u s e  a  m o d if ie d  

l i f e  ta b le  t e c h n iq u e .  T h e  te c h n iq u e  e m p lo y e d  w a s  d e r iv e d  by  K a p lan  and 

M e i e r  (1958).

L ife  T a b le  S t r u c t u r e

T h e  l i f e  t a b le  fu n c t io n s  u s e d  in  th is  s tu d y  a r e  d e f in e d  a s  fo llo w s:

Ix^s’n u m b e r  e n te r in g  i n t e r v a l

d x —n u m b e r  dy ing  w i th in  i n t e r v a l

Sx IS n u m b e r  s u rv iv in g  i n t e r v a l

w ^ ssn u m b e r  o f l o s s e s  d u r in g  i n t e r v a l

p ^  — c o n d i t io n a l  p r o b a b i l i t y  of s u rv iv in g  th r o u g h  i n t e r v a l ,  
g iv e n  s u r v iv a l  t h r o u g h  th e  p r e v io u s  i n t e r v a l

A
P (t)  —u n c o n d i t io n a l  p r o b a b i l i t y  of s u rv iv in g  to  th e  end  of 

th e  i n t e r v a l

E q u a t io n s  u s e d  to  c a lc u la te  p r o b a b i l i t i e s ,  m e a n  l i f e t i m e , 
v a r i a n c e ,  and  s t a n d a r d  d e v i a t i o n s :

^  S x  " W x / 2
(1) Px 1----------------  ( a c t u a r i a l  e s t i m a te )

I x  -  W x / 2

(2) P ( t ) =  T T ^,Px
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(3) 5 m e a n  l i f e t im e  — / p ( t ) d t
O

.•C N

(4) V(ex) =L variance  of m e a n  l i f e t im e  (e§) -  —  j d P ( t)  I
1 (t)P(t)

o
w h e r e  A(t) = / P ( t )d t  

■fc“

(5) (e^) = s t a n d a r d  d e v ia t io n  of m e a n  l i f e t im e  =  ^  Y ( e ^

A ll  i n t e g r a l s  w e r e  e v a lu a te d  by  p lo t t in g  a  P(t) v s  t  c u r v e  and  u s 

ing th e  t r a p e z o i d a l  r u l e .

T he r e s u l t s  of th e  l i f e  ta b le  s tu d ie s  a r e  s u m m a r i z e d  in  T a b le s
A

1 -1 1 . A n in s p e c t io n  of th e  P ( t)  c o lu m n s  of th e  c o n t ro l  l i f e  t a b l e s  ( T a 

b le s  1, 5, an d  9) in d ic a te s  a  p o s i t iv e ly  sk ew ed  s u r v iv o r s h ip  c u r v e .  T he
A

l a s t  f ig u r e  in  c o lu m n  P ( t)  o f  a l l  l i f e  t a b l e s  e x c e p t  T a b le  10 r e p r e s e n t s  

th e  p r o b a b i l i ty  of a  l a r v a  (u n d e r  th e  c o n d i t io n s  o f  the  e x p e r im e n t )  s u r 

v iv in g  f r o m  an  a v e r a g e  a g e  of one  d a y  ( r e p r e s e n t e d  by  z e r o  t im e )  to  

a d u l th o o d .  A  s in g le  d o s e  o f  1 6 ,0 0 0  r  (T a b le s  3 and  7) c o m p le te ly  in h ib 

i te d  m a t u r a t i o n  a s  d id  e x p o s u r e  to  fo u r  4 ,0 0 0  r  d o s e s  (T ab le  6). E x p o 

s u r e  to  b e n z p y r e n e  c r y s t a l s  in h ib i te d  m a t u r a t i o n  beyond  th e  s e c o n d  l a r v a l  

s ta g e  (none of th e  l a r v a e  in  c o lu m n  s ^  of T a b le  10 w e r e  d e v e lo p e d  b eyond  

s e c o n d - s t a g e  l a r v a e ) .

I n t e r p r e t a t i o n  of  S t a t i s t i c a l  S u m m a r i e s  

If  c o n f id e n c e  i n t e r v a l s  do n o t  o v e r l a p ,  th e  i n t e r p r e t a t i o n  i s  th a t  

th e  m e a n  l i f e t i m e s  d i f f e r  a t  th e  5% s ig n i f ic a n c e  le v e l .  I f  o v e r la p p in g  

o c c u r s ,  th is  in d ic a te s  th a t  t h e r e  i s  n o t  s u f f ic ie n t  e v id e n c e  to  r e j e c t  th e  

h y p o th e s i s  o f  e q u a l i ty  of m e a n  l i f e t i m e s .



TABLE 1

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE EXPOSED
TO NORMAL LABORATORY CONDITIONS (CONTROL)

In te r v a l  
in  D ays dx Wx

A
Px

A
P(t)

0-1 1 ,0 0 0 618 382 29 0. 373 0. 373

1-2 353 203 150 31 0 .3 9 9 0. 149

2 -4 119 51 68 6 0 .5 6 0 0 .0 8 3

4 -6 62 23 39 5 0 .6 1 3 0 .0 5 1

6 -9 34 15 19 3 0 .5 3 8 0 .0 2 7

9-12 16 7 9 0 0 .5 6 3 0 .0 1 5

Sym bo ls u s e d  in  co lu m n  h e a d in g s  a r e d e s c r ib e d on p age 36.
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TABLE 2

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE EXPOSED
TO 2, 400 r AT THE BEGlWllMG OF THE FIRST INTERVAL

I n te r v a l  
in  D ays ^ x ®x ^ x

Z'
Px

i

A
P(t)

0 -1 1, 000 520 4801 67 0 ,4 5 2 0 .4 5 2

1-2 413 203 210 25 0 .4 9 2 0 .2 2 2

2 -4 185 116 69 12 0. 351 0 .0 7 8

4 -6 57 24 33 5 0 .5 6 0 0 .0 4 3

6 -9 28 20 8 0 0 .2 8 6 0 .0 1 3

9-12 8 3 5 0 0 .6 2 5 0 .0 0 8

S ym bols u s e d  in  c o lu m n  h e a d in g s  a r e d e s c r ib e d on page 36.
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TABLE 3

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE EXPOSED
TO 16, 000 r AT THE BEGINNING OF THE FIRST INTERVAL

I n te r v a l  
in  D ays I x d x Wx

/\
Px

A
P(t)

0 -1 1 ,000 725 275 46 0 .2 5 9 0 .2 5 9

1-2 229 134 95 5 0 .4 0 9 0. 106

2 -4 90 68 28 0 0 .3 1 1 0 .0 3 3

4 -6 28 8 20 1 0. 710 0. 023

6 -9 19 17 2 0 0. 105 0 .0 0 2

9-12 2 2 0 0 0 .0 0 0 0 .0 0 0

Sym bols used in column headings are described  on page 36.
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TABLE 4

ST A T IS T IC A L  SUMMARY F O R  LARVAE E X PO SED  
TO SIN G LE DOSES O F X -IR R A D IA T IO N

T r e a t m e n t M ean  L i fe t im e
S ta n d a rd  D ev ia t io n  of 

M ean  L i f e t im e
95% C o n fid en ce  L im i t s  

on M ean  L i fe t im e

C o n tro l 1 .4 9 0 .0 9 1. 31 to  1 .6 7

2 ,4 0 0  r 1 .5 7 0 .0 7 1 .4 3  to  1. 71

1 6 ,0 0 0  r 1 .0 4 0 .0 6 0. 92 to  1. 16



TABLE 5

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE EXPOSED
TO NORMAL LABORATORY CONDITIONS (CONTROL)

In te r v a l  
in  D ays dx ®x '"x

A
px

A
P(t)

0-1 1 ,000 566 434 40 0. 422 0 .4 2 2

1-2 394 246 148 20 0 .3 5 9 0. 151

2 -4 128 52 76 10 0 .5 7 7 0 .0 8 7

4 -6 66 27 39 6 0 .5 7 1 0 .0 5 0

6 -9 33 16 17 1 0 .5 0 8 0 .0 2 5

9-12 16 6 10 0 0 .6 2 5 0 .0 1 6

S ym bo ls u s e d  in  co lu m n  h e a d in g s  a r e d e s c r ib e d on p ag e 36.



TABLE 6

L IF E  T A B L E  F O R  D IT Y L EN C H U S TR IF O R M IS  LA RV A E 
E X P O S E D  TO  4 ,0 0 0  r  A T  TÜ Ë BEGINNING O F 

EA CH  O F  TH E  F IR S T  F O U R  IN T ER V A L S

I n te r v a l  
in  D ays ^x ®x ^ x

A
Px

A
P(t)

0-1 1 ,000 600 400 39 0. 388 0. 388

1-2 361 220 141 20 0 .3 7 3 0. 145

2 -4 121 51 70 8 0 .5 6 4 0 .0 8 2

4 -6 62 43 19 0 0 . 306 0 .0 2 5

6 -9 19 15 4 0 0 .2 1 1 0 .0 0 5

9-12 4 4 0 0 0 .0 0 0 0 .0 0 0

Sym bols used in colum n headings are d escribed  on page 36.



TABLE 7

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE EXPOSED
TO 16,000 r AT THE BEGINNING ÙF THE FIRST INTERVAL

I n te r v a l  
in  D ays 1% Wx

A
Px

A
P(t)

0 -1 1 ,000 802 298 25 0 .2 8 9 0 .2 8 9

1-2 273 174 99 9 0 .3 5 2 0. 102

2 -4 90 53 37 5 0 .3 9 4 0 .0 4 0

4 -6 32 15 17 1 0 .5 2 4 0 .0 2 1

6 -9 16 14 2 0 0. 125 0 .0 0 3

9 -12 2 2 0 0 0 .0 0 0 0 .0 0 0

S ym bo ls u s e d  in  co lu m n  h e a d in g s  a r e d e s c r ib e d on page 36.



TABLE 8

ST A T IS T IC A L  SUMMARY F O R  LA RV A E E X PO SE D  TO  16 ,000  r  
SINGLE DOSE AS C O M P A R E D  W ITH  F O U R  4 ,0 0 0  r  DOSES

T r e a t r n e n t M ea n  L i fe t im e
S ta n d a rd  D e v ia t io n  of 

M ean  L i fe t im e
95% C o n fid en ce  L im i t s  

on M ean  L ife t im e

C o n tro l 1 .5 5 0 .0 7 1 .41  to 1 .6 9

4 ,0 0 0  r 1. 35 0 .0 5 1. 25 to 1 .4 5

1 6 ,000  r 1 .0 8 0 .0 4 1 .0 0  to 1 .16



TABLE 9

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE EXPOSED
TO NORMAL LABORATORY CONDITIONS (CONTROL)

I n te r v a l  
in  D ay s 1% dx Wx

A,
Px

/N
P(t)

0 -1 1 ,0 0 0 488 512 52 0 .4 9 9 0 .4 9 9

1-2 460 188 272 17 0 .5 8 2 0 .2 9 0

2 - 4 255 103 152 7 0 .5 9 0 0. 171

4 -6 145 73 72 5 0 .4 8 8 0 .0 8 3

6 -9 67 29 38 2 0 .5 6 1 0 .0 4 7

9-1 2 36 22 14 1 0 .3 8 0 0 .0 1 8

S y m b o ls u s e d  in  c o lu m n  h e a d in g s  a r e d e s c r ib e d on page 36.
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TABLE 10

LIFE TABLE FOR DITYLENCHUS TRIFORMIS LARVAE
EXPOSED TO BENZPYRENE CÏIYStALS

I n te r v a l  
in  D ays I x d x Sx Wx

A
Px

A
P(t)

0-1 1, 000 468 532 54 0 .5 1 9 0 .5 1 9

1-2 478 248 230 26 0 .4 6 7 0 .2 4 2

2 - 4 204 98 106 10 0 .5 0 8 0. 123

4 -6 96 45 51 4 0 .5 2 1 0 .0 6 4

6 -9 47 27 20 2 0 .4 1 3 0 .0 2 6

9-1 2 18 17 1 0 0 .0 5 6 0 .0 0 1

S ym bo ls u s e d  in  c o lu m n  h e a d in g s  a r e d e s c r ib e d on page 36.



T A B L E  11

S T A T IS T IC A L  SUMMARY FO R  LA RV A E EX PO SED  
TO  B E N Z P Y R E N E  CRY STA LS

S ta n d a rd  D e v ia t io n  of 95% C o n fid en ce  L im i t s
T r e a t m e n t M ean  L i fe t im e M ea n  L i fe t im e on M ean  L i f e t im e

C o n tro l 2. 15 0 .0 9 1 .9 7  to 2. 33

B e n z p y re n e 1 .8 7 0 .0 7 1 .7 3  to 2 .0 1

00
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A s in g le  d o s e  of 1 6 ,0 0 0  r  d e c r e a s e s  th e  m e a n  l i f e t im e  a s  c o m 

p a r e d  to th e  c o n t r o l  by  a  s ig n i f ic a n t  a m o u n t .  E x p o s u r e  to  a  s in g le  

2 ,4 0 0  r  d o s e  a p p a r e n t ly  d o e s  n o t  e f fe c t  m e a n  l i f e t im e  a s  c o m p a r e d  to 

th e  c o n t ro l  a s  th e y  a r e  n o t  s ig n i f ic a n t ly  d i f f e r e n t  s t a t i s t i c a l l y .  T he  

d i f f e r e n c e  b e tw e e n  fo u r  s in g le  d o s e s  o f  4 ,0 0 0  r  e a c h  and  th e  c o n t r o l  a p 

p e a r s  to be  e q u iv o c a l  b e c a u s e  o f  a  v e r y  s m a l l  o v e r l a p  of c o n f id e n c e  i n 

t e r v a l s ;  th e  f o r m e r  c o m p a r e d  to  a  s in g le  d o s e  o f 1 6 ,0 0 0  r  d o e s  show  a 

s ig n i f ic a n t  d i f f e r e n c e .  T h e r e  a p p e a r s  to  be  a  s ig n i f ic a n t  d i f f e r e n c e  b e 

tw e e n  th e  m e a n  l i f e t im e  o f  th e  c o n t r o l  an d  th e  m e a n  l i f e t im e  o f l a r v a e  

e x p o se d  to  b e n z p y r e n e  c r y s t a l s  a s  in d ic a te d  by  th e  c o n f id e n ce  in t e r v a l s  

f o r  th e s e  two g r o u p s .
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DISCUSSION

P e a r l  an d  M in e r  (1935) s tu d y in g  th e  d u r a t io n  of l i f e  of l o w e r  o r 

g a n i s m s  d e s c r i b e d  t h r e e  p o s s ib le  ty p e s  of d i s t r i b u t io n  of s u r v i v o r s h i p  

w i th  r e s p e c t  to  a g e .  T y p e  I, th e  n e g a t iv e ly  skew  r e c t a n g u l a r ,  w h e r e  

in d iv id u a ls  o f  a  c o h o r t  b o r n  a t  th e  s a m e  t im e  d ie  m o r e  o r  l e s s  s i m u l t a 

n e o u s ly  a f t e r  a  l i f e  s p a n  c h a r a c t e r i s t i c  of th e  s p e c i e s .  T y p e  II  i s  d i a g 

o n a l  and  i m p l i e s  a  c o n s ta n t  d e a th  r a t e  a t  a l l  a g e s .  T y p e  III, th e  p o s i 

t iv e ly  sk ew  r e c t a n g u l a r ,  show s  a  h e a v y  m o r t a l i t y  e a r l y  in  l i f e ;  h o w e v e r ,  

th e  few  in d iv id u a ls  s u r v iv in g  en jo y  a  r e l a t i v e l y  h ig h  e x p e c ta t io n  o f f u r 

t h e r  l i f e .  U n d e r  th e  p r e v i o u s l y - d e s c r i b e d  l a b o r a t o r y  c o n d i t io n s ,  l i f e  

t a b l e s  c a lc u la te d  f o r  D i ty le n c h u s  t r i f o r m i s  in  fungus  c u l t u r e s  show  h e a v y  

l a r v a l  m o r t a l i t y .

H i r s c h m a n n  (1962) r e p o r t e d  th e  l i f e  s p a n  of a d u l t  m a l e s  o f  D. 

t r i f o r m i s  to  r a n g e  b e tw e e n  3 3 -1 4 5  d a y s  and  a d u l t  f e m a l e s  3 1 -1 2 4  d a y s .  

O b s e r v a t io n s  on th e  a d u l t s  o b ta in e d  f r o m  th e  l i f e  t a b le  s tu d y  s u m m a 

r i z e d  in  T a b le  9 te n d  to  c o n f i rm  H i r s c h m a n n ' s  o b s e r v a t i o n s .  T h e  s u r 

v i v o r s h ip  c u r v e  o b ta in e d  f r o m  th e  l a r v a l  l i f e  t a b le  s tu d ie s  an d  tlie  a d u l t  

lo n g e v i ty  s tu d ie s  o f  H i r s c h m a n n  in d ic a te  a  T y p e  H I s u r v i v o r s h i p  c u r v e  

f o r  D i ty le n c h u s  t r i f o r m i s . A lth o u g h  c o m p le te  d a ta  i s  n o t  a v a i l a b l e ,  

t h e r e  is  e v id e n c e  th a t  th e  l i f e  c u r v e s  o f  o th e r  o r g a n i s m s  m e n t io n e d  b e -

50
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low  a p p r o a c h  P e a r l ' s  T y p e  III d i s t r i b u t i o n .

P o p u la t io n  s tu d ie s  h a v e  show n h ig h  m o r t a l i t y  r a t e s  f o r  th e  l a r v a l  

an d  p o s t - l a r v a l  s t a g e s  of th e  m a c k e r e l .  T h e  t o ta l  m o r t a l i t y  f r o m  th e  b e 

g in n in g  of d e v e lo p m e n t  to  w hen  th e  young f i s h  (50 m m  s tag e )  g a t h e r  in to  

g r o u p s  and  s ch o o l  l ik e  th e  a d u l t s  i s  99. 9996 p e r c e n t .  A m o n g  t e r r e s t r i 

a l  v e r t e b r a t e s ,  s u r v i v a l  d a ta  f o r  th e  song  s p a r r o w  (c a lc u la te d  f r o m  th e  

egg s ta g e )  a l s o  a p p r o a c h e s  th e  p o s i t iv e ly  sk ew  r e c t a n g u l a r  ty p e  s u r v i v 

o r s h i p  c u r v e .  D e e v e y  (1947) n o te s  th a t  i f  th e  b a r n a c l e  and  r o t i f e r  l i f e  

t a b l e s  w e r e  c o m p le te ,  t h e i r  l i f e  c u r v e s  m ig h t  a l s o  e x h ib i t  a  "T y p e  I I I"  

d i s t r i b u t i o n .  E v id e n c e  of e x t r e m e l y  h ig h  d e a th  r a t e s  in  l a r v a l  s t a g e s  of 

n e m a t o d e s  o t h e r  th a n  D. t r i f o r m i s  h a s  b e e n  r e p o r t e d .  F o r  e x a m p le ,  

o n ly  one  o u t  o f  1, 000 T r i c h o s t r o n g y l u s  a x e i  eg g s  r e a c h  th e  t h i r d  l a r v a l  

s t a g e  ( T a y lo r ,  1957).

B e c a u s e  o f  b io lo g ic a l  v a r i a t i o n  w i th in  th e  s a m e  s p e c i e s ,  c o m p a r 

i s o n s  o f  m e a n  l i f e t i m e s  w h en  m e a s u r i n g  s t r e s s  w e r e  m a d e  o n ly  b e tw e e n  

th o s e  c o h o r t s  o b ta in e d  f r o m  th e  . a m e  g r o u p  o f  s e c o n d - s t a g e  l a r v a e .

T h e  1 6 ,0 0 0  r  d o s e  w h ich  in h ib i te d  m a t u r a t i o n  in  th i s  s tu d y  w a s  

c l o s e r  to  th e  r a d i a t i o n  e f f e c t  on z o o p a r a s i t i c  n e m a to d e s  th a n  to th e  r e 

s u l t s  o b ta in e d  by F a s s u l i o t e s  and  S p a r r o w  (1955) o r  M y e r s  a n d  D ro p k in  

(1959) on  p h y to p a r a  s i t e  s . T h is  cou ld  p r o b a b ly  be  e x p la in e d  by  th e  l a c k  

of s t a n d a r d i z a t io n  o f i r r a d i a t i o n  c o n d i t io n s  in  d i f f e r e n t  l a b o r a t o r i e s . 

S o m e  p o s s ib l e  f a c t o r s ,  o th e r  th a n  th e  t o t a l  d o s e ,  w h ic h  c o u ld  in f lu e n c e  

i r r a d i a t i o n  d a m a g e  a r e :

(1) D o se  R a t e  In  th e  a b s e n c e  o f  o x y g en  o r  a t

r e d u c e d  o x y g en  te n s i o n ,  th e  e f f e c t s  o f  X - r a y s  a r e  d i 

m in i s h e d .  In  a  l a r v a l  s u s p e n s i o n ,  d e p le t io n  o f  th e  a v a i l -
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a b le  o x y g en  i s  c o n s ta n t ly  ta k in g  p la c e ;  t h e r e f o r e  a t  a  

low  d o s e  r a t e ,  a  g iv e n  d o s e  of X - r a y s  is  d e l i v e r e d  

w hen  th e  l a r v a e  a r e  in  a  so lu t io n  of low  o x y g en  te n s io n ,

(2) Q u a l i ty  o f  R a d i a t i o n  T he  q u a l i ty  of X -

r a y s  i s  d e t e r m i n e d  by  th e  d e g r e e  of f i l t r a t i o n  and  by  

th e  v o l ta g e  a t  w h ic h  th e  tu b e  i s  o p e r a t e d .

(3) C o n t a m i n a t i o n  C e r t a i n  c h e m i c a l  s u b 

s t a n c e s  a r e  c a p a b le  of p r o te c t in g  b io lo g ic a l  s y s t e m s  

a g a i n s t  X - r a y s .

R e s u l t s  o f  d i f f e r e n t  a u th o r s  a r e  d i f f ic u l t  to  c o m p a r e ,  n o t  o n ly  b e c a u s e  

p h y s i c a l  c o n d i t io n s  d i f f e r  in  v a r i o u s  l a b o r a t o r i e s ,  bu t a l s o  b e c a u s e  v a r 

i a t io n s  o f  r a d io  s e n s i t i v i t y  p r o b a b ly  e x i s t  even  w i th in  th e  s a m e  s p e c i e s .  

On th e  b a s i s  o f  th e  h y p o th e s i s  m a d e  by  B i r d  (1957) th a t  th e  n e m a to d e  

c u t i c l e  i s  a  l iv in g  s t r u c t u r e  and  in  a  s t a t e  o f  c o n s ta n t  m e ta b o l i c  a c t i v i ty ,  

an d  t h a t  d u r in g  m o l t in g  t h e r e  i s  i n c r e a s e d  a c t i v i t y  an d  c o m p le x  s t r u c t u r 

a l  c h a n g e s  o c c u r r i n g ,  i t  w a s  a n t i c ip a te d  t h a t  c o n s e c u t iv e  s m a l l  d o s e  r a 

d ia t io n s  d u r in g  th e  f i r s t  f o u r  i n t e r v a l s  o f  th e  l i f e  t a b le  w ou ld  h a v e  a  

m o r e  d e l e t e r i o u s  e f f e c t  on  th e  l a r v a e  th a n  a  l a r g e r  s in g le  d o s e  a d m in 

i s t e r e d  a t  th e  b e g in n in g  o f  th e  f i r s t  i n t e r v a l .  H o w e v e r ,  th e  r e s u l t s  

sh o w e d  t h a t  th e  c u m u la t iv e  e f fe c t  o f  c h ro n ic  i r r a d i a t i o n s  w as  n o t  e q u iv 

a l e n t  to  t h a t  c a u s e d  by  a  s in g le  d o s a g e  of th e  s a m e  to ta l  a m o u n t .  T he  

m e a n  l i f e t i m e  of l a r v a e  r e c e iv in g  a  s in g le  d o s e  o f  1 6 ,0 0 0  r  w a s  s ig n i f 

i c a n t ly  l o w e r  th a n  th o s e  e x p o se d  to  fo u r  4 ,0 0 0  r  d o s e s .

A n  i n t e r e s t i n g  p h e n o m e n o n  c o n c e rn in g  d u r a t io n  of l i f e  f o r  v a r i 

o u s  o r g a n i s m s  e x p o se d  to  X - i r r a d i a t i o n  h a s  b e e n  r e p o r t e d  in  th e  l i t e r a 

t u r e .  S m a l l  d o s a g e s  o f  X - r a y s  w e r e  r e p o r t e d  to  s t im u la te  p a r a m e c i a
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to  a  m o r e  r a p id  r a t e  of d iv is io n  f o r  a  s h o r t  t im e ,  a f t e r  w h ich  a  d e 

p r e s s e d  r a t e  w as  o b s e r v e d  (H ance  an d  C la r k ,  1926). S u l l iv an  and  

G r o s c h  (1953) d e s c r i b e d  a  s ig n i f ic a n t  i n c r e a s e  in  th e  le n g th  o f  l i f e  of a  

p a r a s i t i c  w a s p ,  H a b r o b r a c o n , a f t e r  i r r a d i a t i o n  w ith  d o s e s  up to  180 ,000  

r .  T he  l i f e  sp an  of th e  f lo u r  b e e t l e ,  T r ib o l iu m  c o n fu s u m , w a s  e x ten d e d  

by  s e v e r a l  p e r c e n t  by  i r r a d i a t i o n  w i th  g a m m a - r a d i a t i o n  (3 ,0 0 0  r )  (C o rk ,  

1957). R h a b d i t i s  p e l l io  l a r v a e  e x p o s e d  to  5 ,0 0 0  r  j u s t  p r i o r  to  m a t u r i t y  

l iv e d  a s  m u c h  a s  12 d a y s  lo n g e r  th a n  c o n t r o l s .  I t  a p p e a r s  t h a t  th e  d e a th  

of th e  f e m a le  o f p e l l io  i s  h a s t e n e d  by th e  d e v e lo p m e n t  o f  th e  l a r v a e  

w h ic h  a p p a r e n t l y  d e s t r o y  the  i n t e r n a l  o r g a n s  of th e  m o t h e r .  W hen  o f f 

s p r in g  a r e  d e s t r o y e d  by  r a d i a t i o n ,  th e  i n t e r n a l  o r g a n s  of th e  f e m a le  r e 

m a in  in t a c t  an d  th e  n e m a to d e  c o n t in u e s  to  l iv e  f o r  s e v e r a l  d a y s  a f t e r  

th e  c o n t r o l s  h a v e  b e c o m e  m e r e  s h e l l s  c o n ta in in g  g ro w in g  l a r v a e  (E v a n s ,  

L e v in ,  and  S u lk in ,  1941). H o w e v e r ,  th e  d o s a g e s  o f  X - r a y s  u s e d  in 

th is  s tu d y  p ro d u c e d  no  s t a t i s t i c a l l y  s ig n i f ic a n t  i n c r e a s e  in  th e  m e a n  

l i f e t im e  of D . t r i f o r m i s  l a r v a e .

T h e  r e f r a c t i v e  s h e l l  o f  n e m a to d e  e g g s  i s  a  c h i t in o id  and  i s  p e r 

m e a b l e  to  w a t e r ;  i n s id e  th e  egg s h e l l  t h e r e  i s  a  w e l l - d e v e lo p e d  v i t e l l in e  

m e m b r a n e  w h ic h  is  s i m i l a r  to ,  i f  n o t  i d e n t i c a l  w ith ,  th e  m a j o r  i n g r e d i 

e n t  of b e e s w a x ,  m y r i c y l  p a l m i t a t e .

E v id e n c e  i n d i c a t e s  t h a t  th e  e x t e r i o r  l a y e r  o f  the  c u t ic le  of 

D i ty le n c h u s  s p e c i e s  i s  a  th in  l ip id  m e m b r a n e .  F u r t h e r m o r e ,  i t  h a s  b e en  

d e m o n s t r a t e d  t h a t  f a t ty  a c id s  a r e  th e  c h ie f  p r o d u c t s  of g ly c o g e n  m e t a b 

o l i s m  in  n e m a t o d e s  (C h itw ood , 1938, 1952). T he  ab o v e  f a c t s  on  n e m ic  

p h y s io lo g y  p lu s  th e  r e l a t i v e l y  h ig h  s o lu b i l i ty  of b e n z p y r e n e  in  l ip id s  

p r o b a b ly  e x p la in  th e  p e n e t r a t i o n  a n d  a c c u m u la t io n  o f  th e  c a r c in o g e n ic
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h y d r o c a r b o n  w ith in  th e  D i ty le n c h u s  t r i f o r m i s  l a r v a e  an d  e g g s .  N o t so 

e a s i l y  e x p la in e d  i s  i t s  m o d e  o f a c t io n  on th e  n e m a t o d e .  E x p o s u r e  to  th e  

h y d r o c a r b o n  n o t  o n ly  s ig n i f ic a n t ly  r e d u c e d  th e  m e a n  l i f e t i m e ,  b u t  a p 

p e a r e d  to  in h ib i t  th e  m a t u r a t i o n  of th e  l a r v a e  b ey o n d  th e  s e c o n d  s t a g e .  

H e i d e l b e r g e r  (1959) s u g g e s t s  t h a t  c a r c in o g e n ic  h y d r o c a r b o n s  b ind  to  

p r o t e in s  an d  i r r e v e r s i b l y  in a c t iv a te  t h e m .  T h e  h y p o th e s i s  i s  pu t f o r 

w a r d ,  w i th o u t  a n y  d i r e c t  e v id e n c e ,  th a t  the  c a r c in o g e n ic  h y d r o c a r b o n  

b in d s  to an  e x s h e a th in g  e n z y m e  t h e r e b y  in h ib i t in g  th e  m o l t in g  p r o c e s s .



C H A P T E R  V 

SUM MARY

A c e l lo p h a n e  c u l t u r e  te c h n iq u e  u s e d  by  m y c o lo g i s t s  f o r  p r e p a r 

a t io n  of p e r m a n e n t  m o u n ts  o f  fu n g u s  c o lo n ie s  w a s  s u c c e s s f u l l y  a d a p te d  

f o r  th e  c o lo n iz a t io n  of the  p h y to p a r a s i t i c  n e m a to d e ,  D i ty le n c h u s  t r i f o r 

m i s  . On th e  o th e r  h a n d  a  c e l l - f r e e  e x t r a c t  o f  th e  h o s t  fu n g u s  f a i le d  to  

m a in t a in  th e  n e m a to d e .

In c o n ju n c t io n  w i th  a t t e m p t s  to  s e p a r a t e  eg g s  f r o m  a  n e m a t o d e -  

egg s u s p e n s io n ,  a  s tu d y  w a s  m a d e  on th e  in f lu e n c e  o f  t e m p e r a t u r e  and  

l ig h t  on  t r i f o r m i s . T h e  s tu d y  r e v e a l e d  no e v id e n c e  o f  e i t h e r  t e m p e r 

a t u r e  o r  l ig h t  in f lu e n c in g  th e  o r i e n t a t i o n  of th e  n e m a t o d e .  T h e  c e l lo p h a n e  

c u l tu r e  te c h n iq u e  s ig n i f ic a n t ly  i n c r e a s e d  th e  r e c o v e r y  o f  n e m a to d e  eg g s  

a s  c o m p a r e d  w ith  th e  B a e r m a n n  a p p a r a t u s ,  an d  o t h e r  m e th o d s  t r i e d ,  

an d  m a d e  p o s s ib le  th e  e s t a b l i s h m e n t  o f  c o h o r t s  o f  s t a t i s t i c a l l y  r e s p e c 

ta b le  m a g n i tu d e .  F u r t h e r  m o d i f ic a t io n  of th e  te c h n iq u e  m a d e  p o s s ib l e  

th e  c o l le c t io n  of th e  q u a n t i t a t iv e  d a ta  n e e d e d  to  f o r m u l a t e  a  l i f e  t a b le  f o r  

th e  l a r v a l  s t a g e s  of th e  n e m a t o d e .  B e c a u s e  o f  th e  n a t u r e  o f  th e  d a ta ,  a  

m o d i f ie d  l i f e  ta b le  t e c h n iq u e  w a s  e m p lo y e d .  T h e  l i f e  t a b le  sh o w ed  f o r  

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

n u m b e r  o f  l o s s e s ,  an d  c o n d i t io n a l  an d  u n c o n d i t io n a l  p r o b a b i l i t y  o f  s u r 

v iv in g  to  th e  end  o f th e  i n t e r v a l  f o r  a n  i n i t i a l  c o h o r t  o f  1 ,0 0 0  n e m a t o d e s .
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F r o m  t h e s e  l i f e  ta b le  fu n c t io n s ,  th e  m e a n  l i f e t im e  (e^) w as  c a lc u la te d  

an d  u s e d  to  m e a s u r e  th e  e f f e c t  o f  s t r e s s  ( X - i r r a d i a t i o n  and  th e  c a r c i n 

o g e n ic  h y d r o c a r b o n ,  b e n z p y r e n e )  on th e  l a r v a l  s t a g e s  of th e  n e m a t o d e .

L a r v a l  s u r v i v o r s h i p  an d  o b s e r v a t io n s  on lo n g e v i ty  of a d u l ts  i n 

d ic a te d  a  p o s i t iv e ly  sk ew ed  J - s h a p e d  s u r v i v o r s h i p  c u r v e .

E x p o s u r e  to  a  s in g le  2 ,4 0 0  r  d o s e  d id  n o t  e f f e c t  th e  m e a n  l i f e 

t im e  o f th e  l a r v a e ;  1 6 ,0 0 0  r  s ig n i f ic a n t ly  d e c r e a s e d  th e  m e a n  l i f e t im e  

and  c o m p le te ly  in h ib i te d  m a t u r a t i o n  to  th e  a d u l t .

I t  h a s  b e e n  r e p o r t e d  t h a t  th e  n e m a to d e  c u t ic le  i s  a  l iv in g  s t r u c 

t u r e ,  and  th a t  d u r in g  m o l t in g  t h e r e  i s  i n c r e a s e d  a c t i v i t y  a n d  c o m p le x  

s t r u c t u r a l  c h a n g e s  o c c u r r i n g ;  i t  w a s ,  t h e r e f o r e ,  a n t i c ip a te d  th a t  a  s e r 

i e s  of c o n s e c u t iv e  s m a l l  d o s e s  of X - r a y  w ou ld  h a v e  a  m o r e  d e l e t e r i o u s  

e f fe c t  on  l a r v a e  th a n  a  l a r g e  s in g le  d o s e .  H o w e v e r ,  th e  n e m a to d e  l a r 

v a e  r e s p o n d e d  th e  s a m e  a s  o t h e r  b io lo g ic a l  s y s t e m s ,  th e  m o r e  s ig n i f i 

c a n t  e f f e c t  o c c u r r i n g  w i th  th e  l a r g e  s in g le  d o s e .

T h e  c a r c in o g e n ic  h y d r o c a r b o n  n o t  o n ly  s ig n i f ic a n t ly  r e d u c e d  th e  

m e a n  l i f e t i m e  o f th e  l a r v a e ,  b u t  a p p e a r e d  to  in h ib i t  t h e i r  m a t u r a t i o n  b e 

yond  th e  s e c o n d  s t a g e .
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