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INTRODUCTION

A n n e lid s  b e lo n g in g  t o  th e  fa m ily  T u b i f ic id a e  a r e  d i s t r i b u t e d  i n  

th e  bo ttom  s u b s t r a te s  o f  s tre a m s  and  la k e s  th ro u g h o u t th e  w o rld .

These form s a r e  p a r t i c u l a r l y  ab u n d an t i n  a r e a s  o f  o rg a n ic  e n r ic h m e n t. 

T u b i f ic id s  have been  shown to  be im p o r ta n t a s  b i o l o g ic a l - i n d i c a to r s  o f  

o rg a n ic  p o l l u t i o n  due to  th e  f a c t  t h a t  th e y  a r e  v e ry  r e s i s t a n t  t o  th e  

i n d u s t r i a l  and d o m estic  p o l l u t a n t s  t h a t  a r e  dumped in t o  o u r  w aterw ays 

each  y e a r .  They a re  a l s o  a b le  to  f l o u r i s h  i n  w a te r s  o f  v e ry  low  oxy­

gen  c o n te n t  (P a lm er, 1 9 6 8 ).

The genus L im n o d rilu s  C lap a red e  i s  one o f  th e  m ost s tu d ie d  g roups 

i n  t h i s  f a m ily .  T h is  i s  p ro b a b ly  due to  th e  g r e a t  numbers o f  i n d iv id ­

u a l s  o f  t h i s  genus t h a t  can  be found  i n  o r g a n ic a l ly  e n r ic h e d  s tream s 

n e a r  la r g e  m e tro p o li ta n  a r e a s  a s  w e l l  a s  s m a l le r  p o p u la tio n  c e n te r s  

(G oodnight and W h itle y , i 960 ; B r in k h u rs t  and Jam ieso n , 1971; Kennedy, 

1966a ,  1966b ) .

The worms u sed  i n  th e  p r e s e n t  s tu d y  a re  members o f  th e  genus 

l im n o d r i lu s .  T ax o n o m ica lly , th e s e  worms a r e  i d e n t i f i e d  by th e  o c c u r­

re n c e  o f  d o r s a l  and v e n t r a l  s e ta e  c o n s i s t in g  o f  b i f i d  c ro c h e ts ,  s p e r -  

m atopho res (sperm atozeugm a), lo n g  v a s  d e f e r a n s ,  and a n  a t r iu m  w ith  

s o l id  p r o s t a t e .  S p e c i f ic  c r i t e r i a  a r e  found i n  th e  s i z e  and shape o f  

th e  p a i r e d  c h i t in o u s  p e n is  s h e a th s .  T h is  taxonom ic c h a r a c te r  r e q u i r e s  

s e x u a l  m a tu r i ty  o f  th e  worm. V a r ia t io n  does o c c u r  i n  th e  p e n is  

s h e a th s ,  and t h i s  can  c au se  i d e n t i t y  c o n fu s io n . T im n o d rilu s  h o f f ­

m e i s t e r i  C la p a red e  shows th e  l e a s t  v a r i a t i o n  and i s  th e  s p e c ie s  u sed  

i n  t h i s  s tu d y .

1
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Numerous i n v e s t i g a t io n s  have b een  u n d e rta k e n  on worms o f  th e  

genus T .im nodrilus and  T u b ife x . Both a r e  members o f  th e  su b -fa m ily  

T u b i f ic in a e .  S tu d ie s  in c lu d e  e c o lo g ic a l  d i s t r i b u t i o n  i n  a re a s  su b ­

je c te d  to  heavy  sewage o u t f a l l s  (G au fin  and T a rz w e ll,  1956; H iltu n e n , 

1969; A ppleby and B r in k h u r s t ,  1 9 7 0 ); r e s i s t a n c e  o f  th e  worms to  v a r i ­

ous i n d u s t r i a l  e f f l u e n t s  ( I t o  and Kuwada, 196^ ; W h itten  and G oodnigh t, 

1966a; W h itle y , 1 9 6 8 ); worm e f f e c t s  due to  th e  a v a i l a b i l i t y  o f  oxygen 

w i th in  a  s tream  eco sy stem  (P o r and M asry, 1968 ; W alker, 1 970 ); u p ta k e  

and r e t e n t i o n  o f  v a r io u s  i s o to p e s  by  th e  worms (Tomiyama, I s h io  and 

K obayash i, 1956; W h itte n  and G oodnigh t, 1967 . 1968); th e  v a lu e  o f  

th e s e  worms a s  n u t r i t i v e  s o u rc e  i n  r e l a t i o n  to  f i s h  p r o d u c t iv i ty  

(S a d d le r ,  D ru eg e r, T in s le y  and Lowiy, 1967; Kennedy, 19 6 9 ); v i a b i l i t y  

o f  th e  o rgan ism  i n  th e  p re s e n c e  o f  a n t i b i o t i c s  (R ic e , 1939; C o l e r ,  

Gunner and Zuckma, 1968 ) ;  and th e  e f f e c t s  o f  X - i r r a d ia t io n  on th e  r e ­

g e n e ra t io n  p ro c e s s e s  o f  worm e x c ise d  t i s s u e s  (S to n e , 1932, 1933)* 

O th e r s tu d ie s  on T u b i f ic in a e  have in c lu d e d  t h e i r  l i f e  h i s t o r i e s  (Ken­

nedy , 1966b; D ixon, 1 9 1 5 ). a n a to m ic a l s t r u c t u r e  a t  th e  l i g h t  m icro ­

s c o p ic a l  l e v e l  (G atenby , 1 9 1 6 ), and a  g e n e ra l  ex am in a tio n  o f  t h e i r  

coe lom ic  c e l l s  (D ixon, 1915; S tep h en so n , 1930; Cook, 1969 ) .

The coelom ic  c e l l s  have i n t e r e s t e d  r e s e a r c h e r s  f o r  a number o f  

y e a r s .  T h is  i n t e r e s t  may be  due t o  some u n iq u e  p r o p e r t i e s  o f  th e s e  

c e l l s .  F or exam ple, c e r t a i n  o f  th e s e  c e l l s  i n  some o f  th e  in v e r t e ­

b r a te s  a r e  b e l ie v e d  to  b e  c ap a b le  o f  t r e p h o c y t ic  a c t io n s  (n u rs e  c e l l )  

and th e n  be p h a g o c y tic  o r  im p o r ta n t i n  wound h e a l in g  (S to n e , 1932; 

Liebm an, 19^7; R o o ts , 1957 , I9 6 0 ; Andrews, 1 9 6 5 ). Such c e l l s  a re  

th o u g h t t o  be c a p a b le  o f  d i f f e r e n t i a t i n g  to  m eet a  p a r t i c u l a r  need
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d u r in g  s t r e s s .  L i t t l e  in fo rm a tio n  i s  a v a i l a b l e  on  th e  coe lom ic  c e l l s  

o f  L im n o d rilu s . The re sp o n se s  o f  th e  worm to  v a r io u s  s t r e s s e s ,  i n ­

c lu d in g  p o l l u t a n t s ,  have been  s tu d ie d ;  b u t  th e  a c t io n  o f  th e  coelom ic  

c e l l s  d u rin g  th e s e  s t r e s s  p e r io d s  has n o t been  in v e s t i g a t e d .

A few s tu d ie s  have m o rp h o lo g ic a lly  i d e n t i f i e d  th e  coelom ic  c e l l s  

o f  s e v e r a l  s p e c ie s  o f  th e  su b -fa m ily  T u b i f ic in a e .  T hese i n v e s t ig a ­

t i o n s  w ere f o r  th e  m ost p a r t  o b ta in e d  from  chance o b s e rv a t io n s  th ro u g h  

th e  c h a r a c te r i z a t i o n  o f  new s p e c ie s .  In fo rm a tio n  on th e  coelom ic 

c e l l s  i n  r e g a rd  to  num bers, r a t i o s  o f  one c e l l  to  a n o th e r  o r  changes 

i n  r a t i o s  o f  th e s e  c e l l s  d u r in g  en v iro n m en ta l s t r e s s  o r  u n d e r la b o ra ­

t o r y  c o n d i t io n s  have n o t been  com piled  (See S tep h e n so n , 1 9 3 0 ).

These worms a re  known to  e x i s t  i n  g r e a t  abundance i n  th e  bo ttom  

sed im en ts  n e a r  some n u c le a r  r e a c t o r s .  I n  a l l  p r o b a b i l i t y  th e s e  worms 

have been  s u b je c te d  to  g r e a t  am ounts o f  io n iz in g  r a d i a t i o n  (sm a ll 

d o se s  o v e r lo n g  p e r io d s  o f  t im e ) .  I t  i s  known t h a t  th e s e  o rgan ism s 

s u rv iv e  h ig h  d o ses  o f  such  r a d i a t i o n  (S to n e , 1932, 1933)* However, 

s tu d ie s  have n o t q u a n t i t a t e d  su ch  e f f e c t s  on th e  coelom ic  c e l l s  o r  

re c o rd e d  any o b s e rv a b le  m o rp h o lo g ica l e f f e c t s  on th e  c e l l s  u n d er r a d i ­

a t i o n  s t r e s s .  S p e rm ato g en esis  and o o g e n e s is  has n o t b een  o b serv ed  

u n d e r r a d i a t i o n  s t r e s s .

The im p o rtan ce  o f  th e s e  worms a s  i n d i c a t o r  o rgan ism s su g g e s ts  

t h a t  s tu d ie s  a r e  needed a t  th e  c e l l u l a r  l e v e l  i n  o rd e r  to  b e t t e r  

u n d e rs ta n d  th e  p h y s io lo g ic a l  p ro c e s s e s  t h a t  e n a b le  th e s e  worms to  

w ith s ta n d  th e  s t r e s s e s  o f  r a d i a t i o n  and ex p o su re  to  many i n d u s t r i a l  

e f f l u e n t s .  The p r e s e n t  s tu d y  i s  d e s ig n e d  t o  d e te rm in e : 1 .  A mor­

p h o lo g ic a l  i d e n t i f i c a t i o n  o f  th e  coelom ic  c e l l s  o f  L im n o d rilu s
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h o f f m e i s t e r i ,  2 .  a  q u a n t i t a t i v e  a n a ly s i s  o f  th e  d i f f e r e n t  c e l l s  u n d e r 

s e a s o n a l  change a s  o b se rv ed  i n  t h e i r  h a b i t a t ,  and 3 .  t h e  e f f e c t s  o f  

X - i r r a d i a t i o n  on  th e  co e lo m ic  c e l l s  and  on p rim ary  sp e rm a to c y te s  a s  

o b se rv ed  u n d e r l a b o r a to r y  c o n d i t io n s .
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LITERATURE REVIEW

The B io lo g y  o f  l im n o d r i lu s  h o f f m e i s t e r i  and  r e l a t e d  T u b i f ic in a e

Kennedy (1966b) d e s c r ib e d  th e  l i f e  h i s t o r y  o f  L im n o d rilu s  h o f f ­

m e i s t e r i . T hree g ro u p in g s  w ere u sed  to  c h a r a c te r i z e  th e  age  o f  th e  

worm: 1 .  im m ature -  no p e n is  s h e a th ,  2 .  m atu re  -  p e n is  s h e a th  p r e ­

s e n t ,  and 3 . b re e d in g  -  sp e rm ato p h o res  (sperm atozeugm a) p r e s e n t .  A 

f o u r th  g ro u p in g  in c lu d e s  th e  p re se n c e  o f  coccoons on th e  worm s. L oca l 

c o n d i t io n s  a r e  s a id  to  cau se  v a r i a t i o n  i n  t h e  b re e d in g  s e a s o n .  How­

e v e r ,  an  a n n u a l peak  was o b se rv e d  by  Kennedy i n  l a t e  w in te r  and e a r l y  

s p r in g  f o r  worms in h a b i t i n g  s e le c te d  s tre a m s  i n  E n g lan d . K ennedy 's  

s tu d ie s  su g g e s te d  t h a t  th e  worm m atu red  i n  from  s i x  m onths to  two 

y e a r s  and w ould b re e d  i n  th e  f i r s t  and second  y e a r  o f  l i f e .  Most 

worms d ie d  a f t e r  b re e d in g  w h ile  o th e r s  w ere c a p a b le  o f  r e tu r n in g  to  

th e  im m ature s ta g e  and s u b s e q u e n tly  m a tu re  a g a in  and b re e d ,  o f t e n ,  i n  

th e  same y e a r  o r  a  fo llo w in g  y e a r .  H is s tu d ie s  showed t h a t  age d e t e r ­

m in a tio n  was v e ry  d i f f i c u l t  i f  n o t  e n t i r e l y  im p o s s ib le .

The s y s te m a tic s  f o r  t h i s  s p e c ie s  have b een  th o ro u g h ly  s tu d ie d  

(B r in k h u rs t  and  Jam ieso n , 1 9 7 1 ) . L im n o d rilu s  h o f f m e i s t e r i  i s  p la c e d  

i n  th e  s u b - fa m ily  T u b if ic in a e  a lo n g  w ith  se v e n  o th e r  g e n e ra :  T u b ife x ,

I s o c h a e t a , P e lo s c o le x , P o to m o th rix , P sam m oryc tides, A n t ip o d r i lu s . 

I l y d o r i l u s . The s u b - fa m ily  i s  c h a r a c te r i z e d  by a t r i a  w i th  an  a t ta c h e d  

s in g le  s o l id  p r o s ta t e  and th e  p re s e n c e  o f  sp e rm ato p h o res  (sp e rm a to -  

zuegma) i n  th e  sp e rm a th e c a e . A gain , th e  u se  o f  t h i s  sy stem  o f  c l a s s i ­

f i c a t i o n  r e q u i r e s  t h a t  t h e  worm be i n  i t s  b re e d in g  s ta g e  f o r  p o s i t i v e

5
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i d e n t i f i c a t i o n .  The p re se n c e  o r  ab sen ce  o f  coelom ocy tes i s  u sed  to  

c h a r a c te r i z e  members o f  th e  s u b - f a m il ie s  o f  T u b i f ic id a e .  The sub­

fa m ily  T u b i f ic in a e  i s  r e p o r te d  to  have no co e lo m o cy tes . T h is  c h a ra c ­

t e r i s t i c  i s  open  to  q u e s t io n  and w i l l  b e  c o n s id e re d  f u l l y  i n  th e  

d i s c u s s io n .

An e x te n s iv e  l i t e r a t u r e  s e a rc h  h as  found o n ly  th r e e  p a p e rs  d e a l ­

in g  w ith  X - i r r a d i a t i o n  e f f e c t s  on t u b i f i c i d  worms. S to n e  (1932, 1933) 

r e p o r te d  on  th e  e f f e c t s  o f  X -ray s  on th e  r e g e n e ra t io n  o f  e x c is e d  a n te ­

r i o r  and p o s t e r i o r  segm ents f o r  T u b ife x  tu b i f e x  (M u lle r ) • Worms w ith  

e x c is e d  p o s t e r i o r  segm ents w ere p la c e d  u n d er an  X -ray  tu b e  t h a t  d e l iv ­

e re d  2 3 7 .5  R /m inu te  f o r  v a r ie d  tim e  i n t e r v a l s .  T w e n ty -f iv e  m inu te 

ex p o su re  red u ce d  th e  number o f  worms c ap a b le  o f  r e g e n e ra t in g  p o s t e r i o r  

segm ents t o  a  v e ry  few , and a  t h i r t y  m inu te  ex p o su re  was r e p o r te d  to  

i n h i b i t  p o s t e r i o r  r e g e n e r a t io n .  The worms a f t e r  a  t h i r t y  m inu te  ex­

p o su re  w ere c a p a b le  o f  wound h e a l in g  w ith  a  fo rm a tio n  o f  w h at S tone  

c a l l s  an  " a n a l  k n o b " . The r e g e n e ra te d  segm ents from  exposed  T u b ifex  

c o u ld  n o t  b e  d i s t i n g u i s h e d  from  f r e s h ly  c o l l e c t e d  in d i v id u a l s .  Chlo­

rag o g en  c e l l s  a p p e a re d  a p p ro x im a te ly  30 days a f t e r  th e  b e g in n in g  o f  

r e g e n e r a t io n .  S to n e  s u g g e s te d  t h a t  th e s e  c e l l s  m ig h t have m ig ra te d  

in t o  th e s e  r e g io n s .

S tone  (1933) found  t h a t  worms w ith  e x c ise d  a n t e r i o r  segm ents sub­

je c t e d  to  9 ,0 0 0  R w ould n o t  r e g e n e ra te  new seg m en ts . Wound h e a l in g  

w ould o c c u r ,  and  th e  worms w ould s u rv iv e  upwards o f  two m onths a f t e r  

ex p o su re  b e f o r e  d e a th .  He co n c lu d ed  from  th e  X -ray  s tu d i e s  t h a t  

wound h e a l in g  and r e g e n e r a t io n  o f  segm ents a r e  in d e p e n d e n t o f  each  

o th e r .
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D obrovolsky  (196?) r e p o r te d  th e  e f f e c t s  o f  X -ray s  on th e  d ev e lo p ­

m ent o f  T u b ife x  tu b i f e x  em bryos. He s tu d ie d  e le v e n  s ta g e s  i n  th e  em- 

b ry o g e n e s is  o f  th e  worm. A t th e  s e le c te d  s ta g e ,  th e  d e v e lo p in g  worms 

w ere exposed  to  2 ,3 1 0  r a d s  ( r )  o r  4 ,6 2 0  r .  He found norm al em bryogen- 

e s i s  to  o c c u r  i n  th e  l a b o r a to r y  w i th in  21 to  26 d a y s . The p ro c e s s  

ap p ea red  to  b e  te m p e ra tu re  d e p e n d e n t. I r r a d i a t e d  em bryos d id  n o t s u r ­

v iv e .

The ch lo ra g o g e n  c e l l s  have b een  o b se rv ed  i n  o l ig o c h a e te s  f o r  many 

y e a r s  (C la p a re d e , l 86l ) .  They w ere found l i n i n g  th e  g u t  lum en th ro u g h ­

o u t m ost o f  th e s e  worms. The o f t e n  p e a r -s h a p e d , h ig h ly  g ra n u la te d  

c e l l s  (F ig u re  2 , p .  8 3 ) have b een  a n a ly se d  f o r  ch em ica l co m p o sitio n  

(R o o ts , 1957» I 9 6 0 ) .  She found th e  ch lo ra g o g e n  g ra n u le s  o f  earthw orm s 

to  c o n ta in  a p p ro x im a te ly  43$ c a rb o n , 6$  hydrogen , 4$  n i t r o g e n ,  3 «5$ 

p h o sp h o ru s , and  1% s u lp h u r .  She concluded  t h a t  th e  la c k  o f  l a r g e  am ounts 

o f  n i t r o g e n  i n  th e s e  c e l l s  in d i c a te d  t h a t  th e s e  c e l l s  have l i t t l e  i f  any 

r e l a t i o n s h i p  t o  n it ro g e n o u s  w a s te  e x c r e t io n .  The r e s u l t s  w ere su p p o rted  

by a  s tu d y  by Sem al-Van Gansen (1 9 5 6 ) . R oots l a t e r  r e p o r te d  phospho­

l i p i d s  and o th e r  l i p i d - s o l u b l e  compounds to  o ccu r i n  ch lo ra g o g en  t i s s u e  

o f  s e v e r a l  t e r r e s t r i a l  earthw orm s.

W h itten  and  G oodnigh t (1966b )  found th e  ch lo ra g o g en  t i s s u e  o f  

l im n o d r i lu s  h o f f m e i s t e r i  to  ta k e  up Sudan B lack  B v e ry  s t r o n g ly  w hich 

in d ic a te d  a  h ig h  l i p i d  c o n te n t  i n  th e s e  c e l l s .  O th er t i s s u e s  were 

s ta in e d  l i g h t l y  o r  n o t a t  a l l .  A u d io rad io g ra p h s  w ere exam ined a f t e r  

T .im nodrilus h o f f m e i s t e r i  had b e e n  exposed t o  r a d io a c t iv e  p h o sp h o ro u s.

The ra d io g ra p h s  showed phosphorous was r e a d i l y  ta k e n  up i n  t h e  c h lo ra ­

gogen t i s s u e .  T h is  in fo rm a tio n  a g re e d  w ith  R oots ( i 960 ) ,  and i t  was
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co n c lu d ed  t h a t  th e  ch lo ra g o g en  t i s s u e  o f  T .im nodrilus h o f f m e i s t e r i  

p ro b a b ly  c o n ta in s  p h o sp h o lip id s  and o th e r  l i p i d - s o l u b l e  com pounds. I n  

a d d i t io n ,  D jaczenko , e t  a l  (1969) u t i l i z i n g  th e  e l e c t r o n  m ic ro sco p e , 

exam ined th e  r ib o n u c le o p ro te in  com ponents i n  th e  n u c l e o l i  o f  c h lo ra g o ­

gen  c e l l s  i n  T u b ife x  t u b i f e x .

R oots (1957) c o n c lu s io n  t h a t  ch lo ra g o g en  c e l l s  w ere n o t in v o lv e d  

i n  n itro g e n o u s  w aste  e x c r e t io n  c o n t r ib u te s  to  a  s ta n d in g  argum ent on 

th e  fu n c t io n  o f  ch lo ra g o g en  c e l l s .  The argum ent a p p e a rs  to  be  l im i t e d  

t o  two b a s ic  l i n e  o f  th o u g h t:  p h a g o c y tic  fu n c t io n s  a n d /o r  t r e p h o c y t ic

f u n c t io n s .  T hree  s c h o o ls  o f  th o u g h t have d ev e lo p ed : 1 . Those who

b e l ie v e  t h a t  th e  ch lo ra g o g en  a r e  in v o lv e d  i n  e x c r e t io n  and a b so rb in g  

fo r e ig n  o r  d eca y in g  m a te r ia l  (P h a g o c y tic ) ;  2 .  Those who b e l ie v e  t h a t  

th e  ch lo ra g o g en  a r e  in v o lv e d  i n  n u t r i t i v e  fu n c t io n s  (T re p h o c y tic ) ;  and

3 .  A co m b in a tio n  o f  b o th . These p o in t s  a r e  rev iew ed  by R oots ( i 960 ) .

H e tm an  (19^7 ) d e s c r ib e d  a tr e p h o c y te  a s  a  d a u g h te r  c e l l  o f  c h lo ­

rag o g en  t i s s u e .  These c e l l s  w ere r e p o r te d  i n  T u b ife x  and E is e n ia  to  

be  a  so u rce  o f  n u t r i t i o n .  Growth c o r r e l a t i o n s  w ere made a f t e r  am puta­

t i o n  o f  p o s t e r i o r  segm en ts . The t r e p h o c y te s  w ere found  to  m ig ra te  to  

th e  wound s i t e  and  to  a id  i n  r e g e n e ra t io n .  T h is  would d e p le te  th e  

number o f  th e s e  n u t r i t i v e  c e l l s  from  around  th e  e g g s . C o n seq u en tly , 

egg p ro d u c tio n  w ould ce a se  u n t i l  th e  m ain r e g e n e ra t iv e  p ro c e s s  was 

o v e r .

O th e r coe lom ic  c e l l s  i n  members o f  th e  s u b -fa m ily  T u b if ic in a e  

have b een  r e p o r te d .  D ixon (1915) d e s c r ib e d  a  c l e a r  c o l o r l e s s  f l u i d  

w i th  a  number o f  c o lo r l e s s  c o rp u s c le s  f o r  T u b ife x  tu b i f e x . T hese 

c o rp u s c le s  w ould assume am eboid o r  s p h e r i c a l  sh a p e s . She n o te d  t h a t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9

the number of these corpuscles would vary enormously among individuals. 
Dixon stated that chloragogen cells lined the visceral layer of the 
gut lumen. Stephenson (1930) briefly reviewed the literature concern­
ing coelomic cells in Tubificidae. The ameboid cells of Tubifex were 
described to be lobed and approximately 20ju, in diameter. One or two 
nucleoli were found in the nucleus. little movement of these cells 
within the coelom was noted. Peloscolex benedeni was described to 
have coelomic cells that resembled chloragogen cells. It was noted 
that the chloragogen were more deeply colored than the coelomic cells. 
Recently, Vostal (1971) discussed the occurrence of ameboid cells in 
Tubifex tubifex.

S tang-V oss (1971) d e s c r ib e d  two ty p e s  o f  coelom ic c e l l s  i n  th e  

p o ly c h a e te ,  E is e n ia  f o e t i d a .  They a r e :  1 .  e le o c y te  and  2 .  amebo-

c y te .  E le o c y te s  a r e  r e le a s e d  from  th e  ch lo ra g o g en  t i s s u e .  The fu n c ­

t i o n  o f  t h i s  c e l l  was n u t r i t i v e  o r  t r e p h o c y t i c .  I n  e a r l y  s t a g e s ,  th e  

e le o c y te  was se e n  to  c o n ta in  ch lo ragosom es (F ig u re  h ,  p .  85 ) w hich w ere 

l a t e r  r e p la c e d  by  p r o te in  v a c u o le s  c o n ta in in g  hem oglobin  and f e r r i t i n .  

These p ro d u c ts  w ere r e le a s e d  i n t o  th e  hemolymph. Amebocytes w ere 

form ed from  th e  p e r i t o n e a l  e n d o th e liu m . The c e l l s  f u n c t io n  was de­

s c r ib e d  to  be f o r  t r a n s p o r t  and  p h a g o c y to s is .

Two general methods for obtaining coelomic cells have been de­
scribed for oligochaetes. These methods have been predominately used 
for terrestrial forms probably because they have been the most fre­
quently worked with. Keng ( I 895 ) described what this paper calls re­
flex bleeding as a natural oozing of substances from the pores, mouth 
and anal areas of Lumbricus. Reflex bleeding is a normal probably
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d e fe n s iv e  re sp o n se  from  th e  worm when p la c e d  i n  o r  on  a  f o r e ig n  su b ­

s ta n c e .  One i s  f a m i l i a r  w ith  th e  s t i c k y  m u c o u s- lik e  su b s ta n c e  t h a t  

c l in g s  to  th e  hand a f t e r  h a n d lin g  one o r  s e v e r a l  o f  t h e  earthw orm s. 

E n ch y traeu s  a lb id u s  w i l l  exude coelom ic  f l u i d  from  th e  m outh a n d /o r  

a n a l  a r e a ,  soon  a f t e r  one o f  th e s e  worms i s  p la c e d  on  a  g l a s s  s l i d e ,  

making th e  s tu d y  o f  c e l l s  w i th in  th e s e  f l u i d s  v e ry  e a s y .

E f f e c ts  o f  r a d i a t i o n  on s e le c te d  i n v e r t e b r a t e s

R a d ia t io n  s tu d ie s  w i th in  th e  i n v e r t e b r a t e s  have b een  p r im a r i ly  

co n ce rn ed  w ith  p o p u la t io n  and community r e s p o n s e s ,  i n d i v id u a l  and sp e ­

c i e s  r e s p o n s e s ,  and r a d io n u c l id e  c y c l in g  (N elson  and E vans, 1969; 

O’ B rie n  and W olfe , 196*4-; G rosch , 1965; W hitson , 1 9 7 2 ) . Those p a p e rs  

p e r t i n e n t  to  t h i s  i n v e s t i g a t i o n  a re  rev ie w e d .

Jayaram an and D ucoff (1970) o b se rv ed  p a r t i a l - b o d y  X - i r r a d i a t i o n  

on la rv a e  o f  T en e b rio  m o l i t o r .  They r e p o r te d  c r i t i c a l  s i t e s  f o r  l e ­

t h a l i t y  and d e la y  i n  p u p a t io n  to  o c c u r  i n  th e  a n t e r i o r  t h i r d  o f  t h e  

l a r v a e .  T o ro s s ia n  (1971) s tu d ie d  q u e e n le s s  w o rk er a n t s ,  D o lic h o d e ru s  

q u a d r ip u n c ta tu s . a f t e r  X- and  gamma ra y  ex p o su re  o f  from  1 ,0 0 0  r  t o

150 ,000  r .  H is f in d in g s  su g g e s te d  t h a t  th e  a d u l t  i s  r e s i s t a n t  t o  th e  

r a d i a t i o n .  However, o v a r ia n  t i s s u e  was v e ry  s e n s i t i v e ,  and  no m a t te r  

w hat th e  dosage s t e r i l i t y  w ould o c c u r  w i th in  a  few  d ay s a f t e r  expo­

s u r e .  Eggs p roduced  by i r r a d i a t e d  w o rk e rs  n e v e r  s u r v iv e d .  C a v a llo ro  

and  D e iro  (1971) r e p o r te d  no e f f e c t s  on th e  c o lle m b o la , H ypo g astru sa  

m e r id io n a le s , a f t e r  10 day s  from  gamma ex p o su re  o f  l e s s  th a n  100 ,000  r  

Low d o sag es  o f  up to  20 ,000  r  in c re a s e d  th e  lo n g e v i ty  o f  r a d ia t e d  o r ­

ganism s a s  com pared to  c o n t r o l s .  I n d iv id u a l  m o r t a l i t y  was a t t r i b u t e d
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to  i r r e p a r a b l e  damage to  t h e  c e n t r a l  n erv o u s  sy stem . C a ld ero n  and 

Gonen (1971) found  a d u l t  B p h e s tia  c a u t e l l a  lo n g e v ity  s h o r te n e d  i n  th e  

male a t  4 5 ,0 0 0  r .  S t e r i l i t y  o c c u r re d  f o r  b o th  m ale and  fem ale  a t  th e  

99+# a f t e r  e x p o su re  t o  4 0 ,0 0 0  r  and 4 5 ,0 0 0  r  r e s p e c t i v e l y .  S ingh  

(1971) s tu d ie d  th e  e f f e c t s  o f  low  l e v e l  gamma r a d i a t i o n  (500 R; 1 ,000  

R; 2 ,0 0 0  R) on th e  b e e t l e ,  R h y zo p erth a  d o m in ica .  O v ip o s i t io n  was de­

la y e d ,  and o v ip o s i t i o n  was te rm in a te d  e a r l i e r .  Abnormal eggs i n ­

c re a s e d ,  and l a r v a  from  norm al eggs d ie d  i n  10 to  15 d a y s .

C ooley and M i l l e r  (1971) exam ined c h ro n ic  i r r a d i a t i o n  on p o p u la ­

t i o n s  o f  th e  a q u a t i c ,  h e rm a p h ro d it ic  s n a i l  Physa h e te r o s t r o p h a .  S m all 

p o p u la t io n s  w ere p la c e d  u n d e r  a  c o n tin u o u s  so u rce  o f  gamma r a d i a t i o n  

th ro u g h o u t a  l i f e  sp a n . The l e v e l s  in c lu d e d  25 r / h o u r ,  10 r / h o u r ,  and 

1 r / h o u r .  The 25 r /h o u r  d o se  r a t e  e l im in a te d  r e p ro d u c t io n ,  and d e a th  

o c c u rre d  i n  one g e n e r a t io n .  R e p ro d u c tio n  reduced  s i g n i f i c a n t l y  a t  th e  

10 r / h o u r ,  and t h e  a u th o rs  s u g g e s te d  p o p u la t io n  d e a th  a f t e r  two g e n e r­

a t i o n s .  The d o se  r a t e  o f  1 r /h o u r  gave in d i c a t i o n  o f  red u ced  fe c u n ­

d i t y .  An e x a m in a tio n  o f  th e  o v o t e s t i s  a t  10 r /h o u r  o r  32 ,000  r  t o t a l  

dose  f o r  th e  e x p e rim e n t showed p a r t i a l  a t ro p h y .  The 25 r /h o u r  o r

80 ,000  r  t o t a l  d o se  f o r  t h e  e x p e rim e n t showed t o t a l  a tro p h y  o f  th e  

o v o t e s t i s .

R a d ia t io n  and  T u b i f ic id a e

T u b i f ic id  worms a l s o  known a s  s lu d g e  worms in h a b i t  th e  bo ttom  

se d im e n ts  o f  s t r e a m s ,  r i v e r s  and  l a k e s .  W h itten  ( 1966 ) s t a t e d  t h a t  

th e s e  o rg an ism s can  make up t o  80$  o f  th e  b iom ass i n  a r e a s  r e c e iv in g  

o rg a n ic  e n r ic h m e n t. N orm ally , su ch  e n r ic h e d  a r e a s  o f  o rg a n ic
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p o l l u t i o n  a re  lo c a te d  i n  and around  human p o p u la t io n s  in c lu d in g  r e s i ­

d e n t i a l  s i t e s ,  b u s in e s s  a r e a s ,  and n o ta b ly  i n d u s t r i a l  com plexes.

'W hitten  a l s o  n o te d  t h a t  e n r ic h e d  bo ttom  se d im e n ts  may b e  found to  con­

t a i n  a  la r g e  p r o p o r t io n  o f  r a d i o a c t i v i t y  i n  a n  a q u a t ic  eco sy s tem .

O phel (1962) r e p o r te d  r a d io a c t iv e  s tro n t iu m  t o  be c o n ta in e d  i n  t h e  to p  

one in c h  o f  th e  b e n th ic  ooze i n  a C anad ian  l a k e .  T h is  am ounted to  90$ 

o f  th e  t o t a l  r a d i o a c t i v i t y  i n  th e  l a k e .  The r a d io a c t iv e  su b s ta n c e  had 

seeped  in t o  th e  la k e  from  a  n ea rb y  l i q u i d  d i s p o s a l  a r e a .  I n  a  s im i la r  

s i t u a t i o n ,  t u b i f i c i d  worms w hich in h a b i t  th e s e  ty p e  o f  se d im e n ts  i n  

g r e a t  numbers co u ld  r e c e iv e  la rg e  d o sag es  o f  r a d i a t i o n .  The e f f e c t s  

o f  such  r a d i a t i o n  on T u b i f ic id s  and more im p o r ta n t ly  th e  food  web a r e  

unknown.

The I n t e r n a t i o n a l  J o i n t  Commission on  th e  p o l l u t i o n  o f  Lake E r ie ,  

Lake O n ta r io ,  and th e  i n t e r n a t i o n a l  s e c t io n  o f  th e  S t .  Lawrence R iv e r  

(C am pbell, 1969a ,  1969b ,  1969c ;  Heeney and H e r te r ,  1970) have c i t e d  

f i v e  m ain  s o u rc e s  o f  r a d io a c t i v e  s u b s ta n c e s  t h a t  a r e  dumped i n t o  th e  

above w a te rw ay s . They a r e :  n u c le a r  r e a c t o r s ,  w aste  p ro c e s s in g  p l a n t s ,

i n d u s t r i a l ,  m e d ic a l ,  and  r e s e a r c h .  The r a d io a c t iv e  w a s te s  a r e  d i s ­

ch a rg ed  in t o  th e  la k e s  d i r e c t l y  o r  th ro u g h  m u n ic ip a l se w e rs .

F u r th e r  a n a ly s e s  o f  t u b i f i c i d  d i s t r i b u t i o n s  i n  th e s e  w aterw ays 

(B r in k h u r s t ,  e t  a l ,  I 9 68 ; H iltu n e n , 1969; B r in k h u rs t ,  1969 ) shows 

c lo s e  r e l a t i o n s h i p s  t o  m u n i c ip a l i t i e s ,  n u c le a r  r e a c t o r s ,  and i n d u s t r i ­

a l  s i t e s  a s  n o te d  by  th e  I n t e r n a t i o n a l  J o i n t  Comm ission. I t  w ould 

seem from  th e  e v id e n c e  c i t e d  t h a t  th e s e  s lu d g e  worms a r e  l i k e l y  t o  be  

s u b je c te d  to  r a d io a c t iv e  su b s ta n c e s  t h a t  a r e  a l r e a d y  b e in g  p la c e d  in to  

w aterw ays and w ould p o t e n t i a l l y  be s u b je c te d  t o  a c c id e n ta l  s p i l l s  o r
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seep ag e  p ro b lem s. L i t t l e  w ork h as  b een  done co n ce rn in g  th e  e f f e c t s  o f  

r a d i a t i o n  s t r e s s  on th e s e  o rg a n ism s.
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METHODS AND MATERIALS

The m ethods and m a te r ia l s  h as  b een  d iv id e d  in t o  f o u r  s e c t i o n s .  

These s e c t io n s  r e p r e s e n t  th e  d i f f e r e n t  ex p e rim e n ts  c o n d u c te d . The 

fo u r  s e c t io n s  a r e :  1 . L a b o ra to ry  C u ltu r in g  and S u r g ic a l  T ec h n iq u es ,

2 .  M ethodology f o r  I r r a d i a t i o n  P ro c e d u re s , 3» H is to lo g ic a l  and 

P h o to m ic ro g rap h ic  T ech n iq u es , and 4 .  S t a t i s t i c a l  M ethods.

L a b o ra to ry  C u ltu r in g  and S u r g ic a l  T echn iques

A com parison  o f  c e l l s  from  b o th  l a b o r a to r y  c u l tu r e s  and from  

f i e l d  sam ples was do n e . The worms m a in ta in e d  i n  th e  l a b o r a to r y  w ere 

o b ta in e d  from  th e  P o rta g e  C reek  on o r  n e a r  th e  p ro p e r ty  o f  th e  A l l ie d  

P aper Company i n  K alama z oo , M ich ig an . Sam ples o f  th e  b e n th o s  w ere 

ta k e n  u s in g  an  Ekman d re d g e . The worms w ith  s u b s t r a t e  w ere t r a n s ­

f e r r e d  i mm e d ia te ly  to  th e  la b o r a to r y ,  p la c e d  i n  a  w e ll  a e r a te d  f iv e  

g a l lo n  a q u a r ia ,  k e p t a t  a  c o n s ta n t  te m p e ra tu re  (24° C *1 ) w ith  w e ll  

w a te r .  The o rgan ism s w ere a llo w e d  to  a d a p t f o r  a  p e r io d  o f  two weeks 

b e fo re  coe lom ic  f l u i d  a n a ly s i s  was do n e .

D uring  th e  f i e l d  s t u d i e s ,  worms w ere s e c u re d  a s  d e s c r ib e d  ab o v e . 

Worms w ere ta k e n  im m ed ia te ly  t o  th e  la b o r a to r y ,  s e p a ra te d  from  th e  

se d im e n ts , and t h e i r  coelom ic f l u i d s  c o l l e c t e d .

The s e p a r a t io n  o f  th e  worms from  th e  sed im en ts  can  be d i f f i c u l t ,  

e s p e c i a l l y  from  th e  tu b e  su rro u n d in g  th e  worms. T h is  tu b e  i s  composed 

from  su rro u n d in g  sed im en ts  and  from  worm m u c o -s e e re tio n s .  T h is  sep a ­

r a t i o n  problem  was so lv e d  by  ta k in g  a n  am ount o f  sed im en ts  c o n ta in in g  

th e  worms and p la c in g  b o th  i n t o  a  f i n g e r  bow l. W ater was n o t  add ed ,

14
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and th e  bo ttom  s u b s t r a t e  was s e p a ra te d  from  th e  worm u s in g  fo rc e p s  

and d i s s e c t in g  n e e d le s .  T h is  exposed  clumps o r  in d iv id u a l  worms w hich 

w ere th e n  p la c e d  in t o  a n o th e r  bowl c o n ta in in g  d i s t i l l e d  o r  w e l l  w a te r .

A t tim e s  tu b e s  would s t i l l  a d h e re  to  th e  worm, how ever, tim e  and a 

l i t t l e  p a t ie n c e  u s u a l ly  found t h a t  m ost worms would d i s a s s o c i a t e  w ith  

th e  tu b e .  Worm i d e n t i f i c a t i o n  fo llo w ed  B r in k h u r s t ’s  ( i 960 ) p ro c e d u re .

The worm was now re a d y  f o r  " b le e d in g ” .  T h is  p ro ced u re  was u n d e r ta k e n

so a s  to  p roduce a s  l i t t l e  s t r e s s  a s  p o s s ib le  t h a t  may i n t e r f e r e  w ith

th e  developm ent and i d e n t i f i c a t i o n  o f  coe lom ic  c e l l s .

The " b le e d in g "  m ethod in v o lv e d  ta k in g  a  sh a rp  in s t ru m e n t ,  p i e r c ­

in g  th e  c u t i c l e  th ro u g h  to  th e  coelom , w ith d raw in g  th e  in s tru m e n t and

c o l l e c t in g  th e  f l u i d s  a s  i t  flow ed  th ro u g h  th e  wound. F lu id s  a r e  gen­

e r a l l y  c o l le c te d  on g la s s  s l i d e s  f o r  m ic ro sc o p ic  e x a m in a tio n .

C u rio u s ly  enough, th e  p u n c tu re  te c h n iq u e  was h in d e re d  by th e  

worm’s p ro d u c tio n  o f  a  s e c r e te d  e n v e lo p e . Coelomic f l u i d  co u ld  be 

se e n  to  flo w  from  th e  wound b u t  t h i s  en v e lo p e  soon p re v e n te d  i t s  r e ­

le a s e  o n to  a  g la s s  s l i d e .  A m o d i f ic a t io n  o f  th e  te c h n iq u e  f o r  t h i s  

g roup  o f  worms c o n s is te d  o f  t e a r i n g  th e  s e c r e te d  e n v e lo p e , and  th e n ,  

g e n t ly  p u l l in g  th e  worms a lo n g  th e  g la s s  s l i d e  s u r f a c e  a f t e r  a  punc­

t u r e .  The coelom ic f l u i d s  w ere r e le a s e d  and a i r  f ix e d .

I n  t h i s  s tu d y , p u n c tu re s  w ere made betw een  segm ents 5 and  25 f o r  

th e  f i e l d  and r a d i a t i o n  s t u d i e s .  Segm ents 10 and 14 , in c lu d in g  th e  

c l i t e l l u m ,  w ere n o rm a lly  a  l i t t l e  w id e r  th a n  th e  r e s t  o f  t h e  worm and 

w ere th e  m ost r e c o g n iz a b le  a r e a  from  w hich to  c o l l e c t  f l u i d s .  However, 

a s  th e  worms become ^ p r o d u c t i v e l y  m a tu re , egg s a c s  and  sperm  s a c s  

d ev e lo p ed  in to  th e  coelom . T hus, p u n c tu re s  w i th in  th e s e  segm ents
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som etim e r e s u l t e d  i n  th e  r u p tu r e  o f  egg  s a c s  and  s p e rm e r ie s ,  c a u s in g  

t h e i r  r e l e a s e  o n to  t h e  s l i d e  w i th  co e lo m ic  f l u i d ,  th e re b y  a llo w in g  

e v a lu a t io n  o f  r e p ro d u c t iv e  m a tu r i t y .

Methodology for Irradiation Procedures

Worms used  i n  t h i s  e x p e rim e n t w ere c o l l e c t e d  from  P o r ta g e  C reek 

b y  th e  A l l ie d  P ap er Company i n  K alam azoo, M ich ig an , on  A p r i l  2 , 1972.

The w a te r  te m p e ra tu re  was a p p ro x im a te ly  2 0 °  C, and th e  a i r  te m p e ra tu re  

was around  15° C. The s tre a m  r e c e iv e s  h e a te d  w a te r s  u sed  by  th e  p a p e r  

company f o r  c o o lin g  p u rp o s e s .  The o rg an ism s suspended  i n  s u b s t r a t e  

w ere t r a n s p o r te d  t o  th e  l a b o r a to r y  and  s y s t e m a t ic a l ly  s e iv e d  to  a  

s ta n d a rd  s ie v e  #30 (590j» ) .  The worms p lu s  th e  rem a in in g  s u b s t r a t e  

w ere p la c e d  in t o  10 in c h  d ia m e te r  c i r c u l a r  g la s s  a q u a r ia .  F iv e  c u l­

t u r e s  w ere  e s t a b l i s h e d :  T h ree  f o r  r a d i a t i o n  l e v e l s  and two f o r  con­

t r o l s .  The c u l tu r e s  w ere th e n  p la c e d  i n t o  a  S h e re r  e n v iro n m e n ta l 

cham ber. The L ig h t/D a rk  (L/D) c y c le  was s e t  a t  n in e  (9 )  h o u rs  l i g h t  

and f i f t e e n  (1 5 ) h o u rs  d a r k .  The te m p e ra tu re  was m a in ta in e d  a t  2 0 .5 °

C* .5 °  th ro u g h o u t th e  e x p e r im e n t .  B oth in c a n d e s c e n t and f lu o r e s c e n t  

l i g h t s  w ere u s e d . The e v e n ly  d i s t r i b u t e d  l i g h t  was m easured  to  have 

a n  i n t e n s i t y  o f  200 f o o t  c a n d le s  o r  lum ens p e r  sq u a re  f o o t .  A W eston 

I l l u m in a to r  M eter M odel #756 u t i l i z i n g  a  f i l t e r  t o  c o lo r  c o r r e c t  f o r  

human ey es  was u se d  t o  m easure l i g h t  i n t e n s i t y .  The f i l t e r  a llo w s  

a c c u r a te  m easurem ent o f  f l u o r e s c e n t  and  tu n g s to n  l i g h t  s o u rc e s .

The s u b s t r a t e  f o r  c u l tu r in g  th e  worms c o n s is te d  o f  a  m ix tu re  o f  

p a p e r  f i b e r s ,  mud s i l t s ,  decom posing v e g e t a t i o n ,  u n id e n t i f i e d  s e e d s , 

and s m a ll  g r a v e l .  The s u b s t r a t e  co v e re d  th e  bo ttom  o f  t h e  a q u a r ia  t o
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a  d e p th  o f  a p p ro x im a te ly  1 /2  in c h .  A .0 1 $  K nop 's s o lu t io n  (T ab le  1 , 

p .  44) was added t o  a  d e p th  o f  1 in c h  above th e  s u b s t r a t e  (W h itte n , 

1 9 6 6 ). The Knop’ s  s o lu t i o n  was changed d a i l y  t o  p re v e n t  b a c t e r i a l  con­

ta m in a t io n .  The Knop’ s  s o lu t i o n  was s to r e d  i n  f i v e  g a l lo n  c o n ta in e r s  

and was c o n s ta n t ly  a e r a te d  t o  in s u r e  a v a i l a b l e  oxygen i n  t h e  w a te r  f o r  

th e  c u l tu r e s  th ro u g h o u t th e  e x p e r im e n t. P e r io d ic  m o n ito r in g  o f  th e  oxy­

gen ( m g / l i t e r )  was ta k e n  u s in g  th e  Hach k i t  m o d if ie d  A zid e-W in k le r 

m ethod. Oxygen l e v e l s  w ere n o rm a lly  betw een  4  and  6 m g / l i t e r  a f t e r  a  

24 h o u r p e r io d  and  n e v e r  below  2 m g / l i t e r .  The c u l tu r e s  w ere  a llo w e d  

to  a c c lim a te  i n  th e  e n v iro n m e n ta l cham ber f o u r  d ay s  p r i o r  t o  r a d i a t i o n  

e x p o su re .

The worms w ere p re p a re d  f o r  X - i r r a d i a t i o n  i n  th e  fo llo w in g  p ro ­

c e d u re . Four (4 ) o f  th e  f iv e  (5 ) c u l tu r e s  w ere em ptied  o f  th e  Knop’s 

s o lu t i o n .  I n d iv id u a l  c u l t u r e s ,  in c lu d in g  s u b s t r a t e  and worms, w ere 

p la c e d  in t o  Nasco ,rW h irly  Pak" p l a s t i c  c o n ta in e r s  m easu rin g  two (2 ) 

in c h e s  i n  w id th  and sev en  (7 ) in c h e s  i n  le n g th .  The bags when f i l l e d  

and c lo s e d  m easured a p p ro x im a te ly  one (1 ) in c h  i n  d e p th . T h is  p ro ­

ced u re  was u sed  f o r  t h e  p lacem en t o f  th e  sam ple u n d er t h e  r a d i a t i o n  

s o u rc e . Two c o n t r o l s  w ere u se d  i n  t h i s  e x p e r im e n t. C o n tro l 1 was 

l e f t  i n  th e  e n v iro n m e n ta l cham ber u n to u ch ed  d u r in g  th e  p e r io d  o f  tim e  

needed  f o r  i r r a d i a t i o n .  C o n tro l 2 w ent th ro u g h  th e  same p ro c e d u re s  a s  

th e  sam ples f o r  i r r a d i a t i o n  w i th  th e  e x c e p t io n  o f  r a d i a t i o n  t r e a tm e n t .  

The f o u r  ,rW hirly  P aks" w ere  p la c e d  i n t o  a  c a rd b o a rd  c o n ta in e r  and  w ere 

th e n  ta k e n  by au to m o b ile  to  th e  U pjohn Company i n  downtown K alam azoo.

The company’s  Van de G ra a f  a c c e l e r a t o r  was u sed  t o  g e n e ra te  a  so u rc e  

o f  X -ra y s . An in d i v id u a l  "W hirly  Pak” was p la c e d  on  a  co n v ey e r b e l t
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and m e c h a n ic a lly  moved i n t o  th e  t a r g e t  s i t e  a r e a .  A R oentgen (R) u n i t  

countdow n do sag e  m e te r  was s tra p p e d  a lo n g s id e  th e  "W hirly  Pak" to  r e ­

co rd  dosage  l e v e l .  I n d iv id u a l  "W hirly  P aks" w ere " rocked" back  and 

f o r t h  u n d e r  th e  t a r g e t  s i t e  to  h e lp  in s u r e  u n ifo rm  dosage th ro u g h o u t 

th e  sam p le . The " ro c k in g "  p ro ced u re  in v o lv e d  chang ing  th e  d i r e c t i o n  

o f  th e  co n v ey e r b e l t ,  a  mechanism b u i l t  i n t o  th e  in s tru m e n t .

T hree dosage  l e v e l s  w ere a d m in is te re d .  The l e v e l s  w e re :

1 . 7 ,0 0 0  R, 2 .  3 ,000  R, and 3 .  1 ,000  R. I n i t i a l l y ,  each  ’"W hirly

Pak" r e c e iv e d  10 p e r  c e n t  o f  i t s  t o t a l  d o sa g e . T h is  p ro ced u re  was 

u sed  due to  a  m is c a lc u la t io n  o f  R u n i t s  a d m in is te re d .  I n d iv id u a l  

"W hirly  Paks" w ere a g a in  p la c e d  i n  th e  t a r g e t  s i t e  and s u b je c te d  to  

th e  re m a in in g  90 p e r  c e n t  o f  th e  dosage l e v e l .  A pprox im ate ly  one ho u r 

e la p se d  from  th e  tim e  th e  f i r s t  and l a s t  ,rW h irly  Pak" was i r r a d i a t e d .  

Time z e ro  was e s ta b l i s h e d  a t  10 :00  AM e a s t e r n  s ta n d a rd  t im e , A p r i l  6 , 

1972.

The i r r a d i a t e d  s e r i e s  and c o n t ro l  worms w ere ta k e n  back  to  th e  

la b o r a to r y ,  p la c e d  in to  in d iv id u a l  g la s s  a q u a r ia ,  Knop’ s  s o lu t io n  add­

ed , and  c u l tu r e  m a in tenance  fo llo w e d  th e  p ro c e d u re  d e s c r ib e d  above 

(F ig u re  1 , p .  8 2 ) .

Ten (10 ) l im n o d r i lu s  h o f f m e is te r i  from  each  a q u a r ia  w ere ta k e n  

from  th e  c u l tu r e s  a t  p r e s c r ib e d  tim e  i n t e r v a l s  (T ab le  12 , p .  58 ) .  The 

co e lo m ic  f l u i d  was p la c e d  on g la s s  s l i d e s .  Worms w ere i d e n t i f i e d  p r i ­

m a r i ly  on  th e  b a s i s  o f  th e  ab sen ce  o f  h a i r  o r  p e c t in a t e  s e ta e  and th e  

p re s e n c e  o f  b i f i d  s e t a e .  P re v io u s  in v e s t i g a t io n s  i n  o u r  l a b o r a to r y  

s u p p o r te d  t h i s  method s in c e  p r e c i s e  i d e n t i f i c a t i o n  u s u a l ly  r e q u i r e s  

s a c r i f i c i n g  th e  o rg an ism . On o c c a s io n  th e  p e n is  s h e a th  co u ld  be
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o b se rv ed  u n d er th e  d i s s e c t in g  scope and p o s i t i v e l y  i d e n t i f i e d  a s  Timno- 

d r i l u s  h o f f m e i s t e r i .  I n  c e r t a i n  c a s e s  th e  sam ple number o f  t e n  was n o t 

u sed  b eca u se  sam ple number co u ld  n o t be  o b ta in e d  w i th in  a  p re d e te rm in e d  

2 h o u r sam p lin g , i d e n t i f i c a t i o n ,  and  coelom ic  f l u i d  c o l l e c t i o n  p e r io d  

o r  when th e  coe lom ic  f l u i d s  w ere l o s t  i n  p ro c e s s  o f  s t a i n i n g .  These 

worms, c h a r a c t e r i s t i c a l l y ,  a g g re g a te  i n  w a te r  when s u b s t r a t e  i s  n o t 

p r e s e n t ,  th e re b y ,  s im p l ify in g  th e  sam pling  p r o c e s s .  When worm a g g re ­

g a te s  w ere p r e s e n t ,  th e y  w ere s e le c te d  r a t h e r  th a n  i s o l a t e d  worms i n  

th e  s u b s t r a t e .

D i f f e r e n t i a l  c e l l  c o u n ts  w ere made u s in g  th e  f i r s t  100 c e l l s  r a n ­

domly o b se rv e d . T h is  m ethod i s  s im i l a r  to  th o s e  u sed  i n  v e r t e b r a t e

b lo o d  c o u n ts  (D avidsohn and  H enry, 1969 ) .  T hree c e l l  ty p e s  w ere

c o u n te d . A d e s c r ip t i o n  o f  th e  c e l l s  can  be  found  i n  th e  R e s u l t s  s e c ­

t i o n  o f  t h i s  p a p e r .

H is to lo g ic a l  and P h o to m ic ro g rap h ic  T echn iques

The coelom ic  f l u i d s  w ere f ix e d  by a i r  d r y in g .  The f l u i d s  w ere 

s ta in e d  w ith  W rig h t’s  (T ab le  1 ) ,  and  c o u n te r s ta in e d  w ith  Giemsa 

(T ab le  2 , p .  h5) when p h o to g rap h s  w ere d e s i r e d .  The fo llo w in g  tim e

sc h e d u le  was u sed  f o r  t h i s  s tu d y :

T h is  p ro c e d u re  p roduced  th e  r e s u l t s  d e s i r e d  f o r  g e n e ra l  m o rp h o lo g ic a l 

c h a r a c t e r i z a t i o n  o f  coe lom ic  c e l l s  u s in g  l i g h t  m icro sco p y  and p roduced  

e x c e l le n t  c o n t r a s t  f o r  p h o to g ra p h ic  p u rp o s e s .

W righ t ’ s  -S ta in  
W rig h t’ s  B u ffe r  
Giemsa . . . .

6 -  8 m in u tes
1 2 - 1 6  m in u tes  

45 m in u tes
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P ho tom icrographs w ere ta k e n  w ith  a  Z e is s  Model 1487 p h o to m ic ro - 

scope u s in g  a  35 n® f i lm  c a r t r i d g e .  C o lo r p h o to m icro g rap h s w ere ta k e n  

on Kodak’s Kodachrome I I  P r o f e s s io n a l  F ilm , Type A (KPA 135-3& ). T h is  

f i lm  i s  e s p e c i a l l y  d e s ig n e d  to  be u sed  w ith  p h o to f lo o d  lamps and y ie ld s  

e x c e l le n t  r e s o l u t i o n .  P ro c e s s in g  and developm ent was done com m ercial­

l y .

Panatom ic-X , a  f i n e  g r a in  p an ch ro m atic  f i lm ,  was u sed  f o r  b la c k  

and w h ite  p h o to m ic ro g rap h s . T h is  f i lm  i s  e s p e c i a l l y  good f o r  e n la rg ­

in g  w ith o u t l o s s  o f  im age s h a rp n e s s .  P r i n t s  w ere made u s in g  K odabro- 

mide F2 a n d /o r  Kodabromide F4 p a p e r .  The d e v e lo p e r  f o r  th e  p a p e r  was 

D ek to l (1 :2  d i l u t i o n ) ,  and f o r  th e  f i lm  was M icrodol-X  ( f u l l  s t r e n g t h ) ;  

b o th  used  a c c o rd in g  to  c o n v e n tio n a l f i lm  s p e c i f i c a t i o n s .

S t a t i s t i c a l  M ethods

A ll  s t a t i s t i c a l  m ethods w ere com pleted  u s in g  th e  PDP-10 tim e  

s h a r in g  com puter lo c a te d  on th e  campus o f  W este rn  M ichigan U n iv e r s i ty .  

C o n s u lta t io n  w ith  th e  com puter c e n t e r ’s  s t a t i s t i c i a n  p ro v id ed  th e  t e s t  

p ro c e d u re s  u sed  i n  th e  a n a l y t i c a l  w ork.

An a n a ly s i s  o f  v a r ia n c e  (ANOVA) was u sed  f o r  s e a s o n a l  f i e l d  d a ta  

and la b o ra to r y  d a t a .  I n d iv id u a l  c e l l  g ro u p s w ere compared w ith  each  

o th e r  f o r  th e  g iv e n  tim e  p e r io d  (T ab le s  5 .  6 , 7 , 9» 10 and 11 , p p . 4-9- 

5 7 ) .  B a r l e t t ’s  t e s t  was u sed  f o r  a n a ly s in g  hom ogeneity  o f  v a r ia n c e .

A two way a n a ly s i s  o f  v a r ia n c e  was u sed  to  a n a ly se  th e  d a ta  from  

th e  r a d i a t i o n  e x p e rim e n t. Time and dosage l e v e l s  w ere th e  two f a c t o r s  

a n a ly s e d . The in d iv id u a l  r a d ia t e d  c e l l  g ro u p s w ere compared w ith  each  

o th e r .  B a r t l e t t ’ s  t e s t  f o r  hom ogeneity  was u sed  to  t e s t  th e  d a t a .
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The c h i  sq u a re  v a lu e s  o b ta in e d  su g g e s te d  h ig h  v a r ia n c e  o f  t h i s  d a ta  

betw een  in d i v id u a l  o rg an ism s and  t h e i r  r e s p e c t iv e  c e l l  g ro u p s . T h is  

w ould have s u g g e s te d  t h a t  th e  a n a ly s i s  w ould have to  be v iew ed  cau­

t i o u s l y .  However, W iner (1971) p o in te d  o u t  t h a t  hom ogeneity  o f  e r r o r  

v a r ia n c e  can  be  s a t i s f i e d  th ro u g h  a  p ro p e r  t r a n s f o r m a t io n  o f  th e  d a ta  

p ro v id e d  c e r t a i n  c r i t e r i a  a r e  m e t. I n  t h i s  c a se  t h e r e  was a  h ig h  v a r ­

ia n c e  o f  a  b in o m ia l d i s t r i b u t i o n  o f  i n d i v id u a l  worm c e l l  g ro u p s .

(T h is  n o rm a lly  o c c u rs  i n  n a t u r e . )  S in c e  th e  b in o m ia l d i s t r i b u t i o n  i n  

t h i s  c a se  was p r o p o r t i o n a l ,  t h e  sam ple s i z e  was made in t o  a  s in g le  ob­

s e r v a t io n .  Based on  t h i s  p r o p o r t i o n a l  b in o m ia l a n  a r c s i n  t r a n s fo rm a ­

t i o n  was com pleted  f o r  s t a b i l i z i n g  v a r ia n c e .  The p ro c e d u re  fo l lo w s :

A lth o u g h , t h e r e  i s  no p re c e d e n t f o r  t h i s  ty p e  o f  a n a ly s i s  i n  t h i s  

f i e l d  o f  r a d i a t i o n  b io lo g y ,  t h i s  p ro c e d u re  was u sed  f o r  f i n a l  a n a ly t ­

i c a l  work i n  o r d e r  t o  d e te rm in e  i f  t h e r e  w ere  changes i n  c e l l  num bers 

due t o  th e  l e v e l  o f  r a d i a t i o n  a d m in is t r a te d  o r  i f  t h e r e  w ere  changes 

i n  c e l l  numbers o v e r  t im e  a f t e r  i r r a d i a t i o n .

A f te r  t h e  two way a n a l y s i s  was co m p le te d , a  two sam ple T ’s  t e s t  

f o r  v a r ia n c e  was u sed  t o  d e te rm in e  w here a  s i g n i f i c a n t  change o c c u r re d . 

F or i n s t a n c e ,  a  tim e  s e r i e s  was a n a ly se d  to  show a t  th e  v a r io u s  l e v e l s  

o f  r a d i a t i o n  w here ch an g es i n  c e l l  num bers had  o c c u r re d .  T h is  i n f  o r -  

m a tio n  was sum m arized w i th  th e  fo rm a tio n  o f  a  l i n e  s e p a r a t io n  t a b l e  

(W iner, 1971) t h a t  p ro v id e s  g ra p h ic  r e p r e s e n t a t i o n  a lo n g  t h e  tim e  

s e r i e s  w here changes i n  c e l l  num bers had  o c c u rre d  (See L in e  S e p a ra t io n
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T echn ique E x p la n a tio n  p re c e d in g  T ab le  19 , p .  7^0*

The l e v e l  o f  s ig n i f i c a n c e  f o r  a l l  a n a l y t i c a l  work was a t  th e  ,0 5  

l e v e l ,
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RESULTS

The r e s u l t s  have been  d iv id e d  in t o  fo u r  s e c t i o n s .  These s e c t io n s  

r e p r e s e n t  th e  d i f f e r e n t  ex p erim en ts  co n d u c ted . The fo u r  s e c t io n s  a r e :

1 ,  S ta g e  I  sperm  and coelom ic  c e l l s  o f  TAmnodrilus h o f f m e i s t e r i , 2 . 

L a b o ra to ry  c u l tu r e s  o f  worms -  D i f f e r e n t i a l  c e l l  co u n ts  (sperm and coe­

lo m ic  c e l l s )  o v e r  an  ex tended  p e r io d  o f  t im e , 3 . F ie ld  c o n d i t io n s  -  

D i f f e r e n t i a l  c e l l  co u n ts  (sperm  and coelom ic  c e l l s )  o v e r  th e  se a so n  o f  

th e  y e a r ,  and 4 .  R a d ia tio n  ex p erim en t -  E f f e c t  o f  X - i r r a d i a t i o n  on 

S ta g e  I  sperm  and coelom ic  c e l l s  and on d i f f e r e n t i a l  c o u n ts .

S ta g e  I  sperm  and coelom ic c e l l s  o f  L im n o d rilu s  h o f f m e is t e r i

The coelom ic  c e l l s  o f  l im n o d r ilu s  h o f f m e is te r i  can  be grouped 

in t o  two c a te g o r ie s :  1 ,  The am ebocyte o r  lym phocyte, and 2 . th e

c h lo ra g o g e n . The te rm , am ebocyte, w i l l  be  m o rp h o lo g ic a l i n  u se  and 

w i l l  n o t im ply  a  f u n c t io n a l  o r  p h y s io lo g ic a l  r o l e ,  Amebocyte a s  u sed  

i n  t h i s  s tu d y  w i l l  be a  c o l l e c t i v e  te rm  f o r  th o s e  c e l l s  t h a t  a r i s e  

from  one o r  more t i s s u e s  o th e r  th a n  ch lo ra g o g en  and t h a t  m ig ra te  w ith ­

i n  th e  coelom . The lym phocyte and th e  am ebocyte som etim es a re  synony­

mous te rm s  (V o s ta l ,  1 9 7 1 ). The am ebocytes o b se rv ed  i n  L im n o d rilu s  

h o f f m e is t e r i  w ere found to  be c o n s i s t e n t ly  o f  one form (F ig u re s  3 and 4 , 

p p . 84 and  85 ) .  The rounded c e l l s  w ere ap p ro x im a te ly  20 i n  d ia m e te r  

and c o n ta in e d  a  d i s t i n c t  a c id o p h i l i c  n u c le u s . A n u c le o lu s  som etim es 

was v i s i b l e  u s in g  l i g h t  m icro sco p y . The cy to p lasm  s ta in e d  w ith  b a s ic  

d y e s .  The am ebocytes w ere few i n  number and v a r ie d  from one in d iv id u a l  

t o  a n o th e r  (T a b le s  4  and 8 , p p . 47  and 31 )•

23
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C hloragogen  c e l l s  a r i s e  from  th e  ch lo rag o g en o u s t i s s u e  w hich i s  a 

m o d if ic a t io n  o f  th e  v i s c e r a l  p e r ito n e u m . These c e l l s  a r e  e a s i l y  id e n ­

t i f i e d  by t h e i r  d a rk  g ra n u le s  known a s  ch loragosom es (F ig u re s  2 ,  3 and 

k ) .  The chloragosom e g ra n u le s  a r e  s im i la r  i n  s iz e  th ro u g h o u t th e  

ch lo ra g o g en  c e l l s .  The ch lo ra g o g e n  c e l l  i s  q u i t e  l a r g e ,  kO m* i n  diam­

e t e r ,  w ith  a  d i s t i n c t  n u c le u s  w hich i s  a c i d o p h i l i c .  The cy to p lasm  i s  

b a s o p h i l ic .  These c e l l s  can  be found th ro u g h o u t th e  coelom and have 

been  o b se rv ed  w ith in  th e  d e v e lo p in g  egg s a c .

The m o rp h o lo g ic a l s ta g e s  o f  sp e rm a to g e n e s is  have n o t b een  de­

s c r ib e d  i n  L im n o d rilu s  h o f f tn e i s t e r i . A lthough , a  d e s c r ip t i o n  o f  s p e r ­

m a to g en es is  was an  o r i g i n a l  g o a l  o f  t h i s  i n v e s t i g a t i o n ,  th e  problem  

became v e ry  com plex and to o  tim e  consuming to  c o m p le te . T h e re fo re ,  

t h i s  s tu d y  i d e n t i f i e d  a  S ta g e  I  sperm  w hich has b een  r e p o r te d  t o  be 

a s s o c ia te d  w ith  p rim ary  sp e rm a to c y te s  (D ixon, 1915)* T h is  ty p e  o f  

sperm  was th e  o n ly  c o n s i s t e n t  s ta g e  o f  developm ent o b se rv e d . S ta g e  I  

sperm  o c c u rre d  a s  an  a g g re g a t io n  o f  a p p ro x im a te ly  25 c e l l s  w hich  a s ­

s o c ia te d  i n t o  a  m o ru la - l ik e  s t r u c t u r e  (F ig u re s  3 and k ) .  The n u c le u s  

o f  each  c e l l  was d i s t i n c t  and to o k  an  a c id  s t a i n  medium. The c y to ­

plasm  s ta in e d  i n  a  b a s ic  medium.

L a b o ra to ry  c u l tu r e s  o f  worms -  D i f f e r e n t i a l  c e l l  c o u n ts  (sperm  and 
coelom ic  c e l l s )  o v e r  an  ex ten d ed  p e r io d  o f  tim e

An a n a ly s i s  o f  v a r ia n c e  d e s ig n  was s e tu p  to  m easure two v a r i ­

a b l e s :  1 .  Was th e r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  c e l l  numbers o v e r

tim e?  2 .  D id th e  worms v a ry  d u r in g  th e  tim e  p e r io d  o f  th e  e x p e r i ­

ment?

The ex p erim en t began i n  e a r l y  w in te r  and was te rm in a te d  i n
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midsummer. T ab le  4  shows th e  raw  d a ta  f o r  numbers o f  c e l l s  and th e  

d a te s  u se d  f o r  c o l l e c t i o n  o f  coelom ic  f l u i d s .  T ab le s  5 and  6 i n d i c a t e  

s i g n i f i c a n t  d i f f e r e n c e s  i n  c e l l  numbers f o r  b o th  th e  ch lo ra g o g e n  c e l l s  

and th e  am ebocytes o v e r  t im e .  I n  t a b l e  7 i t  can  be s e e n  t h a t  th e r e  

w ere no s i g n i f i c a n t  changes i n  numbers o f  m orula  s t r u c t u r e s  o b se rv ed  

f o r  S ta g e  I  sperm . As can  be  seen  from  t a b l e s  5 and 6 , worm v a r i a t i o n  

was n o t s i g n i f i c a n t  enough t o  r e j e c t  th e  F s t a t i s t i c  a t  g r e a t e r  th a n  

th e  .0 5  l e v e l  o f  s ig n i f i c a n c e .  I n  t a b l e  7 worn v a r i a t i o n  was s i g n i f ­

i c a n t  so t h a t  th e  F s t a t i s t i c  a t  g r e a t e r  th a n  th e  .05  l e v e l  o f  s i g n i f ­

ic a n c e  was r e j e c t e d .

Cell sizes and shapes did not change during this study over time.

Field conditions - Differential cell counts (sperm and coelomic cells) 
over the seasons of the year

The sam ple s i z e  o f  L im n o d rilu s  h o f f m e is t e r i  u sed  f o r  th e  c e l l  

s t u d i e s  i n  t h i s  ex p erim en t was ta k e n  from  a  group o f  100 random ly 

c o l l e c t e d  worms. T ab le  3» p .  ^ 6 , shows th e  p e rc e n ta g e  o f  T .im nodrilus 

h o f f m e i s t e r i  among th e  T u b if ic id a e  found i n  th e  b e n th o s  o f  P o rta g e  

C reek .

The same t e s t  and q u e s t io n s  a s  s t a t e d  above w ere u sed  on th e  

d a ta  c o l le c t e d  from  th e  f i e l d  s t u d i e s .  The raw d a ta  f o r  numbers o f  

c e l l s  and th e  d a te s  u sed  f o r  c o l l e c t i o n  o f  coelom ic  f l u i d s  i s  shown i n  

T ab le  8 .  T ab les  9» 10 and  11 a r e  ANOVA t e s t s  to  m easure s i g n i f i c a n t  

d i f f e r e n c e s  i n  c e l l  numbers f o r  th e  ch lo ra g o g e n , am ebocy tes, and S ta g e  

I  sperm  from  e a r l y  f a l l  th ro u g h  summer. Worm v a r i a t i o n  (T ab le s  9» 10 

and  11) was n o t  s i g n i f i c a n t  enough to  r e j e c t  th e  F s t a t i s t i c  a t  g r e a t ­

e r  th a n  th e  .05  l e v e l  o f  s ig n i f i c a n c e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

The numbers o f  in d i v id u a l  c e l l s  from  ch lo ra g o g e n , am ebocy tes, and 

S tag e  I  sperm  v a r ie d  from  one o rg an ism  to  a n o th e r .  S in c e  th e  homoge- 

n i e ty  t e s t s  o f  v a r ia n c e  was r e j e c t e d ,  th e  in fo rm a tio n  i n  T a b le s  9* 10 

and 11 h as to  be v iew ed c a u t io u s ly .

C e l l  s i z e s  and sh ap es  d id  n o t change d u r in g  th e  tim e  o f  t h i s  s tu d y .

R a d ia tio n  ex p e rim en t -  E f f e c t  o f  X - i r r a d i a t i o n  on S ta g e  I  sperm  and 
coelom ic  c e l l s  and on  d i f f e r e n t i a l  c o u n ts

Few b e h a v io ra l  changes among th e  worms were n o te d  d u r in g  th e  

c o u rse  o f  th e  e x p e r im e n t. The worms w i th in  th e  ,rW h irly  P aks” ap p ea red  

to  rem ain  random ly  d i s t r i b u t e d  w h ile  b e in g  exposed t o  th e  x  r a y .  One 

e x c e p tio n  was th e  3»000 R g roup  i n  w hich th e  worms had  p r e v io u s ly  

clumped n e a r  th e  to p  o f  th e  "W hirly  Pak" ( n e a r e s t  th e  beam o f  x  r a y s ) .  

A f te r  ex p o su re  to  th e  r a d i a t i o n ,  th e  worms had m ig ra te d  t o  th e  bottom  

o f  th e  ,rW hirly  Pak" o r  away from  th e  x  r a y  s o u rc e . T hroughou t t h i s  

ex p e rim en t th e  worms rem ained  s e n s i t i v e  t o  l i g h t ,  to u c h ,  o r  o th e r  ab­

norm al sh o ck . C h a r a c t e r i s t i c a l l y ,  th e  worms would w ith d raw  i n t o  t h e i r  

tu b e s  o r  clump to g e th e r  when d i s tu r b e d .  They r e s p i r e d  i n  th e  norm al 

in v e r t e d  p o s i t i o n .

Two m ajo r changes w ere o b se rv e d  i n  t h e  th r e e  c e l l  g ro u p s  u n d er 

s tu d y .  The c h lo ra g o g e n  c e l l s  became h e a v i ly  g r a n u la te d  and  in t e n s e l y  

b la c k  (F ig u re  8 , p .  8 9 ) .  O b se rv a tio n s  o f  th e  g u t lum en c o n ta in in g  c h lo ­

rag o g en  t i s s u e  a g a in  showed a  " c h a rc o a l  b la c k "  e f f e c t .  The i n t e s t i n a l  

a r e a  ap p ea red  to  be a  " c h a rc o a l  b la c k "  w ith  i n t e n s e ly  g ra n u la te d  

ch lo ra g o g en  c e l l s  c i r c u l a t i n g  i n  and aro u n d  th e  p a r e n t  ch lo rag o g en o u s  

t i s s u e .  The ap p ea ran ce  o f  t h e  h eavy  g r a n u la t io n  i n  th e s e  c e l l s  oc­

c u r re d  around  tim e  s e r i e s  s i x  (170  h o u rs  p o s t  i r r a d i a t i o n )  f o r  a l l
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t h r e e  l e v e l s  o f  r a d i a t i o n .  The l a s t  sam ple , tim e  s e r i e s  n in e  (768  

h o u rs  p o s t  i r r a d i a t i o n ) ,  showed th e  " c h a rc o a l  b la c k "  e f f e c t  o f  th e  g u t 

lum en due to  th e  heavy g r a n u la t io n  o f  th e  ch lo rag o g en o u s  t i s s u e .  The 

c o n t r o l  g ro u p s  d id  n o t show t h i s  e f f e c t .

The second  m ajo r change n o te d  was th e  n e c r o s is  and su b se q u en t lo s s  

o f  S ta g e  I  sperm . The m oru la  c e l l s  became v a c u o la te d  and c o n ta in e d  

p y k n o tic  n u c le i  (F ig u re s  9 and 10 , p p . 90 and 9 1 ) .  Com plete d e t e r i o r a ­

t i o n  o f  th e  m oru la  s t r u c t u r e  fo llo w e d . O th e r sperm  s ta g e s  w ere a f f e c t e d  

(F ig u re s  10 and 11 , pp . 91 and 9 2 ) .  The r a p id  d e t e r i o r a t i o n  and lo s s  

o f  t h i s  t i s s u e  fo rm a tio n  o c c u rre d  i n  worms exposed  to  each  o f  th e  th r e e  

l e v e l s  o f  r a d i a t i o n  around  tim e  s e r i e s  s i x  (170  hou rs  p o s t  i r r a d i a t i o n )  

(T ab le  1 2 ) .  The number o f  th e s e  c e l l s  d ropped  d r a m a t ic a l ly  a f t e r  s e r i e s  

s i x  to  a lm o s t no S tag e  I  sperm  by s e r i e s  n in e  (768  h o u rs  p o s t  i r r a d i a ­

t i o n )  (T ab le  1 2 ) .

V ery few  am ebocytes w ere o b se rv ed  d u r in g  t h i s  ex p e rim en t (T ab le  

1 2 ) .  No changes w ere o b se rv ed  i n  th e  g e n e ra l  m orphology o f  th e s e  

c e l l s .  T h is  o b s e rv a t io n  in c lu d e d  b o th  r a d ia te d  worms and  c o n t r o l  

g ro u p s .

A tw o way a n a ly s i s  o f  v a r ia n c e ,  u s in g  a n  a r c s i n  t r a n s f o r m a t io n ,  

was s e t  up  to  m easure two v a r i a b le s  a g a in s t  a  c o n t r o l  g ro u p : 1 .  Were

t h e r e  d i f f e r e n c e s  i n  c e l l  numbers (com pared w ith  a  c o n t r o l )  a f t e r  X- 

i r r a d i a t i o n  o v e r  th e  tim e  s e r i e s  u sed  i n  th e  experim en t?  2 .  Were 

t h e r e  d i f f e r e n c e s  i n  c e l l  numbers due t o  th e  l e v e l  o f  r a d i a t i o n  (7 .000  

R , 3 .0 0 0  R, 1 ,0 0 0  R) a f t e r  ex p o su re  t o  a  worm c u l tu r e ?  The t e s t  was 

u sed  w ith  b o th  c o n t r o l  1 and c o n t r o l  2 . F o r exam ple, a  r a d ia t e d  c e l l  

g ro u p ; i e ,  c h lo ra g o g e n ; was com pared w ith  th e  c o n t r o l  1 c e l l  g roup  and
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th e n  w ith  th e  c o n t r o l  2 c e l l  g ro u p . A lso , th e  above t e s t  was u sed  to  

check  f o r  d i f f e r e n c e s  betw een  th e  c o n t r o l  g ro u p s .

T ab le  12 shows th e  raw  d a ta  f o r  numbers o f  c e l l s  and th e  tim e  i n ­

t e r v a l s  a f t e r  i r r a d i a t i o n  f o r  t h i s  e x p e rim e n t. The number o f  amebo­

c y te s  was a lm o s t n e g l ig ib l e  f o r  b o th  r a d ia t e d  and c o n t r o l  g roups 

(T a b le  1 2 ) .  I t  was n o t p o s s ib le  t o  t e s t  th e  number o f  am ebocytes f o r  

v a r i a t i o n s  due to  tim e  a f t e r  r a d i a t i o n  exposu re  o r  t o  a n a ly s e  f o r  d i f ­

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

Time was th e  o n ly  v a r i a b l e  i n  t h i s  ex p erim en t t h a t  showed s i g n i f ­

i c a n t  d i f f e r e n c e s  w ith  th e  c h lo ra g o g e n  c e l l s  and f o r  S ta g e  I  sperm 

when th e s e  c e l l s  w ere com pared to  b o th  t h e i r  c o n t r o l  g roups (T a b le s  13, 

14 , 15 and 16 , p p . 6 8 -7 1 ) . The l e v e l s  o f  r a d i a t i o n  d id  n o t show s ig ­

n i f i c a n t  d i f f e r e n c e s  (T ab le s  1 3 , 14, 15 and 1 6 ) .  I t  w ould a p p e a r  

t h a t  th e  t h r e e  dosage  l e v e l s  had th e  same e f f e c t .  One e x c e p tio n  was 

t h e  c h lo ra g o g e n  c e l l s  when com pared t o  c o n t ro l  g roup  2 (T ab le  1 5 ) .

T h is  w i l l  r e c e iv e  f u r th e r  a t t e n t i o n  i n  t h e  d is c u s s io n .

T a b le s  17 and  18 , p p . 72 and 73 , com parison  o f  c o n t ro l  1 a g a in s t  

c o n t r o l  2 ,  showed no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  c e l l  g roups o r  

t h e i r  r e s p e c t iv e  num bers. I t  w ould a p p e a r  from  t h i s  in fo rm a tio n  t h a t  

t h e r e  was l i t t l e  d i f f e r e n c e  betw een  c o n t r o l  1 and c o n t r o l  2 a s  t o  c e l l  

num bers i n  a  r e s p e c t iv e  c e l l  g roup  o v e r  th e  d u r a t io n  o f  t h i s  e x p e rim en t.

The e f f e c t s  o f  r a d i a t i o n  o v e r  tim e  was shown t o  be p o s i t i v e  i n  

th e  ANOVA t e s t .  The q u e s t io n  n e x t ask ed  w as: When do th e  changes

o c c u r  a f t e r  tim e  z e ro ?  To an sw er t h i s  q u e s t io n ,  a  Two Sample T ’s  

T e s t  f o r  V a ria n c e  (WMU Computer C e n te r)  was u s e d . T h is  t e s t  was sum­

m a riz e d  u s in g  a  l i n e  s e p a r a t io n  t a b l e  (W iner, 1 9 7 1 ).
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The r e s u l t s  o f  t h i s  t e s t  a r e  g iv e n  i n  T ab le s  19» 20 and  2 1 , p p . 

7 4 -7 7 . I t  a p p e a rs  t h a t  th e  changes w ere m ost pronounced  betw een  tim e  

s e r i e s  s i x  (170 h o u rs  p o s t  i r r a d i a t i o n )  and tim e  s e r i e s  sev en  (33^ h o u rs  

p o s t  i r r a d i a t i o n ) .  T here i s  a  d is c re p a n c y  i n  th e  7 ,000  R group  (T ab le  

1 9 ) , w hich  i s  d is c u s s e d  l a t e r .  The c o n t r o l  g roups showed l i t t l e  d i f ­

f e r e n c e s  o v e r  th e  same tim e  s e r i e s  (T ab le s  22 and 2 3 , p p . 7& and 7 9 ) .

The am ebocytes co u ld  n o t be a n a ly se d  due to  t h e i r  low  num bers.
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DISCUSSION

The d is c u s s io n  o f  th e  c e l l s  o f  l im n o d r i lu s  h o f f m e is t e r i  i s  d iv id ­

ed in t o  th e  fo llo w in g  s e c t i o n s :  1 . D em o n stra tio n  o f  th e  p re se n c e  o f

coelom ic  c e l l s  i n  th e  T u b i f ic in a e ,  T im n o d rilu s  h o f f m e i s t e r i .  2 .  Use 

o f  coelom ic  c e l l s  a s  s y s te m a tic  c h a r a c te r s .  3 . D em o n s tra tio n  o f  th e  

p re se n c e  o f  S ta g e  I  sperm  i n  th e  T u b i f ic in a e ,  L im n o d rilu s  h o f f m e i s t e r i . 

k .  A s tu d y  o f  changes i n  c e l l  m orphology and numbers o c c u r r in g  u n d e r 

f i e l d  c o n d i t io n s  (s e a so n s  o f  th e  y e a r )  and u n d er l a b o r a to r y  c o n d i t io n s .  

5 .  A s tu d y  o f  changes i n  c e l l  m orphology and numbers a f t e r  X - i r r a d i a -  

t i o n .  6 . R esea rc h  q u e s t io n s  w hich t h i s  work has p ro d u ced .

D em o n stra tio n  o f  th e  p re s e n c e  o f  coelom ic  c e l l s  i n  th e  T u b i f i c in a e ,
T .im nodrilus h o f f m e i s t e r i

O ccurrence o f  coelom ic  c e l l s  i n  L im n o d rilu s  h o f f m e is t e r i  was 

d em o n stra ted  i n  t h i s  i n v e s t i g a t i o n  (F ig u re s  3 and U-) .  The co e lo m ic  

f l u i d s  c o n ta in in g  th e  co e lo m ic  c e l l s  w ere ta k e n  from  l i v e  sp ec im en s . 

T h is  p ro ced u re  was u s e f u l  f o r  th e  i d e n t i f i c a t i o n  o f  coe lom ic  c e l l s  f o r  

T.•imnodrilus h o f f m e i s t e r i .

The coelom ic  f l u i d s  w ere c o l le c t e d  by ta k in g  a  sh a rp  in s tru m e n t ,  

p ie r c in g  th e  c u t i c l e  th ro u g h  to  th e  coelom , w ith d raw in g  th e  i n s t r u ­

ment and c o l l e c t i n g  th e  f l u i d s  a s  i t  flow s th ro u g h  th e  wound. F lu id s  

a r e  g e n e r a l ly  c o l l e c t e d  on g la s s  s l i d e s  f o r  m ic ro sc o p ic  e x a m in a tio n . 

T h is  method h a s  b een  u sed  a s  e a r l y  a s  Keng ( I 895 ) .

The coelom ocy tes o f  T.■imnodrilus h o f f m e is t e r i  can  be  g rouped  i n t o  

two c a t e g o r ie s :  1 . th e  am ebocyte , and 2 .  th e  c h lo ra g o g e n . The 

am ebocyte (F ig u re s  3 and h ) i s  a  s p h e r ic a l  c e l l  a p p ro x im a te ly  20m. i n
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d ia m e te r .  I t  c o n ta in s  a  d i s t i n c t  n u c le u s ,  and a  f r e q u e n t ly  v i s i b l e  

n u c le o lu s .  The ch lo ra g o g en  c e l l  i s  q u i t e  l a r g e ,  40-i*« i n  d ia m e te r ,  and 

c o n ta in s  a  d i s t i n c t  n u c leu s  (F ig u re s  3 and 4 ) .  T h is  c e l l  i s  e a s i l y  

i d e n t i f i e d  by th e  d a rk  g ra n u le s  known a s  ch lo ragosom es (F ig u re s  3 and 

*0 .

Use o f  coelom ic  c e l l s  a s  s y s te m a tic  c h a r a c te r s

Some in v e s t ig a t o r s  have s u p p o r te d  th e  e x i s te n c e  o f  coe lom ic  c e l l s  

i n  a n o th e r  genus o f  th e  s u b - fa m ily  T u b i f ic in a e :  T u b ife x .  D ixon

( 1915 ) d e s c r ib e d  c o rp u s c le s  t h a t  w ould assum e am eboid o r  s p h e r i c a l  

s h a p e s . S tep h en so n  (1930) d e s c r ib e d  am eboid c e l l s  to  be  v a r io u s ly  

lo b e d  and a p p ro x im a te ly  20>0  i n  d ia m e te r .  P e lo s c o le x  b en ed e n i was 

d e s c r ib e d  to  have coelom ic  c e l l s  t h a t  resem b led  c h lo ra g o g e n  c e l l s .  

R e c e n tly , V o s ta l  (1917) d is c u s s e d  th e  o c c u rre n c e  o f  am eboid c e l l s  i n  

T u b ife x  t u b i f e x .

Taxonomic i d e n t i f i c a t i o n  i s  o f t e n  t im e s  b ased  on c h a r a c te r s  i n  an  

a r t i f i c i a l  s t r u c t u r e .  Such a  key  i s  commonly u sed  to  s e p a r a te  th e  sub­

f a m i l i e s  o f  th e  T u b i f ic id a e .  One o f  th e  more r e c e n t  key s  i s  t h a t  by  

B r in k h u rs t  and Jam ieson  (1 9 7 1 )• B r in k h u rs t  u sed  a b sen ce  o r  o c c u r­

re n c e  o f  coe lom ocy tes to  s e p a ra te  c e r t a i n  s u b - f a m i l ie s .  F or in s ta n c e ,  

he s t a t e s  t h a t  th e  su b -fa m ily  R h y a c o d r il in a e  h as  numerous coelom ocy tes 

w h ile  th e  su b - fa m ily  T u b i f ic in a e  h as  no c o e lo m o cy te s .

O rganism s (su ch  a s  th e  R h y a c o d r i l in a e ) ,  w hich  have la r g e  and 

ab u n d an t co e lo m o cy tes , can  be  e a s i l y  s e p a ra te d  u s in g  low  pow er m agni­

f i c a t i o n .  O th e r s p e c ie s  whose c h a r a c te r s  can  b e  i d e n t i f i e d  o n ly  by  

s a c r i f i c i n g  th e  o rgan ism  -  f ix in g  and c l e a r in g  o f  th e  o rg an ism  w ith  an
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agent, such  a s  Ammon’ s L acto  P henol (B r in k h u r s t , i 960 ) -  in c lu d e  th e  

s u b - fa m ily  T u b i f ic in a e .  B r in k h u r s t ’ s te c h n iq u e  w ould e l im in a te  c o e lo ­

m ocytes from  th e  coelom ; an d , h e n c e , th e  ab sen ce  o f  th e s e  c e l l s  w ould 

be r e p o r te d .

D em o n s tra tio n  o f  th e  p re se n c e  o f  S ta g e  I  sperm  i n  th e  T u b i f ic in a e , 
L im n o d rilu s  h o f f m e is t e r i

A S tag e  I  sperm  was d e m o n s tra te d  i n  t h i s  i n v e s t i g a t i o n  (F ig u re s  3 

and 4 ) .  T h is  s ta g e  i n  sperm  m a tu ra t io n  f o r  t h i s  g roup  o f  o rgan ism s 

has b een  r e p o r te d  to  be a s s o c ia te d  w ith  p rim ary  sp e rm a to c y te s  (D ixon, 

1915)• S tag e  I  sperm  was a  c o h e s iv e  m ass o f  c e l l s  num bering a p p ro x i­

m a te ly  25 i n  num ber. T h is  mass o f  c e l l s  form ed a m oru la  ty p e  o f  

s t r u c t u r e  (F ig u re s  3 and 4 ) .  F ig u re  2 shows th e  sperm  sac  w hich d e v e l­

ops i n t o  th e  coelom ic  a r e a  o f  L im n o d rilu s  h o f f m e i s t e r i . The sac  con­

t a i n s  th e  m a tu rin g  sperm  and can  be o b se rv ed  betw een  segm ents 10 and 

14 .

A s tu d y  o f  changes i n  c e l l  m orphology and numbers o c c u r r in g  u n d er 
f i e l d  c o n d i t io n s  ( s e a so n s  o f  th e  y e a r )  and  u n d e r la b o r a to r y  c o n d i t io n s

The f i e l d  d a ta  (T a b le s  8 and  U )  in d i c a t e s  t h a t  L im nodrilu s 

h o f f m e i s t e r i , a s  a  p o p u la t io n ,  becom es r e p r o d u c t iv e ly  m atu re  i n  e a r l y  

w in te r ,  s in c e  S tag e  I  sperm  o c c u r re d  i n  la r g e  numbers o n ly  d u rin g  w in­

t e r  m on ths. The r e s u l t s  (T ab le  8 ) show a  r i s e  i n  th e  numbers o f  

S tag e  I  sperm  th ro u g h o u t t h e  w in te r  m onths w ith  a  peak  around  

F e b ru a ry . The number o f  S ta g e  I  sperm  d e c l in e d  i n  S p r in g . The s i z e  

and shape o f  S ta g e  I  sperm  a r e  i l l u s t r a t e d  i n  F ig u re  3 .  A lthough egg 

developm ent was n o t s tu d ie d  i n  t h i s  i n v e s t i g a t i o n ,  eggs w ere o b serv ed
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i n  in c r e a s in g  numbers o f  o rgan ism s d u r in g  t h i s  p e r io d  o f  t im e .  T h is  

s u p p o r ts  th e  id e a  t h a t  an  a c t i v e  p e r io d  o f  r e p ro d u c t io n  was i n  p ro g ­

r e s s  d u r in g  th e  w in te r  m o n th s. I t  i s  l i k e l y ,  t h a t  th e  p e r io d  o f  r e ­

p ro d u c tiv e  a c t i v i t y  i n  T.-imnodrilus h o f f m e is t e r i  i s  s i m i l a r  to  t h a t  

r e p o r te d  by Kennedy (1966b ) ,  He found  a  peak  r e p ro d u c t iv e  a c t i v i t y  

from  w in te r  t o  e a r l y  s p r in g .

S in ce  some S tag e  I  sperm  a r e  p r e s e n t  th ro u g h o u t th e  y e a r ,  i t  i s  

p o s s ib le  t h a t  a  low l e v e l  o f  r e p r o d u c t iv e  a c t i v i t y  co u ld  o c c u r  

th ro u g h o u t th e  y e a r ,  Kennedy (1966b )  r e p o r te d  t h a t  some in d iv id u a l s  

o f  th e  s p e c ie s  c o n tin u e  t o  re p ro d u c e  i n  red u ced  numbers th ro u g h o u t 

t h e  y e a r  i n  E n g lan d ,

The f i e l d  d a ta  f o r  th e  c h lo ra g o g e n  and  th e  am ebocytes d id  n o t  

show any  p a t t e r n s  o th e r  th a n  t h a t  t h e r e  w ere v a r i a t i o n s  i n  c e l l  num­

b e r s  from  one o rg an ism  to  a n o th e r ,  and  v a r i a t i o n s  among th e  g roups o f  

o rg an ism s from  one se a so n  to  a n o th e r  (T ab les  8 , 9 and 1 0 ) ,  The gen­

e r a l  m orp h o lo g ic  c h a r a c te r s  o f  th e s e  c e l l s  d id  n o t  change o v e r  th e  

s e a so n s  o f  th e  y e a r  (F ig u re  3 ) .

The hom ogeneity  t e s t s  f o r  v a r ia n c e  betw een in d iv id u a l  worms f o r  

b o th  th e  l a b o r a to r y  c u l tu r e d  worms and th e  worms c o l l e c t e d  i n  th e  

f i e l d  shows h ig h  v a r ia n c e  o f  t h e  d a t a .  When v a r i a t i o n s  a r e  s i g n i f i ­

c a n t  be tw een  sam p le s , i t  i s  n o t  a p p r o p r ia te  t o  com pute a  mean o f  th o s e  

sam ples s in c e  one i s  i n  d a n g e r o f  a c c e p t in g  a  h y p o th e s is  when i t  

s h o u ld  be  r e j e c t e d .

V a r ia t io n s  i n  a  v a r i e t y  o f  c h a r a c t e r i s t i c s  among in d iv id u a l s  have 

b e e n  o b se rv ed  f o r  many y e a r s .  V a r ia t io n s  i s  r e p o r te d  t o  o c c u r  i n  th e  

number o f  coe lom ic  c e l l s  be tw een  in d iv id u a l s  o f  th e  same s p e c ie s
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(D ixon, 1915; S tep h en so n , 1 9 3 0 ), A no ther v a r i a t i o n  i s  i n  th e  r e p ro ­

d u c t iv e  s e a s o n , even  though  th e  p o p u la tio n  peaks i n  w in te r  and e a r l y  

s p r in g ,  in d iv id u a l s  can  be found to  v a ry  g r e a t ly  from  one worm t o  an ­

o th e r  (Kennedy, 1966a ,  1966b ) ,  The s t a t i s t i c a l  t e s t s  o f  v a r ia n c e  u sed  

co u ld  n o t  a c c o u n t f o r  th e  k in d s  o f  v a r i a t i o n  o b se rv ed  i n  t h i s  i n v e s t i ­

g a t io n .

Even th o u g h  v a r i a t i o n s  betw een in d iv id u a l s  w ere s i g n i f i c a n t ,  mean 

numbers w ere computed i n  each  o f  th e  th r e e  c e l l  ty p e s  i n  la b o r a to r y  

m a in ta in e d  worms. T ab le s  4 ,  5» 6 and 7 a r e  a  m easurem ent o f  d i f f e r ­

e n t i a l  c e l l  c o u n ts .  They show s i g n i f i c a n t  changes i n  c e l l  numbers f o r  

b o th  th e  ch lo ra g o g e n  and am ebocytes d u r in g  th e  tim e  p e r io d  s tu d ie d .

The S ta g e  I  sperm  d id  n o t show s i g n i f i c a n t  changes i n  c e l l  num bers,

A s tu d y  o f  changes i n  c e l l  m orphology and numbers a f t e r  X - i r r a d i a t i o n

A lth o u g h , a t  th e  e x p e r im e n ta l d osage  o f  X - i r r a d i a t i o n  th e  a d u l t  

worm s u rv iv e d , th e  s e n s i t i v i t y  o f  S ta g e  I  sperm to  X - i r r a d i a t i o n  was 

d e m o n stra te d  f o r  L im n o d rilu s  h o f f m e is t e r i  (F ig u re s  9 , 10 and 11 ; T ab les  

14 , 16 and 1 8 ) ,  The X - i r r a d ia t io n  r e s u l t e d  i n  sperm n e c r o s is  and 

d e t e r i o r a t i o n .  W hether th e s e  worms w ould be c a p a b le  o f  b re e d in g  a g a in  

and p ro d u c in g  v ia b le  young i n  tim e  i s  a  problem  t h a t  needs f u r t h e r  

s tu d y .  S u rv iv a l  a f t e r  i r r a d i a t i o n  i s  n o t uncommon i n  in v e r t e b r a t e s  

(T o ro s s ia n , 1971; C a ld ero n  and Gonen, 1 9 7 1 ).

The ch lo ra g o g en  c e l l s  (F ig u re s  5 ,  6 , 7 and 8, p p . 86- 8 9 ) showed 

p r o g r e s s iv e ly  in c r e a s in g  g r a n u la t io n ,  such  t h a t  a  c e l l  membrane and 

n u c le u s  w ere n o t e a s i l y  s e e n  i n  tim e  s e r i e s  9 (768  h o u rs  p o s t  i r r a d i a ­

t i o n ) ,  I n i t i a l  ex am in a tio n  o f  F ig u re s  7 and 8 would s u g g e s t  t h a t  th e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35

c e l l s  had become n e c r o t i c .  However, th e  c e l l  membrane and n u c le u s  can  

be se e n  by c a r e f u l ly  fo c u s in g  th ro u g h  th e  d e p th  o f  in d i v id u a l  c e l l s .  

Because o f  p h o to g ra p h ic  p ro b lem s, i t  i s  n o t p o s s ib le  to  show b o th  th e  

in te n s e  g r a n u la t io n ,  and th e  i n t a c t  c e l l  i n  t h e  same p la n e .  The f i e l d  

was fo cu sed  to  show th e  c l e a r e s t  im ages p o s s ib le  f o r  b o th  g r a n u la t io n  

and c y to p la sm ic  o r g a n e l le s .

A d d it io n a l  ch lo ra g o g e n  c e l l  num bers w ere n o ted  by  S tone  (1932,

1933) f o r  wound h e a l in g  caused  by X - i r r a d i a t i o n .  S in ce  wound h e a l in g  

o r  c e l l u l a r  r e g e n e r a t io n  was n o t n o te d  a f t e r  X - i r r a d i a t i o n ,  t h i s  au­

th o r  w ould su g g e s t t h a t  th e  c h lo ra g o g e n  c e l l s  assum ed a  p h a g o c y tic  

f u n c t io n .  P erhaps th e  ch lo ra g o g e n  c e l l s  became h e a v i ly  g ra n u la te d  

fo llo w in g  p h a g o c y to s is  o f  sperm  p a c k e ts  w hich  began  to  d e t e r i o r a t e  

a f t e r  th e  X - i r r a d i a t i o n .  The c e l l s  w ere se e n  to  l i n e  th e  a l im e n ta ry  

c a n a l .  I n  t h i s  f a s h io n  th e  c e l l s  p o s s ib ly  co u ld  e x c r e te  o r  s to r e  t h i s  

phag o cy to sed  m a te r i a l .  T h is  s ta te m e n t  needs a d d i t i o n a l  i n v e s t i g a t io n ;  

b u t ,  i n i t i a l l y ,  i t  w ould seem to  g iv e  su p p o r t to  th e  argum ent t h a t  

th e s e  c e l l s  can  u n d e r c e r t a i n  u n s p e c if ie d  p h y s io lo g ic a l  c o n d i t io n s  

s e rv e  e i t h e r  a s  a  n u rse  c e l l  o r  d e v e lo p  p h a g o c y tic  a c t i o n s .  L eibnan  

( 19^7 ) s u p p o r ts  th e  t r e p h o c y t ic  f u n c t io n  o f  such  c e l l s  d u r in g  r e g e n e r ­

a t i o n  o r  wound h e a l in g  i n  T u b ife x .  Such an  id e a  g a in s  su p p o r t th ro u g h  

Andrews (1965) who rev iew ed  th e  u n u s u a l c h a r a c t e r i s t i c  o f  to t ip o te n c y  

i n  o l i g o c h a e t e ’s  coe lom ic  c e l l s .  T h is  c a p a b i l i t y  and th e  c o n d i t io n s  

w hich  may i n i t i a t e  such  a  re sp o n se  a r e  n o t y e t  u n d e rs to o d .

The ev id en ce  a g a in s t  su ch  p h a g o c y tic  p r o p e r t i e s  was co n clu d ed  by 

R oots (1957, I 9 6 0 ) .  She co n clu d ed  t h a t  th e  la c k  o f  l a r g e  am ounts o f  

n i t r o g e n  i n  th e s e  c e l l s  i n d i c a te d  t h a t  th e s e  c e l l s  have l i t t l e  i f  any
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r e l a t i o n s h i p  t o  n i tro g e n o u s  w a s te  e x c r e t io n .  The r e s u l t s  w ere sup­

p o r te d  fay a  s tu d y  by Sem al-Van G anses (1 9 5 6 ).

The am eboid c e l l s  rem a in  a n  enigm a i n  t h i s  s tu d y .  The a lm o st en ­

t i r e  la c k  o f  th e s e  c e l l s  th ro u g h o u t th e  e n t i r e  e x p e rim en t co u ld  n o t be  

e x p la in e d .  I n i t i a l l y ,  i t  was th o u g h t t h a t  th e s e  c e l l s  w ould in c re a s e  

i n  numbers a f t e r  r a d i a t i o n ,  i f  th e  f u n c t io n  o f  th e s e  c e l l s  i s  s im i la r  

to  v e r t e b r a te  lym phocytes whose num bers do in c r e a s e  a f t e r  r a d i a t i o n  

i n j u r y .  T h is  d id  n o t o c c u r  (T ab le  1 2 ) .  The am ebocytes o b se rv e d  i n  

t h i s  i n v e s t i g a t i o n  w ere s im i l a r  to  a  c e l l  d e s c r ib e d  by S to n e  (1932,

1 9 3 3 ). He r e p o r te d  a  c e l l ,  w hich he c a l l e d  a  n e o b la s t ,  was p rom inen t 

i n  wound h e a l in g  and r e g e n e ra t io n  i n  T u b ife x  a f t e r  X - i r r a d i a t i o n .

T h is  c e l l  was se e n  t o  m ig ra te  a lo n g  th e  v e n t r a l  n e rv e  co rd  t o  th e  i n ­

ju r e d  s i t e .  W hether su ch  a  c e l l  w i th  su ch  a  f u n c t io n a l  r o l e  e x i s t s  i n  

T ,im nodrilus h o f f m e is t e r i  i s  n o t  known. An i n t e r e s t i n g  p o in t  i s  seen  

when com paring am ebocytes i n  th e  e n v iro n m e n ta l worms w ith  th e  la b o ra ­

t o r y  worms (T a b le s  4 ,  6 , 8 and 1 0 ) .  The com plete  ab sen ce  o f  i d e n t i f i ­

a b le  am ebocytes was n o te d  a t  d i f f e r e n t  tim e s  o f  th e  y e a r  a s  w e l l  as 

betw een in d i v id u a l  worms d u r in g  t im e s  o f  th e  y e a r  when am ebocytes w ere 

g e n e r a l ly  p r e s e n t  (T ab le s  k  and 8 ) .  Amebocytes w ere n e v e r  i n  g r e a t  

numbers and v a r ie d  g r e a t l y  from  one o rg an ism  to  a n o th e r .  I f  th e r e  i s  

a  r e l a t i o n s h i p  betw een t h i s  am ebocyte and  i t s  p o s s ib le  f -u n c tio n  f o r  a  

r e g e n e ra t iv e  r o l e ,  th e n  one w ould expect  th e  c e l l  t o  a p p e a r  o n ly  d u r­

in g  p e r io d s  o f  wound h e a l in g  and  th e  developm ent o f  new seg m en ts . 

O th e rw ise , one w ould s e e  low  numbers and h ig h  v a r i a b i l i t y  o f  th e s e  

c e l l s  betw een  o rg a n ism s .

T ab les  13 , 1 ^ , 15 . 16 , 17 end 18 shows t h a t  th e  l e v e l s  o f
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r a d i a t i o n  u sed  i n  t h i s  ex p e rim en t had no s i g n i f i c a n t  e f f e c t  on th e  d i f ­

f e r e n t i a l  c e l l  c o u n ts  f o r  c h lo ra g o g e n  and S ta g e  I  sperm . The same t a ­

b le s  show t h a t  t h e r e  a r e  s i g n i f i c a n t  changes i n  d i f f e r e n t i a l  co u n ts  o v e r  

a p e r io d  o f  t im e .  Time was th e  more s i g n i f i c a n t  f a c t o r  i n  a l t e r a t i o n  o f  

c e l l  num bers. The n e x t q u e s t io n  a sk ed  was when i n  th e  tim e  s e r i e s  

does change i n  c e l l  num bers o c c u r  o r  b e g in  t o  o ccu r?  F o r t h i s  p u r­

p o se , a Two Sample T ’ s  T e s t  f o r  V a ria n c e  was u s e d . E s s e n t i a l l y ,  th e  

mean o f  each  tim e  s e r i e s  was p la c e d  i n  a sc e n d in g  o r d e r s  and com pari­

sons m ade. A g ra p h ic  r e p r e s e n t a t i o n  i n  th e  form  o f  l i n e  s e p a ra t io n s  

c l e a r l y  shows th e  r e l a t i o n s h i p s  o f  t h e  c e l l  g roup  means a lo n g  th e  tim e  

s e r i e s  (T a b le s  1 9 , 2 0 , 2 1 , 22 and  2 3 ) .  The in fo rm a t io n  s u g g e s ts  t h a t  

a  change i n  c e l l  numbers began  to  o c c u r  o r  o c c u r re d  betw een  tim e  

s e r i e s  6 (170 h o u rs  p o s t  i r r a d i a t i o n )  and tim e  s e r i e s  7 (338 h o u rs  

p o s t  i r r a d i a t i o n ) .  However, a  d is c re p a n c y  e x i s t s  i n  T ab le  19 . The 

p r e v io u s ly  a n a ly se d  d a ta  su g g e s te d  s i g n i f i c a n t  a s s o c ia t io n s  o f  s e r i e s  

3 and 8 b u t  s u g g e s te d  no s ig n i f i c a n c e  be tw een  s e r i e s  6 and 7 .  T here 

a r e  two s t a t i s t i c a l  s i t u a t i o n s  t h a t  w i l l  s e t  up a  c o n d i t io n  o f  r e j e c ­

t i o n  betw een  two means u s in g  t h i s  t e s t  p ro c e d u re . I f  t h e r e  a r e  un­

e q u a l sam ple s i z e s  o r  t h e r e  i s  a  s h i f t  i n  v a r ia n c e  s i z e ,  a  r e j e c t i o n  

o f  a  means a s s o c i a t i o n  i s  r e c o rd e d .  I n  t h i s  c a se  tim e  s e r i e s  6 and 7 

a r e  r e j e c t e d  due t o  t h e  h ig h  v a r ia n c e  i n  s i z e  f a c t o r .  Time s e r i e s  3 

and 8 a r e  s e e n  t o  be  a s s o c ia t e d  i n  t h i s  t e s t  p ro c e d u re . A l i n e  can  be 

draw n th ro u g h  s e r i e s  6 and  7 show ing a  s i g n i f i c a n t  r e l a t i o n s h i p  a t  .05  

l e v e l  ev en  th o u g h  i t  d o es  n o t  p ro v e  t o  be t r u e .  Such s t a t i s t i c a l  p ro ­

ced u re  i s  n e c e s s a ry  f o r  t h i s  a n a l y s i s .  I f ,  how ever, t h e  l i n e  i s  e lim ­

in a te d  be tw een  s e r i e s  6 and  7 , a  d e f i n i t e  change i n  c e l l  numbers i s
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s t i l l  s e e n  (T ab le s  20 and 2 1 ) .

A l i n e  i s  n o t  draw n u n d e r  tim e  s e r i e s  9 i n  T ab le  20 b ecau se  th e  

t e s t  w i l l  c a l c u l a t e  means t h a t  a r e  g r e a t e r  th a n  0 and l e s s  th a n  100 .

An im p o r ta n t q u e s t io n  t h a t  was answ ered  u s in g  t h i s  te c h n iq u e  sug­

g e s te d  t h a t  C o n tro l 1 and 2 u se d  f o r  th e  r a d i a t i o n  ex p e rim en ts  showed 

l i t t l e  change o v e r  t h e  tim e  s e r i e s  (T a b le s  22 and 2 3 ) .  C o n tro l 1 

showed th e  l e a s t  v a r i a t i o n .  C o n tro l 2 was more v a r i a b l e  b u t  t h i s  was 

a  g ra d u a l  t r e n d  a s  th e  l i n e s  o v e rla p p e d  c o n s id e ra b ly  more th a n  t h e  i r ­

r a d ia te d  c u l tu r e s  o f  T .im nodrilus h o f f m e i s t e r i .  T h is  d a ta  su p p o r ts  th e  

id e a  t h a t  th e  p r im a ry  cau se  f o r  s h i f t s  i n  th e  numbers o f  c e l l s  was X- 

i r r a d i a t i o n  s in c e  t h e  c o n t r o l s  had r e l a t i v e l y  th e  same numbers o f  

c e l l s  th ro u g h o u t th e  e x p e rim e n t. T a b le s  17 and 18 a n a ly se d  C o n tro l 1 

w ith  C o n tro l 2 t o  s e e  i f  t h e r e  w ere s i g n i f i c a n t  d i f f e r e n c e s  betw een  

th e  c o n t r o l  g ro u p s i n  r e g a rd s  to  c e l l  num bers. The a n a ly s i s  showed 

t h a t  th e r e  w ere no s t a t i s t i c a l  d i f f e r e n c e s .

R esea rc h  q u e s t io n s  f o r  f u tu r e  in v e s t i g a t io n s

1 . L ife  h i s t o r y  o f  T im n o d rilu s  h o f f m e i s t e r i : T h is  s tu d y  h as

su g g e s te d  t h a t  a  m a jo r r e p ro d u c t iv e  c y c le  o c c u rs  i n  w in te r  and e a r l y  

s p r in g  f o r  worms i n  th e  P o r ta g e  C reek a r e a .  A p p a re n tly , th e s e  worms 

w ere re sp o n d in g  to  a  b i o l o g i c a l  rh y th m . What i n i t i a t e s  t h i s  rhythm  

h as  n o t  b een  s tu d ie d .  One a s p e c t  t o  s tu d y  c o n c e rn in g  a  re p ro d u c t iv e  

rhythm  w ould be t h e  r o l e  t h a t  l i g h t  may have i n  i n i t i a t i n g  o r  i n  r e ­

p r e s s in g  g o n ad a l developm ent i n  th e s e  worms.

The c o n t r o l  g roups u sed  i n  th e  r a d i a t i o n  ex p e rim en t w ere p la c e d  

i n t o  t h e  e n v iro n m e n ta l cham ber u n d e r a n  e a r l y  w in te r  l i g h t / d a r k  (I /D )
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c y c le .  The worms had b een  c o l le c te d  from  th e  s tream  u n d er a  s p r in g  

L/D c y c le .  A t th e  b e g in n in g  o f  th e  r a d i a t i o n  e x p e rim en t, th e  sperm 

o b se rv e d  i n  th e  c o n t ro l  worms c o n s is te d  o f  a l l  d ev e lo p m en ta l s t a g e s .

By th e  end o f  th e  r a d i a t i o n  e x p e rim e n t, th e  sperm  from  th e  c o n t ro l  

worms was g e n e r a l ly  t h a t  o f  th e  p r e v io u s ly  d e s c r ib e d  S tag e  I  sperm a­

to c y t e s .  Did th e  change o f  th e  L/D c y c le  from  s p r in g  to  e a r l y  w in te r  

i n i t i a t e  a  r e g r e s s io n  o f  sp e rm a to g e n e s is  to  th e  S tag e  I  sperm  w hich i s  

one o f  th e  f i r s t  o b se rv a b le  s ta g e s  i n  sperm  developm ent i n  th e s e  

worms? Commonly, S tag e  I  sperm  i s  th e  m a jo r  c e l l  ty p e  o b se rv ed  i n  

e a r l y  w in te r  a s  compared to  o th e r  more advanced s ta g e s  i s  sperm  d e v e l­

opm ent. The o th e r  s ta g e s  become more p ro m in en t i n  mid and l a t e  w in te r .

To t e s t  t h i s  id e a  o f  a  l i g h t  r o l e  i n  g o n ad a l developm en t, a  Two 

Sample T 's  t e s t  was com pleted  u s in g  th e  e a r l y  w in te r  (December) f i e l d  

d i f f e r e n t i a l  c e l l  c o u n ts  and th e  c o n t r o l  g roups u sed  f o r  th e  r a d i a t i o n  

ex p e rim en t d i f f e r e n t i a l  c e l l  co u n ts  f o r  S tag e  I  sperm . T h is  in fo rm a­

t i o n  was sum m arized u s in g  th e  L ine S e p a ra t io n  Technique (W iner, 1 9 7 1 ). 

T a b le s  24 and 25 , p p . 80 and 81 , show t h a t  th e  mean numbers o f  S tag e  I  

sperm  from  th e  e a r l y  tim e  s e r i e s  o f  th e  r a d i a t i o n  ex p erim en t a re  d i f f e r ­

e n t  th a n  th e  tim e  s e r i e s  u sed  to w ard s th e  end o f  th e  e x p e rim e n t. The 

e a r l y  w in te r  S ta g e  I  sperm  c e l l  c o u n ts  ( re p re s e n te d  by th e  number 10) 

a p p e a r  t o  be r e l a t e d  to  b o th  g ro u p s . T here i s  a  t r e n d  e s ta b l i s h e d  t o ­

w ards a  r e d u c t io n  i n  th e  number o f  S tag e  I  sperm i n  th e  c o n t ro l s  and 

t h i s  may be cau sed  by th e  l /D  e a r l y  w in te r  c y c le  used  f o r  th e  r a d ia ­

t i o n  e x p e r im e n t. The t r e n d  to w ard s  red u ced  numbers i n  S tag e  I  sperm i s  

n o t c l e a r  c u t  an d , c e r t a i n l y ,  th e  t r u e  r e l a t i o n s h ip  betw een th e  c o n t r o l  

g ro u p s  u sed  i n  th e  r a d i a t i o n  s tu d y  and th e  e a r l y  w in te r  S tag e  I  sperm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



c e l l  c o u n ts  can n o t be  f u l l y  e s t a b l i s h e d .

However, i t  w ould a p p e a r :  1 .  t h a t  w ith  th e  number o f  s ta g e s  i n

sperm  developm ent h av in g  b een  red u ce d  t o  p r im a r i ly  th e  S ta g e  I  sperm  

b y  tim e  s e r i e s  9 f o r  th e  c o n t r o l  g roups u sed  i n  th e  r a d i a t i o n  s tu d y ,  

and 2 .  t h a t  w ith  th e  t r e n d  t h a t  shows two g roups o f  tim e  s e r i e s  t h a t  

a r e  r e l a t e d  by mean S ta g e  I  sperm  num bers and a r e  s im u lta n e o u s ly  r e ­

l a t e d  t o  th e  e a r l y  w in te r  (December 12 , 1970) s e a s o n a l  mean numbers o f  

S tag e  I  sperm , a  L/D c y c le  may p la y  a  s i g n i f i c a n t  r o le  i n  g o n a d a l d e­

v e lopm ent w i th in  a  p o p u la t io n  o f  T u b i f ic id  worms.

T h is  k in d  o f  re sp o n se  t o  a  L/D c y c le  by  th e s e  worms n eed s in v e s ­

t i g a t i n g  b e fo re  any  c o n c lu s io n s  can  be e s t a b l i s h e d .

2 .  S t e r i l i t y  a f t e r  i r r a d i a t i o n :  P o p u la t io n s  o f  T am nodrilus

h o f f m e is t e r i  would become e x t i n c t  i f  r a d i a t i o n  dosage cau sed  s t e r i l ­

i t y .  However, th e  p h y s io lo g ic a l  p ro c e s s e s  o f  t h i s  g roup o f  worms i s  

n o t w e l l  u n d e rs to o d , and i t  i s  a s  y e t  to o  e a r l y  to  s t a t e  t h a t  s t e r i l ­

i t y  o c c u rre d  i n  th e  worms s u b je c te d  to  X - i r r a d i a t i o n .

I t  h as  b een  r e p o r te d  f o r  s e v e r a l  in v e r t e b r a t e s  t h a t  s t e r i l i t y  

o f te n  o c c u rs  w h ile  th e  a d u l t  s u rv iv e s  m assiv e  am ounts o f  i r r a d i a t i o n .  

T o ro s s ia n  (1971) found  a u e e n le s s  w orker a n t s  t o  s u rv iv e  m a ss iv e  d o s­

ag es  (up  to  150,000  r )  o f  r a d i a t i o n  w h ile  th e  o v a r ia n  t i s s u e  was de­

s tro y e d  w i th in  a  few  day s a f t e r  i r r a d i a t i o n .  C o n seq u en tly , t h e  a n t s  

co u ld  n o t  p roduce a  new g e n e r a t io n ,  and su b se q u e n tly ,  th e  p o p u la t io n  

d ie d  by s t e r i l i t y  from  i r r a d i a t i o n .  C a ld e ro n  and Gonen (1971) and 

S ingh  (1971) r e p o r te d  s im i l a r  f in d in g s  f o r  m oths and b e e t l e s  t h a t  w ere 

exposed  to  v a r io u s  l e v e l s  and  ty p e s  o f  r a d i a t i o n .  I n  a d d i t i o n ,  C ooley 

and M i l l e r  (1971) w ere a b le  t o  show t h a t  p o p u la t io n  d e a th  w ould o c c u r
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in the hermaphroditic smail, Fhysa heterostropha. by sterilization of 
the adult.

Again, the fact that the Stage I sperm was destroyed by X-irradi- 
ation for Iimnodrilus hoffmeisteri was demonstrated. The next ques­
tion is: Vihat effect does this have on the survival of the population
of these worms? The literature supports the idea that population 
death would occur due to sterilization of the organism. However, 
these statements were made after the investigations included the com­
plete life history of the organism that was exposed to radiation. The 
present study was unable to complete a life cycle of T.imnodrilus 
hoffmeisteri since an individual worm is capable of living upwards of 
three years (Kennedy, 1966b ) .  Consequently, the effect of X-irradia- 
tion on the survival of Iimnodrilus hoffmeisteri as a population re­
quires further investigation.
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CONCLUSIONS

1 . Coelom ic c e l l s  w ere d e m o n s tra te d  f o r  T im n o d rilu s  h o f f m e i s t e r i .

Two c e l l  ty p e s  w ere d e s c r ib e d :  1 .  Am ebocyte, and  2 .  C h lo rag o g en .

The ch lo ra g o g e n  c e l l  i s  form ed from  p a r e n t  ch lo rag o g en o u s  t i s s u e  

w hich i s  a m o d i f ic a t io n  o f  th e  v i s c e r a l  p e r ito n e u m . The am ebocyte i s  

d e r iv e d  from  t i s s u e s  o th e r  th a n  th e  c h lo ra g o g e n .

2 .  A S tag e  I  sperm  was d e m o n s tra te d  f o r  T im n o d rilu s  h o f f m e i s t e r i .

The m o ru la - l ik e  s t r u c t u r e  c o n ta in s  a p p ro x im a te ly  25 d e v e lo p in g  sperm a­

t o c y t e s .

3 .  D i f f e r e n t i a l  c e l l  c o u n ts  w ere  a n a ly z e d  u s in g  a n  ANOVA f o r  la b o ra ­

t o r y  m a in ta in e d  worm s. The a n a l y s i s  showed s i g n i f i c a n t  changes i n  

c e l l  numbers f o r  th e  c h lo ra g o g e n  and am ebocytes o v e r  th e  p e r io d  o f  

tim e  u sed  f o r  th e  e x p e r im e n t. The S ta g e  I  sperm  c e l l  c o u n ts  d id  n o t 

show any  s i g n i f i c a n t  changes d u r in g  t h i s  p e r io d  o f  t im e .  Homogeniety 

t e s t  showed h ig h  v a r ia n c e  o f  th e  d a t a ,  and th e  r e s u l t s  sh o u ld  be 

v iew ed  c a u t io u s ly .

4 .  D i f f e r e n t i a l  c e l l  c o u n ts  w ere  a n a ly z e d  u s in g  a n  ANOVA f o r  f i e l d  

s tu d ie s  in v o lv in g  s e a s o n a l  changes i n  c e l l  num bers. A l l  t h r e e  ty p e s  

showed s i g n i f i c a n t  changes i n  c e l l  num bers f o r  t h e  se a so n s  o f  th e  

y e a r .  The changes i n  c e l l  num bers f o r  S ta g e  I  sperm  su g g e s te d  a  

w in te r / s p r in g  peak  i n  r e p r o d u c t iv e  a c t i v i t y  f o r  T .im nodrilus h o ffm e is ­

t e r i  t h a t  w ere c o l l e c t e d  i n  t h e  K alam azoo, M ich igan  a r e a .  The o c c u r­

re n c e  o f  t h i s  c e l l  i n  re d u c e d  numbers a t  o th e r  t im e s  o f  th e  y e a r  sug ­

g e s te d  t h a t  th e  worm i s  c a p a b le  o f  re p ro d u c in g  o n  a  y e a r - ro u n d  b a s i s .

5 .  D i f f e r e n t i a l  c e l l  c o u n ts  w ere a n a ly z e d  from  worms t h a t  w ere

kZ
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exposed  to  t h r e e  l e v e l s  (7*000 R, 3*000 R, 1 ,0 0 0  R) o f  X - i r r a d i a t i o n .  

The e f f e c t  o f  th e  r a d i a t i o n  on  th e  c e l l  c o u n ts  was n o t  r e l a t e d  to  th e  

l e v e l  o f  r a d i a t i o n  a d m in is te re d .  C e l l  c o u n ts  changed s i g n i f i c a n t l y  

o v e r  th e  p o s t - i r r a d i a t i o n  tim e  s e r i e s  u sed  i n  t h i s  ex p e rim en t f o r  th e  

ch lo ra g o g e n  and  th e  S ta g e  I  sperm . The am ebocytes w ere to o  few  i n  

number t o  b e  a n a ly z e d ,

6 , M o rp h o lo g ica l e x a m in a tio n  o f  th e  i r r a d i a t e d  w orm s' S ta g e  I  sperm  

showed com ple te  d e t e r i o r a t i o n  and su b se q u e n t e l im in a t io n  o f  sperm  

p ro d u c ts  by th e  end o f  th e  r a d i a t i o n  e x p e r im e n t. The worms a p p e a r t o  

have been  s t e r i l i z e d  by th e  r a d i a t i o n ,  b u t  s in c e  t h i s  s tu d y  d id  n o t 

exam ine th e  e n t i r e  l i f e  c y c le  o f  t h i s  worm i t  c an n o t be concluded  

t h a t  p o p u la t io n  d e a th  w ould o c c u r  i n  th e  n e x t g e n e r a t io n ,

7 ,  The ch lo ra g o g e n  c e l l s  w ere i n t e n s e ly  g ra n u la te d  by  th e  end o f  th e  

r a d i a t i o n  e x p e r im e n t. The v i s c e r a l  p e rito n e u m  became la d e n e d  w ith  th e  

h e a v i ly  g ra n u la te d  ch lo ra g o g e n  c e l l s ,  and t h i s  a r e a  ap p e a re d  t o  be 

a lm o s t t o t a l l y  b la c k  from  th e  c e l l s .  The c h lo ra g o g e n  ap p ea red  t o  be 

a b so rb in g  th e  d e t e r i o r a t i n g  sperm  p a c k e ts ,  and t h i s  a c t i v i t y  may sug­

g e s t  a  p h a g o c y tic  r o l e  f o r  th e s e  c e l l s ,

8 ,  The am ebocytes w ere so few  i n  number d u r in g  th e  r a d i a t i o n  e x p e r i ­

ment t h a t  a n  ex a m in a tio n  o f  th e s e  c e l l s  c o u ld  n o t  be acc o m p lish e d . I t  

i s  su g g e s te d  t h a t  th e s e  c e l l s  may have a  r o l e  i n  r e g e n e r a t io n  and 

wound h e a l in g ,  and t h a t  th e s e  c e l l s  may be  found i n  th e  coelom  o n ly  

d u r in g  th o s e  tim e  p e r io d s  when th e  worm i s  r e g e n e ra t in g  new segm ents 

o r  i n  th e  p ro c e s s  o f  wound h e a l in g .
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TABLE 1 

.0 1  PER CENT KNOP’S SOLUTION

5 7 .1  m g / l i t e r ................................................................ Ca(N0-j)2

2 1 .4  m g / l i t e r .............................................................KNO^

2 1 .4  m g / l i t e r ................... .... .................................... MgSO^

WRIGHT’S STAIN

REAGENTS: 1 .  1 2 .5  gm W rig h t’s  s t a i n  ( C e r t i f i e d )
2 .  3 .0 0 0  ml A cetone f r e e  M ethyl A lcoho l

PROCEDURE: P la c e  th e  dye i n  a  g a l lo n  b o t t l e .  Add 600 ml a lc o h o l ,
shake  w e l l .  Add 600 ml a lc o h o l ,  shake a g a in .  Add th e  rem ain in g  
am ount o f  a lc o h o l  and shake  u n t i l  s t a i n  i s  w e l l  m ixed . Shake 
w e l l  p e r i o d i c a l l y  d u r in g  th e  6 week m a tu ra tio n  p e r io d .  FILTER 
BEFORE USING.

WRIGHT’S BUFFER

6 .6 3  gm

3 .2  gm 

2 ,0 0 0  ml

KHgPO^ . . . .  

Na2P°4 .  .  .  . 

D i s t i l l e d  W ater
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TABLE 2 

STOCK GIEMSA STAIN

REAGENTS: 1 .  Giemsa s t a i n  ( C e r t i f i e d )
2 .  50 m l m e thy l a lc o h o l  (a c e to n e  f r e e )
3 . 50 ml g ly c e r in  ( n e u t r a l ;  from  f r e s h l y  opened b o t t l e )

PROCEDURE: G rind  powder i n  m o rta r  b e fo r e  w e ig h in g . Weigh o u t  600 mg
Giemsa s t a i n .  G rind  s t a i n  pow der w ith  p a r t  o f  th e  n e u t r a l  g ly ­
c e r in  i n  a  m o r ta r .  Pour th e  to p  t h i r d  o f f  i n t o  a  c h e m ic a lly  
c le a n  f l a s k .  Add more g ly c e r in  and g r in d  a g a in .  R epea t u n t i l  
m ost o f  th e  powder h a s  b e e n  m ixed and pou red  in to  th e  f l a s k .  
S to p p e r  th e  f l a s k  w ith  a  c o t to n  p lu g ; p la c e  a  heavy p a p e r  cap 
o v e r th e  o p en in g  and b in d  w ith  a  ru b b e r  b an d . P la c e  i n  a  w a te r  
b a th  s e t  a t  55* C t o  60°C, and a l lo w  to  s ta n d  f o r  2 h o u r s .  Shake 
g e n t ly  a t  1 /2  hour i n t e r v a l s .  A f te r  2 h o u rs  remove th e  g ly c e r in  
and s t a i n  pow der from  th e  b a t h .  A llow  to  come to  room tem p era­
t u r e .  Add th e  m easured  a lc o h o l  and th e  w ash ings from  th e  m o rta r  
and shake w e l l .  I t  i s  p r e f e r a b l e  to  age th e  s t a i n  2 weeks b e fo re  
u s e .  Shake b o t t l e  b e fo re  p i p e t t i n g  o f f  s t a i n  f o r  w ork ing  s o lu t io n .  
NEVER p u t a  w e t p i p e t t e  i n  th e  s to c k  s t a i n .

WORKING GIEMSA STAIN

1 . P re p a re  w ork ing  Giemsa s t a i n  eac h  tim e  w h ile  s l i d e s  a r e  d ry in g  from
W rig h t’ s  s t a i n .  (Giemsa can  be u sed  s e v e r a l  weeks a f t e r  a  s l i d e
h as  b een  s t a in e d  w ith  W rig h t’s . )

2 .  P u t 20 m l d i s t i l l e d  w a te r  i n  a  f l a s k .
3 .  Add 20 d ro p s  o f  s to c k  G iem sa, one d ro p  a t  a  t im e , from  a 1 ml

p i p e t t e .
4 .  Shake f l a s k  g e n t ly  a f t e r  ad d in g  ea c h  d ro p .

The above d i r e c t i o n s  a r e  a d e q u a te  f o r  a  C o p lin  j a r .  L a rg e r  am ounts a re  
p re p a re d  i n  th e  same m anner: 1 d ro p  o f  s to c k /m l o f  d i s t i l l e d  w a te r .  A
la r g e  s t a i n in g  d i s h  r e q u i r e s  a p p ro x im a te ly  300 ®1 s t a i n .
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TA3LE 3

P er Cent C om position  o f  T im n o d rilu s  h o f f m e is t e r i  w ith  o th e r  
T u b i f ic id a e  i n  P o rta g e  C reek , Kalam azoo, M ichigan  

O c to b er, 1970 th ro u g h  Ju n e , 1971

Sample
Number

Sample
D ate

$ T im n o d rilu s  
h o f f m e is t e r i

% O th er 
T u b i f ic id a e

1 O cto b er 10 , 1970 72 28

2 December 12 , 1970 32 68

3 F e b ru a ry  4 , 1971 58 42

4 A p r i l  8 , 1971 29 71

3 ..... June  4 . 1971 31 . . . . . . 69 .
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TABLE 4

Raw D ata  f o r  d i f f e r e n t i a l  c e l l  c o u n ts  o f  T .im nodrilus 
h o f f m e i s t e r i  u n d e r l a b o r a to r y  c o n d i t io n s  

December 8 ,  1969 th ro u g h  J u ly  29 , 1970

D ate_______C h lo rag o g en  Amebocytes S ta g e  I  Sperm

1 2 -6 -6 9 75 17 8
1 2 -5 -6 9 75 14 11
1 2 -8 -6 9 73 14 13
1 2 -5 -6 9 28 6 66
12- 9-69 92 7 1
12- 9-69 50 44 6
12- 9 -6 9 55 23 22

2 -5 -7 0 89 9 2
2 -5 -7 0 90 9 1
2 -5 -7 0 41 58 1
2 -5 -7 0 61 2? 12
2 -5 -7 0 82 9 9

2 -2 6 -7 0 60 39 1
2 -2 6 -7 0 50 10 40

5 -2 -7 0 60 10 30
5 -2 -7 0 89 11 0
5 -2 -7 0 89 11 0
5 -2 -7 0 96 3 1
5 -2 -7 0 90 8 2
5 -2 -7 0 69 9 22

5 -2 1 -7 0 95 4 1
5 -2 1 -7 0 97 1 2
5 -2 1 -7 0 89 7 4
5 -2 1 -7 0 85 -»*"\

3
5 -2 1 -7 0 89 6 5
5 -2 1 -7 0 88 4 8
5 -2 1 -7 0 95 5 0

6 -7 -7 0 99 1 0
6 -7 -7 0 72 5 23
6 -7 -7 0 83 16 1

6 -3 0 -7 0 86 12 2
6 -3 0 -7 0 74 24 2
6 -3 0 -7 0 69 22 9
6 -3 0 -7 0 82 11 7
6 -3 0 -7 0 84 10 6

7 -6 -7 0 90 2 8
7 -6 -7 0 92 4 4
7 -6 -7 0 95 1 4
7 -6 -7 0 85 5 10
7 -6 -7 0 88 7 5
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T ab le  4  c o n tin u e d

D ate C hloragogen Amebocytes S ta g e  I  Sperm

7 -2 3 -7 0 67 12 21
7 -2 3 -7 0 74 5 21
7 -2 3 -7 0 49 0 51
7 -2 3 -7 0 80 2 18
7-2 3 -7 0 96 2 2
7 -2 3 -7 0 88 5 7
7 -2 3 -7 0 83 7 10
7-2 3 -7 0 97 1 2
7 -23 -70 94 6 0
7 -2 3 -7 0 86 4 10
7 -2 9 -7 0 48 7 45
7 -2 9 -7 0 59 1 40
7 -2 9 -7 0 95 5 0
7 -2 9 -7 0 60 1 39
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TABLE 5

One Way A n a ly s is  o f  V a ria n c e  f o r  d i f f e r e n c e s  i n  ch lo ra g o g en  
c e l l s  f o r  l a b o r a to r y  m a in ta in e d  L im n o d rilu s  h o f f m e is t e r i  

December 8 , 1969  th ro u g h  J u ly  29 , 1970

S ource S .S . d f  Mean Square F S ig n i f i c a n t  a t

3etw een  Times 
( C e l l  Numbers)

5498.46090 10 549.84609 2 .4 8 < .0 5

W ith in  Time 
(Worm V a r ia t io n )

9520.37111 43 221.40398

T o ta l 15018.83190 53

F10 ,4 3  = 2J38 a t  t h e  .0 5  p r o b a b i l i t y  l e v e l

TABLE 6

One Way A n a ly s is  o f  V a rian c e  f o r  d i f f e r e n c e s  i n  ameboid 
c e l l s  f o r  l a b o r a to r y  m a in ta in e d  I im n o d r ilu s  h o f f m e i s t e r i  

December 8 , 1969  th ro u g h  J u ly  29 , 1970

S ource S .S . d f  Mean S quare F S ig n i f i c a n t  a t

Betw een Times 
( C e l l  Numbers)

2673.00225 10 287.30023 3 M A • O

W ith in  Time 
(Worm V a r ia t io n )

3575.83106 43 83.15886

T o ta l 6448.83335 53

F10 ^  = 2 ,0 8  a t  th e  .0 5  p r o b a b i l i t y  l e v e l
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TABLE 7

One Way A n a ly s is  o f  V arian c e  f o r  d i f f e r e n c e s  i n  S ta g e  I  
sperm  f o r  l a b o r a to r y  m a in ta in e d  T .im nodrilus h o f f m e i s t e r i  

December 8 , 1969 th ro u g h  J u ly  29 . 1970

Source S .S . d f Mean Square F S i g n i f i c a n t  a t

Between Times 
(C e l l  Numbers)

3533.70477 10 353.37048 1 .8 8  >  .0 5

W ith in  Time 
(Worm V a r ia t io n )

8099.62861 43 188.36346

T o ta l 11633.33340

F10 43 = 2 .0 8  a t  t h e  .05  p r o b a b i l i t y  l e v e l
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TABLE 8

Raw D ata  f o r  d i f f e r e n t i a l  c e l l  c o u n ts  o f  L im n o d rilu s  
h o f f m e i s t e r i  u n d e r f i e l d  c o n d i t io n s  
O cto b er 10 , 1970 th ro u g h  June 4 , 1971

D ate C h lo ragogen  Amebocytes S tag e  I  Sperm

99 1 0
95 5 0
74 4 22
99 1 0
95 4 1
85 10 5
93 7 0
98 2 0
87 13 0
99 1 0
98 2 0
97 3 0
94 6 0

100 0 0
94 6 0

100 0 0
100 0 0
100 0 0

99 1 0
97 3 0
95 5 0
86 7 7
85 15 0
96 4 0
90 10 0
95 5 0
99 1 0

100 0 0
95 5 0
63 1 36
96 4 0

100 0 0
98 2 0

100 0 0
96 4 0

100 0 0
95 0 5
99 0 1

100 0 0
97 0 3
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T a b le  8 c o n tin u e d

D ate C h lo rag o g en  Amebocytes S ta g e  I  Sperm

10- 10-70  100 0 0
95 4  1

100 0 0
100 0 0
100 0 0
100 0 0

90 10 0
100 0 0
100 0 0

92 8 o
100 0 0
100 0 0
100 0 0

90 0 10
100 0 0

54 0 46
46 0 54

100 0 0
100 0 0

96 0 4
72  0 28

100 0 0
100 0 0

29 0 71
100 0 0
100 0 0
100 0 0
100 0 0

96 0 4
100 0 0
100 0 0
100 0 0

12- 12-70  100 0 0
100 0 0
100 0 0

98 0 2
68 0 32
29  0 71
16 0 84

100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0

5 0 95
48 0 52
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T ab le  8 c o n tin u e d

D ate  C h lo ragogen  Amebocytes S ta g e  I  Sperm

12 -12 -70  100 0 0
81 0 19
80 0 20

100 0 0
100 0 0

44 0 56
94 0 6

100 0 0
74 0 26

100 0 0
71 0 29

0 0 100
100 0 0
100 0 0

0 0 100
100 0 0

47  0 53
2 -4 -7 1  59 41 0

46 43 11
80 20 0
73 27 0
71 29 0
83 12 0
38 15 47
75 21 4
28  15 57
30 70 0
24 25 51
29  10 61
16 12 72
42 33 25
35 20 45
65 14 21
85 15 0
58 41 1
88 12 0
47 10 43
53 2 45
48 23 29
79 21 0
72 25  3
50 7 ^3
66 20 14
88 12 0
90 7 3
90 7 3
91 9 0
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T ab le  8 co n tin u ed

D ate C h loragogen  Amebocytes S tage  I  Sperm

2 -4 -7 1

4 -8 -7 1

94 6 0
22 7 71
89 10 1
92 6 2
36 13 51
88 6 6
99 0 1
81 6 13
89 10 1
62 1 37
70 2 28
98 0 2
97 0 3
57 2 41
48 1 51
92 8 0
73 6 21
97 3 0
95 5 0
21 0 79

0 0 100
96 4 0
93 7 0
97 3 0
98 1 1

100 0 0
97 3 0

5 0 95
82 2 16

100 0 0
100 0 0

48 2 50
85 1 14
72 16 12
60 8 32
75 5 20

100 0 0
66 3 31
57 7 36

100 0 0
72 1 27
56 3 41
96 3 1
97 0 3
85 0 15
92 0 8

100 0 0
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T ab le  8 c o n tin u e d

55

D ate C hloragogen Amebocytes S tag e  I  Sperm

4 -8 -7 1  93 ?  3
53 0 47
98 0 2
56 6 38
87 0 13
73 1 26

100 0 0
74 1 25

100 0 0
100 0 0

6- 4 -7 1  60 4  36
25 0 75
93 0 7

100 0 0
97 3 0

100 0 0
99 0 1
39 2 59
76 0 24
98 0 2

100 0 0
99 0 1
99 0 1

100 0 0
100 0 0

17 0 83
100 0 0

35 0 65
33 4  63

100 0 0
100 0 0
100 0 0
100 0 0

95 5 0
99 0 1
92 8 0
96 0 4

100 0 0
100 0 0
100 0 0

84 0 16
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TABLE 9

One Way A n a ly s is  o f  V a rian c e  f o r  S e a so n a l d i f f e r e n c e s  i n  
ch lo ra g o g e n  c e l l s  o f  I im n o d r i lu s  h o f f m e i s t e r i  

O cto b er 1 0 , 1970 th ro u g h  June 4 ,  1971

S ource S .S . d f  Mean S au are  F S ig n i f i c a n t  a t

Between Times 
( C e l l  Numbers)

24103.39060 4 6025.84764 10.82 < .0 5

W ith in  Time 
(Worm V a r ia t io n )

120827.82900 217

T o ta l 144931.22000 221

F^ 217  = ^*3? *05 p r o b a b i l i t y  l e v e l

TABLE 10

One Way A n a ly s is  o f  V a rian c e  f o r  S e a so n a l d i f f e r e n c e s  i n  
am eboid c e l l s  o f  I im n o d r i lu s  h o f f m e i s t e r i  

O cto b er 10 , 1970 th ro u g h  June 4 ,  1971

Source S .S . d f  Mean S quare  F S ig n i f i c a n t  a t

Between Times 
( C e l l  Numbers)

5387.28401 4 1346.82100 25 .4 8 < .05

W ith in  Time 
(Worm V a r ia t io n )

11468.68460 217 52.85108

T o ta l 16855.96850 221

F^ 217  = ^*3?  ^ e  »°5 p r o b a b i l i t y  l e v e l
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TABLE 11

One Way A n a ly s is  o f  V a ria n c e  f o r  S e a so n a l d i f f e r e n c e s  i n  
S tag e  I  sperm  o f  I im n o d r ilu s  h o f f m e i s t e r i  

O c to b er 10 , 1970 th ro u g h  June  4 ,  1971

S ource S .S . d f Mean S cu a re F S i g n i f i c a n t  a t

Between Times 
(C e l l  Numbers)

12282.23880 4 3070.55969 5 .67 < .0 5

W ith in  Time 
(Worm V a r ia t io n )

117588.37800 217 541.88193

T o ta l 129870.61800 221

F/j. 21? = " ^ e  p r o b a b i l i t y  l e v e l
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TABLE 12

Raw D ata o f  th e  d i f f e r e n t i a l  c e l l  c o u n ts  f o r  T .im nodrilus 
h o f f m e i s t e r i  a f t e r  ex p o su re  t o  X - i r r a d ia t io n

Time Hours P o s t R a d ia t io n  S tag e  I
S e r ie s  I r r a d i a t i o n  L e v e l (R) C h lo ragogen  Amebocytes Sperm

1 11 1 ,0 0 0

2 25 1,000

3 55 1,000

4 78 1 ,000

5 122 1,000

46 0 54
100 0 0

71  0 29
53 0 47
22  0 78
38 0 62
35 0 65
41 0 59
34 0 66
57 0 43
67  0 33
31  0 69
58  0 42
98  0 2
75 0 25
80 0 20
91  0 9
88 0 12
49  0 51
26 0 74

7 0 93
95 0 5
56 0 44
76 0 24
17 0 83
64 0 36
29  0 71

100 0 0
7 4  0 26
96  0 4
93 0 7
87 0 13
92 0 8
82 0 18
82 0 18
60 0 40
32 0 68
76  0 24
93 0 7
69  0 31
43 0 57
57 0 43
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T ab le  12 (C o n tin u ed )

Time Hours P o s t R a d ia t io n  S tag e  I
S e r ie s  I r r a d i a t i o n  L ev e l (R) C hloragogen  Amebocytes Sperm

5 122 1,000

6 170 1,000

7 336  1 ,0 0 0

6 605 1 ,0 0 0

9 768 1 ,000

100 0 0
100 0 0

36 0 64
37 0 63
99 0 1
71 0 29
81 0 19
70 0 30
52 0 48
65 0 35
93 0 7
73 0 27
89 0 11
89 0 11
76 0 24
43 0 57

100 0 0
98 0 2
90 0 10

100 0 0
91 0 9

100 0 0
61 0 39
93 0 7
98 0 2

100 0 0
100 0 0

67 0 13
100 0 0

99 0 1
90 0 10
89 0 11
96 0 4
97 0 3
96 0 4
99 0 1
75 0 25
66 0 34

100 0 0
100 0 0

95 0 5
89 0 11

100 0 0
100 0 0
100 0 0

89 0 11
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T ab le  12 (C on tin u ed )

Time Hours P o s t R a d ia tio n  S tag e  I
S e r ie s  I r r a d i a t i o n  L eve l (R) C hlo ragogen  Amebocytes Sperm

9 768 1 ,000
1 11 3,000

2 25 3,000

3 55 3,000

4 78 3 ,000

5 122 3,000

6 170 3 .0 0 0

100 0 0
62 0 38
62 1 37
22 0 78

100 0 0
64 0 36
87 2 11
41 2 57
60 0 40
63 0 37
56 0 4i+
87 0 13
80 0 20
33 0 67

100 0 0
88 0 12
31 0 69
32 0 68
83 0 17
39 0 61
6 5 0 35

100 0 0
47 0 53
95 0 5
52 0 48

4 0 96
47 0 53

100 0 0
39 0 61
54 0 46

100 0 0
16 0 84
90 0 10
18 0 82
73 0 27
69 0 31
98 0 2
84 0 16

100 0 0
69 0 31
70 0 30
50 0 50
99 0 1

100 0 0
90 0 10
92 0 8
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T ab le  12 (C on tinued )

Time H ours P o s t R a d ia t io n  S tag e  I
S e r ie s  I r r a d i a t i o n  L ev e l (R) C hlo ragogen  Amebocytes Sperm

6 170 3,000

7 338 3 ,000

8 605 3,000

9 768  3 ,0 0 0

1 11 7,000

99 0 8
96 0 4

100 0 0
98 0 2
92 0 8

100 0 0
100 0 0

96 0 4
100 0 0
100 0 0
100 0 0
100 0 0

88 0 12
89 0 11
39 0 61

100 0 0
67 33 0

100 0 0
100 0 0

96 0 4
100 0 0
100 0 0

98 0 2
92 0 8

100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
62 0 38
10 1 89

100 0 0
21 0 79
13 0 87

100 0 0
95 0 5
80 0 20
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T ab le  12 (C o n tin u ed )

Time Hours P o s t R a d ia t io n  S ta g e  I
S e r ie s  I r r a d i a t i o n  L ev e l (R) C h lo ragogen  Amebocytes Sperm

1 11 7,000

2 25 7 ,000

3 55 7,000

4 78  7 ,0 0 0

5 122 7,000

6 170 7,000

98 1 1
65 0 35
70 0 30
65 0 35
89 11 0
60 0 40
88 12 0
24 1 75
83 4 13

100 0 0
76 0 24
95 0 5
52 0 48
97 3 0
37 0 63
98 0 2
86 0 14

100 0 0
21 0 79
93 0 7

100 0 0
62 0 38
47 0 53
94 2 4
64 0 36
67 0 33
90 1 9
59 0 41
31 1 68
81 0 19
87 0 12
50 0 50
98 0 2
78 0 22
77 3 20

100 0 0
14 0 86
94 0 6
42 0 58
48 0 52
92 0 8
88 0 12

100 0 0
100 0 0

96 0 4
62 0 38
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T ab le  12 (C o n tin u ed )

Time Hours P o s t  R a d ia t io n
S e r ie s  I r r a d i a t i o n  L e v e l (R)

6 1?0 7 ,0 0 0

7 338 7 ,0 0 0

8 605 7 ,0 0 0

9 768  7 ,0 0 0

1 11 CONTROL 1

2 25 CONTROL 1

S tag e  I
C h lo ragogen  Amebocytes Sperm

50 0 50
68 2 30

100 0 0
86 0 14
60 0 40

100 0 0
100 0 0
100 0 0
100 0 0
100 0 0

66 0 34
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0

83 0 17
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0

97 0 3
100 0 0
100 0 0
100 0 0

88 12 0
67 18 0
85 15 0
92 6 2
78 11 11
96 1 3
21 2 77
92 1 7
97 3 0
31 0 69
98 0 2

100 0 0
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T ab le  12 (C on tin u ed )

Time Hours P o s t R a d ia t io n  S tag e  I
S e r ie s  I r r a d i a t i o n  L ev e l (R) C hlo ragogen  Amebocytes Sperm

2 25 CONTROL 1

3 55 CONTROL 1

4  ?8 CONTROL 1

5 122 CONTROL 1

6 170 CONTROL 1

98 0 2
55 0 45
98 0 2
29 0 71

7 0 93
75 0 25
74  0 26
86 0 14
19 0 81

0 0 100
89 0 11
56 0 44
14 0 86

100 0 0
52 0 48
32 0 68
87 0 13
99 0 1
44 0 56

100 0 0
22 0 78
96 0 4
90 0 10
73 0 27
32 0 68
99 0 1
27  0 73
83 0 17

100 0 0
100 0 0

99 0 1
98 0 2
49  0 51
67 0 33
46 0 54

100 0 0
100 0 0

74  0 26
73 0 27
69 0 31
25  0 75
82 0 18
79 0 21
92 0 8
70 0 30
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T ab le  12 (C o n tin u ed )

Time Hours Post Radiation Stage I
Series Irradiation Level (R) Chloragogen Amebocytes Sperm

7 336 CONTROL 1

8 605 CONTROL 1

9 768 CONTROL 1

1 11 CONTROL 2

2 25 CONTROL 2

3 55 CONTROL 2

100 0 0
100 0 0

97 0 3
100 0 0

89 0 11
82 0 18
33 0 67
98 0 2
60 0 40
10 0 90

7 0 93
78 0 22
98 0 2
91 0 9
81 0 19
92 0 8
92 0 8

100 0 0
96 0 4
77 0 23

100 0 0
99 0 1

100 0 0
100 0 0

90 0 10
84 0 16
32 0 68
12 0 88
27 0 73
32 0 68
17 0 83
74 0 26
76 0 24
79 0 21

100 0 0
12 0 88
70 0 30
98 0 2
80 0 20
64 0 36
56 0 44
88 0 12
52 0 48
64 0 36
25 0 75
75 0 25
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T ab le  12 (C on tin u ed )

Time Hours P o s t R a d ia t io n
S e r ie s  I r r a d i a t i o n  L ev e l (R)

3 55 CONTROL 2

4 78 CONTROL 2

5 122 CONTROL 2

6 170 CONTROL 2

7 338 CONTROL 2

8 605 CONTROL 2

S ta g e  I
C hloragogen  Amebocytes Sperm

66 0 34
5 0 95

99 0 1
41 0 59
81 0 19
91 0 9
66 0 34
70 0 30

100 0 0
72 0 28
94 0 6
86 0 14
47 0 53
91 0 9
79 0 21
85 0 15
41 0 59
57 0 43

100 0 0
100 0 0

98 0 2
95 0 5
27 0 73
59 0 41
26 0 74
52 0 48

100 0 0
58 0 42
92 0 8
59 0 41
92 0 8
47 0 53
69 0 31
45 0 55

100 0 0
98 0 2
70 0 30

100 0 0
91 0 9
85 0 15
59 0 41

100 0 0
98 0 2
99 0 1
86 0 14

100 0 0
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T ab le  12 (C o n tin u ed )

Time
S e r ie s

Hours P o s t 
I r r a d i a t i o n

R a d ia tio n  
L ev e l (R) C hlo ragogen Amebocytes

S ta g e  I  
Sperm

8 60 5 CONTROL 2 75 0 25
97 0 3
95 0 5
57 0 43
76 0 24
83 0 17

9 768 CONTROL 2 97 0 3
80 0 20
99 0 1
99 0 1
84 0 16
96 0 4
99 0 1
92 0 8
48 0 52
90 0 10
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TABLE 13

Two Way A n a ly s is  o f  V a ria n c e  u s in g  a n  A rc s in  t r a n s f o r m a t io n  f o r  
' d i f f e r e n c e s  i n  c h lo ra g o g e n  c e l l s  f o r  T ia n o d r i lu s  h o f f m e i s t e r i  

a f t e r  ex p o su re  t o  X - i r r a d i a t i o n  
C om parison w ith  C o n tro l 1

S ource S .S . d f Mean S quare F S ig n i f i c a n t  a t

C e l ls 11 .1 6 35

1* pl-iminat-i n£ 2** 0 .7 0 3 0 .2 3 2 .2 1 V • O

2 e l im in a t in g  1 7 .9 5 8 0 .9 9 9 .4 8 <  .05

1 by  2 2 .5 2 24 0 .1 0

T o ta l 1 1 .1 6 35

*1: L ev e ls  o f  R a d ia t io n  (7 ,0 0 0  R, 3*000 R, 1 ,0 0 0  R)
**Z: Time S e r ie s  1 th ro u g h  9

*^3 24 = 3 .0 1  a t  t h e  .05  p r o b a b i l i t y  l e v e l

**Fg 24  = 2 .3 6  a t  th e  .0 5  p r o b a b i l i t y  l e v e l
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TABLE 14

Two Way A n a ly s is  o f  V a ria n c e  u s in g  a n  A rc s in  t r a n s f o r m a t io n  f o r  
d i f f e r e n c e s  i n  S ta g e  I  sperm  f o r  L Im n o d rilu s  h o f f m e is t e r i  

a f t e r  ex p o su re  t o  X - i r r a d i a t i o n  
Com parison w ith  C o n tro l  1

S ource s . s . d f  Mean S quare F S ig n i f i c a n t  a t

C e l ls 3 .3 1 35

1* e l im in a t in g  2** 0 .1 3 3 0 .0 4 1 .16

0.A

2 e l im in a t in g  1 2 .2 4 8 0 .2 8 7 .2 4 < .0 5

1 by  2 0 .9 3 24 0 .0 4

T o ta l 3 .3 1 35

*1: L ev e ls  o f  R a d ia t io n  (7 .0 0 0  R, 3 .0 0 0  R, 1 ,0 0 0  R)
**2: Time S e r ie s  1 th ro u g h  9

**3 24 = 3*®^ p r o b a b i l i t y  l e v e l

**^8 24 = ^ .3 6  a t  th e  .0 5  p r o b a b i l i t y  l e v e l
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TABLE 15

Two Way A n a ly s is  o f  V arian ce  u s in g  an  A rc s in  t r a n s fo rm a tio n  f o r  
d i f f e r e n c e s  i n  ch lo ra g o g en  c e l l s  f o r  In m n o d rilu s  h o f f m e is t e r i  

a f t e r  exposu re  to  X - i r r a d ia t io n  
Com parison w ith  C o n tro l 2

S ource S .S . d f Mean Square F S ig n i f i c a n t  a t

C e l ls 1 1 .4 9 35

1 * e l im in a t in g  2** 0 .7 8 3 0 .2 6 3 .3 8 < .05

2 e l im in a t in g  1 8 . 8? 8 1 .1 1 14 .4 4 < .05

1 by  2 1 .8 4 24 0 .0 8

T o ta l 1 1 .4 9 35

*1: L e v e ls  o f  R a d ia t io n  (7 ,0 0 0  R, 3 ,0 0 0  R, 1 ,000  R)
**2: Time S e r ie s  1 th ro u g h  9

**3 24  = a-t th e  *°5 p r o b a b i l i t y  l e v e l

**Fg 24. = 2 ,3 6  a t  th e  .0 5  p r o b a b i l i t y  l e v e l
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TABLE 16

/

Two Way A n a ly s is  o f  V a ria n c e  u s in g  an  A rc s in  t r a n s f o r m a t io n  f o r  
d i f f e r e n c e s  i n  S ta g e  I  sperm  f o r  L im n o d rilu s  h o f f m e i s t e r i  

a f t e r  ex p o su re  t o  X - i r r a d i a t i o n  
Com parison w ith  C o n tro l 2

Source s . s . d f Mean S quare F S ig n i f i c a n t  a t

C e lls 3.58 35

1* e l im in a t in g  2** 0.19 3 0 .0 6 2.64 > .05

2 e l im in a t in g  1 2 .8 2 8 0.35 14.76 < .05

1 by 2 0.57 24 0 .0 2

T o ta l 3.58 35

*1: L ev e ls  o f  R a d ia tio n  (7 ,0 0 0  R, 3 ,0 0 0  R, 1 ,0 0 0  R)
**2: Time S e r ie s  1 th ro u g h  9

*F3 ,2 4  -  3 .0 1  a t  th e  .05  p r o b a b i l i t y  l e v e l  

**F8 ,2 4  = 2 . 3 6  a t  th e  .05  p r o b a b i l i t y  l e v e l
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TABLE 17

Two Way A n a ly s is  o f  V arian c e  u s in g  an  A rc s in  t r a n s f o r m a t io n  f o r  
com parison  o f  C o n tro ls  1 and 2 u sed  i n  th e  r a d i a t i o n  ex p e rim en t 
D if fe re n c e s  o f  ch lo ra g o g en  c e l l s  o f  L im n o d rilu s  h o f f m e is t e r i

S ource s . s . d f Mean S quare F S ig n i f i c a n t  a t

C e l ls 2 .2 0 17

1* e l im in a t in g  2** 0 .0 0 1 0 .0 0 0 .0 4  > .05

2 e l im in a t in g  1 1 .63 8 0 .2 0 2 .8 4  >  .0 5

1 by 2 0 .5 7 8 0 .0 7

T o ta l 2 .2 0 17

*1: Com parison o f  C o n tro ls  1 and 2
**2: Time S e r ie s  1 th ro u g h  9

*F-j_ q = 5 . 32  a t  th e  .05  p r o b a b i l i t y  l e v e l

**Fg g = 3 .4 4  a t  th e  .0 5  p r o b a b i l i t y  l e v e l
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TABLE 16

Two Way A n a ly s is  o f  V a ria n c e  u s in g  a n  A re s in  t r a n s f o r m a t io n  f o r  
com parison  o f  C o n tro ls  1 and 2 u sed  i n  th e  r a d i a t i o n  e x p e rim en t 

D if f e re n c e s  o f  S tag e  I  sperm  o f  TA m nodrilus h o f f t a e i s t e r i

Source s . s . df Mean Square F Significant at
Cells 1 .1 3 17

1* eliminating 2** 0 .0 1 1 0 .0 1 0 .1 3

0•A

2 eliminating 1 0 .? 0 8 0 .0 9 1 . 67

0•A

1 by 2 0.4-2 8 0 .0 5

Total 1-13 17

*1: C om parison o f  C o n tro ls  1 and  2
**2: Time S e r ie s  1 th ro u g h  9

*F_ g = 5 .3 2  a t  th e  .0 5  p r o b a b i l i t y  l e v e l

**Fg g = 3 .4 4  a t  th e  .0 5  p r o b a b i l i t y  l e v e l
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L ine S e p a ra t io n  T echn ique E x p la n a tio n  
f o r  T ab le s  19 th ro u g h  25

C A D B G E F

The l i n e  s e p a r a t io n  te c h n iq u e  s c h e m a t ic a l ly  sum m arizes th e  Two 
Sample T*s T e s t  f o r  v a r ia n c e  u sed  i n  a n a ly s in g  d i f f e r e n t i a l  c e l l  
co u n ts  f o r  i r r a d i a t e d  L im n o d rilu s  h o f f m e i s t e r i .  The p ro ced u re  f o r  
i l l u s t r a t i n g  th e  l i n e  s e p a r a t io n s  i s  to  p la c e  th e  means o f  a  g iv e n  
c e l l  co u n t f o r  a  p a r t i c u l a r  tim e  s e r i e s  i n  a sc e n d in g  o r d e r  and 
co n n ec t r e l a t e d  tim e  s e r i e s  mean c e l l  numbers by d raw ing  a  l i n e  
u n d er th e  r e l a t e d  g ro u p s . I n  th e  above exam ple, th e  tim e  s e r i e s  
u n d e r l in e d  by  a  common l i n e  do n o t d i f f e r  from  each  o th e r ;  tim e  
s e r i e s  n o t  -un d erlin ed  by  a  common l i n e  do d i f f e r .  T hus, tim e  s e r i e s  
F d i f f e r s  from  tim e  s e r i e s  C, A, and D, b u t  tim e  s e r i e s  F does n o t 
d i f f e r  from  tim e  s e r i e s  E, G, and  B. S im i la r ly  tim e  s e r i e s  E d i f f e r s  
from  C, A, and D b u t  does n o t d i f f e r  from  B, G, and F . A l l  l e v e l s  
o f  s ig n i f i c a n c e  a r e  m a in ta in e d  a t  .0 5  l e v e l .  (From W iner, 1971)

Hours P o s t - I r r a d i a t i o n  f o r  th e  Time S e r ie s  Used 
i n  T h is  S tu d y  f o r  T a b le s  19 th ro u g h  25

Time S e r ie s  Hours P o s t I r r a d i a t i o n

1 11
2 25
3 55
k 78
5 122
6 170
7 338
8 605
9 768
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TABLE 19

Two Sample T’ s T e s t  f o r  V a rian c e  -  l i n e  S e p a ra t io n  Summary 
f o r  D i f f e r e n t i a l  C e l l  C ounts o f  L im n o d rilu s  h o f f m e is t e r i  
a f t e r  ex p o su re  t o  7 ,000  R .*

CHLORAGOGEN

Time
S e r i e s :  1 4 5 2 3 6 7 8 9

O rdered
Mean: 6 4 .4  6 8 .2  6 9 . 3  7 5 .0  7 6 .0  81 .0  96 . 6  9 8 .1  9 9 .7

STAGE I  SPERM

Time
S e r i e s :  9 8 7 6 2 3 5 ^ 1

O rdered
Mean: .3  1 .8 9  3 .4  1 8 .8  2 2 .2  2 3 .7  3 0 .4  3 1 . 3  3 5 .4

♦Time s e r i e s  6 and 7 a r e  n o t r e l a t e d .  T h is  d is c re p a n c y  u s in g  th e  L ine 
S e p a ra t io n  Technique i s  r e f e r r e d  to  i n  th e  d is c u s s io n  o f  t h i s  p a p e r .
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TABLE 20

Two Sample T ’s T e s t f o r  V a rian c e  -  L ine S e p a ra t io n  Summary 
f o r  D i f f e r e n t i a l  C e l l  C ounts o f  L im n o d rilu s  h o f f m e is t e r i  
a f t e r  ex p o su re  to  3«000 R.

CHLORAGOGEN

Time
S e r ie s :  3 4 1 2 5 7 6 8  9*

O rdered
Mean: 5 4 .8  5 8 .0  63 .0  6 9 .5  8 1 .2  87 .0  9 6 .3  9 8 .6  10 0 .0

STAGE I SPERM

Time
S e r ie s :  9* 8 6 7 5 2 1 4 3

O rdered
Mean: 0 .0  1 .4  3 . 7  9 .3  1 8 .8  3 0 .1  3 7 .8  4 2 .0  4 5 .2

*A l i n e  i s  n o t  draw n u n d er tim e  s e r i e s  9 b eca u se  th e  t e s t  w i l l  
c a l c u la t e  means t h a t  a r e  g r e a t e r  th a n  0 and l e s s  th a n  100.
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TABLE 21

Two Sample T ’s T e s t  f o r  V arian ce  -  L ine S e p a ra t io n  Summary 
f o r  D i f f e r e n t i a l  C e l l  C ounts o f  L im n o d rilu s  h o f f m e is t e r i  
a f t e r  ex p o su re  to  1 ,0 0 0  R,

CHLORAGOGEN

Time
Series : 1 3 5 2 6 4 8 7 9

Ordered
Kean: 4 9 .7  5 2 .2  7 0 .5  7 0 .8  7 3 .1  7 7 .4  9 2 .8  9 3 .1  9 3 .9

STAGE I SPERK

Time
S e r ie s  : 9 7 8 4 6 2 5 3 1

O rdered
Mean: 6 .1  6 .9  7 .2  2 2 .6  2 6 .9  2 9 .2  2 9 .5  4 7 .8  5 0 .3
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TABLE 22

Two Sample T ’ s T e s t f o r  V a r ia n c e  -  L ine  S e p a ra t io n  Summa r y  
f o r  D i f f e r e n t i a l  C e l l  C ounts o f  L im n o d rilu s  h o f f m e i s t e r i .

CONTROL 1

CHLORAGOGEN

Time
S e r i e s :  3 ^ ^ 2 1 6 5 7 9

O rdered
Mean: 5 1 .3  6 8 .5  7 1 .4  7 0 .0  7 ^ .4  7 6 .4  76 . 8  7 6 . 9  9 3 .7

STAGE I  SPERM

Time
S e r ie s  : 9 1 ? 5 6 2 4 8 3  

O rdered
Mean: 6 .3  1 8 .4  2 3 .1  2 3 .2  2 3 .6  2 7 .8  2 8 .6  3 1 . 5  4 8 .7
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TABLE 23

Two Sample T ’s  T e s t f o r  V a ria n c e  -  L ine S e p a ra t io n  Summary 
f o r  D i f f e r e n t i a l  C e l l  C ounts o f  L im n o d rilu s  h o f f m e i s t e r i .

CONTROL 2

CHLORAGOGEN

Time
S e r i e s :  1 3 5 2 6 4 7 & 9

O rdered
Mean: 4 6 .0  5 9 .6  6 8 .8  7 0 . 6  7 1 .^  7 9 .6  81 . 7  8 6 .6  8 8 .4

STAGE I  SPERM

Time
S e r i e s :  9 8 7 ^ 6 2 5 3 1

O rdered
Mean: 1 1 .6  1 3 .4  1 8 .3  2 0 .4  2 8 .6  2 9 .4  3 0 .9  4 0 .4  5 4 .0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



80

TABLE 2k

Two Sample T ' s T e s t  f o r  V a ria n c e  -  L ine S e p a ra t io n  Summary 
f o r  D i f f e r e n t i a l  C e l l  C ounts o f  L im n o d rilu s  h o f f m e i s t e r i . 

C o n tro l 1 com pared w ith  E a r ly  W in te r S e a so n a l D ata 
(December 12 , 1970)

STAGE I  SPERM

Time
S e r ie s :  9 1  7 5 10* 6 2 4 8 3

O rdered
Mean: 6 .3  1 8 .4  2 3 .1  2 3 .2  2 3 .3  2 3 .6  2 7 .8  2 8 .6  3 1 .5  4 8 .7

*10 r e p r e s e n t s  th e  e a r l y  w in te r  d a ta  (December 12 , 1970) f o r  
d i f f e r e n t i a l  c e l l  c o u n ts .
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TABLE 25

Two Sample T 's  T e s t  f o r  V arian ce  -  L ine S e p a ra t io n  Summary 
f o r  D i f f e r e n t i a l  C e l l  Counts o f  L im nodrilu s  h o f f m e i s t e r i . 

C o n tro l 2 compared w ith  E a r ly  W in te r S e a so n a l D ata 
(December 12 , 1970)

STAGE I  SPERM

Time
S e r ie s :  9 8 7 ^  10* 6 2 5 3 1

O rdered
Mean: 1 1 .6  1 3 .4  1 8 .3  2 0 .4  2 3 .3  2 8 .6  2 9 .4  3 0 .9  4 0 .4  5 4 .0

*10 r e p r e s e n ts  th e  e a r ly  w in te r  d a ta  (December 12 , 1970) f o r  
d i f f e r e n t i a l  c e l l  c o u n ts .
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F ig u re  1

The e n v iro n m e n ta l cham ber and  X - i r r a d ia te d  c u l tu r e s  o f
T am nodrilus h o f f m e i s t e r i
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F ig u re  2

L im n o d rilu s  h o f f m e i s t e r i , C .S . ,  showing th e  a s s o c i a t i o n  o f  
ch lo ra g o g en  c e l l s  w ith  t h e  sperm  s a c

One m icro n  c r o s s - s e c t io n  o f  T .im nodrilus h o f f m e i s t e r i  ta k e n  i n  th e  
c l i t e l l u m  r e g io n .  X 338 . G ut lum en ( g l ) ;  g u t  e p i t h e l i a l  t i s s u e  ( e p l ) ;  
m uscle  (m ); ch lo ra g o g e n  c e l l s  ( c h ) ;  p e n is  s h e a th  ( p s ) ;  b lo o d  v e s s e l  
(b v ) ;  sperm  sa c  ( s s ) ;  coelom  ( c ) .
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F ig u re  3

The co e lo m ic  c e l l s  and  S ta g e  I  sperm  o f  l im n o d r ilu s  
h o f f m e is t e r i

*. j i

The coelom ic  c e l l s  o f  L im n o d rilu s  h o f f m e i s t e r i  c o n s i s t  
o f  a n  (A .) am ebocyte and  (B .)  t h e  ch lo ra g o g e n  c e l l .  The 
g ra n u le s  found  i n  t h e  c h lo ra g o g e n  c e l l  a r e  r e f e r r e d  to  
a s  ch lo rag o so m es. S ta g e  I  sperm  (C .)  form s a  m orula  w ith  
a p p ro x im a te ly  25 d e v e lo p in g  p r im a ry  s p e rm a to c y te s .  X 851 ,
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F ig u re  4

The coelom ic  c e l l s  and S ta g e  I  sperm  o f  Tdm nodrilus h o f f m e i s t e r i

c.

The coelom ic  c e l l s  o f  T im n o d rilu s  h o f f m e i s t e r i  c o n s i s t  o f  a n  (A .) 
am ebocyte and  (B .)  th e  c h lo ra g o g e n  c e l l .  The g ra n u le s  found  i n  th e  
ch lo ra g o g en  c e l l  a r e  r e f e r r e d  t o  a s  ch lo rag o so m es . S tag e  I  sperm  
(C .)  form s a  morul a  w ith  a p p ro x im a te ly  25 d e v e lo p in g  p rim a ry  sperm a­
t o c y t e s .
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Figure 5
Effects of X-irradiation on the chloragogen cells of Limnodrilus
hoffmeisteri

A. B a se lin e  ch lo rag o g en  c e l l s :  T h is  p h o to g rap h  was ta k e n  o f  a
C o n tro l 1 specim en a t  tim e  s e r i e s  9 (768 h o u rs  p o s t  i r r a d i a t i o n ) .

- »  •v O

B. B a se lin e  ch lo rag o g en  c e l l :  T h is  p h o to g rap h  was ta k e n  o f  a
C o n tro l 2 specim en a t  tim e  s e r i e s  9 (768 h o u rs  p o s t  i r r a d i a t i o n ) .
x 8 5 1 .
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F ig u re  6

E f f e c t s  o f  X - i r r a d ia t io n  on  th e  c h lo ra g o g e n  c e l l s  o f  L im nodrilu s
h o f f m e is te r i

A. C hloragogen c e l l s  from  worms t r e a t e d  w ith  7*000 R X - i r r a d ia t io n  
a t  t im e  s e r i e s  3 (55 h o u rs  p o s t  i r r a d i a t i o n ) :  T here i s  l i t t l e
d i f f e r e n c e  betw een th e  c o n t r o l s  (F ig u re  5 ) .  X 851 .

B. C hloragogen c e l l s  from  worms t r e a t e d  w ith  7 .0 0 0  R X - i r r a d i a t i o n  
a t  tim e  s e r i e s  6 (170 h o u rs  p o s t  i r r a d i a t i o n ) :  The c e l l s  a p p e a r  t o
have u n d er gone l i t t l e  change a s  com pared to  t h e  c o n t ro l s  (F ig u re  5 ) .
X 851 .
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F ig u re  7

E f f e c t s  o f  X - i r r a d i a t i o n  on th e  ch lo ra g o g e n  c e l l s  o f  T .im nodrilus
h o f f in e i s t e r i

A, C hloragogen c e l l s  from  worms t r e a t e d  w ith  7 ,0 0 0  R X - i r r a d i a t i o n  
a t  tim e  s e r i e s  7 (33$ h o u rs  p o s t  i r r a d i a t i o n ) :  An in c r e a s e  i n  t h e  
g r a n u la t io n  o f  th e s e  c e l l s  have made in d i v id u a l  c e l l  i d e n t i f i c a t i o n  
d i f f i c u l t .  S e v e ra l  n u c le i  a r e  s t i l l  v i s i b l e .  These c e l l s  a r e  n o t  
n e c r o t i c ,  X 851,

B. C hloragogen  c e l l s  from  worms t r e a t e d  w i th  7 ,0 0 0  R X - i r r a d i a t i o n  
a t  tim e  s e r i e s  8 (605 h o u rs  p o s t  i r r a d i a t i o n ) :  The g r a n u la t io n  o f
th e s e  c e l l s  p re v e n ts  i n d i v id u a l  c e l l  d e f i n i t i o n ,  and n u c le i  a r e  
d i f f i c u l t  to  f in d  i n  t h i s  p h o to g ra p h . X 851.
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F ig u re  8

E f f e c t s  o f  X - i r r a d i a t i o n  on th e  c h lo ra g o g e n  c e l l s  o f  L im n o d rilu s  
h o f f m e is t e r i

A. C hloragogen c e l l s  from  worms t r e a t e d  w ith  7 ,0 0 0  R X - i r r a d i a t i o n  
a t  tim e  s e r i e s  9 (?68  h o u rs  p o s t  i r r a d i a t i o n ) ,  A " c h a rc o a l b la c k "  
e f f e c t  i s  e a s i l y  s e e n  i n  th e s e  c e l l s .  N u c le i and c e l l  w a lls  a r e  
o b sc u re d  by  th e  i n t e n s e  g r a n u la t io n .  The c e l l s  a r e  n o t n e c r o t i c .
X 851 .
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F ig u re  9

E f f e c ts  o f  X - i r r a d i a t i o n  on S ta g e  I  sperm  o f  T .im nodrilus h o f f m e i s t e r i

£

&

w  ^
«  ^  »^r *• */ v  *W  •

A. Base l i n e  S tag e  I  sperm : The norm al S tag e  I  sperm  was o b se rv ed
i n  a  C o n tro l 2 specim en  a t  t im e  s e r i e s  9 (768 h o u rs  p o s t  i r r a d i a t i o n ) ,  
X 851.

/  - V : ,  - ■'

B. I r r a d i a t e d  S ta g e  I  sperm : T h is  i s  a  t y p i c a l  form  o f  n e c r o s i s .
The n u c le i  a r e  i n  a  p y k n o tic  c o n d i t io n .  The cy to p lasm  i s  v a c u o la te d  
and  a lm o s t in d i s t in g u i s h a b l e  from  th e  n u c l e i .  Time s e r i e s  7 (338  
h o u rs  p o s t  i r r a d i a t i o n ) ,  X 851 ,
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F ig u re  10

E f f e c t s  o f  X - i r r a d i a t i o n  on S ta g e  I  sperm  o f  T im nodrilu s  h o f f m e is t e r i

A. I r r a d i a t e d  S ta g e  I  sperm : The n u c le i  and cy to p lasm  a r e  a lm o s t
in d i s t i n g u i s h a b l e .  V a c u o la tio n  i s  s e e n  th ro u g h o u t t h e  m o ru la . Time 
s e r i e s  6 (170 h o u rs  p o s t  i r r a d i a t i o n ) .  X 851 .

B. I r r a d i a t e d  Advanced M atured sperm : The n e c r o t ic  c o n d i t io n  o f
t h i s  s ta g e  i s  in d ic a te d  by  th e  i n t e n s e  v a c u o la t io n  o f  th e  m o ru la . 
The lo n g  f i la m e n ts  a r e  m a tu re  sperm . Note th e  ch lo ra g o g en  c e l l  i n  
t h e  u p p e r r i g h t  c o rn e r  o f  th e  p h o to . S e r ie s  6 (170 h o u rs  p o s t  
i r r a d i a t i o n ) .  X 851 .
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F ig u re  11

E f f e c t s  o f  X - i r r a d i a t i o n  on m a tu re  sperm  o f  T .lm nodrilus h o f f t a e i s t e r i

A. I r r a d i a t e d  Sperm: The sperm  i s  s h o r te n e d  and somewhat r o d - l i k e .
Many sm a ll p r o je c t io n s  can  be  se e n  on  th e  o u te r  w a l l  o f  th e  sperm . 
S e r ie s  6 (170 h o u rs  p o s t  i r r a d i a t i o n ) .  X 851.

5 .  B a s e lin e  sperm : The norm al sperm  a p p e a rs  t o  b e  a  lo n g , sm ooth,
c y l i n d r i c a l  s t r u c t u r e  coming to g e th e r  a t  a  p o in t  a t  e i t h e r  e n d s .
x 851 .
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